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AGENCR Environmental Protection 
Agency. 
ACnOM: Notice of proposed rulemaking. 

~- 

S~JMUA~W: In this action under the Sale 
Drinkirii Water Act [as amended in 
1988). the Environmental Protection 
Agency (EPA) is proposing Maximum 
Contaminant Level Goals (MCLGe) and 
National Primary Drinking Water 
Regulations for the following 
radionuchdes: radon-222, radium-228, 
radium-228, uranium, alpha emitters, 
and beta particle and photon emitters. 
These radionuclides are classified as 
group A human carcinogens according 
to @As clas~ification scheme; also, 
urani-m is toxic to the kicineys. This 
notice proposes MCLGs. Maximum 
Contaminact Levels (MCb), monitoring, 
reporting, and public notification 
r e q ~ e m e n t s  for these radionuclides. 
DAmS: Written comments should be 
submitted by October 18,1%. A public 
hearing will be held on September 6, 
19% in Washington, DC beginning at 9 
a.m. A second public meetiilg will be 
held on September 12, XBI in Chicago. 
Illinois at  9 a.m. Washington hearing 
speakers should register by August 23. 
Chicago healing speakers should 
register by August 30. 
ADDRESSES: Send written camments to 
Comments Clerk-Radionuclides, 
Drinking Water Standards Division, 
Office of Growd Water and Drinking 
Water (WH-55OD). Environmental 
Protectiorz Agency. 401 M Street, SW., 
Washington, DC 20480. A copy of all 
pubiic comments and supporting 
documents for this proposed regulatior. 
will be available for review at EPA, 
Ground Water and Drinking Water 
Docket. 401 M Street, SW-., Washington, 
DC Uy160. For acces8 to the docket 
materials. call 202-382-3027 betweer. 9 
a.m. and 3:30 pm. Commenters are 
requeuted to submit one originai and 
three copies of their written comments. 
Commenters who wish to receive 
acknowledgement of receipt of their 
commeats should include a self 
addressed stamped envelope. All 
comments must be post marked or 
delivered by hand by October 16,1991. 
No facsimiles [faxes) will be accepted, 
as EPA is not equipped to receive the 

large volume of comments expected to 
w i v e  near the close of the comment 
period, and cmnot assure that faxes will 
be delivered to the dockat. Major 
supportiq documents cited in the 
reference section of the proposed rule 
will be available for inspection at the 
Drinlung Water Supply Branchcs h 
!?PAS Regional OEces lisied below: 
1. JFK Federal Bldg.. (One C o r i s s  Street, 
. 11th flcor). Boston, b4A 02203. Phone: (617) 
585-5610. Jerome Healey 

11.26 Federal Plaza, Room 824. New York. NY 
10278. Phone: (212) 264-18co. Walter 
AndreWS 

III. 841 Chestnut Street, Philadelphia, PA 
19lO7. Phone: (215) 597-9873. Dele Long 

IV. 3f5  Coudand Street. Atlanta. G k  30385. 
Phone: (4W) 347-3833. Wayne Aeronson 

V. 230 8. Dearborn Street. Chicago, U. Botiw. 
Phone: (3121 353-2650. Ed Watters 

VI. 1445 Ross Avenue, Dallas, TX 75202. 
Phone: $14) 855-7155, Thomas Love 

W. 726 Minnesota Avenue. Kansas City, KS 
mim, Phone: p13j 238-2815, Ralph 
iangemeir 

Vm. One Denver Place, 
Suite 13w) Denver, CO 80202-2413. Phone: 
(303) 293-1424, Patick Crotty 

IX. 75 Hawthorne Street. San Francisco. CA 
94105. Phone: (415) 974-8073, Bruce Macler 

X. 1200 Sixth Avenue, Seattle, WA 98101, 
Phone: (2M) 442-1225, Jan Partings 
Public hearings will be held in the 

following locations: 
Washington DC-Crjjstal City Marriott 

Hotel. 1111 Jefferson Davis Highway, 
Adington. VA 

Federal Building, 230 Dearborn Street, 
19th Floor, ChiFago, IL 
Members of the public who plan to 

make a statement at  either public 
hearing should contact Danesha Reid to 
register, EPA [WH-550D), 4Ul M Street. 
SW., Washington, DC 20460, telephone 
(202) 382-7575. Unregistered speakers 
will be heard after all registered 
speakers have made their statements. 

18th Street, 

Chicago, Illinois-J.C. Kluczynski 

FOR FURTHER IMFORMAVIOM CQWTACO: 
The Safe Drinking Water Hotline, 
telephone (W) 428-4791, or Gregory 
Helmg, Drinking Water Standards 
Division, Office of Ground Water and 
Drinking Water (WH-550D). 
Environmental Protection Agen;y, 401 M 
Street, SW., Washington. DC 20480, 
telephone (202) 382-7575. 
Abbreviations Used in Taie Pdotice 
BAT Best Available Technology 
BEIR: Committee on the Biological 

Effects of Ionizing Radiation 
C W S :  Cororcuriity Water System 
EMSL: EPA Environmental Mcnitoring 

ede: effective dose equivalent 
GAC: Granu!ar Activated Carbon 

and Support Laboratory (Cincinnati 
or Las Vegas) 
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ICW. Liternational Commission on 

MCL Maximum Contaminant Level 
MCLG Maximum Contaminant Level 

MDL Method Detection Limit 
MI/& milliroentgen per hour 
mgd: Million GallonP/Day 
Imrem/yr: nillirem/year 
NIPDWR: National Interim Primary 

Drinking Water Regulation 
NPDWR: National Primary Drinking 

Water Regulation 
NTNC: Non-transient, non-commity 

water sysiem 
pCi/l: picocurie/liter 
POE Point-of-Entry Techologies 
POU: Point-of-Use Technologies 
PQL Practical Quantitation Level 
ITA: Packed Tower Aeration 
PWS: Public Water System 
Ra-226: Radium-ZZB 
R6-228: Radium-228 
RIA: Regulatory Impact Analysis 
h-722: Radon-222. or radon 
SDWA: Safe Drinking Water Act, or the 

"Act", as amended in 1988 
SMR: Standard Mortality Ratio 
W. Working Lev::! P.!onth 

Radiation Protection 

Goal 
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a. Redon Riska from Iilhalation 
b. Radon Risk via Ingestion. 
3. uranium 
a. Carcinogenicity 
b. Non-cancer Effects 
4. h t a  Particle and Photon Emit!zrs 
5. Alpha Emitters 
D. MCLG Determinatiom 

V. Proposed Maximm Contaminant Levels 
Summary of the Proposal 

A. BATS m d  Associated Costs 
B. Best Available Technologies BATS) 
1. Radium-228 and Radium-228 
a. Lime Softening 
b. Ion Exchange 
e. Reverse Osmosis 
2. Radon 
a. Aeration 
b. Secondary Effects of Aeration: Estimate 

of Risks from FTA Emissions of Radon 
c. Granular Activated Carbon 
3. Uranium 
a. Coagulation/Fdtration 
b. Ion Exchange 
c. Lime Softening 
d. Reverse Osmosis 
4. Beta and Photon Emitters 
5. Alpha Emitting Radionuclides 
C. Waste Treatment and Disposal 
D. Analytic Methods 
1. Description of Analytic Methods 
2. Cost of Performing Analyses 
3. Method Detection Limits and Practical 

E. Laboratory Approval and Certification 
1. Eackgmund 
2. Acceptance Limits for Radionuclide 

F. Proposed MCLs and Alternatives 

G. Proposed Monitoring and Reporting 

H. State Implementation 
I. Variances and Exemptions 
1. Variances 
2 Exemptions 
3. Unreasonable Risks to Health (URTHJ 

Quantitation Levels 

Contaminants 

Considered 

Requirements 

V. Public Notice Requirements 
W. Econunic Impacts and Benefits 

A. Regulatory Flexibility Analysis 
B. Paperwork Reduction Act 

W. References 
Appendix A-Fundamentals of 

Appendix W t a  Particle and Photon 

Appendix &Alpha Emitters 

Radioactivity in Drinking Water 

Eaittera 

I. Summary of T d y ' s  NPW 
Applicabiiity 

The regulations proposed in this 
notice would apply to all community 
and all non-transient, non-community 
public water systems. The proposed 
regulations would not apply to private 
water supplies [i.e.. systems serving 
fewer than 25 persons). 
Proposed MCLGs and MCLs 

MCLG ' MCL 

1. R-228 ................ zero ..... 20 p*ll .  
2. wmzs ................ zero ..... 20 pull. 

MCLG M a  
I I 

3. Rsdorr222 .................. m..... 300 pcill. 
4. Urankm ...................... zero..... 20 pgll (30 pGl 

5.Beteandphoton lsro ..... 4 m e d a l y r .  
efmers (exduQng 
Ra-226). 

6. Adjustedgros3 
w=- 
(exdud;ne Re226 
U. and Rrb222). 

1). 

0 
zero ..... 15 6311. 

Fb& EPA h f f i  that maR radronuclidsv 
elnil m m a n  one kind of radratjon asthsydocay. 
Tha 6s of compounds IaLml?d"W 0r"W 
errtitterSe3nlifmtha modsofdacay. 
rn In IhB m rmem edaly; 

refers to Lhn c&2=6d - e  prbd of 50 
years to refarencs man (MXP 1975) from an annual 
mtake at the rate of 2 liiers 51 drinking watw p8r 
dsy. 

Proposed BATS Under Section 1412 of 
the SD WA 
Radium 220/228: Ion exchange, lime 

softening, reverse osmosis 
Radon: Aeration 
Uranium: Coagulation/filtration. ion 

Beta and photon emitters: Ion exchange, 

Alpha emitters: Reverse osmosis 
Proposed BAT Under Section 1415 of the 
SD WA 

The same is BAT under Section 1412. 
Coagulation and filtration and lime 
softening are not BAT for small systems 
(those with <5(#) connections) for the 
purpose of granting variances because 
they are not technologically feasible for 
small systems. 
Proposed Compliance Monitoring 

[a] The proposed initial monitoring 
requirements for radon are: 
(1) For ground water systems and 

mixed ground and surface water 
systems, four consecutive quarterly 
samples for one year, and then annual 
samples for the remainder of the first 
three year compliance period. States 
could grant monitoring waivers to 
systems that demonstrate compliance 
with the MCL reliably and consistently 
in the initial compliance period, 
allowing systems to collect only one 
sample per three year compliance period 
for the remainder of the nine year 
compliance cycle. Systems relying solely 
on surface water are not required to 
monitor for radon, because radon is a 
highly volatile gas and is not expected 
to be found in surface water. 
Laboratories would be expected to 
accurately measure radon down to 
levels of 300 pCi/l at the time of 

exchange, lime softening, reverse 
osmosis 

reverse osmosis 

. 
- -  

sampling. 

would be required to monitor quarterly 
(2) Systems that violate the MCL 
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until the average of four consecutive 
quarterly samples is below the MCL. 

[b) The pmposzd monitoring 
requirments for gross alpha, radium-226 
and uranium are: 
(1) Three annual gross alpha screens, 

to be initiated in the compliance period 
starting January 1m if pss'alpha is 
!ess than the MCLs for radium-226, 
uranium. and adjusted gross alphs, 
screening would be reduced to 
monitoring occe per three year 
compliance period. bboratoiles would 
be expected to measure radium 226 and 
uranium down to 5 pCi/l and gross 
alpha down to 15 pCi/l. 
[2) If gross alpha exceeds the radium- 

220, uranium, ar adjusted p s s  alpha 
MCLs. specific analysis for uranium 
and/or radium-= must be conducted. If 
the contahant-specific analyses show 
that the radium-226 or uranium MCL 
was exceeded, quarterly monitoring for 
that contaminant is required. If neither 
MCL is exceeded, monitoring for 
radium-226 and uranium [or gross alpha 
screen in lieu of radium or uranium) may 
be reduced to one sample every 3-year 
compliance period after 3 annual 
samples. Sampling may be reduced to 
one sample every %year compliance 
cycle if the state finds, through a 
monitoring waiver, that the system 
meets the MCL reliably and 
consistently. 

would be required to monitor quarterly 
until four consecutive quarterly samples 
is below the MCL. 

(c) The proposed monitoring 
requirements for radium-228 are as 
follows: Three annual radium-228 
analyses would be required: if the 
radium-228 MCL is exceeded, quarterly 
monitoring would be required. if the 
system is consistently below the MCL. 
then the annual period may be reduced 
to one sample per three year complience 
period. Monitoring may be further 
reduced to mce every Qyear 
compliance cycle by the issuance of a 
monitoring waiver if the state finds that 
the system meets the MCL reliably and 
consistently. A gross beta test may be 
used as a screen for radium 228. 
Systems that violate the MCL would be 
required to monitor quarterly until four 
consecutive quarterly samples is below 
the MCL. 

[d) Gross beta monitoring. Only 
supplies deemed vulnerable to 
contamination would be required to 
moaitor for beta and photon emitters. 
Vulnerable systems would be required 
to measure gross beta quarterly and 
tritium and strontium annually. The 
presumptive screen for compliance with 
the MCL would be 50 pCi/l. Because 

(3) Systems that violate the MCL 
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only vulnerable systems would be 
required to monitor, no reduction in 
monitoring would be allowed. Systems 
that violate the MCL would be required 
to monitor monthly until three 
ccnsecutive samples ie be!ow thz MCL. 

h ~ s  been collected in accord with the 
analytic hemistry requirements may 
use the data to dotermine compliance. 
Point-of-use [POU) devices, point-of- 
entry [POE) devices and bottled water 
POE would be allowed to be used to 

achieve compliance with MCLs, 
however. POE would not be BAT. 

allowed to be used to achieve 
compliance with the MCLS; hawevor. 
either could be. at  State discretion, a 
condition of granting a variance Gr 
exemption, except for radon (POU may 
not be used for radon because POU fails 
to address radon risks]. 
Variances and Exemptinns 

Primacy States may require public 
water systems to implement additional 
interim control measures such as 
installation of additional centralized 
treatment or POU devices or distribution 
of bottled water to each customer as 
measures to reduce the health risk 
before granting a variance or exemption. 
The State may not issue a variance or 
exemption if an unreasonable risk to 
health exists, as determined by the StAte 
using EPA guidance. States must require 
public water systems to provide POE/ 
POU devices, bottled water or other 
means, as appropriate to the risks 
present (i.e., no POU or bottled water for 
volatile contaminants, such as radon], to 
reduce exposure below unreasonable 
risk to health values before granting a 
variance or exemption. EPA is presently 
developing guidance for determining 
affordability to systems serving fewer 
than 3 3 0  people of different water 
treatments, for purposes of granting 
variances. This guidance is expected to 
be proposed later this year. 
II. Background 
A. Statutory Arrthcrity and 
Requirements . 

Section 1412 of the Safe Drinking 
Water Act, as amended in 1988 
("SDWA' or "the Act"). requires the 
Environmental Protection Agency @PA) 
to publish Maximum Contaminant Level 
Goals WCLGs) and promulgate 
National F%mary Drinking Water 
Regulations (NPDWRs) for 
contaminants in drinking water which 
may cause any adverse effect on the 
health of persons and which are known 
or anticipated to occur in public water 

(e] Systems having historical data that 

POU and bottled water would not be 

systems. Under section 1M, the 
NFDWRs are to include Maximum 
Contaminant Levels (MCLS) and 
"criteria and procedures to tisaure a 
pupply of drinking water which 
dependably complies" with such MCLs. 
Under section 1412(b)(7)(A!. if it is not 
economically or technically feasible to 
ascertain the level of a contaminant in 
drinking water, the WDWR may require 
the use of a treatment technique instead 
of an MCL 

establish MCLGs and promulgate 
national primary drinking water 
regulations for 83 contaminants in public 
water crystems. The radionuclides 
included in today's proposal are among 
these 83 contaminants. 
1. MCLGs, MCLs and BAT 

Under section 1412(b)(4) of the Act, 
EPA is to establish MCLGs at the level 
at  which no known or anticipated 
adverse effects on the health of persons 
o c a s  and which allow an adequate 
margin of safety. MCLGs are non- 
enforceable health goals based only on 
health effects and exposure information. 

MCLs are enforceable atandards 
which the Act directs EPA to set as 
close to the MCLGs as  is feasible. 
"Feasible" means feasible with the use 
of the best technology, treatment 
techniques, and other means which the 
Administrator finds available (taking 
cost into consideration] after 
examination for efficacy under field 
conditions and not solely under 
laboratory cmditions (SDWA section 
1412@)(5]]. Also. the SDWA requires the 
Agency to identify the best available 
technology PAT) for meeting the MCL 
for each contaminant. 
2. Variances and Exemptions 

Section 1415 authorizes the State to 
issue variances from NPDWRs (the term 
"State" is used in this preamble to mean 
the State agency with primary 
enforcement iesponsibility. or 
"primacy," for the public water supply 
system program or EPEi if the State does 
not have primacy). The State may issue 
a variance if it determines that a system 
cannot comply with an MCL despite 
applicason of the best available 
technology (BAT). Under Section 1415. 
EPA must propose and promulgate its 
finding identifying the best available 
technology. treatment techniques, or 
other means available for each 
contaminant, for purposes of section 
1415 variances, at the same time that it 
proposes and promulgates a maximum 
contaminant level for such contaminant. 
E!!As finding of BAT, treatment 
techniques, or other means for purposes 
of issuing variances may vary, 

Under section 1412[0), EPA is to 

depending upon the number of persons 
served Sy the system or for other 
physical conditions related to 
engineering feasibility and costs of 
complying with MCLs, as considered 
nppropriate by the EPA. The State may 
not issue a variance to a system until it 
determines that an unreasonable risk to 
health (LJRTXJ does not exist. EPA has 
developed draft guidance, "Guidance in 
Developing Health Criteria for 
Determining Unreasonable Risks to 
Health" (EPA 1mk) to assist States in 
determining when an unreasonable risk 
to health exists. EPA expects to issue 
final guidanc. for determinii  when 
Will levels exist later this year. When 
a State grants a variance, it must at  the 
same time prescribe a schedule for (1) 
compliance with the WPDWR and (2) 
implementation of such additional 
control measures as the State may 
require. 

Under section 1416(a), the State may 
exempt a pu'ciic water system from any 
MCL and/or treatment technique 
requirement if it finds that (11 due to 
compelling factors (which may include 
economic factors). the system is unable 
to comply, (2) the system was in 
operation on the effective date of the 
MCL or treatment technique 
requirement, or, for a newer system, that 
no reasonable alternative source of 
drinking water is available to that 
system, and (3) the exemption will not 
result in an unreasonable risk to health. 
Under section 1416(b). at the same time 
it grants an exemption the State is to 
prescribe a compliance schedule and a 
schedule for implementation or' any 
required inkrim conhwl measures. The 
final date for compliance may not 
exceed three years after the initial date 
of issuance of the exemption unless the 
public water system establishes that: (1) 
The system cannot meet the standard 
without capital improvements which 
cannot be completed within the period 
of such exemption; (2) the system has 
entered into an agreement to obtain 
financial assistance for necessary 
improvements; or (3) the system !IPS 
entered into an enforceable agreement 
to become part of a regional public 
water system. For systems that serve 
500 or fewer service connections and 
which need financial assistance to come 
into compliance, the State may renew 
the exemption for additional two-year 
periods if the system is taking all 
practicable steps to meet the above 
requirements. 
3. Primacy 

As indicated above. States may 
assume primary enforcement 
responsibility (primacy) for public water 

S-05 1999 0004(00)( 17-JUL-Y 1 - 1 4  1 5 a) 
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syatema under section 1413 of the 
SDWA. To assume or retain p r h a w .  
States need not Edopt the M a s  but 
must adopt, among other things, 
Mm)m that are nc less stringent than 
those promulgates. States may also, 
at their discretion, adopt standards more 
stringent than the IWDWRE. 
4. Ibfcnitoring. Quality ControL and 
Recordkeeping 

Under section 14Ol(1]@) of the Act, 
p 6 P D m  are to contain "criteria and 
procedures to assure a supply of 

complies with such maximum 
contaminant levels: including quality 
control and testing procedures to insure 
compliance with such levels * * *." In 
addition. section 1445 (a)(l) states that 
"every person who is a supplier of water 

records. make such reporb, conduct 
such monitoring and provide such 
information as the Administrator may 
reasonab!y require by regulation to 
assist him in establishing regulations 

in evaluating the health risks of 
unregulated contaminants. or in advising 
the public of such risks." Sction 14-45 
also requires EPA to promulgate 
regulations requiring every public water 
systeni to conduct a monitoring program 
for unregdated contaminants, and EPA 
has established a number of specific 
requirements. 
5. Public Notification 

Section 141Qc) of the Act requires the 
owner or operator of a public water 
system which fails to comply with an 
applicable maximum contaminant level 
or treatment technique requirement. 
testing procedure, or section lQQS(a) 
monitoring requirement to give notice to 
the persons sewed by the water system. 
Ovmers and operators of public water 
system for which variances or 
exemptions are in effect or which fail to 
comply with the requirement of any 
schedule assembled pursuant to a 
variance or exemption, must also give 
notice. Section 1445[a)(5) ais0 requires 
public water systems to notify the 
pereons served by the water system and 
the Administrator of the EPA of the 
availability of the results of monitoring 
for unregulated contaminants. Public 

-notification regulations are codified at 
40 CPR 141.32. 
B. AppljcabiZity 

water which dependably 

shall establish and maintain such t o t  

t t +  

T k s e  prqmsed regulations mould 
apply to all CQmmrmitJr water syetems 
(CWSs) and all non-transient non- 
community public Ipsrracl water 
systems. 

Public water systems are defiaed in 
the Act as those systems which provide 

piped water for human consumption and 
have at least 15 connections or regularly 
serve at least 25 people. Section 
1401(1)[D)(4). The category "public 
water :'y&m" is composed of 
community and noncommunitJr water 
systems. A communiiy water system is 
one which sewes at least 15 coIInectiOM 
used by year-round residente or 
regularly serwes at least 25 year-round 
residents (40 CFR 1412). Non- 
community systems. by definition, are 
aII other public water systems. Non- 
community systems include transient 
systems (e.g.. restaurants and serwice 
stations h a w  independent water 
sources) and non-transient systems 
which P A  has de€ined as facilities that 
have their own water supply and 
regularly serve at least 25 of the same 
persons for at least six mcinihs a year 
(see 52 FR 25712 July 8,1987). 

Transient non-comunity water 
systems would not be covered by these 
proposed regulations. Environmental 
levels of them contaminants pose public 
health hazards over a long period of 
exposure. Occasional and infrequent 
exposure to environmental levels of 
these contaminants pose minimal risks 
to the public and do not warrant 
regulation under the SDWA. 

EPA solicits public comment on the 
application of these regulations to 
community and noncommunity 
nontransient public water supplies. 
C. Regulatory Background 

Interim Primary Drinking Water 
Regulations (MPDWRS) for combined 
radium-228 and radim-228 at 5 pCi/l, 
p s s  alpha partide emitters at 15 pCi/l, 
and beta particle an6 photon emittere 
(also referred to as the "man-made" 
radionuclides) at a tota! dose equivalent 
of 4 mrem/year to any organ or whole 
body [40 CFR 141.15). These levels are 
currently in effect and enforceable. 
When these NIFEWW'RS were developed, 
the Agency did not have sufficient 
heaith and occmvnce data on uranium 
and radon to develop standards. 
Therefore, there are no exist@ primary 
drid&g water regulations for th- 086 two 
radionuclides. As part of an effort to 
develop better information for these 
regulatioa, EPA sponsored a workshop 
oa radioactivity in drinking water 
(Health Physics, 1885). 

an advance notice of proposed 
demaking [AEdpRpvPx (51 €'F! 34838. 

radionuclides contamed u1 today's 
proposed action. The ANPRIM discussed 
E P X s  underatan- of the occurrence, 
health effects, and risks from these 
radionuclides. as well as the available 

In 1976, EPA promulgated the National 

On September 30,1988, EPA published 

%t 341988) 

analytical methods and treatment 
technologies and sought additional data 
and public comment on EPKs planned 
regulation. This notice builds on and up- 
dates the information assembled for the 
1988 ANPRM. 
The information in the ANWM on 

occurrence was estimated from the 
nationwide compliance data for the 
standards in place, several nationwide 
and regional studies, and State data 
bascs. Although the occurrence data for 
uranium and radon were not as 
complete as for the other regulated 
radionuclides, the available data 
showed that uranium, radium. and radon 
are seldom found together in hi& 
concentrations. Relatively higher levels 
of radium were found in the midwest 
and Appalachian region, natural 
uranium in the Rocky Mountains, and 
radon in the northeast. When the 
ANpRIw was published the available 
data indicated that radon and uranium 
generally were distributed et low levels 
in water supplies throughout the United 
States. b some areas, however, murid 
water supplies had mu& higher levels of 
radon. Compliance monitoring data on 
radium indicated moderate occurrence, 
primarily in the midwestern states. Beta 
particles and photon emitters were not 
detected above the 50 pCi/l screening 
levels. 

cancer associated with each 
radionuclide, the toxic effects of 
uranium on the kidney, and the 
estimated annual national risks posed 
by each radionuclide in drinking water. 
Several analytical methods were 
mentioned and were presented along 
with treatment technologies and 
estimated costs.. 
D. Comments by the Science Advisory 
B o d  and the Public on the ANPlUd 

1. SAB Comment 

(SAB) Radiation Advisory Committee 
(RAC) reviewed the ANPm and the 
four draft criteria documents which 
supported it prior to publication of the 
ANPM in the F&ud R6giatex (51 FR 
36838: September 30,1986). EPA 
subsequently revised the criteria 
documents and resubmitted them to the 
SAB/RAC for review during the summer 
of EPA has now revised the 
criteria documents based on this latest 
review (saB/RaC 1690) and presents a 
rsumniaqj of the sBB/RAC comments 
and E P X s  replies to them here. More 
detail on these issues may be found in 
the latest revised criteria documents 
themselves. 

The ANF'RM summarized the types of 

The EPAs Science Advisory Board's 
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a. Geneml comments andgeneric 
issues. h requesting review of the 
health criteria documents in 1490. the 

requested the W / M C  to focus 
on Sare questions in their review, in 
addition to pmvidiDg any a d d i t i o d  
comments the reviewers believed to be 
 levant The five questions asked were: 
I. Are the estimates of the absorption. 

distribution and excretion of uranium. 
when &jested, appmpriate and 
supported by the data? 

z Do the estimates in the documents 
form an appropriate basis for assessing 
the ricks of directly ingesting water 
containing radon? 

3. What is an appropriate basis for 
estimating the risks fmm radon in 
water? 

4. What relative emphasis should be 
placed on the epidemiology data and 
modeled risk estimates for evaluating 
radium risks? 

5. Is the methodology for assessing 
risks from man-made radionuclides 
(both individually and collectively) 
appropriate? 

The S-/RAC reviewers also 
commented on the overall quality of the 
draft documents and commented on 
several additional sabjects. 

The SAB/RAC comments were 
organized as follows: General 
Comments and Generic Issues; 
Responses to the Five Specific 
Questions; and Comments on Important 
Issues in the Criteria Documents and 
Related Reports. EPKs replies to these 
comments follow the SABlRAC 
organization, and are as follows: 

a=l. Geneml comments andgeneric 
issues.The SAB/RAC made the 
following gt?ne.ml comments: 
I. The general quality of the 

documents waa not g a d  
P A  Reply Pull criteria docnments, 

rather than only Quantification of 
Toxicological Effects sections, have 
been prepared, with careful review by 
O W  and ODW. Irrelevant information 
and hcomct definitions have been 
deleted, and definitive descriptions of 
the dosimetric models have been 
included in each Criteria Document. 
Except where noted in the Criteria 
Documents. the bases for selecting 
models is the same as those given by the 
ICRP in their publication Imp 30 0 
1979). Material on chemical a d  physical 
properties has been included, consistent 
with OW format for preparation of 
Criteria Documents. The five documents 
have been made consistent in their 
approaches to risk assessment. 
Comments by the SAB/RAC made 
during the 1987 review have been 
considered and addressed in the revised 
Criteria Documents. EPA beIieves 0 the 
overall quality of the revised documents 

is substantially hproved. and will 
continue to udntc? &e documents, as 
needed, betwee:. proposal and 
promulgation of this regulation. 
2. Technical decieions contrary to 

SBB and NAS recommendations were 
presented without discussion of 
alternatives or justification for the 
Agency's choices. 

EPA Reply: Detailed discussions are 
provided in the criteria documents of 
issues raised by the SAE. as indicated 
for document-specific comments below. 
The basis for adoption of SAB and NAS 
recommendations is presented in . 
individual criteria documents and 
described briefly below. EPA's adoption 
of advice and guidance has attempted 
most appropriately resolve potentially 
conflicting recommendations. and 
strives to be consistent both internally 
and with other Federal Agencies in its 
assessments of radiation risks. EPA's 
modification of the ICRP dosimetric 
models is used for assessing doses and 
risks from radium, uranium and gross 
alpha emitters, and for estimating doses 
used in calculating the effective dose 
equivalent, which serves as the basis of 
the standard for beta and photon 
emitters. 

3. Uncertainties were not adequately 
addressed. 

EPA Reply: A new chapter has been 
added to each criteria document 
addressing uncertainties  associate^ 
with the range of assumptions and 
models considered and those arising 
from parameter variability (chapter E 
in each document). 

b. Responses to the five specific 
questions. 
I. Are the estimates of the absorption, 

distribution and excretion of uranium. 
when ingested. appropriate and 
supported thedata? 

The SA.$kAC believed the 
absorptkm, distribution and excretion 
estimates presented in the draft uranium 
criteria document needed to be 
discussed in more detail and better 
supported by the criteria document In 
particular, the sAB/RAC disagreed with 
use of 0.21) as the fi (gastrointestinal 
absorption factor) and cited a 1985 
review sponsored by the EPA as 
recommending an fi value of 0.014. SAEV 
RAC also urged that the value chosen be 
identified as representing the average 
population or any special sensitive 
groups. 

EPA Reply: EPA has extensively 
reviewed the literature available on this 
issue and believes that a value of 0.05 is 
appropriate. However, published studies 
present a wide range of possible values 
for the uranium uptake factor. While 
EPA believes a value of 0.05 is 
supportable based on the literature, the 

uncertainty associated with this value 
may be great, perhaps a factor Of4 
greater or less than the value chosen. 
The basis foi this uncertainty 
assessment is presented in the revised 
uranium health criteria document EPA 
believes 0.05 to be a best estimate foi. 
the general population, and not a highly 
conservative value for the fa factor. 

z Do the estimates in the documents 
form an appropriate basis for assessing 
the risks of directly ingesting water 
containing radon? 

The SAB/RBC urged EPA to better 
justify use of a fresh tap water 
consumption value of 0.68 liters/day. a 
value different than the 2 liters daily 
consumption usually used in assessing 
exposure to d r h h q  water 
contaminants, and other assumptions 
about radon loss from water during 
consumption. The SAB/RAC also noted 
that the approach used for assessing the 
risks of radon in &inking water differs 
from that used for assessing risks from 
other volatile contaminants in drinking 
water. 

prepared by EPA to describe the data 
available for both the selected rate of 
ingestion and for radon loss d m  
water consumption, and the rationale 
for the selected values. Consistency 
with previous regulations of volatile 
contaminants in drinking water is also 
addressed. These points are summarized 
in the Radon Criteria Document 
(sections N.C.1 and WI.B.2) and the 
unctrtainties are discussed in chapter M 
of the Radon Criteria Document (section 
IX.B.1). 

cormniption is presented in "Radon in 
DrinMng water: Assessment of 
Exposure Pathways" (EP& lW]. KPA 
continues to believe a value other than 2 
liters per day is appmpriate for 
assessing risks from ingested radon, and 
has used a value of 1 liter daily intake of 
fresh tap water, as a reasonable 
maximum. in the revised documents. 
EPA believes this is appropriate because 
radon is a volatile gas and will not be 
present in water used for cooking or 
making tea or coffee. or water that has 
been standing for some time. EPA has 
therefore estimated consumption of 
water that is promptly consumed, i.e. 
water drawn from the tap and consumed 
immediately, for assessing radon 
exposure via the ingestion route. EPA 
hes previously used the 2 liter daily 
water consumption estimate in 
assessing risk for other volatile8 in 
drinkng water because no separate 
inhalation exposure and risk assessment 
was performed. The exposure to other 
volatile contaminants via ingestion 

EPA Reply: A separate document was 

The available data on tap water 
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predicted by 2 liters daily consumption 
served as a surrogate to compensate for 
the la& of a eeparate inhalation 
exgosnreandriskaaaexmentBecause 
there are data anthe bander of radon 
fmllraat€rto the k d m r a i r o f  homes 
a n ~ a w 3 a m e n t b b y t i r e  
inhalahan mute for radon d e r i d  fmm 
water CBI~ be made. EPA has estimated 
the inhalatian exposure and risk and the 
ingestion exposure and rie2r resulting 
from radon in water separately. and 
added the two assessments together in 
estimating overall risks from radon in 
water. The radon exposure pathways 
document also describes the basis for 
estimating 2oFb loss of radon from water 
before it in consumed. 

3. What is an appropriate basis for 
estimating the risks from radon in 
water? 

The SAB/RAC asserted that use of a 
generic tap water to air transfer factor 
overlooks potential tu& radon 
concentrations at the point of release, 
such as during showering, and urged 
inclusion of such an exposure 
assessment in the revised documents. 
SAB/RaC stated that all contributions 
to total expos- should be considered, 
and that uncertainties in all the 
estimates must !E addressed. SAB/RAC 
also stated that there were differences 
in the draft criteria document from a 
draft radon risk assessment previously 
submitted to sBB/RAC by P A S  ORP 
for review. 

EFA Reply: An analysis of exposure 
to radon during showering and other 
household uses of water was performed 
by EPA and in presented in "Radon in 
Driding Water: Assessment of 
Exposme Pathways" @PA, . m). The 
analpis was led in the Radon 
Criteria ibxament (sectiona lV.= and 
\rmB2) and the uncertainties are 
discussed in chapter IX of the Radon 
Criteria Document (sections E A 3  and 
IXB2). 
This document reviews the available 

data and methods far evaluating 
inhalation to radon released 
from water. These include several 
empirical studies as weli as several 
modeled approaches to exposure 
assessment EPA concluded in this 
analysis that although mass balance 
modeling can be performed for radon 
from showering and other water use. 
assessiq risk based on this information 
is difficult. Human activity patterns are 
highly variable with regard to factors 
that have a large influence on exposure, 
such as  temperature and length of 
shower, shower flow rate, timing of 
multiple showers within a household, 
and location and use of clothes washing 
machines. Also, significant unanswered 
questions remain about the equilibrium 

of radon with its progeny in the shower 
and bathroom, the unattached fraction, 
and aerosal particle size in a shower 
and behavior of water aerosols in the 
respiratory tract Madeling dms  allow 
fQrIisks tillmaboMers to be broadly 
ttatmM. and PEPAhasdone M) mits 
review, EPA amcluded that integrated 
exposure and risb: estimates developed 
from modeled water use through out the 
house (including ahowering) differ only 
slightly from the d t e  obtained from 
use of an average water to air -fer 
factor such as 10,aft&1 (i.e.. 10.m p C i / ~  
radon in water increases indoor air 
levels by about 1 pCi/l), based on the 
empirical data. 
h response to the final point of the 

Sm/RAc, there is no overall 
quantitative difference in the risk 
assessment presented in the draft Radon 
Health Criteria Docunont and the draft 
submitted tc the SAB for review in 
February of 199D. Both present the 
average unit risk value of 360 deaths per 
106working level Eonths of exposure to 
radon and its progeny, in air, as a 
central estimste, consistent with EPAs 
letter of November 23,1388 P A .  Isssf] 
to the SAB/RAC. which first used this 
as the unit risk for radon. The s o w  of 
disapement  was apparently the lack of 
separate presentation of risks to 
smokers and nonsmokers. Risks to 
smokers and non-smokers were not 
presented separately and in detail as in 
the Pebnmy 1480 paper. EPA has added 
this discussion to the revised Radon 
Criteria Document (sections VI.C and 
VlILB.2. Table VI-1). The preparation of 
the Radon Criteria Document was 
coordinated with the evolving ORP 
poeition on indoor radon risb to the 
extent the regdatory and review 
schedules allowed, and EPA will 
continue to update the document, as 
needed, between proposal and 
promulgation of the final rules. 

placed on the epidemiology data and 
modeled riab estimates for evaluating 
radiumrishe 

The SAB/RBC urged EPA to base its 
risk assessment for radium on human 
epidemiology data on radium watch dial 
painters, rather than on modeled 
estimates. and urged EPA to present its 
rationale for adopting the modeling 
approach for radium risk assessment 
The SAB/RAC also requested that EPA 
better describe ita dosimetic model in 
the revised criteria document, including 
calculated doses and risks to organs, 
and that if EPA continued to use the 
modelrng approach, uncertainties in the 
mode@ be addressed. 

EPA Rep/p The Agency carefully 
reconsidered this issue. First it  should be 
pointed out that all risk estimates are 

4. What relative emphasis should be 

SO51999 0007(~17-JuL91-14:1516) 
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based 22 both epidemiologic data and 
r e q h  rnathemaiical modelling. The 
EPA uses the wealth of epidemiologic 
data 03 human eqosure and risk of 

dial painters and epidemiologic data on 
bone sarcomas d t i n g  from injected 
Ra-224. 

The watch dial painter data indicate 
that the incidence of bone sarcomas 
may follow a dosesquared response, 
especially E: higher exposures. EPA 
policy, supported by recommendations 
of SaB/RaC, is to assess cancer ri&s 
from ionizing radiation as a linear 
response. "Iterefore, use of the dial 
painter data requires either deriving a 
h e a r  risk coefficient from significantly 
non-linear exposure-response data, or 
abandoning EPA policy and SAB/RAC 
advice in this case. Two analyses were 
recommended as alternatives by the 
SABIRAC, those of Mays et al. (I-) 
and of Schlenker (1982). Both analyses 
used the same cohorts, calculated doses 
and definitions of incidence, and 
differed primarily in the statistical 
approach to deriving a linear slope that 
would not be rejected by the 
epidemiology data. The two resdthg 
values differ by about 60%. EPA was not 
able to determine whether this degree of 
agreement resulted from the use of 
identical data, but took into account the 
caution of the B W  I\I Committee ( p a s ,  
1988) that there was no unique way to 
derive a linear risk coefficient for bone 
sarcomas from the dial painter data. 

There are. however, serious problems 
in applying the watch dial painter 
epidemiologic data. These include 
uncertainties in intake, due to variability 
in retention of radium and to lack of 
measurement of Ra-228 There m y  also 
be uncertainty in these data due to 
possible bias in identification and 
measurement of workers, and the lack of 
a unique way to specify the appropriate 
extrapolation of the observed quadratic 
response among workers at high intakes 
with known abnormal bone physiolw 
to e linearized response consintent with 
the lack of observed a m m a s  among 
lower-intake cohorts. There may also be 
problems in extrapolating to continuous 
intakes across years frum a single 
intake, and in assessing latency and 
duration of plateau based on the 
radium-224 data. The dial painter data 
and the issues involved in extrapolation 
are extensively discussed in the Radium 
Criteria Document (sections Ul.B, VI.B.1. 
Vm.B.2, IXA.l and JXA.2. Tables VI-1 
to VI-% WS-1 and WI-2). and a 
thorough discussion of the RADRISK 
model has been incorporated (sections 
W.D. W.B, VIII.B.2. IX.A.2 and IX.B.2. 
Tables III-1 and WI-3 to VIII-5). 

radiogeric Cana?rs. mdudizg radium 
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h alternative to the dial painter data 
for deriving a linear coefficient is the 
experience with patients injected with a 
short l i w e d  isotope of radium. The EHR 
Ill committee (pa& 1880) found that 
these epidemiolw data wene consistent 
with a linear mlationahip between dose 
and bone Barcoma incidence. and 
derived a linear risk coefficient Ekauriie 
of the difference in the toxicokinetics 
between the short-lived and the low- 
liwed isotopes of radium. modelling is 

cadficient The me of mal& 
intxuchcea some uncertainty into the 
assessment of risk but has the 
advantage that differing patterns of 
exposure can be ewaluated (e.g. constant 
lifetime exposure). 

The W R z s #  model (Sullivan et aL. 
1981; Durming et aL. 1WU P A .  
used by EPA to assess risk from 
radionuclides also allows calculation of 
radiologic doses to and cancer risks in 
organs other than bone, based on 
epidemiology data on cancer risks from 
several studies of effects of io- 
radiation. 

One concern the SAB/RAC had with 
this model was that the predicted 
incidence of leukemias was higher tharl 
observed in the d i d  painter cohorts. 
EPA reexamined this prediction and 
revised the calculation of the high-LET 
radiation risk to bone marrow to be 
more consistent with the predictions of 
the watch dial painter study and the 
obsergations in the spondylitic and 
Thorotrast studies. The predictions of 
the RADREK model were adjusted to 
give a relative incidence of leukemias 
and bone sarcomas more consistent 
with observed data, which is also more 
consistent with the watch dial painter 
data (as described in section WILB.2 
Table VIII-5 of the revised criteria 
docriment). Data on the leukemia 
incidence reported in patients injected 
with Thorotrast, a thorim-based 
radiologic contrast agent were also 
examined (NM I=). EPA has also 
added head carcinoma rieb to the model 
(for radiun72B1, consistent with the 

ib a d t  of thb reconeid-oratim 
EPA continues to incorporate the 
estimate of the bone sarcoma risk 
coefficient derived from epidemiology 
data that show a linear dose-response 
m e  (the data for radium-a).  a 
rewised b e  marrow risk coefficient 

axScdciEntfor.adimo-2aain40Bd 

EeA’s umclusione are d i e d  in the 
rwised radium health a t e r i a  
Document. and as  requested by S A E /  
MC, an expanded description of the 

~ t o n s e t h e H E w I I I r i s b  

watchdialpainterstndies. 

d h e n o e J  ’ - rigbaudhas& 

head ar&wxma . l l t e s e w a n d  

s(w~!m ~ ~ 1 7 - m 9 1 - 1 4 1 5 : 1 9 )  

I 
1 
WIRXSK model and a m e n t  of 
mcertainties have been added. 

r i c h  from man-made radionuclides 
[both individually and collectively) 
appropriate? 

The =/MC urged EPA to include 
rishs fmm man-made alpha emitter5 as 
well as beta emitters. uqpd use of EPA 
“official” risk estimates. and urged that 
the results b presented without 
reference to M y  regulatog levels. 

hss d its rkk 
a s s a s m m t n u m b m t o ~ d t o  
previous estimstes g ~ ~ m t e d  by the 
RBDRIs# model, and will incorporate 
any revisions based on the 
recommendations of the BW 71 report 
only after W / R a C  has had an 
oppommity to review and comment on 
them an a separate issue and not in the 
context of this proposed -tion. 
Similarly, only unit risk and dose 
assessments are presented in the 
revised criteria document without 
reference to possible regulatorJI levels. 

c. Comments on important issues in 
the criteria documents. SAB/RaC also 
made the following comments on the 
draft Criteria Documents: 

i. Llmnium criteria docuinent. 1. The 
document fails to explain selective 
adoption of the recommendations of the 
BEIR IV report in particular the BW IV 
use of analogy with radium as the basis 
for riak evaluation of d u m .  and the 
BElR conclusion that any cancer risk 
from d u m  is from bone sarcoma. not 
other organs as predicted by the EPA 
model. 

EPA Reply: For a number o€ reasons 
discussed above, EPA has continued to 
rely on its risk model for assess- 
radium cancer riaks. and uses this 
approach for assessing d u m  cancer 
risks as well. EPA like the I W ,  
evaluates dose and risk for a number of 
organs and tissues and combines them 
as  appropriate to obtain the risk 
estimate. EPA believes that all emitters 
of ionizing radiation are carcinogenic- 
EPA has reviewed and revised a key 
parameter d u e  used in this model. the 
fl vahxe, according to SAa/RAC 
recommendations. and has ala0 revised 
the predicted risks of leukemia, as 
described above for radium, and the 

5. Is the methodology for assessing 

PA @& 

presented in section of the revised 
uranium Criteria Document. 

3. If a modeled approach is chosen, 
EPA must justify selection of the models 
and parameter values, in pddar . thhg.  
f 1 value of a z ~ u s e d  in the draft cntena 
document. and the woik of W m  et d 
(1985) and Spencer et aL (I= as cited 
in EPA, 1 m e )  must be ad- 
Quality  oft!^? data and the possible 
effec? cf diet and ea- habits on the 
uptake of uranium must be considered. 

EPA Replg: ib &d above, EPA 
h a s r e w i e w d d r e w i d t h e t d u e  
d i n  m--dumri&s.The 
work of Wrenn et aL, and Spencer et aL. 
were considered in thia review. 
Evaluation of the data quality and the 
possible effect of diet and habits, i.e., 
imn deficiency and the “no-breakfast 
syndmme.” are presented in the 
uncertainty discussion of the revised 
Uranium Criteria Docmnent 

the 1957 Drinking Water Subcommittee 
review have not been incorporated into 
the document and the document 
includes irrelevant information (on 
inhalation studies) and some incorrect 
definitions. 

EPA Re& E% has reviewed the 
comments made by the 1987 Committee 
review, and addressed those that remain 
p e e e n t  to the revised documents. 
Stuhes by exposure mutes other than 
ingestion have hen i n c h d d  in the 
Criteria document, where those studies 
indicate sys?emic effects and especially 
where data by the ingestion route are 
sparse. T e r n  and definitions have been 
reviewed and corrected where found to 
be incorrect. 

Extrapolation of risk from dial painter 

4. Comments and recommendations of 

ii. Radium criteria document 1. 

Pi i ce  to kidney. These revieions are 
discussed in greater detail in sections IV 
and VIII of the revised uranium Criteria 
l3ocumst. 

2% - tyinthe&k 
a s s e s n m t f a T ~ n m s t t r e  

EPA Reply: An analysis of the 
uncertainties in the uranium cancer risk 
estimate has been prepared and is 

data. 
EPA Reply: 19is issue is addressed in 

question number 4 above. 
2. Uncertainties are not adequately 

addressed. 
EPA Reply: EPA has added an 

assessment of the uncertainties in the 
risk evaluations to all of the revised 
Criteria Ducuments. 

from Wlaletskos et aL (1W) should be 
discussed further and uncertainties 
addressed. 

3. The estimate of radium absorption 

Response: The discussion has been 
expanded (section m.A) and 
uncertainties are addressed [section 
IX.B.1). 

4% iswre O f k t i w i t y  of children 
to efiects 0:radmm sbmtd 
belESi8.d 

Response: recommendation was 
followed (sections LEB, W.C. VIII.A and 
IX.A.1). 
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5. The BADRISK model should be 
described in more detail. and the over- 
prediction of lenbemiaa lack of 
prediction of head Carcinomas, and 
relatiwe risks of Ra-2B and Wa-228 
should be addressed. 

ERA Reply: This recommendation was 
followed [sectione ms. Vlm vIILB2 
IKB2 and- Tables and VIll-3 
to \Tms ofthe radium criteria 
I)crannent). As deacrihed above, the 
estimates of leukemia risk for r a d i i ~ ~ ~ ~  
228 and 228 have been revised and the 
head carcinoma risk for radium-228 
added, mnsistent with the watch dial 
painter data. Urgan doses and risks to 
bone and other organs are also 
presented. On review, FPA discovered 
an error in the estimated radium-228 
dose to bone m m w  and bone surface. 
and has revised the dose. and hence risk 
estimate for radium-228 to be consistent 
with the dose estimated by the ICRP 30 
m d e l  @PA, 1mb). It should be noted 
* h t  the 25 fold higher potency of 
radium-= in inducing bone sarcomas 
among the watch dial painters d a t e s  to 
an instantaneous intake of radium, and 
less of a difference would be expected 
for continuous 'detime exposure 
(Rowland e t  aL. 1978). 

iii Documents related to mdon. 1. 
Inmnsktencies in the relatiwe 
conservativeness of the asslrmptions 
acruss the criteria documents for 
radionuclides and with regulation of 
other volaiile chemicals in water should 
be addressed 

tke criteria docnments hawe been 
rwiewed and are cow more can&&nt 
with r e g d  to their degree of 
amserwativenesa 

driukhg water Contaminant for which 
the inhalation pathway is specifically 
a d & s s . e d a s a s e p a r a t e e q o e  
pathway.Thieinvo€w~~adjnsting&e 
ingestion risk downwanis to accaunt for 
loas of radon from tap water used for 
cooking and in other ways that would 
cause radon loss [niakiq c,dfee, kzz, 
etc )  and also separately quantifying 
inhalation expow~e from ail honaehold 
uses ofwater-% Agency made an 

analysis ofthe to 
radon by itlgestiac and by mhalabon of 
radon released from household uses of 
water, mclm short-term expowre 
during ahowezing T b i s a d p b i s  
pse.ntdinaEeparate&cmmzxl(EPA 
-1anrf - edinthepkdon 
Q i i  - (m W-CL 
w.Cz VIILBz x A 3  EB.1 grid 
-1. 
2 Uncertainties shonld be diecussed 

particularly of variability of important 
parameters in the risk assessment 

-A Apply: 8dWS d in 

asdisaLpsed ahme. radniisthefjrat 

s.051999 ~00)(17-JUL-91-141523) 

Respvnse: Chepter W. of the Radon 
Criteria Document addresses 
uncertainties both from the range of 
assumptiom and models and fnnn 
parameter variability. 

3. The discussion of radon health risks 
should be updated and made consistent 
with the O W  approach. and the 
appendixdigcnssicmeofnonancer 
health efEe@ts of radiation expnmre 
shouldbe omitted. 
P A  Rep& The &cussion of miner 

data including h b m  et aL [1W as 
cited in EPA, I ~ c ) ,  has been updated 
(Radon Criteria Document section 
WB2) and risks of inhaled radon decay 
products have been listed separately for 
smolrers and nonsmokers [sections VLC 
and WB.2 Table W-1). Genetic effects 
are discussed in the Radoo Criteria 
Document (szctione W.1, VLB.2, 
VELC, KA.4 and IX.333, Tables VEL7 
to m) bec~use these may be relevant 
in the context of radon in drinkhg 
water. 
4. The basis for the rate of 

mnsumption of tap water and the loss of 
radon should be presented and 
defended. 

ERA Reply: This has been done in a 
separate document @PA 1ziwh) and 
summarized in the Radon Criteria 
Document (sections lV.C.1, WB2 and 
Mf3.1). 

5. The basis for the selection of the 
transfer factor for waterborne radoc 
contribution to indoor air radon levels 
shodd be presented and defended. 

Respunse.-Thishasheendoneina 
separete d m e n t  @PA and 

--ked in the Radon Criteria 
Dr#lirment (aeaions w.c2 VmB2 and 
IXA3andDLB2). 
E The -acute ?from 

a h o S w e r i n g a h d b e a m S l M  
in&ding tte degree of radon 
eqdibriuxxL 

EPAReplyr -has been done in a 
separate dc#Pment lEpa m) and 

-edmtheRadonCriteria 
h x m e n t  (sections W.Cz VIILB-2 and 
Ma3 and IXBZ). 

7. Additional anaiysis of the ingestion 
model by Crawford-Bruw (Im) would 
be ueefnl, including extending the 
analy$ia of nncertainiy. 

EPA Reply: The a d p i s  of 
e t y m r a d o n  ingestion risks is 
extended in the Radon Criteria 
Dc#wnent (sections Ixaz and IXB.1). 
The nldf4 of crawfdmwn [lrnl. 
cphicbhae keeIlpblidledinp?r- 
rrvietpedpmnalsmAnal- 
1% ~ ) , ~ ~ ~  k2 b t r e t i t  

inge8tedradan. 
analpis available for asseshg riabs of 

a The document should not contain 
incorrect definitions of fundamental 
technical terma or basic fallacies. 
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EPA Reply: The Radon Criteria 
Document has undergone extensive 
internal &i?ncyrwiewr to correct 
inaccurate terminology. 

iv. Manmade Radionuclides 
DomenL 1. The document on 
manmade radionuclides used risk 
factors inconsistent with the other 
radicmndi&diecrassed here and used 
an ad hoc extrapohtion of risk factors 
based m a n  amessmmt of the BEiR V 
report that has not been snbmitted for 
review by the SAR in spite of a previous 
agreement to do so. 

€FA Reply;. As described above. 
FPKs established risk factors have been 
used in the rewised Criteria Document. 
Use of risk factors based on the BEIR V 
report will be delayed until EPA has 
reviewed these with the SAJ3JRAC in a 
separate evaluation. 
Z. The evaluation of risks should be 

based on the ICRP effective dose 
equivalent concept 

EPA Reply: EPA has used its own 
dosimetric model (the RADRIs# m@del), 
based to a large degree on I W  models 
and parameters, in the revised criteria 
document on beta and photon emitters. 

3. The document should define the 
potential risks of exposure. rather than 
define the regalatory value of 4 mrem 
edelyr. 

EPA Repiy: The revised beta and 
photon emitter Criteria Docwnent 
assesses risks and does not present a 
regulatory value. Regulatory values f O i  
the beta and photon emitters, based on 
the unit risks in the Criterialhcument, 
are presented in appendixB of this 
notice. 

4. The document Eails to adequately 
di8cLwaunc&am - ties Elfwciated with 
the values of paramern selected and 
overall uncerttty of the evabtion. 

EPA Replpl Aa assessment of the 
rmcertainties in the risk esthates has 
beenadded to each of the Criteria - 

5. Tables A-I and V-1 are misleading 
or difiicult to understand as presented 

EPA Reply: These tables have been 
revised to clarify the information 

z Public Comment on the ANSW 
EPA requested comments on all 

a m  of the September 33.1988 
ANPRM. A ~ummargr of the major 
com~~enta. and the Agency's response to 
the iswes raised, are piesalted below. 
A detailed eninaeration of the ommlents 
l € % X ! h d a n d t h e ~ S ~ i s  
pRsated in the drrrnment .=Rapme b 
Comments Received on the IWDWRE 
Radionuclides in Drinldng Water- 
Advanced Notice for Prvposed 
Rulemaking of September 30,1988." 

presented in them- 

1 1 
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@PA, lmj) which is available in the 
public docket for this rulemaking. 

EPA received 44 written comments on 
the AIWRPU. OPthe comments received. 
2 were hin individuals, 2 were from 
Federal qpc im,  11 were from States. 3 
from 1 d  governments, 15 were from 
companie% 4 were from public water 
supplies and 8 were from public or 
pmfmional organizations. 

€PA held a public hearing on 
pdowemk 13, IBBB Repmadatives of a 
professional oqpizat ion and of a 
company each made a statement and 
two local government representatives 
reported on levels of radionuclides in 
their water. 

risk evaluation and regulation have 
been revised since 1B88 some of the 
comments and issues are addressed 
only in the comment response 
document. Those still considered 
sigdicant are discussed here. 

a. EPA'spmposal to set a MCLG and 
MCL for natuml uranium. A total of 16 
commenters sddressed EPA's advanced 
notice for regulating uranium. 
Commenters raised four major issues 
regarding the uranium regulation: 
(1) Toxicity Versus Carcinogenicity 
(2) Fdo-Observed-Adverse-Effect-Level 
(3) Risk Estimates 
(41 Economic Impact 
(11 Uranium toxicity versus 

Comments: Ten commenters 

&cause some of EPA" approaches to 

carcinogenicity 

questioned EPA's proposal on the bagis 
of insufficient scientific evidence to 
show that natural uranium is a 
carcinogm One commenter disagreed 
with EPA's rationale to regulate uranium 
based on similarities to mdium and 
another maintained that PBB's 
comparison of radium and d u m  was 
flawed because EPA ignored the fact 
that uranium will expose tissues at a 
much lower dose m d  dose rate. In 
support of EPA's proposal, one 
commenter urged EPA to set MUGS at 
zero because of the lack of available 
data on the radiotoxic effects of uranium 
and because of simik-~rities between 
radium and wanium. 

is a some of ionizing radiation which 
decays and emits alpha particles 
internally. thereby irradiating internal 
iissues. Uranium also concentrates in 
bone as does radium. and kidney. 
10- radiation has been S h o w  in 
many studies to be carcinogenic in 
humans and EPA has claesified it as a 
p u p  A carcinogen. Uranium has 
c a d  canoere at mdtiple Site6 in 
laboratory m i n d s .  EU would be 
expected frum a source of io- 
radiation. Furthermore, the human 
carcinogenic risk from ingested radium 

EPA Response: Uranium, like radium, 

S-051999 @010@0)(17-JUt91-1415~ 

is well-established (EPA, Isslb). For 
these reasons, the Agency is PIUpOSing 
to establish an MC3.G for natural 
uraniumbased on it being a carcinogen. 
Uranium also is believed to be toxic to 
the kidneys, and belov~, EPA climsses 
exposure levels that would be 
considered safe for this a6 ieree effect. 
In setting a standard. EPA will ensure 
that the eventual M U  is protective for 
both the carcinogenic potential of 
uranium and for kidney toxicity. For the 
pmposes of this d e  theM(=Lie based 
on uranium's potentia3 for kidney 
damage. 

Comnent. One commenter stated that 
information presented at the National 
Workshop for Radioactivity in hinking 
Water held in May 1983, indicated that 
carcinogenic risks were negligible from 
uranium, as well as from radium and 
radon. 

EPA Response: The risk level 
estimated in the 1983 Workshop on 
uranium was 6 x IO -7 per pCi/l lifetime 
cancer risk (Mays et al., 1985). Since the 
1983 Workshop, EPA has contirued to 
assess the hazards of all the 
con taminants in this proposed rule. The 
Agency still believes the risk from 
uranium to be approximately 6 x 
per pCi/l @PA, Ime).  EPA does not 
regard this risk as n e m b i e .  
Longstao&~g and carefully considered 
EPA policy for regulating carcinogens in 
drinkiag water is that the lifetime 
individud risk target is one in 1O.(wD 
(10-9 to one in I,(wD,(WD (10-7 risk. As 
uranium occurs in water used as a 
source of drinkiq water at levels posing 
risks within this target range, the 
Agency believes regulation is 
warranted. uranium is also toxic to 
tddney a t  concentrations that may be 
found in driding water, and protection 

warranted. In addition, regdatioq of 
uranium in drink@ water is requved by 
the 1!?83 amendment to the SDWA. 
(2) ~~bserved-Adverse-Effect-Level 

Comments: Two commentem cited 
data showing that the lowest 
concentration of uranium shown to 
cause kidneq damage is 3 pg per gram of 
kidney with 1 pg/grm kidney being B 
kidney concentration well below the 
level causing kidney damage. The 
commenter stated that this 
concentration in water is approximately 
equivalent to an exposure of 1,m pCi/l. 
Another commenter believed there is no 
reason to develop a regulatory limit for 
uranium of less than 5 q / l ,  a s s e w  
that 5 mg/l is the accepted. nontoxic 
lwel for natural d u m  from heavy 
metal toxicity. 

commenter is referring to (Wmm et d., 

against this potential hazard is also 

EPA Response: The study that the h t  

1985) goes on to derive an intake limit 
for uranium in drinking water based on 
the 1 pg per gram of kidney as a no- 
toxiceffects concentration level. Using a 
GI absorption estimate of 1.4% for 
humans at environmentd lewels of 
uranium intake, a safety factor of S. 
and a 1.n ]/day water intake, the study 
recommends a ~ ( T D  pg/l limit for uranium 
in drinkbg water. 
Based on evidence from a number of 

chmnic and subco.anic toxicity studies 
with several Bpecies of enimnLP EPA 
has identified a lowest+,bsemed- 
adwemeeffect-level (LOBEL) of 2.8 mg 
uranium/kg/day based on moderately 
severe renal damage following 30 days 
of dietary administration of uranyl 
nitrate to rabbits @PA, ime). From this 
LOBEL. the Agency calculated a 
reference dose (IUD), or daily exposure 
for humans likely to be without 
appreciable risk of adverse health 
effects during a lifetime. The RfD is 3 x 

mg/kg/day (EPA. EPA. 199ls). 
When estimating drinking water 

con taminant levels for contaminants or 
effects associated with identified 
thresholds, EPA calculates a Drinking 
Water Equivalent Level (DWEL), a 
drinhg-water specific lifetime 
exposure for the contaminant at which 
adverse non-carcinogenic health effects 
are not anticipated to o c m .  This DWEL 
for uranium was calculated tc be 0.10 
mg/l (or I(#) pg/l) using kidney t o ~ c i t y  
to adults as an endpoint When s e w  
an M U G  based on an identified 
threshold, the D W  is multiplied by the 
relative source contribution (RSC] for 
water (the fraction of total exposure that 
derives from &inking water) to form the 
h i s  for the M U G .  EPA examines the 
available data on other expo- 
sources to identify the RSC. and uses a 
value of 2096 as a default value if data 
are n3t available or are of poor quality; 
that is the case with d u r n .  This 
would give an MCLG of 20 pg/l. or 
approximately 30 FCi/l. This level is 
well below the level cited by the second 
commenter as an accepted, nontoxic 
level for natural uranium. These issues 
are discussed in greater detail in 

(3) Risk Estimates 

EPA's risk estimates for uranium are 
flawed because they were developed 
using a linear dose-response c i e  that 
overestimated risk from lifetime 
exposure to water supplies having up to 
100 @i/l of nraninm. This commenter 
urged EPA to consider &e Bw IV 
report which contains information 
concerning the extrapolation of the 

' Sections m. and N. below. 

Comment: One commenter stated that 

47 0 1 . ~ . . . [  16,301 ... 12-zS-sO 

0 " 7" I 



F d d  Register / Vol. 56, No. 138 / Thursday, July 18, 199l / Proposed Rules 33059 
L 

biological effects of all alpha emitters. 

EPA &spnse: The Bw III report 
(pa- 19801 recommends linear dose 
response curares for use in assessing 
risks fium all alpha emitters. and as 
appropriate for uranium, since it is an 
alpha emitter. The Bw IV (MAS, 1888) 
report makes no clear recommendation. 
but rather discusses the implications of 
making different choices among the 
possible alternative approaches. 
(4) Economic Impact 

Comments: Two commenters argued 
that the cost of treatment for uranium is 
too high. especially for small water 
systems, considering the lack of data 
showing that uranium is carcinogenic. 

EPA Response: As stated above, EPA 
believes that there is adequate scientific 
evidence to show that uranium is 
carcinogenic to humans. 

Costs for uranium removal are 
dependent on water system size, 
concentration of uranium in source 
water, and the type of removal 
treatment used. EPA has determined 
that proposed BATs for uranium 
removal are affordable by regional and 
large public water systems (EPA. 1491i). 
EPA also evaluates iotal, or national 
compliance costs as well as household 
costs and cost-effectiveness in assessing 
feasibility of treatment. EPB considers 
the cost of the health protection 
afforded by the proposed MCLs to be 
reasonable (EPA I=). While 
affordability assessments are based on 
cost to regional and l a q e  water 
system. variances and exceptions may 
be available for some small systems if 
required conditions are met (Le., see 
section V.Q. Variances or exemptions 
may not be g r z t e d  if doing so would 
result in an unreasonable risk to health. 
The Agency has +died proposed 
BATs for variance purposes for small 
water system (see section V.B] and is 
continuing to evaluate what costs are 
reasonable for public water systems. 

b. EFA 's proposal to set sepamte 
MCLGs and MCLS for radium-226 and 
ra&m-2&9. A total of 11 commenters 
submitted comments regarding the 
appropriateaeas of establishing 
cwm&m?d UriZepsElteMm d M Q a  
fsrAdiIm29BdradiuD-pa 

Commen&Most comrQmm tm this 
b e  supported the establishment of 
separate MCLGs and MCLe for the two 
contaminants. citing several reasons: 
each appeara to be different 
toxicologically. each has different 
degrees of biological effectiveness, and 
each has different risk levels associated 
with identical concentrations. 
In opposition to separate MU& and 

MCLn for radium-228 and radium-228. 

indudhg uranium. 

so9 1999 (101 I ( ~ l 7 - N t 9 l - I 4 : 1 5 : 2 9 )  

one commenter maintained that the 
database for radium-228 is ineufficient 
to warrant separate regulstiom €or the 
two isotopes. 

@A Response: The Agency does not 
agree that the database for radium-228 
is insufficient to warrant separate 
regulation. There is sufficient scientific 
evidence that carcinogenic risks from 
radium-228 are not qualitatively 
different from radium-228 risks lEpk 
i m b ) .  
& discussed above, and in de!d in 

the-revised health criteria document for 
radium, EPA has classified radium-228 
as a group A human carcinogen. 
Radium-228 is a beta emitter that 
irradiates the bone and other organs 
where it is deposited; EPA has classified 
all ionizing radiation as a p u p  A 
carcinogen. Use of human epidemioloa 
data in conjunction with the RADRISK 
model estimate the lifetime cancer risk 
from radium-228 at approximately 
3X10-s per pCi/l. The epidemiology 
studies addressing radium-228 and -228 
directly also indicate that two types of 
cancer, bone sarcomas and head 
carcinomas, are elevated in persons who 
have been exposed to ingested radium. 
Rowland et al. (1978) compared the 
relative effectiveness of radium-228 and 
radium-228 in inducing bone sarcomas 
and concluded that radium-228 was 
more effective in inducing bone 
sarcomas than radium-228. In addition. 
they demonstrated that incidence of 
head carcinomas were associated only 
with exposure to radium-228. not 
radium-228. This would be expected if 
the accumulation of radon gas in the 
mastoid air cells and paranasal sinuses 
is important in the etiology of these 
tumors. 

EPA also included radium-228 in its 
N E 3  survey of ground water systems 
nationwide @PA. I m b ) .  EPA therefore 
bas extensive data on the Occurrence of 
radium-2z8 in public water supply 
ground water, as described in section IXI. 
below. EPA also has data supporting the 
analytic chemistry methods to 
determine compliance with the radium- 
228 b4m and treatment information 
showing the levels to which it can be 
removed from drinEdng water. as 
dgscnbgdinae@tmv.wow. 

Fmang..Ei€tilpfthDdsfOr 
radimn-2asandra~Zza*aMt 
and* of 1w data 
suggests that in coupling regulation for 
the two isotopes and us@ the interim 
monitoring scheme, about half of actual 
violations were not detected sincp in 
most Cases only a gross alpha test or 
radium-228 test were don2 (the interim 
monitoring requirements only required 
radium-228 monitoring when the gross 
alpha measurement exceeded 5 pCi/l. 40 

- .  
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CFR 141aa][1](i]: EPA 1sSsd). The 
proposed revision to the monitoring 
requirements described in section V. 
below would rectify this problem. 

c. Disposal of mdioactive waste 
generafedfrom treatment of water for 
radionuclides. A total of 15 commenten 
discussed the need for EPA to address 
technical. regulatory, aod economic 
aspects of treatment an& d i s p o d  of 
radioactive waste resulting from water 
treatment to remove radionuclides. 

Comments: Commenten urged €PA to 
address the issue of disposing radium- 
contaminated s l d g e  from lime softening 
treatment. uranium-contaw spent 
alumina, and uranium-contaminated 
sludge from coagulation treatment using 
alum or iron salts. 

Commenters pointed out that the 
waste streams generated by reverse 
osmosis and electrodialysis treatments 
for uranium could contain triple the 
uranium concentration of the raw 
material, and that a large problem 
associatec! with reverse osmosis 
treatment for uraniw would be disposal 
of large volumes of brine generated by 
the process and disposal of the uranium- 
contaminated salts remnining after brine 
water evaporation. 

EFA Ilesponse: At the present time 
there are no federal regulations 
specifically addressing the disposal of 
wastes generated by water treatment 
processes on the basis of their 
radionuclide content. There are 
regulations that apply to disposal of 
radioactive wastes in general, and these 
would apply to drinking water treatment 
wastes that are radioactive. 
h order to guide water treatment 

faciliiies and State and local regulators 
toward safe waste management 
practices for water treatment plant 
wastes containing radionuclides above 
background levels. EPA has reviewed 
regulations and guidelines which 
address the handling and disposal of 
wastes containing naturally occurring 
radionuclides orighathg from industries 
other than water treatment. 

Baaed on these regulations and 
guidelines, EPA has developed 
suggested guidelines for disposal 
options and institutional controls which 
d d  b p t h d f o z f m ! - w a t e r  

radioactme amtaminants at 
vanous ranges of concentration. Thew 
guidelines are presented in "Suggested 
Guidelines for the Disposal of Drinking 
Water Treatment Wastes Containing 
Natutally-Cccumhg Radionuclides" 
@PA. IssOa). 

For disposal of liquid wastes. or 
brines. EPA suggests discharge to 
surface water, discharge to aanitary 

t r e a ~ t a a s t e s ~ ~ n s t p r a n g -  
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sewer. deep well injection, or 
evaporation or chemical precipitation 
followed by land disposal, as permitted 
by State and local regulations. For 
diepod of solid wastes, or sludges, ISPA 
suggestrr disposal in a municipal landfill. 
a stabilized or institutionally controlled 
landfill, a hazardous waste dispoeal site. 
a permitted or licensed naturally- - or accelerator-produced 
rackoacbve material (PdaRwr] facility, or 
a licensed low-level radioactive waste 
disposal facility [should the waste 
become low-level radioactive waste). 
The selection of a waste disposal option 
may be influenced by a variety of 
federal, state or local regulatory 
constraints and water treatment facility 
site specific conditions. Waste disposal 
is discussed in greater detail in Section 
V.C below. 

Comments: E@ commenters were 
concerned that disp~sal  costs for water 
treatment waste would significantly 
raise the treatment costs presented in 
the ANPRM. 

EPA Response: The treatment and 
disposal of wastes generated by the 
treatment processes could increase 
overall treatment costs and may be 
beyond affordability for some small 
systems. However, in establishing 
proposed BAT, EPA identified the 
treatment and disposal technologies that 
are reasonably available for laqe  
metropolitan regional drinkiq water 
systems (systems which serve 50,m to 
75.001) persons). In this determination, 
P A  evaluates total, or national 
compliance costs as well as household 
coste. WA has determined that disposal 
of waste from treatment for 
radionuclides does not significantly 
increase the total water treatment costs 
for large systems and that the proposed 
regulations are, overall, affordable. EPA 
has also included the estimated cost of 
waste disposal in its overall evaluation 
of cost of the proposed regulations @PA, 
I m i ] .  Estimates of waste generation 
and cost of dieposal are described in 
Tables 12-14. in section V.C below. 

prewionsly mentioned. under 
certain conditions, variances and 
exceptions from any M U  requirement 
or IUPDWR treatment technique 
reqilirement may be available for some 
small systems (see section V.0. 
Variances and exemptions may be 
granted by the States to systems if 
installed BAT does not achieve 
compliance. or for compelling economic 
reasons, as long as granting such a 
variance would not result in an 
unreasonable risk to the health of the 
water supply customers. 

MCL forgmss alpha mdiation. A total 
of 19 individuals or organizations 

d. EPA 's proposal to set a MCLG and 

submitted comments on EPAs proposal 
for regdating gross alpha particle 
activity. 

Comments: A majority of the 
commenters responding to this issue 

@ate gross alpha radiation with an 
M U G  and MCL; favoring the idea that 
gross alpha be used as a screening 
device only. 

In support of a MCL one commenter 
asserted than a toAd dpha activity MCL 
must be promulgated because Congress 
included "gross alpha !Jartide activity" 
as one of the 83 contaminants specified 
for M U  deve!opment under the SDWA. 

EPA Response: Compliance 
monitoring has only occasionally 
detected naturally-occurring 
radionuclides in drinking water other 
?han radium-228. radium-228, uranium, 
or radon-222. Nevertheless. EPA 
believes that this does not preclude the 
possible presence of other alpha 
emitters. including transuranic man- 
made alpha emitters, and believes that a 
MCLG and MCL for gross alpha particle 
activity will provide adequate protection 
from alpha emitters that could 
potentially occur in drhking water. EPA 
believes an MCL for gross alpha particle 
activity will also provide a ceiling on the 
aggregate exposure and aggregate risk 
from all alpha emitting radionuclides. 
EPA is also obIigated to develop an 
M U  for gross alpha emitters by the 1986 
amendments to the SDWA, which listed 
gross alpha as one of the 83 
contaminants to be regulated. 
Gross alpha measurements will also 

be used as a screen for radium-226 and 
uranium compliance and may reduce 
monitoring costs. 

e. EPA'sproposed amendment to the 
definition of p s s  beta andphoton 
emitters. Seven commenters provided 
comments on EPAs proposed definition 
of gross beta and photon emitters. 

Comments: Three commenters stated 
that the definition is misleading because 
some naturally ouxming radionuclides 
(e.&, potassium4 and &n-14] decay 
by beta emission. 

Another commenter pointed out that 
some radionuclides which decay by 
processes other than alpha or beta 
decay, such as electron capture oi alpha 
emission accompanied by photon 
emission, would be excluded by the 
proposed definition. 

EPA Response: EPA is proposing to 
regulate approximately 2(#) beta and 
photon emitting ra'dionuclides of which 
most, but not all are man-made. EPA 
coGiders an overall M U  for beta and 
photon emitters to be more appropriate 
than specific MCLs because of the low 
possibility of occurrence. 

disagreed with EPa.8 proposal to 

Radionuclides which decay by 
processes such as electron capture or 
alpha emission accompanied by photon 
emission would not be excluded from 
the definition. 
f. Comments on risk modeIs used to 

determine estimated risk values. A total 
of 14 commenters addressed the 
appropriatecess of using an absolute 
risk model versus a relative risk model. 
and the appropriate application of risk 
values generated by the two models. 
(I) Risk Model !%election 

Comments: One commenter believed 
either a relative or absolute risk model 
was appropriate. but that the selecnon 
of a model should depend on the 
biological endpoint to be evaluated. This 
commenter added that the relative risk 
model could overestimate risk. Another 
commenter urged that EPA consider a 
quadratic dose-response risk model for 
radium-228 and for its risk in causing 
bone sarcomas. Two commenters stated 
that there are data to show sensitivity to 
radionuclide induced cancer decreases 
with age. and suggested that the relative 
risk model would be appropriate for 
younger age groups. One commenter 
stated that EPA should select the risk 
model with the most supporting data 
and address the upper range of risk 
estimates as generated by that model. 
One commenter believed that either 
relative or absolute risk models are 
acceptable because both methods yield 
negligible risk. 

EPA Response: EPA recognizes that 
there has been no model developed to 
date which perfectly and consistently 
describes the carcinogenic risks 
asiociated with exposure to radiation 
and that all existing risk models can 
potentially over- or underestimate 
actual risks. However, radiation risks 
are among the most studied and best 
understood, and there is a general 
consensus among the scientific 
community that for solid tumors other 
than bae. the relative risk model 
appears to most appropriately describe 
how carcinogenic risk develops over age 
and time. Leukemia and bone cancer 
appear to better fit a model in which 
risk peaks a few years after exposure 
and then decreases subsequently. This 
view is supported by a variety of 
sources (UMSCEAR 19881, WPB, 19881, 
(RERF, 19371, (NAS, 1980,lWl. The risk 
models described in these sources use 
age- and organ-specific risk coefficient3 
so that any age sensitivity to radiation 
indnced cancer is incorporated in the 
models. 

encouraged EPA to assume input 
parameters for risk assessment models 

Comment: One commenter 
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that are mean values as opposed to 
using comemative values. 

EPA Response: In its risk assessments 
for radionuclide risks the Agency 
generally does use best estimates rather 
than consersratiwe values. 

g. Comments on the ~prvpnateness  
of setting one dose equivalent MCL 
standad for dlmdionuclides found in 
drinking water. 

A total of 11 colrrmenters addressed 
the appropriateness of a combined MCL 
standard €or all radionuclides fwnd in 
drinkiq water. 

Comments: Most commenters opposed 
establishing a combined MCL for alpha- 
emit- radionuclides for the following 
reasons: biological endpoints vary 
among isotopes, radionuclides differ 
with respect to occurrence and 
toxicoloEly; one standard would mislead 
the public; and a combined standard 
would require an extensive effort to 
perform a dose assessment for each 
radiomclide. 

is conceptually valid to estabssh a 
combined MCL, its implementation 
would be more difficult due to higher 
analytical costs. 

EPA Respoi2se: The Agency agrees 
that a combined MCL for all alpha- 
emitting radionuclides would not be an 
appropriate regulatory approach for two 
reasons. First, the effective dose 
equivalent [noE) estimates for alpha 
particle emitters w d d  be too unwtain 
to be the basis for risk assessment 
intended to support standards, because 
the range of alpha emissions is so short 
and the pharmacokinetics of alpha 
emitters are so complex (although the 
Agency believes they are reliable 
enough to be the basis for armparirfofs 

known that same alphaemitting 
radionuclides [i.e.. uranium, radium and 
radon] are more widespread than others 
@PA, 1885a: l w b )  and have more well- 
established carcinogeaicity. Proposed 
monitoring requirements (i.e. gross- 
alpha screening) would serve to identify 
other, lesser occuning alpha-emitting 
radioactive contaminants in en effective 
and cost efficient manner. 

The Agency agrees with the statement 
made by one commenter that 
implementation of a combined MCL 
would have higher cos!s due to the 
extent of unnecessary monitoring that 
might occur* 
h. Comments on regulation of man- 

made mdionuclides as a class. A total 
of 15 individuals or organizations 
commented on the appropriateness of 
establishing a MCLG and WCL as 
opposed to a health advisory for the 
entire class of man-made radionuclides. 

One commenter noted that although it 

among the radiormclidesf. seamd. It 18 

Comments: A total of eight 
commenters felt that EPA should not 
establish M U G S  or MCLs for man- 
made radionuclides. Seven of these 
commenters expressed the view that 
E?A should not establish MUGS or 
MCLe for man-made radionuclides 
h u s i ?  the p r e m c e  of these 
coiltaminants in drinking water is 
generally the result of accidental 
discharges already addressed by other 
federal regulations. Five commenters 
stated their support for the 
estabhhment of non-regulatory Hedth 
Advisories for man-made radionuclides 
rather than MCLGs or M U S .  

In support of establishing both an 
WCLG and MCL for man-made 
radionuclides, two commenters 
proposed that EPA require monitoring of 
gross beta activity for a water system 
only long enough to establish that 
noncompliance with the M U  was 
unlikely. However, one of these 
commenters added that gross beta 
monitoring should be conducted if an 
event occurred that was expected to 
result in radionuclide contamination of 
the water supply. 

h o t h e r  commenter suggested that if 
an MCLG and an M U  are set, a cost- 
effective alternative to the requirements 
of the NIPLlW'R for gross beta 
monitoring would be to drop strontium 
and tritium from the required analyses, 
except in the case of an accident 
causing greater than 50 pCi/l of gross 
beta emissions. 

P A  Response: The Agency agrees 
that the presence of man-made 
radionuclide contamiuation in 
water generally results from accidental 
discharges. EPA believes that because 
these contaminnnts are known 
carcinogens and m e  potential exposure 
pathway is through drhking water, 
setting an M U G  and MCLand 
periodic monitoring for this class of 
radionuclides is appropriate, especially 
when a potential source of chronic 
contamination exists. In addition, EPA is 
obligated under tlie 1- amendments to 
the SDWA to set an MCL for beta and 
photon emitters. 
E Other EPA Radon and Radiotion 
J?wn7ms 

EPA has developed the Radon Action 
Program, a primarily non-regulatory 
program, to reduce the health threat of 
indoor radon in air. Radon from soil gas 
is the principal source of radon in the air 
of homes, and EPA recommends that all 
homes be tested for radon. The relative 
risks of radon in air and water are 
discussed in more detail in section V.F. 
below. 

EPAs Radon Action activities are 
conducted under the authority of the 
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hdoor Radon Abatement Act m). 
They include: National and state radon 
surveys to measure radon levels in 
homes and schools; the Radon 
Measurement Proficiency IRwIp) 
program, which evaluates radon testing 
companies; the Radon Contractor 

and evaluates radon mitigation 
contractors; the establishment of four 
regional training centers across the 
countrsp. and the development of model 
standards for construction of new 
housing to prevent elevated radon in 
new homes. 

EPA has also prepared a varicty of 
public information materials to educate 
the public about radon and to encourage 
people to test their homes and reduce 
elevated radon levels. E P A s  "Citizen's 
Guide to Radon." (EPA, lWfJ which 
recommends that indoor air radon levels 
above 4 pCi/l in homes be mitigated, is 
currently being updated to incorporate 
the latest health risk information on 
radon from both soil and water, as well 
as mitigation technology. EPA also 
works with the Advertising Council on a 
national media campaign to motivate 
the public to test homes and fix elevated 
levels. EPA also conducts public 
outreach activities with the American 
Lung Association on a variety of 
outreach activities in States across the 
country, including media events and 
workshops held during Radon Action 
Week last October. 

testing and mitigation in the home can 
be obtained from the n a t i o d  radon 
hotline at I-t!lKMOSRADON. 
There are also regulatory prcgrams 

that restrict radon and other 
radionuclide exposures. In November of 

restricting radon emissions to ?he air 
from several categories of point 80arce9. 
under section 112 of the Clean Air Act 
EPA also has standards for both existing 
and new uranium mining and mill- 
tailings piles. 
F. Basics of Radiotion 

scientific field and much of the public 
water supply industry and public 
affected by this regulation may have 
only a limited understanding of it. To 
help provide a better understanding of 
radiation and these proposed 
regulations. appendix A presents a 
discussion of the fundamental concepts 
of radiation. its nomenclature, and its 
measurement. 
m. akY3lrmnm and €xpJm 

Proficiency (Re) prngram which trains 

Public information materiais on radon * 

1m EPA icraned final regulations 

The study of radiation is a specialized 

There are approximately 2 . 0  known 
radioisotopes, or radionuclides. These 



SdIa Ftxh~Pal Wegi~tm / Vol. 56, No. 138 / Thursday, July 18, 199l / Proposed Rules 
Y 1 

isotopes emit radiation as they undergo 
radioactive decay (aipha particles. beta 
particles and gamma rays or photon 
radiation). They can be classified 
generally into two categories: natural 
and man-made, and are also frequently 
categorized by their primary mode of 
radioactive decay, i.e, by alpha or beta 
or gamma emission. Moat radionuclides 
are mixed emitters to some degree, and 
each ha8 a primary mode of 
disintegration with some smaller 

* percentage of the atoma present 
decaying by others. The natural 
radionuclides are largely alpha particle 
emitters with some beta particle activity 
from the progeny. The most significant 
natural radionuclides (as determined by 
their le1 els of occurrence in drinking 
water and their potential to cause 
adverse health effects by this exposure 
route) are radon-= radium-228, 
radium-22S. and uranium. Some other 
alpha emitting radionuclides have 

occasionally been found in drinking 
water. 

In setting drink@ water WCLs, the 
agency generally sets individual 
contaminant standards. In this notice, 
EPA is proposing to set MCLs fcr the 
most prevalent radionuclide 
contaminants, and standards for broad 
categories of other much less prevalent 
radionuclide contaminants. Because in 
this notice EPA is proposing to set MCLs 
near the 10-~ estimated lifetime risk 
level for the contaminants regulated. 
concern about cooccurrence of these 
contaminants at the MCL levels arose 
(EPA I-). Water supply systems 
having two or more of these 
contaminants at the MCLs could be 
placing their customers at total risk 
higher than EPAs target of 10-~ lifetime 
risk. In addition. co-occurrence of 
several that can be removad using the 
same treatment could make removals 
more cost-effective. Because the data 
examined to date are limited, EPA 

solicits additional data on co-occurrence 
to enable a more complete assessment 
of the potential for c o - o c m n c e  of 
these contaminants near the proposed 
MCLs. 

The natural radionuclides involve 
three decay series which start with 
uranium-238, thorium-232 or uranium- 
235. These three series are shown in 
Figure 1. These are called the uranium, 
thorium, and actinium series. 
respectively. Each series decays through 
stages of various nuclides which emit 
either an alpha or beta particle as they 
decay and ends with a stable isotope of 
lead. A number of radionuclides also 
emit gamma rays, which accompany the 
alpha or beta decay. The uranium-238 
series contains both radium-228 and 
radon-= in the decay series and ends 
with the stable lead-208. The thorium- 
232 series contains radium-2Z8 and ends 
with the stable lead-m. 
~ W D E ~  

so51999 0014(00~17-NL-91-14: 15:40) 
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Figure 1. Uranium and thorium isotope decay series 
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The man-made radionuclides fall into 
two subcategories. For those 
radionuclides of an atomic weight higher 
than uranium in the Periodic Table [the 
t ransui ics) .  generally both alpha and 
beta particle decay modes occur. By 
contrast, almost no radionuclides below 
thallium (A=w] exhibit alpha particle 
decay properties. They undergo decay 
by beta and/or gamma ray emission. 

natural decay series, radium. uranium 
and radon are most commonly found at 
detectable levels in drinking water. 
Many of the man-made radionuclides 
have half-lives too short to allow them 
to be transported ccimpletely throcgh a 
drinking water system. (The half-life of 
an isotope is the time required for one- 
half of the atoms present to decay.] 
However, approximately M#) man-made 
radionuclides do have half-lives low 
enough to be considered potential 
contaminants in drinlcing water, and 
there are a few reported cases of high 
levels of naturally occurring beta 
emitters (e.g., lead-no] in private wells. 
Thus. the 2(#) man-made and naturally- 
occurring radionuclides are included as 
a class of beta and photon emitters in 
this discussion. 

The estimates of radon, radium, and 
uranium levels in drinking water of 
public water systems presented in this 
section are based on WAS National 
Inorganics and Radionuclides Survey 
(PIJIRS] (EPA, IWb) .  A!so presented for 
each radionuclide is a sumn?;irgr of the 
findings of the s w e y  on the Nationwide 
Occurrence of Radon and Other Natural 
Radioactivity in Public Water Supplies 
@PA, 1 m a ) .  The title is shortened to 
'The Nationwide Radon Survey" in the 
following discussions. NEG was 
initiated in the early 1- to 
characterize the occurrence of a variety 
of substances, including the naturally 
occurring radionuclides covered in this 
pmposal. Estimations of radionuclide 
levels derived from other available 
nationwide monitoring data were 
presented in the Advance Notice of 
Proposed Rulemaking (ANPRW(51 FIR 
38836, Sept. 3, I=). These have been 
revised based on the FTIRS data, and the 
impacts and benefits of this proposal are 
estimated based on an analysis of the 
EdIRS data. 

The WIRS (EPA, I W b ]  survey was 
designed as a stratified sample based on 
the population served. The universe of 
public groundwater suppiies was 
stratified into four size categories (by 
population): very small (serving 25--5(#)), 
small [sewing  501-3,300). medium 
(serving 3.3Ul-lO,(Wo) and large/vely 
large (serving more than 10,0]. There 
am approximately tW,(wI) community 

O f  the radionuclides that comprise the 
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water systems nationwide. Of these, 
approximately a(##) are served 
primarily by groundwater, 33,(wo of 
which serve 51#) or fewer people, about 
10,(#1D serve people in ccmmunities of 
soo to 3,300. Z.~(IO serve communities of 
3,300 to  IO,^, and about 1,2(#1 serve 
1 0 . 0  or more people. A total of 1 , 0  
sites were selected randomly in 
proportion to the number of public 
groundwater supplies in each category. 
Approximately 2.1 percent of the 
driaking water supplies in each size 
category were selected. (Note: Sample 
results for the various constituents were 
reported for 480 of the 1.0 sites 
selected.) 

The national occurrence estimates for 
radon, radium-226, radium-228 and 
uranium were obtained through 
statistical modeling of occurrence 
distributions derived from the results of 
FTIRS. Lognormal distributions were 
computed for each radionuclide for each 
of the four size strata noted above. 
These distributions were computed 
using statistical techniques that a!lowed 
for the "non-detects" (referred to as  
censored data) to be taken into account 
in calculating the parameters of these 
distributions. The details of the 
methodology are provided in the 
occurrence docunents prepared by EPA 
for these contaminants. 
A. Radium-226 

According to the NIRS (EPA, 198ebI 
data approximately 40% of the systems 
sampled in NIRS had radium-226 above 
0.18 pCi/l, the Iwinimu~~ Reporting Level 
(IWRL). However, less than 9% of the 
systems exceeded 1 pCi/l and only 
about 1% exceeded 5 pCi/l. The 
maximum level reported was 15.1 pCi/l. 
The mean and median of the positive 
values (those above the MU) were 0.87 
and 0.4 pCi/l. respectively. The o v e r d  
mean value was 0.4 pci/l.  assuming a 
value of 0.9 pCi/l (i.e., one-half the 
W )  for those systems with results 
below the PVWL 
MIRS also computed population- 

weighted averages for the states having 
supplies sampled in PIJIRS, and reported 
that the highest values were found in 
Illinois, Wisconsin, WLinnesota, and 
Missouri, a region recognized by others 
@.e.. He88 et ai., 1 W )  for having Ygh 
radium-228 levels. 

The national occurrence estimates 
derived from NIRS indicate that 
approximately z,W community and 
non-trarsient Gon-community ground 
water supplies in the US. have radium- 
228 level above 0.18 pCi/l. 
Approximately BaO of these supplies are 
expected to have radium-226 above 5 
pCi/l (half cf which serve 50 or fewer 
people). and approximately 70 are 
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expected to have levels exceeding 20 
pCi/ l (m of which serve 3.300 or fewer 
people, and 40 of which are estiinated to 
serve 3,m to z,m people) (EPA. 
Imi]. 

Based on those oc,ruTrence estimates, 
it is also estimated that 3.4 million 
people using ground water systems are 
exposed to radium-226 levels exceeding 
5 pCi/l. and 890,000 are exposed to 
levels above 20 pCi/l (EPA 1Wlij. 

Quantitative estimates of radium-226 
occurrence and exposure in public water 
supplies using surface water sources 
could not be generated due to the lack of 
comprehcnsive national survey data. 
However, based on %e information 
discussed in Hess et al. (1%). it 
eypears reasonable to conc!ude that the 
overwhelrmng majority of surface water 
supplies have levels between 0.1 and 0.5 
pCi/l. 
B. Radim-228 

FTIRS (EPA, 1 W b )  reported that 
radium-228 was found to exceed the 
RWL of I pCi/l in approximately 12% of 
the systems sampled in PIJIRS. Less than 
4% had levels above 5 pCi/l, and the 
maximum value reported was 12.1 pCi/ 
1. The mean and median of the positive 
values were 2.0 and 1.5 pCi/l, 
respectiveiy. The overall mean, us@ 0.5 
pCi/l for those systems below the WIRL, 
was 0.7 pCi/l (EPA, lE!Cn]. . 

The national occurrence estimates for 
radium-228 indicate that approximately 
50 ground water supplies have levels 
exceeding 5 p C i / ~  (m of which sene  
3 3 0  or fewer people), approximately 40 
systems exceed 20 pCi/l (nost serving 
3 3 0  or fewer people) and 15-u) exceed 
30 pCi/l. The corresponding exposure 
estimates are that 1.3 million people 
using ground water supplies receive 
water with radium-228 levels above 5 
pCi/l, and 1 6 4 , O  are exposed to water 
exceeding 20 pCi/l, and about 82.0 are 
exposed to water exceeding 30 pCi/l 
(EPA ~98on; 1891i). 

Similar to radium-=, there are 
inadequate s w e y  data to estimate 
national occurrence of radium-228 in 
water supplies using surface water 
sources. However, Hess et al. (1985) also 
reported that surface water levels for 
radium-228 are low in comparison to 
gromd water levels. 
C. Radon 
1. Occurence 
NIRS (EPA, W38b) reported that radon 

was found to exceed the WIRL of 1oD 
pCi/l in approximately 72% of the 
supplies sampled in NIRS. About 11% of 
the NIRS systems were found to have 
levels above 1,0(#) pCi/l, and 1% 
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reported radon levels above lam pCi/ 
1. The maximum value reported ms 
25.m @/I. TBe mean and median 
values for the positive sites &ere 881 
and 289 pCi/1, respectively. me overall 
mean. using a value of 50 pCi/l for those 
sites below the bfRL was reported to be 
~8 pCi/l. 

estimated that approximately 45.m 
community and non-tranaient 
noncommunity ground water supplies in 
the U.S. have radon lewels above 100 
p a l l .  About 25,- are estimated to 
have levels exceeding 30 pCi/l. with 
~ , M X J  exceeding I,CUKI pCi/l. 
Approximately 60-85s of all system 
exceeding any of these values Berve 5(#) 
or fewer people. It is also estimated that 
47 million people are served by those 
syhiems having radon levels above 1W 
pCi/l. 17 million by those hawing radon 
levels above 3(#) pCi/l, and 2.7 million 
by those with levels above 1.m p a i l  
(EPA. 1m1. 

occumence of radon in public water 
supplies using surface water sources 
could not be developed due to the lack 
of data. F!owever. hnsed on the limited 
information provided in the Nationwide 
Radon Survey it appears that levels in 
such supplies are very low compared to 
levels observed in ground water 
supplies. Of 2.5 surface water systems in 
the Nationwide Radon Survey for which 
data were available, 23 (9246) had levels 
below 100 p a l l .  The mean level was M 
pCi/l, wih a maximum level reported at 
2.io pCi/l. The Agency requests that 
data on radon levels in water supplies 
uning snrface water mufces in this 
notice be submitted, if such data are 
available. 

Radon levels in ground water can also 
v q  on a diurnal or longer term basis. 
Data on radon variability were 
developed by #inner et. al (#inner. 1m) 
during their study of radon treatments. 
A rearieaw of the monitoring data taken 
from several of the wells used in the 
treatment studies showed up to 2 fold 
variations in radon levels at various 
wells over periods of one year or less. 
Variability over the course of a single 
day was gaeraily less than over the 
Icnger periods. EPA has also funded an 
ongoing study by the State of 
Connecticut to investigate the variability 
in radon lev& in water. EPA will 
incorporate these results when they are 
available. 

Because of thi~ variability in radon 
levels in water. EPA is proposing more 
frequent monitoring for radon than the 
other contaminants proposed for 
regulation here, but will also allow 
averaging of reeults for detexmining 
compliance, as  described in section V.G 

Baaed on the Edws data, it is 

Quantitative estimates of the 

S-OS1W (1017(00#17-~91-14:15:46) 

below. EPA solicits additional data on 
the variability of radon h e l a  in water. 
and on uae of these data in establishing 
compliance monitoring requirements. 
2. Assessing individual radon exposure 
from inhalation and ingestion 

Because it is a volatile contaminant 
radon poses exposure issues not 
encountered in estimating exposures 
(and pieke) for other drinking water 
contaminants. In assessing exposure 
and risk from radon, EPA has generated 
two separate exposure @PA ~ s w h )  and 
risk assessments (EF'A, XBlc). by the 
inhalation and ingestion esposure 
routes. 

For other volatile contaminants 
regulated under the SDWA. EPA has 
continued to use its estimate of 2 liters 
of daily water consumption to assess 
overall exposure and risk. EPA 
estimated that while a volatile 
compound may be lost from water used 
for cooking or to make tea or ccffee (and 
therefore the ingestion exposure would 
be lost), there would be an inhalation 
exposure to the contaminant 
approximatel>- equivalent to the amount 
lost in cooki~g, etc, via contaminant 
releafie to h e  air (from all water uses in 
the house). Because adverse health 
effects for the VOCs were systemic 
rather than route specific, exposure 
route was not critical if overall exposure 
was adequately estimated. In addition, 
there were few data on inhalation 
exposures to volatile drinkhg water 
con taminants. Therefore, continued me 
of the 2 liters daily water consumpti~n 
served as an adequate surmgste for 
total exposure by both routes. 

In considering exposure and risk 
estimation for radon there were two 
critical diflerences that led EPA to its 
present approach of generating two 
route specific exposure and risk 
assesments. P i t  it was possible to 
generate a reliable average estimate of 
inhalation expumue, although there can 
be substantial individual variability. 
Empirical studies have been conducted 
on the transfer of radon fiom water to 
the air of a hcwe mess et. al., I=). 
and several pxblished modeling 
approaches to assessing expoenre 
available. WAS assessment of these is 
described in detail in the background 
document "Radon in Drinking Water. 
Assessment of Exposure i'athways" 
(EPA I m h ) .  Second, there are 
important route-specific considerations 
in assessing radon risks. While radon is 
considered a known human carcinogen 
by both ingestion and i n h a l ~ t i o ~  the 
type and quality of information on 
which to base a risk assessment is 
differect for the two mutes. Risk of lung 
cancer by inhalation from radon and its 

progeny is based on a series of human 
epidemiology studies, as described 
below, and has many elements s p d c  
to radon with its pr0ger.y in the air. The 
target organ for these studies was the 
lung only. Risk by ingestion is based on 
modeled estimates of radiation dose and 
risk to all body organs as a result of 
C O M U ~ ~ I I ~  water containing radon. 

In assessing indoor air exposure to 
radon resulting from its presence in 
drinking water, EPA has used an overall 
average estimated factor for transfer of 
radon from water to air of 10,000 to 1 
(i.e.. 10,000 pCi/l radon in water 
contributes 1 pCi/l to air). EPA 
extensively reviewed both the empirical 
data and the various modelling 
approaches that are available. including 
exposure to radon during showering. 
=A's review is presented in 'Radon in 
Drinhing Water: Assessment of 
Exposure Pathways" (EF'A 1W). As 
described above in EPA's reply to 
comments from the SBB/RAC. EPA 
concluded that although mass balance 
modeling can be performed fcr redon 
from showering and other water use, 
assessing risk based on this infomation 
is difficult. Human activity patterns are 
l & l y  vai+able a-ith regard to factors 
that have a large influence on exposure, 
such as  type and length of shower, flow 
?ate, timing of multiple showers within a 
household, and location and use of 
clothes washing machines. Also, 
significant unanswered questions 
remain abont the equilibrium of radon 
with its progeny in the shower and 
bathroom, the unattached h c t i o ~  and 
aerosol partide size in a shower and 
behavior of water aerosols in the 
respiratory tract Modeling does allow 
for risks from showers to be broadly 
bounded. and EPA has done so in its 
review. EPA concluded thai exposure 
and risk estimates developed from 
modeled water use throughout the house 
(inciuding showering) differ only slightly 
fmm the results obtained b m  use of an 
average water to air transfer factor such 
as IO,aUlkI. based on the empirical data. 
EPA is therefore using the 10.- 
transfer factor as an average for 
purposes of assessing national risks to 
radon in drinking water. 
in assessing exposure and risk due to 

ingestion of radon in water EPA used a 
value less than its standard assumption 
of 2 liters daily water consumption 
Because radon is a volatile gas, cnly 
water freshly drawn from the tap and 
directly consumed wilI have appreciable 
amounts of radon Even water directly 
consumed after being drawn will have 
less radon than would be measured by 
carefully drawing a sample from the tap 
for monitoring purposes. because of 
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amticin and agitation of the rater in 
the pmxm of drawing the water and 
ca-j it. €PA therefore applied a 
conecpLtm hctor of- (Le.. redaced by 

water to account for radon low resulting 
from the act of drawing and &inking the 
water (EM, Im). KPA also reviewed 
the available data on water ingestion 
rates, and presents its analysis in the 
hackground document (PA, I-). 
This analysis separately estimates fresh 
tap water intake, total tap water intake. 
and total ftuid intake. Because only 
freshlydrawn and directly consumed 
tapwater is expected to contain radon. 
the direct tap water intake values were 
a m s i d d f o r  expoanfe to 
radon via ingesbon. Based on b 
analysis, EPA estimated an average 
direct tapwater intake of 0.a liters 
daily, rounded to 0.7 liters. However, 
EPA has considered its 2 liter daily 
intake to be a "reasonabk maximum" 
estimate. and believes water intake for 
assessing radon exposure via ingestion 
should be consistent with this. As noted 
in the analysis. Emhow and Cantor 
(I=) found that fresh tapwater intake 
was 55% of total tapwater. U e  thie 
percentage wi& the 2 lit- assumption 
resalts in a reasona3le maximam fresh 
tap water exposure of 1.1 liters daily. 
EPA has rounded this value to 1 litsr of 
daily directly consumed tap water for 
assessing radon exposure via ingestion 
of drinking water (in addition to 

EPA sohclts pnbhc oomment on the 
radonarposmeismesdimmwd here, 

mmment on use of an average water to 
air tranefer factor of lQOm, to 1 for 
inhalation exposure to radon and its 

a%) to Besh. directly conanmed tap 

- -1. 
specifically, EPA solicits pnslic 

progeny, and on *le altemativ, p me 
O f m L 3 d d s t o ~ ~  
e s p e C i a l t B ~ r n ~ W = € i - =  

e q ? € & u y f o c n n i n g o n ~ i s W e s  
activities such ae ahme and 

specifically eohcita comment on its use 
of 1 liter daily consumption of freshly 
drawn directly consumed tap water as 
a reaeonable maximum estimate for 

mget-&on, andpoasible alteznative use 
Q € t k E ~ * d W E L F t S ~  

amrment on the e3tbnapedzDwlos8 of 
radon from water before consumption. 
I). U m i m  

in tllia- -0. E P A h  

exposure to radon via 

2 ~ i ~ & d ~ . H i , P P A d . t ~ i b  

Natural uranium contains t i m e  
i s o t o p ~ :  uranium-pd. Uranium-= a d  
uranium-238. The corresponding 
percentages of occrurrence in rock for 
these isotopes are 0.003,0.72 and 99.27 
percent by weight. respectively. 
However. the percent occurrence of 

these i so top  reiatiw to each other is 
not constant in drinkkg water. 
Uranium-aandnranimpmare  
responsible for most of the uranium 
radioactivity in natural waters. The 
overall activity-to-mass of d u m  ratio 
for the three natural isotopes of u i i u m  
in rock is approximately 0.68 pCi/pg 
and L frequently used to estimate the 
activity of total manium measured as 
mass (EP& lsaeb; EPA/OWp6L 1981). 
The 0.68 pCi/pg value is based on the 
natural crustal abundance of isotopes. 
The uranium-234/uranium-m-238 activities 
ratio of one. that is inherent in this 
assumption, may not he appropriate for 
aamples taken from water. The 
Nationwide Radon Snrwey (EPA. ISaSa). 
which measured uranium as well as 
radon. reported a range of Uranium-234 
to uranium-2-38 activity ratios in water 
of 0.7 to 32 with an arithmetic mean of 
4.4 and a geometric mean of 27. Using 
the Uranium-234 to uranium-278 activity 
ratio of 27. an o a r e d  activity to mass 
ratio of 1.3 pCi/kg was calculated fcr 
uranium as it occurs in drinking water 
lEpa 1890h; 19810). The 1.3 factor was 
applied to the NIRS results to convert 
those data from maas (pg/l) to activity 

A.pproximaiely % of the sites in 
MRS had uranium levels above 0.1 pCi/l 
(0.a pg/l). Most of these (70%) had 
levels between 0.1 and 2O pCi/l 
(approximately 0.08 and 15 pg/l]. 
U d i n n  was found to exceed 30 pCi/l 
(20 pg/l) m d y  a h t  1% of the systems 
in pdws The maximum value f d  was 
115 @/l(saZ pgD) @PA, 19810). 
Based on an analyois of the PdIRS 

data, mtional occurrence estimates for 
community am? non-transient non- 
annmunity water supplies (both ground 
and surface water) indicate that 
appoximatefg 1m will bave levels 
===.w~PdL=-Jw 
a p p t e l y  875;ooD people IEPA, 
I-). Ufthe 15Do system exceeding 20 
pg/L 146f.i are estimated to serwe or 
fewer people. The available data on 
uranium in surface water supplies was 
limited. Although levels are expected to 
be lower than for ground water systems, 
rmlihe radium and radon they may not 
h e h i & - -  L Asaamszmatkie 
f H i i I x l t E d F & ~  
wateracGm?EeciaraIb 'om were 
applied to surface water systems to 
derive the above estimate P A .  199li: 
19910). 

a carcinw) and €PA is proposing to 
base the MU. on kidney toxicity, as 
dimmed in sections iV.C.3 and V.F 
below. because kidney toxicity may 
occur at levels below the 10-'cancer 
risk level. The MCLG is being proposed 

@Ci/J.) foi total apanizul~ 

Uranium is a kidney toxin (as well as 

as zero. and the relative contribution of 
expowre fmm other s o m c e ~  is not 
usually considered. However, becense 
kidney toxicity is the limiting toxic 
endpoint of concern for regulation. 
Uranium expo- from sources other 
than dri&ng.water was reviewed, to 
derive a relabve source contribution 
@SC) factor, to ensure that the MCL is 
set at a safe leveL 

In determining how to consider 
exposures by routes other than drinlhg 
water in establishing stand&, EPA 
first reviews all relevant exposure data 
onthecont .  thist typically 
involves reviewing dietary intake data. 
and assessing the relative contributions 
of diet and drinkbgwater to total 
intake. The fraction of total intake 
accounted for by drinking water as a 
source is the relative source contribution 
factor for drinkiq water. When data are 
inadequate to confidently estimate this 
value, a default value of 2046 is nsed. A 
ceiijng of go56 for the relative source 
contribution ia also used. EPA's 
approach to determining relative source 
contributions is decribed in more detail 
in the Fdapal bgiskr published May 
22 18s9. on pages Z%8%2€tE'O. 
The data available on uranium intake 

from various food sources are describd 
in the occurrence document for uranium 
@PA lssoh; 1!39lo). Those data indicate 
b a t  median die-3 uranium intake from 
food is generally low, approximately 1.3 
*/day as an average, with a soth 
percentile of approximate€y 5 pCi/day. 
Howewer, these data represent reaidmts 
of only three cities, on the east coast 
and west mast, with no assessment of 
dietary intake for residents of the 
midwest or west. where uranium in soil 
and water may be higher. 

default value as the Rsz for nse ia 
calculating a manirrm MCL because of 
the poor data base for estimafing dietary 
exposures. EpArecsgnizes this maybe 
a conservative assessment, but believes 
it i s  warranted because the available 
data on uranium intake via food do not 
include areas of the country expected to 
have uranium in the soil and water. 
Thase areas mag need lower water 
cm&&&mstDw-uin 
OTdertO totalmanmmintalres 
low enough to enwre safety from Eddney 
toxicity. EPA solicits public comment on 
use of the default value of u)96 RSC for 
uranium. EPA is especially interested in 
additional data on uranium intake from 
food to better estimate an alternative - 

RSC value between 20% and 60%. EPA 
also mlicits public comment on its 
general approach to d e t e m b i q  the 
relative some contribution factor, 

EPAis Fmpsingtonse th2209b 

- - -  

, a 
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including its method of calculation and 
2[pis and 8ow boundaries. 
E Beta andPfoton-&ittiq 
iilodionuclides 

cuxumnce af man-made radionuclides 
in public water supplies is very limited. 
The major source of relevant 
infomation is the E&U& 
[Environmental Ftadiation Ambient 
Monitoring System), the data for which 
are published in the quarterly EBD 
(Envirumental Radiation Data: as 
reported in EPA I-) reports. The 
ERD reports provide data on gross beta, 
tritium, strontium-90, and iodine-131 for 
78 sites (all surface water sources) that 
are either major population centers or 
selected nuclear facility environs. 

The data presented in the ERD reports 
for 1985 through 1887 indicate that gross 
beta levels ranged from 0.3 to 17.8 pCi/l, 
with an average acruss all three years of 
less than 3 pCi/l [EPA, 1%~). There 
were no instances where gross beta 
exceeded 50 pCi/l. Tritium levels in this 
period were reported to range between 0 
and pCi/l. with a v e w e  values 
across all three years generally falling 
between 1 0  and 300 pCi/l. Strontium-90 
values did not exceed 0.9 &ill. with 
typical values falling below 0.2 pCi/I. 
Iodine-131 levels were all below 0.4 p a /  
1, with average values below 0.1 pCi/l 
EPA 1989c). 

nuclear facilities routinely release very 
smal l  amounts of these materials to the 
environment during their normal 
operations. These releases are of 
concern only to a few dri.lking water 
supplies. Le, those supplies downstream 
from nuclear facilities or using a water 
source that may be affected by nuclear 
facility releases. While normal releases 
pose very low risks, accidental or 
unscheduled releases could be of 
concern 

h e  naturally occming beta and 
photon emitter potentially of concern is 
lead-20, the first long-lived progeny of 
radon-= Lead-ZlO was not monitored 
in the NIRS survey. and data on its 
occurrence in drinhing water supplies 
are limited (EPA, lsslg). However, the 
drinking water concentration estimated 
to correspond to 4 mrem ede/yr 
[assuming 2 litera daily intake) is 1 pCi/ 
L a level low enough to potentially 
- m r x m n w n . d b e l o n t h e  

dmxxsd in ~ V G i r & n z .  EPA is 

momtonng of lead-no m public water 
supplies. to better assess any risk posed 
and to evaluate the possible need to 
develop w MCL for lead 210. 

The availability of data on the 

As is apparent from these data, 

p & r & z ! ~ 0 & c n R z F s L A n  

PP.* UJWdated v-t 

R Npha-Emitting Radionuclides 
Gross alpha h a measure of the alpha 

particle emissions from total non- 
volatile alpha emittbg radionuclides. 
Since radium 228 and d u m  ere alpha 
emitters that are proposed to be 
regulated separately. the grusa alpha 
occllrrence assessment is adjusted to 
eliminate these radionuclides. The term 
"adjusted groes alpha'' represents total 
p s s  alpha measurements less radium 
228 and uranium contributions. @A is 
proposing an "adjusted gross alpha" 
MCL as a means of limiting exposures to 
a number of other radionuclides that do 
not occur frequently enough to warrant 
a national rebylation but may be present 
in some water supplies. These include 
several of the progeny of the 
radionuclides for which contaminant- 
specific standards are being proposed 
today. The adjusted gross alpha MCL is 
distinguished from the gross alpha 
laboratory measurement to avoid 
confusion. 

The evaluation of the NlRS [EPA. 
I m b )  database for adjusted gross alpha 
entails the manipulation of three sets of 
data (i.e., gross alpha, radium 228. and 
uranium). Each data set has its own 
detection limit and inherent uncertainty, 
and the analysis of all three data sets 
together to estimate occurrence 
increases the overall uncertainty of the 
results. To create the most me- 
data set of adjusted gross alpha, the 
MR!S data were evaluated in terms of a 
reasonable worst woe approximation, 
which represents the highest reasonable 
estimate of gross alpha concentrations 
(EPA, 199lf). An attempt to estimate the 
lower h d  was unproductive. because 
when lower bound assumptions were 
made in evaluating the three data sets 
together, there were too few positive 
data points to model national 
occurrence. 

quantitative estimates of the occurrence 
of adjusted gross alpha in surface water 
supplies could not be generated 
independently. As a conservative 
estimate. the ground water occurrence 
distributions were applied to surface 
water systems P A ,  199lfl. 

Based on the upper bound 
approximation. 17% of the systems 
sampled in WERS reported adjusted 
gross alpha above 28 pCi/l. the 
m i n i m m n r e p l l h g M f a r ~ a l p h a  
~ ~ ~ w 2 a ~ ~ ~  
u F € d J n e a n a n d & M ~ U  
and 1.8 pCi/l. respectively. Fewer than 
7% reported levels above 5 pCi/l, 3% 
reported levels above 10 pCi/l. 2% 
reported levels over 15 pCi/l and only 
1% had levels over 20 pCi/l @PA, 1mfJ. 

Due to the lack of national data, 

National occnmnce estimates based 
on the upper b u n d  approximation for 
adjusted p e s  alpha indicate about 1200 
water supplies (serwing 5 million people] 
exceeding 5 pCi/l. systems (serwing 
1.8 million people) exceeding 10 pCi/l, 

systems (serwing m.(wD people) 
exceeding 15 pCi/l and 85 systems 
(serving 5Oo.m people) exceeded 20 
pCi/l P A  1mf. P A ,  1 m i ) .  
Approximately 8wb of the systems 
affected at any of these levels serve 
33(#) or fewer persons. 

EPA notes however, that this analysis 
has a high degree of uncertainty, due to 
the simultaneous assessment of the 
three data bases together. Also, analytic 
problems with the gross alpha 
measurements in the NIRS survey 
preclude a more refined analysis. EPA 
considers the uncertainty in this 
estimate to be large, and that it like!y 
over predicts occurrence. 

EPA also conducted a search of the 
published literature to identify reports of 
alpha emitting radionuclides in water 
(FPA. 1mf). While these data are not 
nationally representative, and not a!l 
were measurements made in potable 
water, they do provide some indication 
of the alpha emitters that may be found 
in public water supplies in some 
instances. The most frequently occurring 
alpha emitter was polonium no. which 
was identified in ground water at levels 
up to ZOO pCi/l in one sample in 
Florida, and at 310 pCi/l in one sample 
in a uranium rich area of New Mexico. 
Most measurements were below these 
levels, in the I to 10 pCi/l range. Various 
radioisotopes of thorium were also 
found in ground water, although most 
were at or below 1 pCi/L The same 
uranium rich area of New Mexico 
showed some higher thorium 
measurements. Finally. various 
plutonium isotopes were found in 
surface waters aruund the country. 
mostly at levels below 0.01 pCi/L These 
levels are most likely present as  nuclear 
fallout from above-gmund nuclear 
explosions. 

information is the ERAM!3 
Fvironmental Radiation Ambient 
Monitoring System), the data for which 
are published in the quarterly ERD 
(Environmental Radiation Data: as 
reported in EPA, lmfl reports. The ERD 
reparts p v i d e  data o n a  nuinkerof 
h s e a € & E E E l s 3 m ? B a ~ z 3 a  
- 2 3  d -rnkia site3 Balm sdaix? 

Another scurce of relevant , 

water sources) that are either major 
population centers or selected nuclear 
facility environs. Average plutonium 
levels were generally below 0.01 pCi/l. 
although values as high as 0.8 pCi/l 
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at tSBi&m hnoan 01 anticipated 

alluwingf01 an adeqnatemargin of 
aafety. Establishment of a specific 
MCLG depends on the evidence of 
carcixzogenicitgrfmm&nkingwater 
expcmreartheAg~ncy'5r@ference dose 
~ ~ w h i c h i e c a h l a t r r i f o r e a c h  
SpedfiCCOn raminant 

is generally accomplished in one of 
three ways depending upon its 
categorization (Table 1). The starting 
p i n t  in EPA's dysk is the Agency's 
cancer claapification (i.e., A, B, C. D. or 
E]. &&I chemical is analyzed for 
evidence of carcinogenicity via 
ingestion. In nimt cases. the Agency 
places Group A. W. and Bz 
con taminants into Categwy I, Group C 
into C a t w r y  I1 and Group D and E into 
Category DL However, where there is 
additional infommtion on e c e r  risks 
from ctrinbing water iugestion (taking 
into consideration weight of evidence. 
pharmacokinetics and exposnre) 
additional scrutiny is condncted which 
may d t  in placing the contaminant 
mto a different category. aSk tos  and 
cadmilIiIlan?exampIeswheFethe 
catEgm+zatimmu3€x€j&dMon 
~~d~ 8ia 
il?g€&lln 

EPKS policy is to set MCLGS for 
Category Ichemicals at zero. a B e M C Z  
€ o r C a t e g o r y I I c i s  
gF!EE3&basedUIltheRBD/DWE 
(drbking water equivalent 1weL as 
~ ~ 0 W ) w i t h a n  addednlargin 
of safety to aammt €or m m x ~  ef6ects or 
is based m a cancer rialr range of 10-5 to 
lo-'* -data are 
innrteqnate f m c k i v b g  anm. 
Cat%wYm . Isarebasedm 
them/KnwEzapproaa. 

&tKL 

MCL& s ~ t  at ooncentmtion levels 

8dWZZS-2b.hh&dS4OtXlR, 

Establishing the MCLG for a chemical 

_ _  

- 

iassE l.-EPA's T~~ 
AFPRom H3R EST- pr.oLGs 

m 1 
The M U G  for Category I 

con taminantg is set at zero because it is 
assumed, in the absence of other data, 
that there is no known threshold. 
CateI[ory I contaminants are those 
con taminants which EPA has 
determinei that there is s h n g  evidence 
of carcinogenicity fiom drinking water 
ingestion. If there is no additional 
information to consider on potential 
cancer risks fmm drinkiq water 

A @asid on snfficient human 
epidemiological evidence) or B 
t x r c h o g e ~  are placed in Category L 

Category II contaminants include 
those contaninants for which EPA has 
determind there is limited evidence of 
carcinogenicity 8ia drhking water 
ingestion considering weight of 
evidence. pharmacolcir~tics. and 
eqmsur~Iftkeisn0 additional 
iufur5atimtf3 lzanskh anptEntiaI 
ca3nzzrr ia lCsf r r rm~r;9ter  
ing&imL*-edbytll.e 
~ c g = G m n p c - ~ ~  

~ n s e d t o s e t t h e M ~  'ther 
(11 =w thegoal- npon- 

a p p l m  an additional uncertainty 
(aafety) factor of up to 10 or (2) eetting 
tke,rroalbassdnpan a nominal iifetime 
cancer risk caltxlatim in the range of 
1r5 to l~Busiug a coneerrrative 
calcnlation~Tltemapproachis 
~ r r s e & . k m z i x s ,  the secmdis 
d* i lPal id I lm-GX&~ci ty  
& t a a E n o t a w d a & d a d e q a a &  
-tal data are mailable to 
qrmtifythe cancetrisk. EPAis 
currently evaluating ite approach to 
establishing MCLGs for Category Il 
contaminants. 

Category contaminants include 
those contaminants for which there is 
inadequate evidence of carcinogdcity 
via ingestioa. If there is no additional 
information to amsider, contaminants 
classified as Gmup D or E Caninogena 
are placed in Category IJL For these 

ingestion. chemicals classified as p u p  

placed in Cetepry LL Far Categay II - - tB~appnzachesare 

cz+og€& endpiub [the rn) then 

: ~ t k 2 M c m i s ~  
e*-d 
%tecawzrdadimtim,foraqeific 

ChOJnicalandh-hare  
adopted by kio Werent &pg fpp- 
Decisions on cancer c2agsificatiOnS 81e 
made by the Cancer Ride Assesame;lt 
V d k a t i m  Endeavol [mWJ 
Wllichis c Q m p & e d o f ~ b t i v e s o f  
various EPA p q m m  offices. Decisi~m 
on EPA reference doses (using n o z  
CBncer endpoints only) are made 
throngb the Agency Reference Dose 
work pq. also composed of 
r e p r e s a t a ~ O f F a r i o n s W A ~  
afficeaDeckionsby CRaTiEandthe 
mgruupsreFm?!zeIIt*asseagment 
decisions for the Agency and are d 
by the respective regulatory p m  as 
pidance for regulatory [risk 
management) decisions. Decisions of 
these two gruups are published in the 
&ends  integrated Risk Infomation 
sy5tem m. Thie system can be 
aocessed by the public by contacting 
Mike NICLaughlin of DIAI..COM, Inc. at 
mz48Wmo. 

TiteRfDis anestimate,writh an 
uncertainty spanning perhaps an order 
of magnitude, of a daily 
hmnan population ( i d m g  sensitive 
snbgmup) that is likely l o  be without 
an appreciable rids of deleterim health 
effects dnring a lifetime. The is 
derived from a no- or lowest-obsenred- 
a c i w m f f e c t  lewel (called a NOAH. or 
LOmL r q e C t i W * ]  that has b€!n 
identified from a snbchroru -c 01 chmnic 
S & 3 Z t i E C ~ o f ~ C E n n i m e l s  
%e NO.= O r r n ~ i s  then rfmidfd 
b* + - -jfsdmto-the 
IUD- 

IBenseofanrmcertam - tyfactoris 
important in the derivation of &e RfD. 
EPAhas established certain guidelines 
( s h 0 w n ~ ) t o d e ~ W h i c h  
~ t y f a c t o r s h d d  be d 

I M O A H .  in hmnana aammta for 
mtra-€ipe&svmty.  

I ~ L O B & L  in hmnans or NOAH. 
fiomanimfllstndg. 
um(r-Hmaan data not smilable. 

Extrapoiation from animal atndies of 
less than&rwicexgmsmeorfFcrma 
LOAELmanimRPn 

ImkrientifiCiarEgemeat 
In gmerai, an uncertainty factor is 
calculated to consider intra- and 
interspecies variations, limited or 
incomplete data, u5e of subchronic 
studies, significance of the adverse 
effect, and the pharmacokinetic factors. 

From the RfD, a drinkhg water 
equivalent level (Dn) is calculated 
by mul tiplykg the RfD by an assumed 
adult body weight w e r a l l y  70 kg) and 
then dividing by an average daily water 

to the 

I-ll34ddIh --onalsafetgrEactiJIbased 
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consumption of 2 L p r  day. The DWEL 
~s~ll11te9 the total daily exprrsnre to a 
e n b s t a n o e i n f n m l ~ w a t e r  
expSIE&TheM~isde tennmed  ' b Y  
multiplying the D m  by the percentage 
of the total exxsure contributed 
by drinkng water. called the relative 
source contribution Generally. EPA 
BBBames that the relative source 
contribution fmm drinkbg water is 20 
percent of the total exposme. d e s s  
other exposure data for the chemical are 
available. The calculation M o w  
expresses the derivation of the MCLG: 

RfD= 
NOAH. or LOAEL 

tmxtainw factor 

= mg/L (21 

(3) 
MCLG=DWELxdri&q water 

umtribntion 

For chemicals mqected as 
carcinogens, the assessment for non- 
threshold toxicants consists of the 
weight of evidence of carcinogenicity in 
hnmans, using bioassays in animals and 
human epidemiological studies as well 
as information that provides indirect 
e w i d e n c e ( i m n ~ t y a n d &  
ahart-aennmreSnlts).*- 
ofthe asses€QEut are (I) to determine 
the hl or StmIgth ofevidam? that tlE 
sobstanceisahmnanornnimnl 
carcinm and (2) to provide anupper 
b o d  estimate of thegmssible* of 
human qmme to the substance in 
drinldng water. A r-j of PA'S 
can5mgm claasificatron scheme (51 FR 
33.9azseptemba2&19a8)is: 

G~vupA-HnmanCardnDgenbaeed 
on &dent evidence fmm 
qili&ol** 

~ ~ b a s e d m a t l e a s t h i t d  
gandmce of carcinogenicity to hImlaU8. 

carcinogen b a d  on sufficient evidence 
in animnln and inadwuate or no data in 

Gmpm4%3bahlehnrnan 

Group BZ-F'mbable human 

Group M o t  c l a d i a b l e  baaed on 

GroqpE;PSowid!ulceof 

la& of dab or h€Ideqnate & b c e  of 
a&qpicityYfrrrzIi&data. 

carcinogenicity for hrrmane (no ewidence 
for carcinogenicity in at least two 
adequate animal tests in different 
species or in both epidemiological and 
animal studies). 

B.Estimat51gHealthRisksof 
Radionuclides 

During the years since the publication 
of the National Interim Primary hinking 
Water Regulations [a1 FR 284W. July 9. 
19761. which established MCLB for 
radima grum alpha. and gross beta, a 
great deal of ad$i t id  data and betkr 
&erabincling of the rishs posed to 
human health by the radionuclides 
discussed in this notice have been 
obtained. Many of these new data are 
presented and discussed in the ANPRM 
(51 FR 36838, S p t .  3~ 19881 and the 
healthcriteriadocpmentswpporting 
thispro@. 
Several different approaches have 

been used in assessing the risks posed 
by exposure to radionuclides. These fall 
into two broad categories: Risk 
assessment based directly on the results 
of individual scientific studies of 
specific compounds (either hmum 
epidemiology studies or experimental 
studies on animals) for deweloping a risk 
assessment for that radionuclide. or risk 
assessment based on dosimetric models 
which integrate the results of a large 
nnmba of studies on a variety of 
radicactive armpnnds andradiation 
expcwnresitnationsintoanorreraIl 
rizc&!l*isthfndtoestinaate 
ris!Saform;UIBdEe.mtt~ides 
Shdksmedto create suchmodels 
include both bmnan epidemiology 
stndies and animal studies, and include 
therewlta ofresearch on subjects such 
as the metabolic fate of m e r e n t  
radioisotopea risks posed by different 
k i d s  of radiation. effects of dose rate. 
sensitiwity of intfmlal organs to 
radiation. iht i f icat ion of smsitive sub- 
plqJdationaandokrelevantsnbjecta 
TheQiterial3tmm3lt8developedin 
srrppnrtofthisplxlpedregnlation 
present both studies which could 
individuallJrbeusedasthe basia for 
estimating risks and ale0 dosimetric 

m e )  As desnihdkebw. and in the 
c & i ? z k ~ E P A b g 2 5 m d 3 y  

estimating risb to Ihe radiormdrdes 
[except for radon lung cancer risk), and 

@PA, 1991a: 1991b; 1s9lc 1md; 

d h - d - t o  

has used specific studies to make 
several adjustments to the modeled 
estimates 

T h e r e a r e e w e r a l e x a m p L e s o f ~  
inaividnal scientific stildies of specific 
radionuclides as the bash for riek 
estimation for those radionuclides. 
These include the radium watch dial 
painters studies of Rowland et aL (1978) 
andtheriakessessmgnt developedby 
Ahys e t  aL [lsss]. and s t n h  of radon 

They also include a series of studies of 
patients injected with Thorotrast a 
thorium-based contrasting agent used in 
medical radiology, which were reviewed 
by the BEW IV committee (psas 19881. 
hother  appmach is combined analysis 
of sweral stndiee orcoharis ofminers 
exposed to radon g a s  as was done by 
the BEIR W committee in assessing 
radon lung cancer risks (Nas, 19861. 

expwnretonraninmnineworkers. 

In addition, there are several 
community ecologic studies of 
expusma to radionuclides in drinking 
water supplies and the disease rates in 
these communities. However. these 
studies do not show consistent increases 
in specific tumor t y p s  across studies of 
the same radionuclide as do the watch 
dial painter studies and the underground 
miner studies of radon There is 
considerable difficulty in c0ntrolh.g for 
confounding factors in such studies and 
they generally do not have the 
specificity or statistical power to serve 
as the basis for a quantitative 
estimation of cancer risk although some 
of them do give indications of possible 
effects ana may point to futnre l?25eal& 
neeCk'IBerefare,altkmgh&din 
&ciimia cElxmE&% tkFS2 ayenot 
dtoetitimate*f.orIadimmdidgs 
in-water. 

Because all radiation has identical 
health effects. dosimetric m d d s  which 
integrate a large bcdy of information on 
radiation ingeneral as well as 
individual radionuclides can apply to a 
lfuge r m m h  of radiionnclides. l-ilis is 
an advantage because information on 
one radionudide can be extrapolated to 
estimate & fmm other radionnclides 
for?dli& t h e  maykefevmdata. 
hbddscanaLsokeusedtoestkate 
radiation dose. and risk. to tissues that 
are at lower risk and therefore not 
identified as target organs in 
epidemiology studies. several such 
n m d e t s w h - T h e  
h % m & f m d t Z T = r i l h ~ a  
Ru&€ib (€czaq isanegunpthatb 
developed and ma& several rewisions 
to a model for predicting and controlling 

I , 
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radiation doses to workera exposed to 
rtidionuclides and to provide for worker 
safety. P A  uses a dosimetric model 
that k very similar to the ICRP model in 
a cumputer pmgram called "RBDRISPC' 
which u8es the I(=Rp type mad& to 
c&m&e risk to the q e n d  population 
due to environmental expmrea. EPA 
v i e m  uee of dosimetric mud& as a 
meam of integrating all information on 
the risks posed by radionuclides into a 
more complete evaluation of the risks. 
and tries to appropriately use all 
information in establishing the model 
parameters. 
C. Adverse Health Effects of the 
Radionuclides 

are proposed in today's Notice are all 
classified in Group A, known human 
carcinogens. For radium and radon this 
classification is based on direct human 
epidemiological evidence. In the case of 
uranium, the classification is based on 
the knowledge that uranium is deposited 
in the body, delivering calculable doses 
of ionizing radiation to the tissues. This 
is also true of beta. gamma, and photon 
emitters. Despite differences in radiation 
type. energy or half-life, the health 
effects of radiation are identical. 

The radionuclides for which MPDWRs 

I 

i 

-1999 (nnZ(01 ) (17 -~91-141~95)  -I 

1. Radium-228 and Radium-228 
The Agency has placed radium-226 in 

Group A baaed upon clear evidence of 
carcinogenicity to humans and animals 
@PA, Isslb; ~ m p ) .  Most information 
on human health effects of raciium 
comes fmm epidemiologic studies of two 

early part of this centnry who ingested a 
considerable amount of radium paint 
(containing various proportions of 

s w n i n g  the point of the paint brush 
with the lips and (2) patients in Europe 
injected with a short-lived isotope of 
radium, radium-m, for treatment of 
spinal arthritis and tuberculosis 
infection of the bone (MAS, 1988, EPA, 
l m b ) .  Radium-226 and radium-228 are 
category I contaminants. 

Harmful effects of radium result from 
tiasue damage caused by the 
dimctivitjr of radinm and ita 
ih&tEls [Aasrm.ml.% cb3siiE- 
c € * % ~ ~ & ~  
a n d r a d i o w e  -BPcazse 
rsdinm is chemically similar to calcium 
it is sequestered in bone. so ingestion or 
inhalation over a short period results in 
long-term accumulation. The two main 
isotopes of radium are: radium-228. with 

groups: (1) Redinm-dial painters kl the 

radium-226 and radium-228) by 

a half-life of 1.m years, and radium- 
228, with a half-life of 5.75 years 
(ATSDR 1m). The alpha, beta, and 
gamma radiatior released by the decay 
of radium and their progeny caw 
ionization of cellular components and 
the snbseqmt death or Inntation of 
affected & (Em 1-1. 

Far about half of known radium dial 
workera radium expowre has b 
calculated horn m e d  M y  burdens 
(Rundo et al.. 1986). In most w s .  only 
radium-= was detected. so that 
exposure to radium-= ie estimated 
fium reports of the ratio of raditim-2Z8 to 
radium-= in the place of employment 
This ratio varied both over time and 
among companies (Sharpe. 1974; 
Stebbings et al., 1984). Total radium 
intake was back extrapolated us@ the 
Noms retention function (Noms et al.. 
1955) and baaed on the gastrointestinal 
absorption factor of 20 percent found by 
Maletskos et aL (IS% 1989). ingestion 
was assumed to be five times the intake 
to the blood (Mays et al.. 1885). 

At higher levels of exposure to 
radium, several non-cancer health 
effects occm benign bone growth, 
osteoporosis. severe growth retardation, 
tooth breakage, kidney disease, liwer 
disease. tissue necrosis, cataracts, 
anemia. hmmological s n p p d m  and 
death (ATSDR 19XI). The most sensitive 
indicator of non-cancer effects is bone 
necrosis scored by x-ray mane et al, 
1983). Thi-ty or more years after 
exposure, the incidence of bone awosis 
in female radium dial painters with total 
ingestion of radium-228 or radium-22s 
above 50 pCi was significantly higher 
than in unexposed controls (Keane et 
aL, 1983). However, levels of exposure 
fium naturally-occrming radium are 
much lower than this threshold. and so 
bane necrosis and other non-cancer 
health effecte are usually not of concern 
for radium in drinking weter @PA 
1mb: EPA, 1- EPA, I-). 

Scientists have long recognized that 
exposed radium dial painters have 
elevated rates of two rare tgrpes of 
cancer, bone sarcomas (osteosarcomas, 
fibrosarcomas and chondrosarcomas) 
and carcinomas of head sinuses and 
mastoids @vans et al., 1944; Shaxpe, 
1974). A recent quantitative analysis of 
the epidemiolugic data (Rowland et al., 
1978) found a highly s i g d i c a n t  excess 
of bone s&ccom~s and head carcinomas 
i i i a c a h a r t a f f m m f i r S f  
e . r @ l f @ ~ m % h e h a t i r e  
-afEi&D=i-=d* 
228in indncingbune saxomas was 
estimated to be 1:25. The incidence of 
head carcinomas was associated with 
axposure to radium-228, but not radium- 
228 (Rowland et al.. 1978). This is 
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expected if these canm are due to 
accumulation of radon g a ~  in the 
mastoid aii ceh and p a r a n a d  sinusea 
because the radon daughter of radium- 
226, radon 220. decays to Ra-226 too 
quickly for substantial diffusion to air 
cella (NAS I=]. In this cohort a dose  
squared relatiomhip was the beat fit of 
&e Lta for radian-= and radium-= 
induction of bone sarcomas. while a 
linear relationship was the best fit for 
radium-Zfj induction of head 
carcinomas (Rowland et al., 1978). 
However. the shape of the dose- 
response m e s  are uncertain because 
r a d i i i  intake is not known for about 
one third of the cases of bone sarcomas 
and head carcinomas. 

Patients medically treated with 
radium-2241, a daughter of radium-228, 
also show an increase in bone 
sarcomas. but not head carciriomas 
(Mays and Speiss. I=). These data are 
consistent with a linear doseresponse 
relationship (PUS, Isas). The risk 
coefficient for bone cancer which is 
used in the MD€USK model is derived 
from data on exp0s.m to radium-2241 
IpaAS, l%Kt EB& IWlb) because actual 

to the watch dial p e t e r s  is not well 
known, and because of the uncertainty 
that would be introduced in derivha a 
linear risk coefficient from significantly 
non-linear data. 
No statistically significant increase in 

cancers other than bone sarcomas and 
head carcinomas have been found in 
cohorts of radium dial painters 
(Stebbing8 et aL. 1EMI. Increases in 
breast cancer and multiple myeloma are 
better correlated with duration of 
employment a surrogate for external 
dose of gamma irradiation, than with 
radium intake (Stebb- et al.. la]. 
The la& of an increase in leukemias is 
unexpected because the accumulation 
of radium in bone would be expected to 
provide substantia! irradiation of 
potentially leukemugenic cells (Mays et 
aL. IS), and external irradiation has 
dearly been established a~ a cam of 
leukemia in humans (NAS 1sBD). 
Poasible explanations for the la& of 
observable increase in 1-s 
include alterations in bone architecture, 
non-uniformity of irradiation, lethality of 
irradiation to marrow cells, low 
frequency of leukemogenic cells in 
irradiated regions. misdiagnosis of bone 
marr'ow &eases, incomplete. 
aBceTtamm ' ent of the cohort and 
merestimation either of the rink 
axBicient for beta and g m m a  
irradiation or of the relative 
effectiveness of alpha irradiation (EPA. 
l m b ) .  

C X P O S ~ ~ ~ S  to radium-= and radium-228 

Posnible corpelations between cancer 
rates and radium in drhking water have 
been examinedin three studies in the 
United States. Petereen et al. (I=) 
found an elevated rate of fatalities from 
bone malignancies among residents of 
Iowa and Illinois with elevated radium- 
228 in d r i n h g  water, but the statistical 
significance was marginal and 
confoundmg factors could not be ruled 
out (€VAS, I=). Bean et al. (1m) faund 
an increased incidence I,: 9 out of the 10 
cancers investigated among Iowa 
residents of small communities with 
elevated radium-228 content of the 
water supply. However. confounding by 
radon exposure could not be d e d  out 
and cancer sites were different h m  
those observed in dial painters: bladder 
and lung cancer for males and breast 
and lung cancer for females. Lyman et 
al. (Istu] found a small but consistent 
excess of leukemias in Florida counties 
with elevated radium-228 or radium-228 
in private wells. but there was no 
evidence of a doseresponse trend. 
Rates of colon, lung and breest cancer 
and lymphoma showed no consistent 
excess (Lyman and Lyman, I=). 

Animal studies hava shown that 
exposure to radium causes bone 
sarcoma in mice, rats and dugs and 
leukemia in mice (ATSDR lm]. Evans 
et ai. (1%) produced bone sarcomas in 
rats by both oral exposure for 20 days 
and intradermal exposure for 2 days to 
radium-=. Experiments at monne 
National Laboratory using large 
numbers of CFl female mice injected 
once with radium-= demonatrated a 
clear increase in bone m m a s  [Finkel 
et al.. 18139). Studies at the University of 
California at Davis using beagle dogs 
injected with radium-228 eight times at 
two-week intervals demoxistrated a 
clear doseresponse trend in premature 
deaths and incidence of bone sarcomas 
@abe et al.. 18w). In addition to bone 
sarcomas, other malignancies 
associated with radium exposure in 
animals are eye melanomas in beagle 
dogs injected with radium-228 or 
radium-= [Taylor et al, 1972) and 
1- in mice injected with radium- 
2241 (Hmnphregs et aL. 1885; Muller et 
al.. l m ) .  

Quantitative estimates of the risks of 
low level exposure to radium in drink@ 
water were generated by the RADRISK 
model and adjusted for over-prediction 
of leukemias lack of separate prediction 
of nead carcinomas by radium-rn and 
for under-prediction of bone dose and 
sarcoma risk by radium-228. The 
redting rish corresponding to lifetime 
intake of water containing 1 pCi/l are 
4.4 x for radium 226 and 3.8 x 10-' 
for radium 228 (EPA. 1mb). An 
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alternative approach to e v a l u a w  the 
&&!=I of radium in dr inbg water was 
presented by k y s  et al., (1885). These 
investigators derived linear risk 
coefficiente from the dial painter 
epidemiologic data, which, as noted 
ebove showed a significantly non-linear 
response for bone BarcOma incidence. 
Mays et al. (1%) calculated the risks 
corresponding to lifetime intake of water 
containing 1 pCi/l radium to be 8.4 x 
10-6 for radium 228 and 8.8 x for 
radium 228. The adjusted risk 
coefficients used by the Agency in 
evaluating the risks of radium in 
drinkhg water are about half those 
calculated by Mays et al. (lstu], but are 
considered to be better estimates 
because of the quantitative uncertainties 
in the dial painter data concerning 
ingested dose, cancer incidence, and 
particularly low dose extrapolation. 

There may be several somes of 
uncertainty in the risk estimates. These 
are discussed in detail in the Criteria 
Document [Epa IsSlb), and are briefly 
summarized here. They include the use 
of non-linear data for bone sarcomas as 
one part of a linear low dose 
extrapolation, lack of statistically 
significant increases in cancers other 
than head carcinomas and bone 
sarcomas in the watch dial painters, 
even though predicted by the model. 
While there may be uncertainties in the 
modeled risk estimates, EPA has 
evaluated all the available data and 
believes the approach selected is likely 
to have fewer uncertainties than other 
approaches to assessing radium risks at 
environmental intake levels. 

EPA solicits public comment on its 
estimation of risks from radium in 
drinking water. In particular, EPA 
solicits public comment on use of the 
RADRI!jE< model to ~XXWBS risks, use of a 
linear risk model to extrapolate to low 
doses. and the adjustment of estimated 
leukemia risks and addition of the head . 
carcinoma risks to the risk estimate. and 
adjustment of the radium-228 bone 
sarcoma risk. 

of I%& of *water exposure to 
radimn ia based on the following 
Radium-228 

and head carcinomas among humans 
occupationally exposed to radium-226. 

0 Excess incidence of bone sarcomas 
among laboratory animals injected with 
radium-22B. 

0 A calculated mortality risk from 
lifetime ingestion of radium-228 in 
drinking water Of 4.4 x i ~ - ~ / p C i / L  
assuming 2 liters consumption per day. 
A lifetime mortality risk of IO-* would 

In summary, the Agency's assessment 

0 Excess incidence of bone sarcomas 
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exiat at approximately 22 pCi/l radium 
228 in water. 
Radium-228 

0 Exceos incidence of bone sarcomas 
among humans occupationally exposed 
to radium-228 

0 Excess incidence of bone sarcomas 
among laboratory animals injected with 
radium-zza 

0 A calculated mortality risk from 
l i f e h e  ingestion of radium-= in 
drhkiug water of 3.8 x lo-a/pCi/l, 
asauming 2 liters consumption per day. 
A lifetime mortality risk of lo-' would 
exist at approximately 28 pCi/l radium 
228 in water. 
2. Radon 

EPB's primary concern in regulating 
radon in drhking water is risk h m  
radon released from water to the air in 
residences. Inhalation is the primary 
exposure route of concern. lung is the 
target organ, and lung cancer is the 
endpoint of primary concern. EPA also 
believes that some cancer risk to 
hternal organs ia posed by ingesting 
water containing radon, and breatl-ung 
radon gas, and has developed 
dosimetric models for estimating risb to 
internal organs from these exposures 
WA 1QW. 
The Agency has classified radon-= 

as a Group A carcinogen based on 
sufficient evidence for a causal 
association between exposure to radon 
and lung cancer in humans (€PA 1 m c :  
P a s ,  I=). In addition data from 
studies with experimental animale also 
provide sufficient evidence for the 
carcinogenicity of radon. The fact that 
ionizing radiation is claseified as a 
group A carcinogen provides the basis 
for considering radon to pose cancer 
risk when ingested and for radon gas 
that is inhaled, absorbed and distributed 
W k  1mP) .  

a. Radon risks from inhalation. 
Human epidemiologic data have h e n  
obtained from p u p s  of underground 
metal- mirera mainly in the United 
Statea (Colorado Plateau). Canada 
(Ontario, and adorado) 
~ o s l o v ~ .  Sweden wdmhrget ) ,  
Newfoundland and Great Britain. These 
studies have been reviewed by N W  
(1sfwa.b). MOSH (lw). ICRP (lsa7). 
NAS 118881. M)E I1ixP3l. and EPA 

' I  

. .  
(lma). . 
The Colorado Plateau study 

represents a large, clearly defined, well- 
traced population having individual 
amok@ histories and exposure records 
and a follow-up period exceedhg 20 
years (ea reported in EBk I&BM). As of 

the lung cancer deaths had 
increased to 2.55 compared with about 50 
expected (Standard Mortality Ratio. 

SMIW 0024(01#17-~91-14:18:13) 

!%Ft=510) in a cohort of 3.388 white 
and 7m nonwhite male miners. f i e  
major weheoses  of this study are the 
great number of mines (2,SaO) invoIved 
(some with few radon exposure 
measuremente), aelf-reported work 
historiee. and hqh exposure levels. 
The cohort in the Ontario study 

for 1 or more months in uranium mines 
during the 1956-74 period {as reported in 
EPB, 1m). Of those with a cumulative 
Wor- Level Month (WLM) exposure 
of WI WLM or greater by 14 cases 
of lung cancer were observed compared 
with 3-41 expected ( M = 4 1 2 ) .  (One 
i4fI.M of exposure is approximately 
equal to being exposed to radon and its 
progeny at 200 pCi/l in air for 170 hours, 
or 8 hours daily for 20 days.) This study 
involved low mean cumulative 
exposures with reasonably good 
working histories but limited smoking 
histories. 
The C z e c h o s l o v ~ a ~  cohort consisted 

of 2,433 miners who began mining 
uranium ore in 1S48-52 and had worked 
at least 4 years undergound (as 
reported in EPB. 1sSm). For exposures 
of 12 years or longer, the dose-related 
increase in lung cancer had been 
established. For exposures of less than 
12 years, a nonlinear relationship 
existed, SO that increasing dose (WLM) 
did not result in increased risk if 
exposure was less than 5.6 to 9.5 years. 
In the 23.5 year group expoaed to the 
highest level of radon (7l6 MTLWI), 82 
lung cancers were observed compared 
with 10 expected (M=620) .  Recently, 
a significant excess of lung cancer was 
observed in exposure categories below 
50 W I M  (Sevc et al., %X8). The mean 
attributable annual cancer risk after 
about 30 years of observation in the 
whole study was approximately 20 
cases per year per WLM/Wpemons. 
and in p e r ~ o ~  starting exposure after 30 
yeare of age the risk was ap roximately 
30 cases per year per 7/tlIJbP)bpersons. 
The MaImberget r e b s p c t i v e  

mortality study involved e cohort of 
tb15 minera WHO had worked 
rmdergmtmd for more phan one calendar 
year from 1887 to (aa reported in 
EPA, I-). Mean exposure of these 
miners to radon was estimated to be 
93.7 bVIA4s. The major source of 
airborne radon and radon progeny was 
radon dissolved in groundwater. Excess 
lung (50 observed v5 12.8 expected. 
SMR=381)) and stomach (28 observed vs 
15.1 expected, swIR=185) cancers were 
reported- The excess risb for lung cancer 
first bernme evident 20 years after the 
beginn@ of undergmmd mining. The 
low exposure levels. long follow-up 
period, and stability of the work force 
are the strengths of this study. 

conaiated of 1Laa pemms who worked 
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The Eldoredo Beaverlodge 
retrospec!ive cohort study involved 
8,487 male d e r s  exposed d e  1848 
to 1880 (as reported in EPA, I=). A 
dose-related increase in 1- cancer was 
seen. although no increased risk was 
evident at 5 WrLWl or less. For k i  
cancer deaths OCCUIT@ during the 1 W  
80 period. M were obxrved in the 
mining p u p  v e m  ~ 8 . ~ 7  expected 
(SIIIIR=191). For tkose exposed to 150 

or greater, 10 cases were observed 
versus 1.04 expected (SwW=S%l). 

In general, the response in animals to 
inhalsd radon daughters is qualitatively 
similar to that in humans. However, 
species response has varied with 
respect to tumor type and latency 
period. The animal studies have 
demonstrated that radon and radoz 
pmgeny can induce lung cancer in rate 
and dogs @pa. l(t9lc). 

Several risk assessments have been 
conducted to quantify the risk to miners 
exposed to radon and radon progeny. 
Recent concern with exposure of the 
general public to radon in the home 
environment has prompted the NAS 
(1988) and the ICRP (1887) to conduct 
risk assessments. 
The Paths (I=) assessment is 

commonly referred to as the BElR IV 
report The Colorado Plateau, Ontario, 
MaInsberget and the adorado 
Beaverlodge miner cohort data set were 
analyzed by NM. It was concluded that 
the appropriate model would involve the 
computation of relative risk with 
consideration of the change in risk with 
time since exposure (l?% Model). The 
age-specific lung cancer mortality was 
calmdated for cumulative radiatisn 
exposure, in W, incurred between 5 
and 15 (IN,] or > 15 years (WZ) before 
age using the equation: 
r(age. period dose history)=r, (q~l 

where y has a atdue of 13 for pereoas 
[I+O.o25y (age) @VI +os WdJ 

younger than 55 yeam a value of 1 for 
persone 55 to 85 yean, old and a4 for 

equation the excam lifetime luug cancer 
paaOM Older than 85. Baaed On this 

mo?taiitg for malea wao S-mXlO-~ 
~ ~ o f l i f e t i m e e * p o a r n e ,  and tbe 
riI3k for females WaQ 188XlO-~caQE)/ 
WLM of lifetime expum~?. 
equal numbera of malm and femalm in 
the US. populatioa 253 and 83 lung 
cancer cam io 501).m exposed malea 
and ~ ( E € I  exposed females would 
reeult each year (i.e. 350 lung cancer 
deaths/10~pemn-lllrLWI of lifetime 
exposure). 

The IcRp (I=) employed a 
somewhat different approach. Only 
three epidemiologial sets were 
considered (Colorado Plateau. 
Czechoslovakia and Ontario). These 
were analyzed by both absolute and 
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relative-risk projection models. 
However, the proportional hazard model 
(constant relaYve risk) was selected for 
analyais of radon risk in the indoor 
environmental. It was assumed that the 
lung cancer rate is proportional to radon 
exposure and is proportional to the 
normal lung cancer rate without radon 
exposure. 

risk, proportional hazard model is: 
M t )  = U t ) .  11 + I d - P  dt) Wb) d t l  = the 

where: 

The equation for the constant relative- 

mortalrty rate at age. t 

.AJt)=agespecific lung cancer rate at age, t 
i(t.)=risk coeficient at age of 

R(tJ.=agedependent exposure rate 
r=hme lag (minimal latency) 

exposure& 

A correction of 0.8 was used to account 
for the other carcinogens present in 
mines but not present in indoor 
buildings. Another adjustment of 0.8 
was made to account for differences in 
dose to the bronchial epithelium for 
indoor as compared with miner 
exposure. This resulted in a risk 
reduction factor of 0.64. The ICRP also 
considered the potential for increased 
sensitivity of young people and assigned 
an increased risk factor of 3 for 
exposure to persons age 20 or less. Thus, 
the final relative-risk coefficients were 
0.64BSb/W.M for those >ZU yeam of age 
and 1.94b/WLM (3~0.64) for those 
years of age. 

Employing a IGyear lagtime and the 
U.S. lifetable and vital statistics at 

an exposure level of 0.m Wi.M/year, 
ICRIJ calculated 810 lung cancer deaths/ 
10 6 WLM for males and 204 for females 
(Le. a combined risk of &o lung cancer 
deaths/lO WW). 
The m i i n t  EPA estimates for lung 

cancer risk from radon exposure are 
based on an averaging of the results of 
the BEIR IV and IcaP 50 analyses with 
slight modifications (EPA, 1BBga; EPA, 
1481~). The EPA has accepted the BEIR 
I\I conclusions that the dose and risk 
per WLM exposure in residences and in 
mines are basically identical. and thus 
no compensation is made for age- and 
sex-slpecific tracheobronchial 
deposition. The ICRP 50 (1887) results 
have been sIQhtly modified by deleting 
the risk reduction fsctor of 0.8 used by 
ICRP to compensate for differences in 
dose to bronchial epithelium between 
household residents and miners. 
Thewfore calculations in the ICRP 50 
model were made using risk coefficients 
of 0.8%/WI.M for those >ZU years and 
2 . 4 % / W  for those <ZU years of age 
(EPA, 1S8Paj. 

The E P A s  risk estimate was adjusted 
for an assumed background exposure of 
0.25 W / y e a r ;  the average radon 
exposure rate was based on 1980 U.S. 

MI 9 9 9  Om~01#17-mt91-14:18:17) 

vital statistics and Nero's radon in 
residence distribution estimate men, et 
al., 1988). 

EPA estimated the excess lifetime risk 
in the general population due to 
constant low-level lifetime exposure, 
based on an average of the BEIR IV and 
ICRP 50 estimates and the modifications 
discussed abowe, at 550 and l W / l O  
WLM for males and females, 
respectively. or a combined risk of 360 
lung cancer deaths/lO 8 WLbf, with an 
estimated range of 140 to 720 lung 
cancer deaths per 10 WLM @PA, 
1989a). 

on studies by Moeller and Underhill 
(1978) and Oakley (1972). which 
estimated radiation exposure and 
population dose in the United States and 
is supported by more recent reports. An 
equilibrium factor of radon with its 
progeny of 0.50 was estimated (EPA. 
1481i), and EPA estimates that 10,fWo 
pCi/l radon in water will contribute 
about 1 pCi/l to the air of a house, on 
average (EPA, Imh]. 

The risk estimates for excess lung 
cancer deaths due to inhalation of radon 
can be used in estimating the risk of 
radon in water (PA, 1481~). Using the 
above assumptions, the risk estimste of 
360 deaths/lO WLM is converted to 
units of deaths/pCi/l water as follows: 
Risk @Ci/l-)= 

(m deatbs/lO W) x (5i.e wLkrl/WL 

=4.9X1W7 deaths/pCi/l- 

The occupancy factor of 0.75% based 

yr)X(70 yr)X(O.S bVL/l(#, pCi/l&)X [lo-' 
b C i / l d / @ C i / L ) )  x (0.75) 

Lifetime individual risk for lung cancer 
of 5 x  IO-' deaths per pCi/l water was 
estimated for inhaled radon daughters 
(EPA. lsslc]. 

However, EPA is in the process of 
reviewing and mvising its estimate of 
radon risk. This review is based on the 
conclusions of the recent report by the 
National Academy of Science entitled 
"Comparative Dosimetry of Radon in 
Mines and Homes" [MA!?, I=], on 
results of the National Residential 
Radon Survey and also on comments 
received by EPA on the background 
document supporting revisions to the 
Citizen's Guide to Radon. The study by 
MAS was funded by EPA to help reduce 
the uncertainties of using miner data to 
estimate radon risks in the home. EPA 
has submitted a revised risk assessment 
to the SAB/RAC for their review, and 
will revise the risks estimated here, if 
appropriate, when the SAB/RAC 
completes its review and provides EPA 
comments. This revised risk evaluation 
was discussed by the SAB/MC at a 
meeting held May 20 and 21.199l. EPA 
anticipates that the Img cancer risk 
estimate for radon by inhalation (based 

47 Ctl.FMT...[ 18,301 ... 12-28-90 

on the epidemiology skdies) may be 
reduced by as much as 30% in the final 
revised estimate @PA. 14811). 

As a volatile gas, radon may also be 
absorbed via inhalation and distributed 
throughout the body, posing some risk to 
internal organs. The hum- 
epidemiology studies do not account for 
this risk. EPA estimated the risk to 
internal organs from inhaled radon gas. 
using the RADRISK model, the 0.75 
occupancy factor, an estimated 
breathing rate of 22.000 liters daily 
@PA, 1-a) and the 10,0Mk1 water to 
air transfer factor (EPA 1481h), as 
2x10-8deaths per pCi/l- Details of 
this calculation are provided in the 
Health Criteria Document for radon 
P A ,  1md. 
the interaction of smoking and lung 
cancer risk from radon. The BEIR IV 
committee (NAS 1988) concluded that 
the data show a multiplicative 
interaction between smoking and radon 
exposure in causing lung cancer, not an 
additive interaction. In reviewing the 
relative risks from radon to smokers 
FPA (EPA 1€R?-Ok EPA 1 m c )  estimated 
risk multipliers applichble to the 
population average risks for different 
categories OX smokers. "'he categories 
include nan-smokers, former smokers, 
and current smokers of different 
numbers of cigarettes. For non-smokers, 
estimated risks from radon are about 
2w6 of the overall average population 
risk for former smokers. radon risks are 
about 8096 of the a v e w e  risk. For 
current smokers, estimated risks range 
up to about 45osb of the average 
population risk (m+ cigarettes per day]. 
with a smoker average of 180% of 
overall average population risk. Heavy 
smokers are therefore at considerably 
greater risk from radon exposure than is 
the general population. 

b. Radon risk via ingestion. E P A s  
assessment of the risk associated with 
radon when ingested is less certain than 
the estimate of risk by the inhalation 
exposure route. No experimental or 
epidemiologic data link exposure via 
ingestion to increased cancer rates. 

In the present assessment. EPA has 
estimated the risk from ingestion of 
radon-222 in drinkiq water using data 
on organ doses recently developed for 
the Agency by Crawford-Brown (1BO). 
In developing these dose estimates, 
Crawford-Brown used the results of 
biokinetics studies cariled out by 
Correia et a].. (1987; IWB) using xenon- 
133. a gas that behaves similarly to 
radon-=. Hess and Brown (1m) have 
also studied retention and clearance 
rates of radon gas when ingested in 
water. 

EPA has also reviewed information on 
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Crswford-Brown dcweloped 
m a h m a l i d  models of the movement 
and accumulation of radon-222 within 
the warious o r g m  of the body f o l l o m  
hgestian. Rate ~ o ~ e a n t e  for ucovement 
of radon-m witbin the wapiou~ body 
organs were also deweloped. Using these 
models, the concentration of radon-= 
in body organs was calculated under 
steady-state conditions. 

EPA used these dose factors, an 
estimated 1 liter daily intake of freshly 
drawn directly consumed tap water and 
a correction for radon loss from 
water during the process of drawing and 
consumiq a glass of water (discussed in 
Section lU.C above, and EPA, l m h ) .  in 
estimating the risk from ingested radon. 
EPB calculated the lifetime risk from 
ingeation of radon-= in drinldng water 
to be 1.5~10-'per $ill @PA 19€Dz 
1 m c ) .  This is about 2asb of the risk 
estimated h m  inhalation of radon-222 
progeny from domestic use of water. 

The total estimated risk for radon in 
water is 8.8X10-7per pCi/l. This gives 
an estimated 1 ~ 1 0 - ~  individual lifetime 
risk at approximately 150 pCi/l in water 
for all water related exposure to radon 
@PA, l rnc ) .  

P A  estimates that approximately five 
percent of total indoor air radon is 
attributable to radon from drinking 
water on average, for homes served by 
groundwater. The pdws occurrence 
s w e y  showed average radon levels in 
public water ground water supplies to 
be pCi/l. with a maximum reported 
level of 2g.m (although many priwate 
wells are known to have higher levels: 
EPA, I-. EFN estimates that 
approximately 200 (75 to 4Xl) cancer 
fatalities per year are attributable to 
radon in drink@ water, 8096, or 1f3fl of 
which are estimated to be due to lung 
cancer (EPA, I m i ) .  Of these, 
approximately 85% may inwolve 
synergism with smokhg. Overall. radon 
in homes is estimated to account for 
approximately 8.m to rnQ:m lung 
cancer deaths annually P A ,  l-, 
I-). Individcal risks at the 4 pCi/l 
indoor air action level are 
approximately 1-5 in 1 0  (EPA. 198tf). 
There may be sewed  sources of 

uncertainty in the radon risk estimates. 
These are discussed in detail in the 
Criteria Document (EPA, 1681~). and are 

variability in the amtriitim of radon 
in water to indoor air radon levels. 
differences in homes and the mine 
enwironment, and estimates in 
distribution and effective dose to tissue 
of ingested radon. While there may be 
uncertainties in the risk estimates. JPA 
has evaluated all the available data and 
believes the approach selected is likely 

brieftB - d d . T h e J r i n c l u a e  
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to hawe €ewer uncertainties than other 
approaches to assessing radon rislts. 

EPA solicit$ public comment on ite 
assesement of rkh from radon in 
dr inhg water. In particular, EPA 
nquesta comment on its estimate of 
water contributions to indmr air lewels 
of radon and exposure d w  
showering, and ite estimate of rishs due 
to directly ingesting radon in water. 
3. Uranium 

because of the radioactiwe nature of 
uranium and its ubiquitous occurrence 
in the environment. including water 
supplies. Kidney toxicity and 
carcinogenicity are the primary adverse 
effects of concern associated with 
exposure to d u m  (EPA l m e ) .  EPA 
proposes to regulate uranium at the level 
that wil l  be pro?ective of both its kidney 
toxicity, and its carcinogenic potential 
as well. Studies in both humans and 
animals show uranium toxicity to the 
kidneys. The EPA has also classified 
uranium in Group A as a human 
carcinogen (sufficient evidence of 
carcinogenicity in humans) based on the 
fact that uranium emits alpha radiation, 
a well-established carcinogen (which is 
also classified in Group & EPA, 1881~)~ 
and uranium is an analogue of radium- 
228. a well-known human carcinogen in 
bone (EPA 1 m e ) .  

a. Carcinqenicify. The carcinogenic 
effects of uranium have been 
characterized based on effects of 
ionizing radiation generally, the 
similarity of uranium to isotopes of 
radium and on the effects of hgh 
activity uranium. Ionizing radiation has 
been classified by EPA as a Group A 
carcinogen+ and JPA considers all 
emitters of ionizing radiation to be 
carcinogenic @PA, 1681~). Studies have 
also shown that uranium, like radium, 
accumulates primarily in bone, and that 
bone sarcomas may result from radium 
ingestion P A .  I m b ;  l m e ) .  The 
induction of bone sarcomas is regarded 
as a common pmperty of both radium 
and uranium, which is believed to result 
from the aipha emissions of these nuclei 
as they decay. Finally, studies of 
enriched and high activity isotopes of 
uraniun? have shown them to be 
carcinogenic in animal studies. 

Studies using natural uranium do not 
provide direct evidence of carcinogdc 
potential [EPA 1me). -t 
tumors were observed in mice followhg 
injection of uranium-232 or uranium-233 
(at levels greater than 0.1 pCi/kg), but 
not following injection of natural 
uranium [ P i e l ,  1953), probably 
because radiation dose levels were 
about Ic#)-fold lower than.the dose at 
which the tumors were obserded for 

Exposure to uranium (v) is of concern 

uranium-232 and -233 by injection. 
Highly enriched uranium (i.e., uranium 
enriched with the more radioactive 
isotopes) has been shown to induce 
bone ~ a r c o m a ~  in  rat^ (NpaaS. I=). 
Existing human epidemiology data are 

inadequate to maws the carc inog~ci ty  
of uranium ingested in drinkkg water 
(EPA. 1RXe). However, some 
epidemiological data do suggest that 
hhalation exposure to uranium or direct 
exposure to uranium deposits may be 
carcinogenic in humans. Polednak and 
Wilson (as cited in Dupree et al., 1W7) 
found nonstat is t idy significant 
increases in cancers of the digestive 
organs in workers exposed to airborne 

variables were present (PA, 1Wle). 
Wkinson (I-) reported higher 
mortality rates from gastric cancer in 
New Mexico counties located over 
uranium deposits. However, other 
etiological factors [such as radon 
progeny and trace elements) may be 
involved (EPA. 1Wle). 

EFVI estimated the carcinogenic risk 
associated with uranium expasure US- 
the RADIUS# dosimetric model, as 
described in the revised Drink@ Water 
Criteria Document for uranium (EPA 
Ime). EpB's earlier draft of this 
document (EPA. lw and earlier risk 
assessment used a gastrointestinal 
uptake (fl) factor of 0.20, which is 
revised in the updated Criteria 
Document @PA, lCZ&?; l m e )  to 0.05 in 
response to comments by the SAB/MC. 
While EPA believes the 0.05 value 
represents a best estimate. the wide 
range of values reported in the literature 
for the uranium fl (from less than 0.01 to 
0.30) indicate that there may be 
substantial uncertainty associated with 
the 0.05 value. The individual studies 
bearing on this issue are described in 
the updated Criteria Document P A ,  
1 m e ) .  solicits public comment on 
the issue of the uranium f1 value. 

Using a gastrointestinal uptake (fi) 
factor of 0.05, ri~h of fatal cancer 
estimated using the RADRISK model 
indicated that uranium in water poses 
cancer risk of approximately 5.9~10-' 
per pCi/l, assuming 2 liters daily intake. 
Concentrations in water of 1.7 pCi/l, 17 
pCi/l end 170 pCi/l correspond to 
lifetime mortality rish of approximately. 

respcfiwely. 
b. Noncancer eff-. The major 

target organ of uranium's chemical 
toxicity is the kidney (Hodge, 1973: 
Leggett. 1M; P A .  IsBls). Based on 
available toxicity data, rabbits have 
been identified as the most sensitive 
species [data summarized in Table 3). In 
humans, symptoms of transient 

uranium. although c o n f o u n w  

ixio-? 1 ~ 1 0 - 5 a n d  IXIO-~,  
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albuminuria and edema of the skeletal 
muscle developed in several laboratory 
workers exposed to combined wapora of 
uranium hexduroride, uranium 
oxfluoride. and hydrofluoric acid 

(Howland, 1839). However. vapor 
concentration was not measured. Some 
of the effects may have been 
attributable to the direct action of 
fluoride, since the workers were 

exposed to a mixture of chemicals; the 
transient renal effects, howewer. may be 
related to the toxic action of absorbed 
uranium (Haven and Hodge. 1949). 

Y U L E  3.-A COMPARISON OF S D A Y ,  l-YEAR, AND 2-YEAR NOAELS/LOAELS FOR URANIUM TO%ICITY 

W(RO& 24 24 
UFI .................. ........................................ 760 760 760 

4 8 NT G F i  

NT RT 

........................................................................................................................... 

Qx 
Rcbttt 

uo#€),)., __ ...___._--__-____.___.______.___......-.---.. ~ ND 

120 120 120 
7.800 7.600 7,800 

8 19 M 

2 8  M N T  

Nephrotoxicity has been reported in 
rats, rabbits, and/or dogs fed various 
soluble uranium compounds for periods 
of 30 days, 1 year, or 2 years (&laynard 
and Hodge. 1841% Maynard et ai., 1953). 
Treatm5nt-related histopathological 
changes were observed in the kidneys of 
tats fed UWZ. UWJVC~)Z- 8Fk0, and 

UCh. No histopathologic changes were 
fomd in the kidneys of rats fed . 
insoluble uranium compounds. Acute (30 
day) exposure of rabbits to uranyl 
nitrate down to 2.8 mg/kg/day in the 
diet resulted in renal damage at all  dose 
levels (Maynard and Hodge, 196% EPA 
IrnS). 

Renal toxicity has also been 
demonstrated in rats and dogs following 
administration of various uranium 
compounds in the diet for 1 or 2 years. A 
summary of NOAEL and LOAEL values 
derived from these studies is presented 
in Table 4. 

IJralylrtihHte -. 0.1) 0.5 B a $ y w i # l t ~ . m 3 d t u b u k r ~ c f ~  
......... 0.1 Ba$y Cegm dz$ms&n 

.................................................................................... 0.5 Ba$yt?@?fL!zpesm ’ lridnsydrrmgss 
.............................................. 20 wm-.-ch=tLt= 

urarhm, cm3da eHecrs .................................................................................. .................... 20 Notoxic 

m 
uranyl 

The mechanism of action of uranium 
i n d  toxicity is not m y  ux&&uud 
mtt. 1m). Nephritis and &ages in 
urine composition are the primary 
symptoms (EPA. 19E~le). 
Morphologically. the most evident 
changes occur in the proximal 
convoluted tubule of the nephrons. 
Necrosis of the tubdar lining occura 
first, followed by a clogging of the 
tubules with cellular debris and 
appearance of the debris (casts) in the 
urine. Regeneration of tubular lining 
cells within 2 to 3 weebe can occur in 
nonfatal cases. but the cells are not 
normal in appearance. The mechanism 
of action may involve interference with 
sodium transport across membranes. 
damage to lysosomes. or destruction of 
functional properties in mitochondria 
( P A ,  IsBle]. 

. 

In addition to renal effects, animal 
studies also indicate that expiwnre to 
uranium may be associated with dermal 
ocular. teratogenic/repductiwe, and 
hepatic effects as  weil as lethality, at 
lugher exposures P A ,  IsBle). 
Histopathological changes (distortion c*f 
centrilobular and perilobular zones) 
were observed in the livers of rats fed 20 
mg (9.5 rng U/kg) uranyl nitrate. 

Oral administration of uranium to rats 
and mice has resulted in embryo 
lethality, adverse fetal and neonatal 
development increased fatal resorption. 
reduced fetal body weight and length. 
adverse functioning of the reproductive 
system, and increased number of dead 
young/litter at birth and at iactation 
(Paternian et el., 1989: Doming0 et al., 
1989a; 1989b; Maynard et el., 1953). 
Brandom et el. (1978) found a significant 
increase in the prevalence of 

s-041999 aO27(01#17-Nt91-14:18:24) 

chromosomal aberrations in uranium 
miners as compared with controls. 

uranyl nitrate hexahydrate in f d  
converted to 2 8  mg uranuim/kg/day, 
based on the kidney toxicity in rabbits 
waynard and Hodge. 194% See Table 
3). EPA applied a 1000 fold uncertainty 
factor to derive an RfD of 3 ~ 1 0 - * m g /  
kg/day (EPA, 1991s: I m e ) .  EPA 
multiplied the RfIl by 70 kg and divided 
by 2 liters daily water intake, to derive 
the DWEL of 1 0  pg/l. If EPA were 
basing the MCLG on kidney toxicity, the 
209b relative source contribution would 
be applied as discussed above. This 
would result in a MCLG based on 
kidney toxicity 20 pg/l. 

EPA is proposing to set the MCLG at 
zero because of uranium’s 
carcinogenicity. However, EPA is 
proposing to limit the MCL because of 

EPA identified the LOAH. as O.02 ppm 

(480028 
I a 

0 i , &  . u .=.a 

a .  -- 
. . . . . . . . . . . .  
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kidney toxicity, because of the low 
carcinogenic potency of uranium. EPA 
believes drinkbg water MCLg muet be 
protective of the public agaimt all 
adverse health effects. 

There may be Beveral sources of 
uncertainty in the uranium risk 
evaluation. These are discussed in detail 
in the Criteria hcumen t  P A ,  I m e ) ,  
and are briefly ed here. They 
include in particular for the uranium 
cancer risk estimate the fl factor, as well 
as the lack of confirmation of uranium's 
carcinwenicity in the available 
epidemiology studies. For kidney 
toxicity. uncertainties in uranium 
exposures from other sources may lead 
to uncerteity. While there may be 
uncertainties in the assessment of 
uranium's adverse affects, EPA has 
evaluated all the available data and 
believes the approach selected is likely 
to have fewer uncertainties than other 
approaches to assessing uranium risks. 

EPA solicits public comment on the 
proposed MCLG of zero for uranium, 
including the fl factor, uranium's 
carcinogenicity, and kidney toxicity as 
the limiting adverse health effect. 
4. Bets Particle and Photon Emitters 

"Beta and photon emitters" are e 
broad p u p  of mostly man-made 
radionuclides which characteristically 
decay by beta and photon emissions. 
which are ionizing radiation. EPA has 
classified ionizing radiation as a group 
A carcinogen (Epa. 1981~). Accordingly. 
the Agency conaiders beta and photon 
emitters Group A human carcinogens. 

Beta and photon emitters are 
radionuclides that decay primarily by 
electron and/or photon emissions and 
are usually man-made. These low 
energy radiation emitters ( l o w - w  
include beta emitters (electrons or 
positmm). gamma emitters, and x-ray 
emitters. There are a large number of 
radionuclides of concern. and each 
radionuclide/element has different 
absorption and retention properties and 
decay schemes. Differences in energy of 
irradiation, type, and geometry of 
irradiation also exist. 

Despite differences in radiation type. 
energy, or half-life, the health effects 
from radiation are identical @PA. 
I m d ) ,  but may occur in different target 
organa and at different activity learela. 
Nonatochastic effecb occur at relatively 
high doses of radiation but not at doses 
of typical environmental exposure and 
regulatory interest. Radionuclides 
having a half-life of 1 hour or less are 
not considered in the p u p  proposed for 
regulation, since they will decay prior to 
consumption of drinking water. For a 
stochastic effect such as cancer, the 
probability of the effect increases with 

* 
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increasing dose, and it is assumad that a 
thiishold d m  not exist The cancers 
produced by radiation cover the full 
range of carcinomas and txcrcornm. 
Many f o m  of cancer have been shown 
to be induced by radiation (ICRP, 1977; 
NAS. 1m). The epidemiological basis 
for risk estimates specific to irradiation 
have beem reviewed in detail in BEW IfI 
(prAS.1980) and by U.S. EPA ( l w a ) .  
Since the avaiiable data suggest that 
lowered dose rates of low-LET radiation 
yield a lowered cancer risk. the use of 
risk coefficients from A-bomb survivors 
(which are the result of very high dose 
rates) will probably not underestimate 
risk from low-= radiation P A .  
1&91d). 

The methodology used in risk 
calculations is formalized in the 
RADRISK computer code. The 
calculations assume an average lifetime 
of 70.7 years and a cohort of 10,ow) 
persons (Duming et al., 1 w  Sullivan et 
al, 1m: EPA, 1 m a ;  I m d ) .  Equivalent 
organ doses consider the concentration 
of the radionuclide, the intake of water, 
the absorption of the radionuclide from 
the gastrointestinal tract into the 
bloodstream, the distribution to various 
organa or compartments, the retention, 
and the radiologic decay in each organ. 
The absorption (characterized by fl) and 
fraction deposited in the organ or 
compartment (8') are functions of the 
chemical form and of age. The values of 
fi and t' and the retention functions for 
each radionuclide and chemical form 
are taken mostly from the tabulations in 
ICRP Publication 30 (ICRP, 197% 1f%t 
1LB-I); Sullivan et al., (lm) and Dunning 
et al. (1W). Organ masses are values 
from ICRP Publication 23 for adults 
(ICRP, 1975). The model integrates the 
organ burden for each year of life to 
obtain an annual burden, which is 
corrected for age with a nuclide-specific 
Sfactor. The Sfactors (units of dose 
equivalent per Ciday) are derived by 
calculating the number of decays in the 
organ during residence and the energy 
absorbed as the result of the decays. 
Using these parameters, the dose 
delivered to each organ as the result of a 
unit intake of each radionuclide is 
c a l d s t e d  to obtain the annual dose 
rate. The target orgam for dose 
estimation specified by the RBDRISK 
code are ovaries, testes, breast, red 
marrow (for leukemia), lungs, thyroid. 
endosteal cells, stomach. lower and 
upper large intestine. small intestine. 
kidneys, bladder, spleen, uterus. thymus, 
thyroid. liver, and pancreas (EPA, 1989a: 
1SWd). 

The risk factor associated with 
expoaure to 1 Sv (Sievprt 1 Sv=10 
rems) that is adopted is 39,0/106 
persons (or for 1 rem, 4xlO-'persons; 

47 0 1 . ~ . . . [  16,301 ... 12-2&30 

EPA. I-). This risk factor is an age- 
adjusted estimate for cancer resulting 
frum low-level, whole-body, low-LET 
radiation. At an exposure rate of 1 
mrem/year, based on the above risk 
factor, and a lifetime of 70.7 years, the 
lifetime probability (P) of a radiation- 
induced fatal cancer is Z E X ~ O - ~  per 
mrem ede per yeer. For the purpose of 
setting standards. the EPA generally 
considers allowable values for lifetime 
risk to lie between and 10-4 A 
lifetime cancer risk of approximately 
10-~ -orresponds to 4 mrem ede/yr. 

pCi/l that correspond to 4 mrem ede/ 
year for each beta emitter, assuming 
lifetime intake of 2 liters of water daily. 

There may be several sources of 
uncertainty in the beta and photon 
emitters risk evaluation. These are 
discussed in detail in the Criteria 
Document (EPA, I m d ) .  and are briefly 
summarized here. They include 
uncertainty in the metabolic model, 
including absorption, distribution and 
dosimetry, and the risk coefficients used 
for calculating risk. While there may be 
uncertainties in the assessment of beta 
and photon emitter risks, EPA has 
evaluated all the available data and 
believes the approach selecied is likely 
to have fewer uncertainties than other 
approaches to assessing risks from beta 
and photon emitters. 

EPA solicits public comment on its 
approach to estimating risks from beta 
and photon emitters in drinking water. 
5. Alpha Emitters 

EPA considers all ionizing radietion to 
be carcinogenic, and has classified the 
ionizing radiation released during alpha 
decay as a Group A carcinogen (EPA 
IMP). Therefore, as  a class, alpha 
emitting radionuclides are considered 
group A carcinogens. There are also 
adequate data on some individual alpha 
emitters to conclude that they are 
carcinogenic. Accordingly. the Agency 
has placed alpha emitting radionuclides 
as a class in Group A as known human 
carcinogens (PA, I&Bla). 

occurring, deriving from the uranium 
and thorium decay series. There are a 
more limited number of alpha emitting 
radionuclides (than beta emitters) that 
are of potential concern in public water 
supplies. as only a few alpha emitters 
have ever been reported in the 
published literature to occur in water. In 
addition to the naturally occurring 
radionuclides, plutonium and 
americium, man-made alpha emitters. 
may also be of concern, although these 
have only been found at very low (less 

Appendix B lists the concentrations in 

Alpha emitters are primarily naturally 
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than 0.1 pCi J1) concentretiom in 
drink@ water (See eection IIifl. 

Aa for the beta and photon emitters, 
r i i  Prom ingestion of alpha emitters 
can be evaluated using a m o d e m  
approach, combined with radionuclide- 
specific epidemiology or animal studies 
where available. Deepite differences in 
radiation type. eneqy. or half-life, the 
health effects from radiation are 
identical, although they may occur in 
different target organa and at different 
activity lewels. Nonstochastic effects 
occur at relatively high doses of 
radiation but not at dosex of typical 
environmental exposure and regulatory 
interest. For a stochastic effect such as 
cancer, the probability of the effect 
increases with increasing dose, and it is 
assumed that a threshold does not exist. 
The cancers produced by radiation 
cover the full range of carcinomas and 
sarcomas. Essentially e v e v  form of 
cancer has been shown to be induced by 
radiation (ICRP. 1977; MAS, 1988; 1m). 
The type of cancer caused depends 
largely on wbere the radionuclides 
localize in the body as a result of 
metabolism. Radionuclides that are 
deposited in bone frequently cause bone 
sarcomas. Widely distributed 
radionuclides may increase cancer risk 
for many organs (EPA, 1Wla). The 
epidemiologic basis for risk estimates 
specific to irradietion hawe been 
reviewed in detail in BEIR III WAS, 
1980) and by EPA (1989a). For internally 
deposited alpha emitters, the BEIR IV 
report (NM, I=) reviewed available 
information. 

was performed using the RADRISK 
model @PA, l m a ) .  The criteria 
document for alpha emitting 
radionuclides deicribes the metabolic 
model as do Dunning et al. (1980): 
Sullivan et al. (1881): and EPA (IWa),  
and as described above for the beta 
emitters. The model estimates radiation 
dose to organs, the dose is used to 
calculate risk to the organs, and the 
risks to organs are aummed to estimate 
overall risk. Lewels of the alpha emitters 
representing lifetime risk in 
dnnkhig water (assuming ingestion of 2 
liters daily) are presented in Appendix 
C. 

Specific alpha emitters of interest 
include polonium, thorium, plutonium 
and possibly americium as these have 
been found in water. There are some 
human epidemiology and animal data 
available to help in assessing the risks 
posed by the individual contaminants. 
However, there are not complete enough 
data on any of them to form the basis of 
a risk assessment, and EPA has 
determined !hat the RADRISK modelling 

Risk assessment for the alpha emitters 

approach wrill provide the best estimates 
of the hazard0 posed by these 
contamina!!te @PA, 1 m a ) .  

Polonium-no is in the dum-238 
decay series, and is the daughter of 
lead-210. the first long-lived daughter of 
radon 222. The BEIR IV (NM I=) 
report reviewed the available literature 
cn polonium. Polcnium was reported to 
cause lymphomas in mice, and various 
soft tiesue tumors in rats given 
polonium. In addition, a number of non- 
neoplastic adverse effects were reported 
in test animals, including sclerotic 
changes in the blood vessels. atrophy of 
the seminiferous epithelium and 
hyperplasia of the interstitial (LeyQ] 
cella in the testes, and other effects, but 
all at relatiwely hq+ doses. Effects in 
exposed humans including hematologic 
changes, impairment of the liver, kidney 
and reproductive organs, were reported 
by the BEIR IV committee. The BEIR IV 
committee concluded that there is no 
direct measure of risk for most polonium 
isotopes based on the human data, and 
suggested several possible means of 
estimating risk. EPA, as  discussed, has 
relied on its RADFUSK model in 
assessing polonium risk. The model 
estimates that polonium at 14 pCi/l in 
water (assuming 2 liters daily intake) 
would pose an approximate lifetime 
cancer risk of lxlo-" (EPA, 1 m a ) .  
Several public water supplies and 
private wells have exceeded this value, 
although most reported polonium levels 
were in the range of 1 to 10 pCi/l (EPA, 
19slf). 

The BEIR IV committee also reviewed 
available information on the adverse 
effects of thorium. Substantially better 
information (than for polonium) is 
available for human exposure because a 
colloidal form of thorium dioxide (Thol; 
Thorotrast) was used in medical 
radiology as  a contrast agent from the 
1920's until about 19%. Patients were 
injected with the Thorotrast The 
colloidal particles posed a radiation risk 
to the reticuloendothelial system in 
which they were ultimately sequestered 
after injection. Various studies of the 
Thorotrast patients showed clear 
increases in liver cancers, as well as 
possible increases in leukemia. 
However, the BEJR committee discussed 
the limitations of these data for 
assessing the risk due to other forms of 
thorium. Forms of thorium other than 
ThO, would nave a different metabolic 
fate than the Thorotrast and would 
affect different organs. Therefore, EPA 
believes a dosimetric approach, as 
contained in the RADRISK model, 
provides the best available basis for 
assessing risk from the various thorium 
isotopes. Based on the model results. 

EPA estimates that the warious thorium 
isotopes pose iifetime cancer risks of 
1 ~ 1 0 - ~ a t  dnnking water concentrations 
ranging from 50 pCi/l to approximately 
1-25 pCi/l (EPA. 1 m a ) .  Most reported 
thorium occurrence in dnnkmg water 
was at levels near 1 pCi/l P A .  lwf). 

Plutonium is widely present at very 
low levels in the environment largely as 
a result of atmospheric nuclear weapom 
testing from 1M5 to 1983. It is also found 
in nuclear power reactors and could .be 
released in the event of an accident. The 
BEIR IV committee reviewed available 
data on plutonium and other 
transuranics. They concluded that 
studies in animals clearly indicate bone, 
liver, and lung (by inhalation) cancers 
caused by plutonium exposure. 
However, available (and limited) human 
epidemiology studies have not yet 
shown unequivocal association between 
plutonium exposure and cancer at any 
particular anatomical location. The 
Committee recommended risk 
assessment based on analogy with other 
radionuclides and high LET radiation 
exposure risks. EPA has used its 
RADRISK model to assess plutonium 
risks. The RADRISK model estimates 
that lifetime cancer risks of 
approximately ixio-'are posed by 
drinking water plutonium concentrations 
of about 7 pCi/l for the different 
plutonium isotopes (EPA 1 m a ) .  
Reported plutonium levels in drink&! 
water were less than 0.1 pCi/l (EPA. 
lsslf). 

Estimated risks for these and other 
alpha emitting compounds can be found 
in appendix C. 

uncertainty in the alphas risk 
evaluation. These are discussed in detail 
in the Criteria Document (EPA, l m a ) ,  
and are briefly summarized here. They 
include uncertainty in the metabolic 
model, including absorption, distribution 
and dosimetry. and the risk coefficients 
used for calculating risk. While there 
may be uncertainties in the assessment 
of risks, P A  has evaluated all the 
available data and believes the 
approach selected is likely to have 
fewer uncertainties than other 
approaches to assessing risks from 
alpha emitters. 

EPA solicits public commect on its 
assessment of risks from alpha emitting 
radionuclides in drinking water. . 

D. MCLG Determinations 
For the reasons stated in the 

preceding sections on health effects and 
risks (e.g., the fact that all of these 
radionuclides are Group A, known 
human carcinogens) and based 01: the 
Agency's policy of setting MCLGs for 

There may be several sources of 
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known or probable human car@inogene 
at zero. the Agency is proposing to set 
MCLGo of zeru for radon, radium-=, 
radium-228, uranium, and alpha and 
beta particle and photon emitters. 
8. k d  I!&dnum ,th&dmnt 
limdi3 

Summary of the ProposaI 
The SDWA directs the Agency to set 

an enforceable standard for a 
contaminant (MCL) as close to the 
health goal for the contaminant (WICLG) 
as is "feasible". Feasible is defined as 
the use of the "best technology, 
treatment techniques and other means 
which the Administrator finds * * * are 
available (taking cost into 
consideration)". (Section 1412(b)(5).) In 
determining PdICLs, the Agency 
considers E number of factors. The 
Agency evaluates the availability and 
performance of the various technologies 
capable of removing the contaminants, 
identifying those that have the hi&list 
removal efficiencies. that are compatible 
with other types of water treatment 
processes, and that are not limited to 
application in a particular geographic 
region. As the MCL levels must !B? 
generally enforceable. EPA also 
considers the ability of laboratories to 
measure reliably for the contaminants in 
water. EPA derives practical 
quantitation levels IpQLa) which reflect 
the contaminant concentration that can 
be measured by good laboratories under 
normal operatmg conditionn within 
specified limits of precision and 
accuracy. 

risk associated with the contaminant. 
Tho Agency estimates both the 
incidence of disease and the risk to 
individ-ah. EPA has historically set a 
reference risk range for carcinogens at 

within this range hawe been considered 
acceptable. 
The Role of Costs in Setting M C h  

In setting MCLs, the Agency also 
considers a numker of cost elements. In 
the past EPA has gefierally limited 
consideration of economic costs under 
the SDWA to whether a technology is 
affordnble for large municipal water 
systems. (52 FR 42225 Nov. 3,1BB7; "the 
legislative history indicates that EPA is 
ic base MCLe on treatment technology 
affordable by the largest public water 
systems"). However. EPA bas 
determined that nothing in the statutory 
language, the legislative history or EPAs 
prior comtructions of the statute 
precludes consideration of cost- 
effectiveness in setting MCLS under the 
SDWA P A ,  1RXo). 

The Agency also considers the health 

to lifetime individual r i~k ;  risks 

s-091999 ~30(01#17-JLiL-91-1418:34) 

EBA's focue on affordability for large 
systems in the past is comistent with 
statements in the 1974 House Committee 
Report: 

In determining what methode are generally 
avadable. the Administrator is direaed to 
take asto into a m t  It ie evident 
thatvrhatioareaMnebleaJatfora~ 
metropolitan (01 regional) public water 
system m y  not be reasonable for a small 
syetem which serves relatively few users. 
n e  Committee believes. however, that the 
quality of the Nation's drinking relatively few 
users. The Committee believes. however, that 
the quality of the Nation's water can 
only be upgraded if the systems which 
provide water to the public are organized as 

means larger oystems are to be encouraged 
and smaller system discouraged. For this 
reason. the Committee intende that the 
Administrator's determination of what 
methods are generally available (talang cost 
intc account) is to be afforded by large 
metropolitan or regional public water 
systems. 

H.R. Rep. No. 93-1185, A Legislutit-e 
Histmy of the Sofe Dri- Woter Act. 
97th Cow. seco3d session. pp. 54- 
(lgazl (emphases supplied). Far h m  
prohibiting cost-effective solutions to 
the Nation's drhking water problems, 
the legislative history indicates that 
Congress wanted to encourage cost- 
effectiveness. but thought that 
promoting consolidation of small 
dnnking water systems into larger ones 
would promote cost-effective solutions 
in the circrumstances that prevailed in 
'1974. EYA has concluded thet in hght of 
changing ~zhzumstances since 1974, 
including tbe large number of MCLs that 
have been established in the meantime 
under the SDWA, it is no longer 
appropriate to focus exclusively on large 
system costs in order to promote cost- 
effectiwe solutions that protect human 
health from contamioants in the nation's 
drinking water. 

In addition to the statements in the 
1974 House Committee Report, a 1988 
floor statement by Senator Durenberger 
might be read to suggest that 
consideration of large system 
affordability is the only permissible rule 
for considering costs under the SDWA.' 

t0 be lIlOSt CoSt-&?C~iVe. In g8neMl. this 

In the flmr dehates on paanage of the 
mnference report far the 1688 amendmcnto to the 
SDWA Senator Pmberger  stated that the 
amendmcnto were "not an instruction for the 
adminiotrator to conduct a coot-benefit analysis to 
determine the MCL The law emphatically does not 
provide that the admhistrator will set the M U  at a 
level where bpnefib outweigh muto. nor dcge it 
require EPA to baiancecwto and -to in any 
other way. Cast only entem info the j u w e n f  of the 
odministmlor in definim whic.4 treatment 
technologies are to be wnsidered best ovoiloble 
technofogiea. And availability in this instance is 
considered ody in the context of the largest supply 
syotemo:' 132 Con& Rec. sBz87 m a y  Z l .  1866). 

However, EPA believes that in context 
the 1888 Durenberger floor statement 
was not in fact intended to preclude 
consideration of cost-effectiveness, as 
opposed to cost-benefit analysis.a 
Nowhere in his floor statement does 
Senator Durenberga reject 
considerations of cos t -e f fec t ivm~ (a8 
opposed to cost-benefit] in setthg 
Mt3.s. On the contrary. later in the same 
floor statement. Senator k n b e r g e r  
refeis to considering cost-effectiveness 
with approval in the context 0; using 
granular activated carbon (GAC) 
technology to establish MCLa. 132 Cong. 
Xec. Sa. €PA believes that it wollld 
be anomalous and contrary to 
Congressional intent to sanction using 
cost-effectiveness considerations in 
s e w  MCLO using one technology 
(GAC). which Congress clearly 
intended, but to prohibit consideration 
of cost-effectiveness in setting MCLa 
U s i n g  other technologies which raise 
very similar issues. 

Similarly. neither the statutory 
language nor EPXs prior constructions 
predude consideriq the cost- 
effectiveness of requiring additional 
increments of technolugy or 
Contaminant control in establishing 
MWCLS. The statute n q u i ~ s  EPA ta 
establish the MCL as close to the 
maximum contaminant level goal 
("MCLG') "as is feasible." SDWA Sec. 
1412(a)(4), 42 U.S.C. -l(a)[4). The 
term "feasible" is in turn defined as: 

* . .  feasible with the use of the best 
technologjr. treatment techniques and other 
means which the Administrator finds. after 
examination for efficacy under field 
conditiom and not solely under laboratory 
conditions, are available [tdihg cost into 
considemtion). 

lia)(5) [emphasis supplied). The 
dominant emphasis in the statutory 
l w a g e  is on achieving practical 
results.3 Furthermore. far fmln 

SDWA sec. 1412(a)(5j, 42 U.S.C. 3UfXJ- 

EF'As approach to considering met-effectiveness 
in this rule in comistent with the literal language of 
!%mater Durenherger's floe: ntatement in that EPA 
in conoidering mst-effectiv~eua in the context of 
determining which technology should he deemed 
"bent availeble technology,." artd them cost- 
effectiveneos mmiderationr, apply to large ae well 
as omall systems. 

* h any event. even if the Durenberger flwr 
statement had been intended to restrict EPAo 
discretion to comlder mute in any way other than 
large system affordability [which EF'A doen not 
believe that it was). legally it could not have that 
effect. Roar statements by individual legislators. 
while entitled to some weight. do not effectively 
restrict agency dinueEon to adopt statutory 
interpretatisno which are otherwiee reasonable and 
comiotent with the statute. an recent Supreme Court 
cases have made dear. See. e.g. Bmck v. P i e m  
colmfy. 478 U.S. w. 283 (lese). 

2 One factor indicating that Congresa intended 
the standard-setting exercise to focus on obtaining 

Continued 
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am t o m @ P A .  imgl hug cancer 
deaths annually. Typical indoor radon 
levels (1-2 pCi/l) pose estimated lifetime 
1- cancer riiks near 1 in ICE. TDe most 
significant contributor to indoor radon is 
soil gas. However, volatilizatim of 
radon frum drhking water during 

radon lwele thereby amtrihthg to 
increased risk of lung cratcer. Direct 
ingeation of radon may also pose wme 
Ei&offctmacb and O t h e r  caMz28 PA. 
'mXX& 

gEi* s@fm harr r& iri 
water et levels exceeding an 
approximate 10-4individual lifetime risk 
level. Because radon is significantly 
more prevalent in drinkiq water than 
redium 226 and radium 228 or uranium, 
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radon poses the greatest risk on a nation 
wide basis of any of the radionuclides 
found to OCCUT in drinking water (EPA, 
1Mi) .  Accordmgly, the Agency first 
determined the appropriate MCL for 
radon. 

In determining what radon MCL to 
propose. the Agency evaluated the 
availability and performance of the 
various technologies capable of 
removing radon. Based on this 
evaluation, the Agency determined that 
only aeration fulfills the requirements of 
the SDWA as best available technolog! 
for radon ;.emoval as discussed in 
Section V.B.2. Based on treatability. 
radon could theoretically be reduced to 
10 pCi/l or lower in most water supply 
systems. 

The Agency also considered whether 
the ability of laboratories to measure 
reliably for radon in water impose3 any 
limits on where the Agency can set the 
MCL. The Agency determined that the 
radon PQL could be established at 300 
pCi/l [although other researchers 
variously believe the number could be 
either lower or W e r ;  see Sections V.C 
and V.D below]. 

The Agency then analyzed the costs 
of implementing a 3(113 pCi/l standard. 
The Agency estimated that costs for 
large systems to achieve 3M) pCi/l 
would be very low (@ per household per 
year). The costs for small systems, while 
greater ($170 per househoid per year in 
systems serving 25 to 100 persons], were 
found to be affordable by the Agency. 
Because of the large number of water 
systems that would need to install 
treatment to reach the 3w) pCi/l 
standard, the annual nationwide costs 
would be approximately $It@ million. 
While this is a significant cost, the 
Agency concluded that these costs are 
reasonable in view of the substantial 
reduction in exposure to ionizing 
radiation and the resulting risk 
reduction that would be achieved. At 
this level, EPA estimated that up to 8300 
uCi, representing approximately 2a0,a00 
person-rems ede would be removed 
from drinking water each year (EPA. 
199li). 

Finally. the Agency estimated the 
health risks at  the 300 pCi/l level to be a 
lifetime risk of approximately lo-' (i.e., 
2x10-?. The Agency concluded that 
this level would be adequately 
protective of public health since i t  is 
within the target risk range of 
approximately io- '  to 10-4 

Taking these factors into account, the 
Agency is proposing to set the MCL for 
radon at  30 pCi/l. 
Hadium and Uranium 

Radium 228 and 228 and uranium are 
also naturally occurring contaminants. 

S-051999 0032(01)(17-JVL-91-l4:18:41) 

Although they are less prevdent than 
radon, they are present in e significant 
number of water systems. The total 
person-rems ede and associated 
population risk attributable to these 
contaminants collectively are much 1 

lower than for radon alone, although in 
some communities individual risks from 
these contaminants exceed the target 
risk range. The Agency identified 
several technologies that are highly 
efficient in removing radium 226 and 228 
and uranium from water. Based on this 
evaluation, radium 226 and 228 could 
each be theoretically treated to a level 
lower than 2 pCi/l: uranium could be 
theoretically treated to a level lower 
t h n  5 pCi/l (see section V.B below). 
The Agency also established PQLs for 
these three radionuclides at 5 pCi/l for 
each (see sections V.C and V.D below]. 
EPAs analysis indicated that it is 
technologically feasible to achieve 
control levels of 5 pCi/l for radium 226 
and 228, and uranium. 

The Agency then analyzed a number 
of cost factors. The cost of reducing 
radioactivity and rems ede of delivered 
dose by removing radium and uranium 
to the technically feasible level is much 
greater than the cost of reducing 
radioactivity 2nd rems ede by removing 
radon (EPA, 1Mi) .  First, the cost of the 
treatments for radium acd uranium on a 
household basis, would be 
approximately $20 to -/year for large 
systems and $700 to $B(#, per year for 
the smallest systems. These costs are far 
greater than for treatment Gf  radon 
which would be approximately @ per 
house per year for large systems and up 
to $170 per house per year far the 
smallest systems. The total number of 
both uCi and rems ede that would be 
removed by controlling radon a t  3 0  
pCi/l is much greater than the number 
that would be removed by controlling 
raOium and uranium at the technically 
feasible levels. At the 300 pCi/l 
proposed standard for radon, nearly 
8301) uCi annually, representing 
approximately 2(#),(#30 person-rems ede 
per year would be removed frgm 
drinking water. The total annilal costs 
for removing t h i s  radiation by treating 
radon is about $180 million. In contrast. 
at the technically feasible levels, 150 
uCi, representing 8 6 . 0  rems ede of 
radium and uranium would be removed 
annually, at a cost of nearly $ecw 
million. The cost of removing radiation 
by controlling radium and uranium is 
approximately 200 fold greater per uCi 
removed and 5 fold per rem removed 
greater than that for radon treatment. 

The Agency concludes that the cost of 
reducing radioactivity and rems ede of 
delivered dose by removing these three 
contaminants to the technically feasible 

level is disproportionate to the cost of 
reducing radioactivity and rems ede by 
removing radon. The Agency does not 
believe it would be reasonable to select 
M C h  that would impose such 
disproportionate costs: 

MCLs for radium and uranium at the 
technically feasible levels, EPA 
examined alternatives at  the io-' 
lifetime individual risk level, which are 
approximately 20 pCi/l for radium 226. 
20 pCi/l for radium 228 and u) Fg/1 for 
uranium. The3e levels are less costly but 
still assure that persoqs served by 
public water systems *ill not be 
exposed to a greater than approximately 
1 x IO-' risk. In addition, the uranium 
value is protective against kidney 
toxicity, which may occur at levels far 
below the lo-' lifetime risk level for 
uranium. For drinking water 
contaminants, EPA has set a reference 
risk range for carcinogens (after 
regulation) at io-'to ~ o - ~ e x c e s s  
individual risk from lifetime exposure 
and therefore considers an 
approximately lo-' risk protective of 
public health. Based on these 
considerations, EPA proposes to set the 
MCL for radium 226 at 20 pCi/l, for 
radium 228 at 20 p a i l ,  and uranium at 

Following is a detailed discussion of 
the factors considered in developing this 
proposal. 

A. BATS and Associated Costs 

Section 1412(b)[6) of the Act states 
that each national primary drinking 
water regulation which establishes an 
MCL shall list the technology, treatment 
techniques, and other means which the 
Administrator fmds to be feasible for 
purposes of meeting the MCL. In order 
to fulfill the requirements of sectioxr 
1412(b)(8], the EPA has identified beat 
available technologies (BAT) for each 
radionuclide covered in this proposal. 

Technologies are judged to be BAT 
based upon the following factors: High 
removal efficiency, general geographic 
applicability, cost, reasonable service 
life. compatibility with other water 
treatment processes, and the ability tc 
bring all of the water in a system into 
compliance. 

identified by EPA for the removal of the 
subject drinking water contaminants, 
and their respective removal 
capabilities. 

Table 6 shows theoretical technology 
limits of BATS. The achievable effluent 
concentrations are based upon 
maximum removal of inflilent levels 

Since it i3 not cost-effective to set the 

20 P g h .  

Table 5 summarizes the BATS 
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from the NIRS survey data and 
maximum demonstrated BAT removal 

rates. W S s  applying these BATS will 
not need to design treatment systems to 

TABLE 5. BAT CONTAMINAM REMOVAL RATES 1 

achieve these estimated low effluent 
concentrations. 

- 

conterrdnant lonexchanga timesoftening Aerah -!PhM’ fimiiotl 

... Rcdon .................................... ....................................................... up to 99.9% 
RQdxrm( &97% 7595% 87-98% ....................... 

......................................... ....................................................... 6599% 6599% ~ 9 9 . 4 %  &95% uranfum 
BetaEmittm 

a 1 3 7  ........................ ................................................... 
...................... 

........................ ............................................... 

TABLE 6.-TECHNOLOGY LIMITS FOR 
RADIONUCLIDE REMOVAL 

Rsdon 
Aeraiiotl.. 99.9 

R&iJilF 
2% 
IE ............. 97 
Ls ............ 95 
RO ........... 88 

RSdfh- 
228 
IE ............. 97 
LS ............ 95 
RO ........... 98 

IE ............. 99 
LS ............ ge 
RO ........... 99 
CF ............ 95 

El7litttas 
Two bad 

ion 

U-m 

Bela 

ex- 
charge. 99 

RO ........... 99 

26.m 26 

15 0.45 
15 ; 0.75 
15 0.30 

12 0.36 
12 0.60 
12 0.24 

ea 0.9 
ea 0.9 
ea 0.9 
ea 4.4 

W m u m  lavels in gmundvJatsr sources of drink- 

Mde: IE T I  ex-) LS (lime softening); RO 

Soutca: (EPA 1884.b: 1S85b: I-; 1986c: 

ing water 8s reported in NRS. 

(rsverse osmosis); CF (&u la t ion / f i i ) .  

1987b 1987~; 19874: 196&1).  

The total costs for the removal of 
specific radionuclide contaminants, 
using the proposed BATs, are 
summarized in Table 7. Tables 8 and 9 
display the total capital cost and annual 
operation and maintenance costs, 
respectively. Costs cited in Tables 7 ,8  
and 9 are based on treatment conditions 
that would require removal of fairly high 
levels of contamination. The assumed 
removal rates are as follows: SO percent 
for radium: 80 percent for radon: and t?dJ 
percent for uranium. The general 
assumptions used to develop the 
treatment costs include: chemical costs, 
capital costs amortized over 20 years at 
a 10 percent interest rate, current 
engineering fees, contractor overhead 
and profit. late 1988 power and fuel 
costs and labor rates (EPA. 1984b: 1985b: 
198Bb; 1% 1987b; 1987~: 1987d 1988e). 
Costs as evaluated here assume the 
existence of no residential POE water 
treatment such as water softening for 
aesthetic reasons which might 
incidentally reduce some pollutant 
levels. The prevalence of such home 
treatments is extremely difficult to 
estimate and incorporate into a national 
level analysis. 

EPA is presently conducting a study of 
treatment for very small water systems. 
All of the small system treatments for 

radionuc!ides, and also other 
contaminants, are included, and 
verifying treatment costs is one element 
of this study. EPA will make this study 
available to the public when it is 
completed. EPA solicits public comment 
and data on treatments that may be 
especially well suited to small systems 
and any treatment systems designed for 
small systems, including data on 
treatment efficiencies, adaptability of 
designs to different size systems, and 
cost to install and operate treatment 
systems designed for small public water 
suppliers. 

Costs may vary significantly from 
those shown, depending on local 
circumstances. Costs of treatment will 
be less than shown on Table 8 if 
contaminant concentration levels 
encountered in the raw water are lower 
than those used for the calculations. 
However, costs of treatment will be 
higher if additional treatment or storage 
requirements need to be satisfied. The 
costs in Tables 7, 8 and 9 do not include 
those attributable to the treatment and 
disposal of wastes generated by water 
treatment plants. Waste disposal 
techniques and associated costs are 
discussed in section C, following a 
discussion of BATs. 

. TABLE 7.-TOTAL PRODUCTION COST OF C~NTAMINANT REMOVAL BY BAT NOT INCLUDING WASTE BY-PRODUCT DISPOSAL COST 
(DOLlARS/1,000 GALLONS, LATE 1986 DOLIARS) 

PoZRllatbrl served 

Radium (50% removal): 
Ion erdranga .............................. ........................................ 
Lima Boftening. nar, ................... 

RBWrseOQm08iB .......................................................... 
........................... 

Radon (80% rBmoyBI): 

Uranium (SO removal): 
moQfied ...................................... 
..................................................... 

M 1 9 9 9  oO33(01#17-JUL-9 1-14:18:46) 

100-500 500-1.ooO 1~.WO-3.300 :(,% >l.ooO.oOO 

1.50 0.90 0.58 0.33 0.17 
3.00 1.30 0.67 0.54 0.18 
1.70 0.78 0.39 0.11 0.01 
4.00 2.70 2.30 1.30 0.72 

0.50 0.26 0.15 0.07 0.05 

2.10 0.83 0.38 0.10 0.02 
2.70 2.00 I 1.70 1.10 1.00 

“I 



. . . . . . . . . . . . . . .  . .  

. - -  

33m4. F t d e d  Reghter / Vol. 58, No. 138 / Thursday, July 18, 1 W  / Proposed Rules 
I 

T A B U  7.-TOTAL PRODUCTION &ST OF CONTAMINANT REMOVAL BY BAT ’ NOT INCLUDING WASTE BY-PRODUCT DISPOSAL COST 
@ow~s/ l ,ooO GAUOMS. LATE 1986 Dolls\Rs)--Continued 

md 
25-la0 100-500 500-1.000 1.a#13.300 gz >r.m.m 

L t m a s 0 t t s r t f n e . m  ...................................................................................... 420 210 0.93 I 0.47 0.20 0.03 
R e s m  amnosis ............................................................ I ..................................... 620 4.70 3.50 270 1 .50 0.89 

~ ~~ 

Redurn (50% rwmvel): 
lon excharga .............................................. 
Lima5ofmhg.naw .............................................................................................. 
Lime softening. modmad ....... 
R w m e  csmcsia .................... 
psdted tovmr esration .......................................................................................... 
cu3gJlam/m, modifld 
Ion exchanp .................... 
Lbnssoftettn&lncdiM. 
R w m a  OsmOsiQ ................................................................................................... 

Radon (80% removal): 

lJrMium (60% rBmOyB1): 

36 
79 
33 
51 

15 

27 
41 
43 
64 

91 
130 
74 

160 

33 

55 
100 
91 

200 

280 350 31.000 

820 

200 310 330 31,000 
160 
Mo 9M) 1.400 249.000 

‘TWmo!@sa and cost docurnen& and ccst suppbments for radium. radon, and UrmLrn (EPA, f984b: 1- 1- 1- 198m 1987c; 1987d; 1-1. 
treatmenl design flows adopted by EPA (EPh Issod). 

TABLE g.--OPERATION AND MAINTENANCE &ST OF WNTAffliNANT REMOVAL BY BAT (#$/YEAR, LATE 1986 DOLLARS) 

t m  tha basis tor ccsts. costs were revised m May. 19W to eccarnl tor nw system 

........................................................................... 

..................................... 
R 

tion ................................ 
Urarbn (60% rxlinovai): 

c=wiatm/mbstion, tI?odmd ........................................................................ 
......... 
......... 
......... 

1.1 
3.8 
3.2 
4.5 

0.2 

5.7 
3.4 
3.5 
5.1 - 

2.8 

6.4 
11 

16 

0.6 

12 
12 

18 
7.4 

‘7 
52 

71 110 

120 

3.- 
lli.000 

43 
73 

200 
9.1 

7.6 

14 
250 

16 
230 

> 1,000,000 

13,000 
9.700 
1.100 

so.ow) 

3.400 

1.400 
95.000 
3.200 

59.000 

B. Best Available Technologies [BATS) 
1. Radium-226 and mdium-228. The 

Agency proposes that of the 
technologies capable of removing 
radium from source water, lime 
softening, ion exchange and reverse 

, osmosis fulfill the SDWA requirements 
as BAT for radium removal. While 
radium-228 and radium-228 are 
radiologically different, they are 
chemically the same. Therefore, the 
same BATs, with the same removal 
efficiencies, apply to both. All of these 

SO51999 034(01)(17-JUL91-14:18:49) 

technologies have demonstrated high 
radium removal efficiencies ana have 
been determined to be of low cost for 
large public water systems. All of these 
technologies are currently available and 
have been installed in public water 
supplies and are compatible with other 
water treatment processes currently in 
use. The full range of technical . 
capability and unit costs for each of the 
proposed BATs for radium removal is 
summarized in the EPA publication, 
‘Technologies and Costs for the 
Removal of Radium from Potable Water 

Supplies” (EPA, I W b ) ,  and the 
supplementary cost document for 
radium @PA, 1987d). Treahnents 
applicable to smaller systems have also 
been identified (EPA, 1Wg; 1988h). 

a. Lime softening. Lime softening is 
capable of achieving removal 
efficiencies for radium of 75 to 95 
percent. At optimum pH levels (between 
10 and 10.6) removal efficiencies of 94 to 
95 percent can be achieved. Lime 
softening can also be used to reduce 
TDS. turbidity and heavy metals as well 
as radium and total hardness. The 
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eetimated cost for an existing lime 
softeniq system to be modified to 
remove radium ranges from $3.50/1,(##) 
gallons treated for systems serving from 
25-100 persons to $.m/i,m gallons 
treated for systems serving more than 
l,(Wo.(Wo persons. However. if a new 
lime softening plant was built to remove 
radium its cost would range from $EL@/ 
1.w#) gallons to $D.l6/1,(Wo gallons for 
the same system sizes. 
For a utXit.,r planning to use or 

currently using lime softening 
technology to remove radium, waste 
disposal concerns deserve ample 
consideration. Radium-228 and radium- 
228 concentrations in lime softening 
sludge have been reported by Snoeyink 
et al. (EPA, ieasd] to range from about 1 
to 22 pCi Ra-226/g and from 2 to 12 pCi 
Ra-2281g dry solids. Extended sludge 
drying in an impoundment may increase 
the dry solids content to 70 percent or 
greater, with a corresponding increase 
in sludge contaminant concentration. 
Backwash waters may contain radium 
concentrations of 6 to 50 p a l l .  (EPA, 
1985d). 

b. ion exchange. Cation exchange 
systems are capable of removing from 80 
to 97 percent of radium from drinking 
water. Estimated costs range from e.@/ 
1.m gallons treated for systems serving 
25-lm persons, to @.17/1.0 gdona  
b a t e d  for systems serving over 
1,m,I##3 persona for removal of radium 
from ground water. Ion exchange 
softening systems are adaptable for both 
large and small systems, and are 
acceptable as either a new installation 
or an add on to an existing facility. 
Sodium cation exchange resins and ion 
exchange equipment are readily 
available commercially. Finished 
("softened'] waters may be corrosive to 
distribution system materials. However, 
a bypass of some unsoftened water, 
blended with the finished water, may 
provide adequately protective levels of 
calcium carbonate, reducing the finished 
water corrosi~ty.  Disposal of 
concentrated waste brines containing 
relatively high TDS and radioactivity 
should be given full consideration before 
implementing this technology. 

c. Reverse osmosis. Reverse osmosis 
(RO] membranes are capable of 
removing between 87 to @8 percent of 
the radium present in source water. RU 
has been primarily used for removing 
total dissolved solids 0 s )  from water 
in treatment of brackish and sea waters 
for desalination purposes. At pressures 
of 20 and 425 psi. RO is capable of 95 
and 98 percent radium removal, 
respectively. At reduced pressures this 
process is adaptable to fresh water 
sources. The RO method can be used by 

both large and small systems. If 
operated to remove 50 percent of the 
influent radium, costs would range from 
approximately $~.Io/I,~#) gallons 
treated for systems serving 25-100 
persons to a . 7 2 / 1 , 0  gallons treated for 
systems serving over I,UOO,(Wo persons. 
If removal of TDS is also a goal, then 
using reverse osmosis is a very cost 
effective solution in the removal of 
radium from ground waters. 

by the presence of turbidity, iron. 
manganese, silica or scale producing 
constituents in the source water. If 
pretreatment is not already in place to 
remove these constituents, the cost to 
install the pretreatment facilities may be 
an important factor. Disposal of waste 
brine, the reject flow representing 20 to 
50 percent of the feed (source] water, 
and the quantity of available feed water 
to accommodate this technology, would 
require consideration by a water system 
in its initial evaluation of alternative 
technologies for radium removal. 

2. Radon. The Agency proposes that, 
of the technologies capable of removing 
radon from source water, only aeration 
fulfills th requirements of the SDWA as 
BAT for radon removal. Aeration has 
demonstrated radon removal 
efficiencies in excess of 99.9 percent. 
This technology is currently available, 
has been installed in public water 
supplies, and is compatible with other 
water treatment processes in different 
regions. The full range of technical 
capabilities for this proposed BAT is 
discussed in the EPA technologies and 
costa document for radon ( P A ,  1@87b], 
and summarized below. 

Granular activated carbon (GAC) can 
also remove radon from water, and was 
evaluated as a potential BAT for radon. 
However. the long empty bed contact 
time required for radon removal renders 
it infeasible for large municipal 
treatment systems, and it is therefore 
not considered a BAT for radon. 

a. Aemtion. Aeration techniques for 
removal of radon from drinking water 
include active processes such a s  diffuse 
aeration, packed tower aeration (PTA], 
slat tray aeration and h e  fall, with or 
without spray aerators, and passive 
psccesses such as free-standing, open- 
air storage of water for reduction of 
radon. Radon reduction by decay (into 
the daughter products of radon) may 
also occur in storage tanks and in 
pipelines which distribute drinking 
water, reducing radon by approximately 
10 to 30 percent, with 8 to 30 hour 
detention periods. Aeration is 
considered BAT for meeting the 
proposed radon MCL due to high 
removal efficiencies. its relative 

RO performance is adversely effected 
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simplicity as a technology, relatively 
low cost and ease of operation, 
availability, and compatibility with 
other treatment processes. The aeration 
technique that a system chooses for 
radon reduction will depend upon 
source water quality (including radon 
and other contaminants removed or 
otherwise affected by aeration], 
institutional or manpower constraints, 
site-specific design factors, and kocal 
preferences. 

technological options for radon 
reduction, such as packed tower 
aeration (ITA] and diffused aeration 
installations. have been examined (EPA, 
1987b). Ninety-nine percent reduction of 
radon by PTA is estimated to cost from 
$1.20/1.0 gallons treated for very 
small systems which serve 25 to 1(#1 
persons, to $o.W/1,I##) gallons treated 
for system serving 1,OUD.ULKl persons. 
Eighty percent reduction of radon by 
PTA is estimated to range from $0.94 to 
@.OS per l,I##) gallons for the same 
fiystem sizes. 

The following factors influence the 
aeration processes and therefore affect 
radon removal rates: 
-temperature of water and ambient air 
-air to water ratio 
-contact  time between air and water 
-available area for transfer of radon 

h m  water. 
PTA provides the most efficient 

transfer of radon from water to air, with 
the ability to remove greater than 
percent of radon from water. A supply 
which requires a smaller reduction of 
radon, for example 50 percent, could opt 
to install PTA and treat 50 percent of its 
source water and subsequently blend 
the treated with raw water, or it may 
design a shorter packed tower to 
achieve compliance with the MCL. 
Other advantages of PTA include: 
removal of hydrogen sulfide, carbon 
dioxide, and VOCs, and oxidation of 
iron and mangmiese. No pilot or full- 
scale packed columns have yet been 
constructed for removal or radon at 
large municipal supplies. However, field 
tests have been performed by EPA, 
documented by #inner et el. (1989; laSol. 
which verify the efficacy of aeration for 
radon removal. Since radon acts 
similarly to some h@y volatile organic 
compounds, and packed columns have 
been shown to be the most efficient form 
of aeration for VOC removal, PTA is 
appropriate as BAT for radon. 

Diffused aeration, which may remove 
up to 97 percent of radon in water 
possesses the following advantages: the 
potential To: modifying existing basins 
or storage vessels for diffused aerator 

The costs associated with the various 
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installation; no packing media costs: and 
reduced pumping requirements. The 
Radon Technology and Cost document 
P A ,  1sBjrb) summarizes the case study 
of a full-scale diffused aeration plant in 
Eelstone. England which was built to 
remove influent radon, and provided 
long-term removal efficiency of 97 
percent. The disadvantages of diffused 
aeration include the requirement for 
increased contact time, the 
impracticality of large air-to-water 
ratios because of air pressure drops, and 
overall less efficient mass transfer of 
radon from water. The level of contact 
between air and water achievable in a 
packed tower aerator is difficult to 
obtain in a diffused air system. The 
above-referenced Belstone. England 
plant treated 2.5 mgd water, with 2.m 
air diffusers. each designed to supply a 
maximum of 0.8 cubic feet per minute, 
and with a &minute retention time, 
achieved an air-to-water ratio of 8 to 1 
for w percent radon reduction. In a field 
test of a diffused bubble aeration 
system, #inner et al. (1m) report that 
removals of 80 to W percent were 
achieved at air-to-water ratios of 5 to 1 
and 15 to 1. 

Disadvantages which have been 
identified by #inner et al. (1989; 1m) 
are the potential for bacteria fouling and 
iron and manganese precipitation, which 
may clog or otherwise impede 
operations at an aeration facility (PrA 
or diffused bubble type). These 
secondary effects may occur, however 
they would be highly dependent on 
source water quality conditions. 

Spray aerators direct water upward, 
vertically, or at an angle, in such a 
manner that the water is broken into 
small droplets (by fixed nozzles on a 
pipe grid) which provide large surface 
areas for radon migration out of the 
water to the air. Most of the advantages 
cited above for diffused aeration also 
apply to spray aeration. Disadvantages 
include the need for a large operating 
area and operating problems during cold 
weather months when the temperature 
is below the freezing point. Costs 
associated with this option (for all sizes 
of water treatment plants) have not 
been developed by EPA. 

EPA has evaluated other, less 
technology-intensive ("low-tech"), 

options which may be suitable for small 
water systeme, and which may cost less 
than the above optiom to install and 
operate (#inner et aI, I=, im). These 
options include: Open air storage, free 
fall with nozzle-type aerator. bubble 
aerators, and slat tray aerators. With U 
to 88 hours detention, open air storage 
may reduce radon levels by 30 to 50 
percent; a free fall of 2 feet with simple 
nozzle attachment was found to reduce 
radon by 85 to 75 percent with 8 hrs 
detention time: and a two foot free fall 
into a tank equipped with garden hose 
(punctured) bubble aerators, supplied by 
a laboratory air pump, yielded 85 to 90 
percent radon reduction with 8 to 12 
hour detentlon time. The above- 
referenced study concluded that very 
effective radon reduction can be 
achieved by simple aeration 
technologies that may be easily applied 
in small communities. 

EPA has developed cost estimates for 
the above mentioned alternative low- 
tech water treatment methods, suitable 
for small systems that may need partial 
radon removal to meet the d r h h g  
water MCL. Cost estimates for small 
systems i n a t a m  %hour storage/ 
detention, diffused aeration, spray 
aeration, slat tray aeration, and FTA are 
presented in an addendum to the EPA 
Radon Technology and Cost Document 
P A ,  1sSSe). 

b. Secondary effects of aemtion: 
Estimate of risks from PZA emissions of 
mdon. Since this notice contains a 
proposal to reduce radon concentrations 
in drinking water by setting an MCL 
and the EPA is proposing aeration as 
BAT for meeting the MCL the Agency 
undertook an evaluation of risks 
associated with potential air emissions 
of radon frum water treatment facilities 
due to aeration of drinking water. It is 
logical to assume that radon, removed 
from drinkiq water and released to the 
atmosphere, could result in some 
degradation of air quality and possibly 
pose some incremental health risk to the 
general population. However, the risks 
due to potential human exposure to PTA 
emissions appear very small in 
comparison to the risks associated with 
radon in drink@ water (EPA, 1988c; 
iwsb). 

h one evaluation of risks associated 
with potential radon emissions h m  
aeration of drinking water @PA 1rn). 
EPA used radon de ta from 20 drilkiyl 
water systems in the US. which, 
accordmg to the Nationwide Radon 
Survey @PA, 1985a), contained the 
highest levels of radon in drinking water 
and affected the largest populations 
and/or drinking water communities. 
EPA estimated the potential annual 
emissions (in pCi radonlyr), &om PTA 
treatment facilities, assuming 1 0  
percent radon removal, and these were 
applied to appropriate dispersion 
models. Estimates were made for the 
following parameters: Air dispersion of 
radioactive emissions, including radon 
and progeny isotopes of radon decay; 
concentrations in the air and on the 
ground amounts of radionuclides taken 
into the body via inhalation of air and 
ingestion of meat, milk, and fresh 
vegetables, dose rates to organs and 
estimates of fatal cancers to exposed 
persons within a 50 kilometer radius of 
the water treatment facilities. Estimates 
of individual risk and numbers of annual 
cancer cases were completed for each of 
the 20 water systems, as well as a crude 
estimate of U.S. risks (total national 
risks) based on a projection of results 
obtahed for the 20 water systems. 
These estimates were based on 
exposure analyses on a limited number 
of model plants, located in urban, 
suburban and rural settings, which were 
scaled to evaluate a number of facilities. 
(A similar approach has been used by 
the Agency in assessing risks associated 
with dispersion of coal and oil 
combustion products.) 

systems indicate the following: A 
highest maximum lifetime risk to 
individuals at one system of 4 x 
with a maximum incidence at the samo 
location of o.(w80 cancer cases per year; 
an estimate of annual cancer cases for 
all 20 systems of O.UlB/yr; and a crude 
U.S. estimate of 0.4 cancer cases/year 
due to air emissions at all drinking 
water supplies to meet a hypothetical 
MCL of 200 pCi/l. The results of the risk 
assessment for potential radon 
emissions from drinkhg water facilities 
are given in Table 10. 

The risk assessment results for the 20 

TABU IO.--ESTIMATES OF RISKS AT 20 SITES DUE TO POTENTIAL RADON EMISSIONS FROM PTA UNITS AND CRUDE ESTIMATE OF 
US. RISK' 

20 FQdlitias: 
1 1 1.839 I 2.79 I 6 X lo-' 1 ,0003 ................................................................................................................................................................................. 

SO31999 003s(02~17-JU~91-14:20:55) 
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TAB= lO.-Esnwms OF RISKS AT 20 Sms DUE TO POTENTIAL RADON Ervlisstows FROM PTA UNITS AND CRUDE ESTIMATE OF 

.............................................................. 
................................ 

............................................................................. 
................................. 

......................... 
............................. 

.................................................................................... 
...................................................................... 

............................... 

...................................... 
................................................................................................................. 

................................... ..................................................................... 
................................ 
................................ 
................................... All 

All ......................................................................... 

5.003 
2.175 
1.880 
1.310 
1,329 
4.085 

10.840 
3.083 
3.270 
2.565 
4,092 

18,135 
3.882 
1244 
2.437 

9% 
7.880 
9.195 
7.500 

(20 
c m  

<l.co$) 

- 

Maxifnum 
lie. 

individual 
risk 

8.22 1 x 10-0 
2.85 6 x lo-' 

20.89 1 x lo-' 
1.81 Q x 10-7 

91.80 2 x 10-5 
2.26 5 x 10-7 
1.18 2 x 10-7 
0.55 1 x 10-7 
9.04 4 x 10-5 
3.54 1 x 10-5 
1.75 3 X lo-' 
2.23 4 x lo-' 
0.27 1 x 10-7 
1.03 5 x 10-7 
1.35 7 x 10-7 
8.94 2 x 10-0 
0.87 4 x 10-7 
1.02 5 x 10-7 
1.04 5 x lo-' 
181 4 x 10-9 

4.200 - 
2 * m  
Bw) 

Numerous assumptions were applied 
in conducting the above analysis, 
including the following: 

0 ITA treatment applied, removing 
la0 percent of radon: 

0 typical (not site-specific) 
meteorology is used at  the model plants. 
and flat terrain is assumed 

0 1m census data were used, with 
people located in "population centroids" 
representative of census districts; 

0 70-year residency at  same location, 
and exposure to air and radon emissions 
persists throughout 70 yrs.: 

0 additive impact of exposure to 
emissions from more than one plant 
emitting radon was not accounted for. 

To further investigate potential health 
risks due to PTA radon emissions, EPA 
used the bfWEDOSE model developed 
to determine compliance of radon point 
sources regulated under EPA's 
NESHAPS standards @PA, I m b ) .  In 
that study. worst case scenarios 
representing systems with radon levels 
ranging from 1.330 to 110,01#) pCi/l were 
identified and their potential emissions 
modeled. These systems represent what 
may be the greatest potential among 
PWSs to increase risks via air 
emissions. Oniy systems with very high 
flow rates posed any potential for 
increasing ambient air radon exposure 
appreciably. The one modeling run'that 
did indicate a potential problem 
assumed that all radon emissions came 
from a single point source (ix, the entire 
production flow was treated through a 
single aeration tower). However, the 

community modelled relies on numerous 
widely dispersed wells for its total 
water supply. and aeration treatment 
could be installed at  individual wells. 
thereby dispersing the emissions to the 
ambient outdoor air. This modeling also 
found that systems having very high 
radon levels, (1m,W pCi/l) but lower 
flow rates, did not appreciably increase 
ambient air radon levels and risks. 

Given the uncertainties in calculating 
such risk estimates, EPA views the 
above estimates as "order of magnitude 
estimates." Nevertheless, it is apparent 
that the risks to the U.S. population, and 
to the individual drink@ water 
communities. due to potentially aerated 
radon frcm source water are much 
smaller (in most cases 2 to 4 orders of 
magnitude smaller) than the risks due to 
radon in water if no treatment were 
applied . 

EPA is aware that some states allow 
no emissions from PTA regardless of 
downwind risks. EPA has reviewed the 
few available data on removal of radon 
from air by carbon. Based on these data, 
EPA believes air phase removal of 
radon by GAC may not be feasible. 
Systems trying to meet local air 
emissions requirements may need to 
rely on GAC in the water phase. 

c. Cmnulur activated carbon. Pilot 
plaat studies have shown that granular 
activated carbon (GAC) is capable of 
removing radon in drintcing water at 
efficiencies of Bo to 89 percent (#inner et 
al., 1989). The efficiency of removal is 
dependent upon radon concentration, 

SM 1999 oO37(O2#17-NL-9 1-14:2&58) 
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Estimates of risk 85(y88986 using AIRDOSE-EPA, RADRlSK and DARTAB air drrpsrsDn and lifetbna risk computer cadas (EPA ISSBC). 

the mass of carbon in the GAC column, 
empty bed contact time 0 and 
contactor configuration (i.e.. upflow or 
d o d o w ) .  The pilot studies have 
shown radon to require a longer EBCT 
than other adsorbable (e.g.. organic) 
materials. Thus, to achieve a 80 percent 
removal efficiency with a radon influent 
concentration of IO,(WO pCi/l, an EBcT 
of approximately 70 minutes may be 
required. The need for such a lengthy 
EBm means that GAC may not be 
practical for large municipal treatment 
systems @PA, 1987b) and it is therefore 
not considered BAT. 

the use of carbon for radon removal is 
the buildup of radiation inside and 
surrounding the GAC contactor. The 
radionuclides that may build up on the 
GAC media are the progeny of radon, 
specifically the radioactive isotopes of 
lead, polonium and bismuth. The short- 
lived radon progeny include Bb-214 and 
Bi-214. Long-lived radon progeny include 
Pb-210, Bi-210. and Po-210. The level of 
gamma radiation surrounding the GAC 
vessel depends on t!!e amount of radon 
removed gamma intensity drops sharply 
with increased distance from the GAC 
vessel. D u e  to the buildup of radon 
daughter products, such as lead-210. a 
beta particle emitter, the GAC unit can 
become a source of low-level radiation, 
and may present a disposal problem as 
well. Studies have shown that the 
radiation level is usually less than 1.0 
mR/hr. at a distance of three (3) feet 
from the GAC tank surface (#inner et 

Another disadvantage associated with 
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al., I=). DA's guidelines for 
radioactive waste disposal @PA. lWDa) 
provide guidance on the disposal of 
GAC waste containing naturally 
occurring radionuclides. and appropriate 
occupational guidance. 

The estimated cost for small GAC 
water txeatment systems for 80 percent 
removal of radon ranges from @.eo/ 
I,(##) gallons of water serving 25 to 1 0  
people to $I.~/I,CKIII gallons of water 
serving 3 . m  to 10,Ow) persons. 
exclusive of the cost to dispose of spent 
carbon. Due to ihe problems identified 
above, i.e.. of ra6iation build-up, waste 
disposal, and contact time, the Agency 
has judged that GAC cannot be 
designated as BAT for radon removal 
(EPA 1887b: 1 m ;  199li). 

3. Umnium. The Agency proposes 
that, of the technologies capable of 
removing uranium from source water, 
coagulation/fdtration. ion exchange, 
lime softening and reverse osmosis 
fulfill the requirements of the SDWA as 
BAT for uranium removal. These 
technologies have demonstrated 
effective uranium removal, are currently 
available, have been installed in public 
water supplies, and are compatible with 
other water treatment processes in 
different regions. The full range of 
technical capabilities for each of these 
proposed BATS is discussed in the EPA 
technologies and costs document for 
uranium @PA, I m b ) ,  and summarized 
below. 

a. CoaguIation/fiItmtion. Laboratory 
and pilot plant studies have shown that 
pH and coagulant dosage significantly 
impact uranium removal efficiency in 
water treatment. iron and aluminum 
based coagulants are generally more 
effective in aiding the removal process 
at  pH values ne- 8 and 1. Removal by 
coagulation appears to be low at pH 8 
due to stability and charge 
characteristics of uranyl species in 
solution. In one study, removal 
efficiencies of greater than 80 percent 
were reported (Sorg, 1988) in tests using 
20 mg/l doses of femc sulfate, ferrous 
sulfste, or aluminum sulfate coagulants. 
influent uranium levels were about 83 
pg/l in that study. Coagulation/filtration 
has been demonstrated to achieve 
removal efficiencies as high as 95 
percent when using aluminum sulfate 
dosed at  10 mg/l or more, at pH 10 (Sorg. 
1988). 

Coagulation/filtration as  a new 
process designed specifically to remove 
uranium may not be cost effective, 
particularly for smaller utilities. 
However, where the reduction of 
turbidity in the source water is also a 
concern. this method can be very 
effective. 

Ebtimated costa for an existing 
coagulation/filtration facility to modify 
treatment for 6@?6 removal of uranium 
from und water sources range from 
s.JEm gallons of water for systems 
serving a population of 25-10 persons, 
to $ o . o z / ~ , ~  gallons of water for 
systems serving over 1,000,ODU persons. 

b. Ion mckange. Anion exchange 
system for the removal of uranium and 
other soluble ions have demonstrated - 

uranium removal efficiencies of between 
65 and %J percent Ion exchange devices 
are available for most applications. The 
estimated costs for removal of uranium 
from p u n d  water by ion exchange 
range from &.10/1,m gallons of water 
treated for systems serving 25-10 
persons, to % I . O ~ / I , ~  gallons of water 
treated for systems serving more than 
1,0(#),(##) persons. Disposal of 
concentrated waste brine must also be 
considered, as discussed above. 

c. Lime softening. Lime softening is 
capable of achieving removal 
efficiencies for uranium of up to 99 
percent. At optimum pH levels of 10.6 to 
11.5 removal efficiencies of 85 to 99 
percent can be achieved. Best results 
can be achieved by increasing the 
dosage of lime to appioximately 250 mg/ 
L and maintaining the pH above 11. 
Lower dosages of Ca(O&, 50 to 1 0  
mg/l, have achieved 85 percent uranium 
removal. This treatment should be given 
serious consideration if removal of 
hardness from source water is also a 
desired objective. It may not be cost 
effective for a system to build a new 
lime softening treatment facility 
specifically to remove uranium. The 
estimated cost to m o w  an existing 
lime softening treatment facility to 
remove uranium from ground water 
ranges from $~.ZO/I,CKIII gallons of water 
serving ~5-10 persons to %0.03/1,0(#) 
gallons of water serving more than 
l , O , ( w D  persons. 

@O) membranes are capable of 
removing uranium and many other 
contaminants in source water, at  high 
efficiencies. RO has been used primarily 
for removing total dissolved solids 
[TDS) from water in the treatment of 
brackish and sea waters for 
desalinization purposes. At reduced 
pressures RO is adaptable to fresh 
water sources. Using sellulose acetate 
membranes, at 250 psi pressure. RO has 
successfully achieved 98 to 99.4 percent 
removal efficiencies. However, RO 
performance is adversely affected by the 
presence of turbidity, iron, manganese, 
silica or scale producing constituents in 
source water. If pretreatment is not 
already in place to remove these 
constituents, the cost to install the 

d. Reverse osmosis. Reverse osmosis 
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pretreatment facility would be an 
important factor. 

The RO system is adaptable to all s h e  
systems with costs ranging from S.N 
1.m gallons for systems serving 25-10 
persons to S).@/I,CWO gallons for 
systems serving over l.(##),WJ persons. 
If reducing TDS is also a goal of the 
treatment process then reverse osmosis 
is a very cost effective solution for the 
removal of uranium from source waters. 
Disposal of waste brine, the reject flow 
representing 20 to 50 percent of the feed 
water, aad the quantity of available feed 
(source) water to accommodate this 
technology, would require consideration 
by a water system in its initial 
evaluation of alternative technologies 
for radium removal. 

4. Beta andphoton emitters. The 
Agency proposes that of the 
technologies considered to remove beta 
particle emitters from drinking water, 
ion exchange and reverse osmosis 
would fulfill the requirements of the 
SDWA as BAT for gross beta particle 
removal. The subject radionuclides 
originate from the nuclear fuel cycle, 
defense related industrial activities, 
institutions such as hospitals, research 
foundations and universities, 
commercial/industrial users of 
radioisotopes, and atmospheric or 
surface detonation of nuclear devices. 
Some beta-emitting radionuclides 
originating from such sources have 
occurred in drinkhg water sources and 
have been partially removed by drinking 
water treatment p:ocesses. 

Levels of gross beta above the 
maximum contaminant level are likely 
to occur only in transient situations 
following a contaminating event. The 
following technologies may be effective 
in lowering the contaminant level below 
the MCL value. The full range of 
technical capability of the proposed 
BATS is summarized in the EPA 
document 'Technologies and Costs for 
the Removal of Man-Made 
Radionuclides from Potable Water 
Supplies" @PA, 198eb). The 
technologies listed are available and 
compatible with other water treatments 
in all regions of the United States. 

a. Ion exckange. Ion exchange has 
been successfully employed by the 
nuclear power industry in treating liquid 
radioactive wastes as well as chemical. 
laboratory, and laundry wastes 
containing various ionic species. Cation 
exchange resins have exhibited a 95 to 
99 percent removal efficiency for low 
level and trace amounts of the following 
contaminants: bsrium-137. barium-140, 
cadmium-115. cesium-137, lanthanum- 
140, scandiuma, and strontium-89. 
Anion exchange reoins have exhibited a 
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&1 to 89 percent removal efficiency for 
the following contaminante: niobium-95, 
tungsten-185, zirconium-85, scandium* 
and Jrtprium-m. Mixed bed ion exchange 
may effectively remove between 80 and 
S9.9 percent of all contaminants listed 
above. Therefore ion exchange 
technology L proposed as BAT for beta 
and photon emitters. Disposal of waste 
brine may pose difficulty due to the high 
concentration of radionuclides in the 
brine. the availability of disposal 
options for the liquid wastes, and State 
or Federal limitations which may 
prevail. 

The cost for removal of beta-emitting 
radionuclides utilizing ion exchange 
would be hQhly dependent upon type 
and amount of contamination. The cost 
supplement P A ,  1987c) to the above 
cited Technologies and Cost document 
contains estimated cost for removal of 
beta emitters from public water systems 
using two-bed ion exchange system (i.e.. 
cationic and anionic). 

b. Reverse osmosis. Reverse osmosis 
(RO) membranes can effectively remove 
more than percent of radioactive 
contaminants such as strontium, cesium, 
and iodine from water. Pilot studies 
have demonstrated removal efficiencies 
of 80 to above 913 percent of dissolved 
iodine-131, strontium-89. and cesium- 
134. The cost of removing man-made 
radionuclides from source water 
u t i u  RO may be similar to the costs 
cited in Tables 7.8 and 9 for removal of 
uranium from drinkng water. However, 
Cost would be highly dependent on type 
and degree of contamination. 

RO performance is adversely affected 
by the presence of turbidity, iron, 
manganese. d i ca ,  or scale-producing 
constituents in the s o m e  water. If the 
pretreatment is not already in place to 
remove these constituents. the cost to 
h S t d  the pretreatment facilities may be 
an important factor. Disposal of waste 
brine may be problematic due to the 
high concentration of radionuclides in 
the brine, or due to local requirements or 
regulations affecting discharge. 

The cost supplement @PA, 1987~) for 
the Technology and Cost document cited 
above contains estimated cost for 
removal of beta emitting radionuclides 
from public water systems using reverse 
osmosis technology. 

c. Coagulatio~/filtmtion. Some beta- 
emitting radionuclides which exist as 
suspended material in water may be 
removed by coagulation/filtration. In 
laboratory studies involving many 
soluble radionuclides, it waB reported 
that coagulation employing aluminum 
sulfate. femc chloride and/or ferrous 
sulfate was more effective for removal 
of Boluble cations of valences 3.4 or 5 
which include: niobium-95, cerium-141, 

phosphorus-32, zirconium-95, cobalt-58 
and 60, ruthenium-103, and sulfur-35. 

Full-scale studies in municipal 
filtration plante downstream from 
nuclear reactor sites have indicated 
removal of chromium-51. scandium-48, 
areenic-76 and seven other nuclides at 
efficiencies of 28 to 87 percent, using 
alum as the coagulant. Activated silica 
or clay can be added when needed to 
enhance flocculation, coagulation and 
precipitation. Ninety percent removal of 
strontium requires iron coagulant 
dosages greater than 5111) mg/l at a pH of 
11. HEiciencies of removal of specific 
radionuclides by the coagulation 
process can range from 0 to 99 percent. 

Due to the variability cited above in 
the removal efficiencies, and because of 
the lack of information on removal of 
many beta emitting radionuclides, EPA 
proposes that coagulation/filtration 
does not meet the requirements to be 
proposed as a BAT for beta emitters. 

soda-ash addition can remove 
approximately 90 percent of strontium 
and other radiological contamhants 
present in source water. To achieve this 
percent removal the sodium carbonate 
concentration should be three times the 
equivalent permanent calcium hardness. 
Using 68 to 205 mg/l of lime and 88 to 
154 mg/1 of soda ash. 8D percent removal 
of the following radionuclides may be 
achievable: barium-140, cadmium-115. 

46, niobium-95. strontium-89, and 
yttrium-m. 

Due to the lack of information on 
removal of many of the beta emitting 
radionuclides addressed by this 
proposed regulation, EPA proposes that 
lime softening not be designated as a 
BAT for beta emitters. 

5.  Alpha emitting mdionuclides. In 
order to determine BAT for the removal 
of alpha-emitting radionuclides, the 
Agency required information regarding 
the identity and treatability of those 
radionuclides which occur or may occur 
in potable water supplies (other than 
radium, radon and uranium). Alpha 
emitters identified above that may occur 
in water systems include polonium-210 
(Po-~~O),  thorium 228,230, and 232 (Th- 
228,230.232) and at very low levels. 
plutonium 238,239 and 240 (pu-238.239, 
240). 

EPA summarized available treatment 
data from field studies and from public 
water systems in the document 
'Technologies and Costs for the 
Removal of Alpha Emitters from Potable 
Water Supplies P A .  1891k). EPA has 
found no treatability information on the 
radionuclide thorium, a fact likely due to 
the insolubility of and the difficulties 
associated with measuring this 

d. Lime softening. Lime softening with 

&Onium-95, hltbanUm-14u), Scandium- 

contaminant. Relatively little 
information was available on 
treatability of plutonium in water 
supplies. However, plutonium appears 
to be removed by coagulation and 
filtration technology, particularly where 
the contaminant is associated with 
turbidity in surface waters or with 
colloidal hydroxide particulates. Surface 
water contaminated with trace amounts 
plutonium 239 and 240, such as Loke 
Michigan (fallout derived plutonium) 
and the Savannah River ( d o a t r e a m  
from a nuclear power plant), have been 
treated for industrial and municipal use 
with coagulation/filtration technology. 
Raw Muen t  waters contained 1 to 2 
femtocuries of plutonium per liter of 
water. Removals of plutonium at these 
facilities have been recorded in the 
range of w to 88 percent. The addition 
of carbonates through lime and soda ash 
appears to contribute to the coagulation 
and removal of colloidal plutonium from 
natural surface waters. Plutonium 
removal efficiency was found to 
increase with higher plutonium 
concentrations. Nonetheless, in regard 
to the application of coagulation/ 
filtration for removal of plutonium from 
water, EPA finds that the wide range of 
efficiencies that have been documented 
preclude its designation as a BAT for 
alpha emitters. 

that effectively remove polonium-210 
from drinking water to achieve 
compliance with the gross alpha 
standard. The results of treatability 
studies conducted in Maine on well 
water contaiJling high levels of 
polonium-ZlO are discussed in detail in 
the Cost and Technologies Document 
cited above. In the Maine field study 
conducted over 2 months during 1- 
1991, anion exchange, reverse osmosis, 
and granular activated carbon (GAC) 
were tested. These tests showed (after 
COITIX~~OR of some clogging and fouling 
of the ion exchange and carbon units) 
reverse osmosis with the highest 
removal rates (984?%), and GAC (69- 
93%) and ion exchange (52-83W) 
showing somewhat lower removal rates. 
Water pH may affect polonium removal 
rates for GAC and ion exchange, but 
this has not been documented. 

The Maine treatability studies and the 
Technologies and Cost document form 
the basis for a decision by EPA to 
propose a BAT for remove1 of alpha 
emitters. RO has provided the hi&est 
removal efficiencies and is proposed as 
BAT for alpha emitter removal. 
C. Waste Treatment and Disposal 

The treatment and disposal of waste 
by-products generated by the treatment 

EPA has undertaken to identify BATS 
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procesms increases overall water 
treatment wsb, especially for small 
syetem. However, in eetablishing BAT, 
EPA identifies the treatment and 
diepod technologies that are 
reasonably available for large 
metropolitan regional drinking water 
aysteme [Le., systems which service 

=,m to 7 5 . m  persons). Disposal of 
waetes from treatment for radionuclides 
does not significantly increzae the total 
treatment costs for large systems. 
Several waste disposal t e ~ q u e s  and 
estimates of associated costs are 
identified in Table 11. Technologies and 
costs related to the disposal of the 

granular activated carbon that may in 
some cases be used for radon removal 
have not been determined by EPA. GAC 
is not a BAT for radon removal for 
reasons outlined in section B, part ~ [ c I .  
above. 

. TABLE 11 .-RANGE OF BRINE AND SLUDGE DISPOSAL COSTS IN REMOWAL OF RADIONUCLIDE COWTArVllRlAFsTS ' 
Ccsnts/l,ol#) Galbns of Water Treatsdl 

1 .  (1) I -- 
hnExbrcnga ........................................................................................................... 
RevmTa cromoski ............................................................................................................................. 2-95 

4-110 I 
10-230 

Treatmnl pmcass 

coagul8tionlmbetion ..................................................................................................................... 65380 75-2.80 
srudsa- 

LimasoRerring ................................................................................................................................. 

Liquid wastes, or brines. are 
generated by ion exchange, reverse 
osmosis. and activated alumina. The 
moat economical disposal method for 
concentrated brines is discharge to a 
sanitary sewer. and for reverse osmosis, 
direct discharge of the concentrated 
waste stream to a receiving body of 
water. if these methods are acceptable 
to applicable m a t o r y  agencies and 
meet Clean Water Act requirements for 
direct and indirect discharges to surface 
water. Underground injection may be an 
option, subject to the requirements of 
the Underground Injection Control 
Program. Other possible though more 
expensive alternatives include 
evaporation pond dewatering followed 
by land disposal, and chemical 
precipitation followed by non- 
mechanical drying and land disposal. 
Sludges are generated by coagulation/ 
filtration, greensand filtration, and lime 
softening. The most economical disposal 
method for sludges is discharge to a 
sariitary sewer. Again, this method may 
be restricted by state or local 
requirements and pre-treatment 
requirements under the Clean Water Act 
(see generally 40 CPR part a). An 
alternative option may be non- 
mechanical drying (lagoons or drying 
beds] followed by land disposal. 
Mechanical methods tend to be higher in 
cost, though technically feasible, for all 
sludges. 

SM 1999 0040(02#17-Ju~91- 142 1 A%) 

At the present time there are no 
federal regulations which specifically 
address the disposai of water treatment 
wastes containiug radionuclides. 
However, the selection of waste by- 
product disposal alternatives may be 
determined by federal, state, and local 
regulatory constraints and site specific 
conditions. Regulatory constraints n a y  
include industrial pretreatment 
requirements for sanitary sewer 
discharges (including requirements 
applicable to sewage sludge use and 
disposal under section 4105 of the Clean 
Water Act), requirements under the 
Underground Injection Contra1 (UIC) 
program. RCRA requirements for 
hazardous waste disposal and 
protection of groundwater, and effluent 
limitations and water-quality based 
limits for the discharge of some 
contaminants into local receiving waters 
[groundwaters and surface waters) 
under the NPDES program. Site-specific 
conditions which influence waste 
management inchide the availability of 
sewage disposal, location of disposal 
sites, climatic factors, cost of land, and 
other local or regional factors including 
available manpower and infrastmcture 
characteristics. 

EPAs report entitled "Suggested 
Guidelines for the Disposal of Naturally 
Occurring Radionuclides Generated by 
Drinking Water Trcatment Plants," 
(EPA. 1 m a )  outlines the Agency's 
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understanding of the technical issues 
and the existing regulatory framework 
that may be relevant ?o systems which 
remove naturally-occuning radioactive 
substances from drinking water 
supplies. In this report, EPA 
recommends types of treatment and 
disposal options and institutional 
contruls which would be pertinent for 
sclid and liquid wastes containing 
radioactive contaminants, at various 
ranges of concentration. The report also 
makes recommendations regarding 
radiation in the water treatment plant 
and protection of workers at the plant 
and during waste disposal operations. 
EPA solicits public comment on its 
waste disposal guidance, and waste 
disposal issues in general. 

EPA and others have studied the 
treatment technologies available for the 
removal of radionuclides from drinking 
water and chazacterized some of the 
waste residuals of treatment. These 
studies were conducted on source 
waters naturally high in radioactivity 
and produced data which may be useful 
for the purpose of characterizing solid 
and liquid wastes from the treatment of 
drinking water and for comparison with 
the EPA Suggested Guidelines cited 
above. Table 12 summarizes some data 
that EPA has gathered on water 
treatment wastes contaliing radium and 
uranium. 
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developed for disposal of liquid wastes, 
or brines. which result from the 
treatment of drinking water containing 
radionuclides. These are outlined in 
Table 14. EPA solicits public comment 
on the waste disposal guidance and 
estimated disposal costs. 

Table 13 outlines the options for 
sludge disposal suggested in the EIJA 
guidelines. Notwithstanding these 
suggested guidelines, solid wastes and 
liquid wastes generated by dnnlung 
water treatment plants should be 
disposed of in compliance with Federal, 
State and local requirements, State- 

adopted criteria of 40 CFR part 257. 
which contains RCRA groundwater 
pmtection criteria, and municipal solid 
waste landfill regulations under 40 CFR 
part 258. 

Similarly, from the same EPA report 
cited above, EPA guidelines were 

TAW 1 2 . A U M M A R Y  OF WATER TREATMENT DATA ON WASTES CONTAINING NATURAL RADIONUCLIDES 

bKa Softening ShK@eS ... : _ _ _ _  
Ra-228 ________._......_..____..... 
Re-220 ....._..._..._______.__.__. 

TABLE 13.-DISPOSAL GUIDELINES FCR 

ING FROM DRINKING WATER TREAT- 
MENT PROCESSES ' 
RADIOACTIVE SOLID WASTES RESULT- 

Waste CharaCterktics 

I. sorids/slKlgJ3s 
conta i~ less than3 
pci lg of racwn or 
leed-2tO. or lass Man 
30 @le uranium. 

containing3toM 

pc i l g  uranium. 

II. Widslslw$ges 

pc i l g  of radium or 
iea62tO. or 30 to Mo 

111. S o l i d s l s l ~  
CMltairWlg 50 to 2.000 
Wlg of &rn or 
lead-210, or 500 to 
2.000 W l g  of 
uranium. 

Dsposal option 

sludge should be 
dewatered. and mixed 
in landfill. 

sludge should be 
dewatered. and 
disposed of within a 

Matte and to avoid 
inappopriate usage of 
Me site. 

determination. to 
indude considerabon 
of standards for 
uranium mill tailings 
(40 CFR 192). NARM 
dispossl. and long- 
term instituhbnaJ 
control of d&pQsal 
si(es.RCRA . 
hauvdous waste units 
should also be 
consklered. NRC 
pr~sions may apply. 

stabilhed landtill t0 

TABLE 13.-DISPCSAL GUIDELINES FOF 

ING FROM DRINKING WATER TREAT. 
MENT PROCESSES '--Continued 

RADIOACTIVE SOLID WASTES RESULT. 

IV. sdids/SlUdges 
containing mole than 
2.000 pcirg of natural 
rad-+. 

ShwM be diqmed of in 
a low-level radioactive 
waste disposal fecilii 
operated under the 
previsions Of the 
Atomic Energy Act, as 
mended. or at a 
State or EPA-permitted 
facility fx NARM 
disposal. Uranium 
recovery may be 
possible. NRC 
provisions may apply. 
oept of 
Transportation 
regulations would 
apply. 

Note: Water treatment f e c i l i i  should keep 
rewrdp of Me amount and cornpsitnn of radioac- 
live wastes they generate. end the manner and 
location of w. 

From EPA Suggested Guidelines (EPA. 199Oa). 

TABLE 14.-DISPOSAL GUIDELINES FOR 
RADIOACTIVE LIQUID WASTES GENER- 
ATED BY WATER TREATMENT PLANTS ' 

-sal option 

A. Disposal into surface 
water. 

Requirements (Federal 
ard other) 

(1) Federal, State and 
local discharge limits 
and NPDES permil 
requirements apply. 
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TABLE 14.-DlSPOSAL GUIDELINES FOR 
RADIOACTIVE LIQUID WASTES GENER- 
ATED BY WATER TREATMENT PLANTS '- 
Continued 

Dispod option 

B. Cischarge into 
senm sewers Cd Ra- 
2 2 8 i S l e S S t h a n 4 0 0  
pcill. Ra-228 less 
than 800 pcill. total 
uraniumksthant  
ficill. and y w  total 
dischargelessthan1 
curie). 

e. Disposal of 
radioactive wastes 
through injection we!ls 
(under ccndiins 
consistent with 40 
CFR 144 
classificaMns of 
wells). Shallow 
injcdon banned. 

predpnabn. drying. or 
other treatment 

3. Evaporation. 

'From EPA Suggested 

Requirements (Federal 
and other) 

(1) State limits on 
d W  of 
harardousor 
radioactive wastes. 

(2) Limits on &charge 
of radium and Iwrr.urn 
into sanitmy sewers- 
per NRC standards for 
dischargs by linsees 
(10 CFR 20, pari 303). 

(3) Federal, State. and 
locsl preaeabrmnt 
requirements. 

(1 ) Authornation 01 any 
injxtmn of l i d  
wastes under the 
Underground Injection 
control (UIC) program 
regulatLJns in 40 CFR 
144.6(a)(2). and 
t44.t2(C). 

[ t)  Residual sdds 
should be disposed 
per d i d  warn 
regulations and per 
EPA guidelines for 
water treatment sold 
wastes (EPA. 1990a). 

;uidelines (EPA. 1990a). 

J. Analytic Methods 

or  contaminants for which there are 
VICLGs. "if, in the judgement of the 
idministrator. it is economically and 

The SDWA directs EPA to set an MCL 
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technologically feasible to ascertain the 
level of such contaminants in water in 
public water systems." (SDWA section 
llUn[l][C][ii]). NPDWRs are also to 
"contain[s] criteria and procedures to 
assure a supply of drdung water which 
dependably complies with such 
maximum contaminant levels: including 
quality control and testing procedures to 
insure compliance with such levels." 
(SDWA section 1401[1][D]). The analytic 
methods described and evaluated here 
are the testing procedures FPA 
identified to insure compliance with the 
MCLs. EPA evaluated the availability, 
cost. and the performance of these 
analytical techniques, as  well as the 
ability of laboratories to use these 
methods to measure radionuclide 
contaminants consistently and 
accurateiy in a compliance monitoring 
setting. 

the maximum contaminant level is 
critical to implementing and enforcing 

The reliability of  analytic methods at 

the MCLs. Therefore, each analytical 
method was evaluated for accuracy or 
recovery (lack of bias) and precision 
(good reproducibility over the range of 
MCLs considered). The primary purpose 
of this evaluation is to determine: 

0 Whether analytical methods are 
available to measure the regulated 
radiondide contaminants in drinking 
water; 

0 The ability of recently developed 
analytical method(s) to measure 
radionuclide contaminants in drinking 
water; 

e Reasonable expectations of 
technical performance by analytical 
laboratories conducting routine analysis 
at or near the MCL levels: and 

0 Analytical costs. 
The selection of analytical methods 

for compliance with these regulations 
includes consideration of the following 
factors: 

(a) Reliability (Le., precision/accuracy 
of the analytical results over a range of 
concentrations, including the MCL): 

(b) Specificity in the presence of 
interferences: 

(c) Availability of adequate equipment 
and trained personnel to implement a 
national compliance monitoring program 
(Le., laboratory availability): 

(d) Rapidity of analysis to permit 
routine use: and 

(e) Cost of analysis to water supply 
systems. 
1. Description of analytic methods. 

Analytical methods exist to measure 
each radionuclide contaminant covered 
by today's proposed regulations. Table 
15 lists these analytical methods. FPA 
believes these methods are technically 
sound, economical, and generally 
availahle for radionuclide monitoring, 
and is proposiq their use for monitoring 
to determine compliance wi& the MCLs. 

TAEU 15.-PROPOSED fb&THODOLoGY FOR RADIONUCLIDE CONTAMINANTS 

I I 

I Me- 
contaminant 

N I ? c u l 2 ? / ~ ~ :  
Gms alpha and beta... Evepcrtation ....................... 900.0 
Grws elpha ................... &precipitation ................................ 
Radium 226 .................... Radon Emanation ............. 903.1 

Rediochem ical ................... 903.c 
ReQvm 226 .................... Radiochemical ................... 904.0 

Radon 222 ..................... Lioud Scintillation ............................ 

Uranium .......................... 

MmMad6: 
Radioactive Cesium ._..__ 
Radioactk iodine ........ 
Radioactive Sbontjum 

89.90. . 
Tritium ............................. 

Lucas cell ............................ 
R a d i i  
flwxwnetric 

................... I ....................... 
Alpha .spectrometry ............ 

R-tion ....................... 
?redpitetion ....................... 
Pr~cipitatkm ....................... 

Ra diomsmical.... ................. 
............. Liquid Scintillation I 

I 

............. 
908.0 
908.1 

............. 
901.0 
902.0 
905.0 

............. 
908.0 

Gamma and photon 801.1 Gamnia Ray 
emitters. .spectr-. 

EPA 

W. 1-3 

pp. 16-23 

pp. 24-28 

pp. 4-5 

pp. 29-33 

W. 108-114 
w. 34-40 

EPA 

O0-01 
00-02 
Ra-03 
Ra-05 
Ra-05 

00-07 

Sr-04 
H-02 

Referwrces O & t t d  w Pam Number 

EPA ' 

Pl  

p. 19 

p. 1s' 

p. 33 

1-01 
p. 65 

0. 87 

SM 

7110 B 

750-Ra B 

7500-Ha 
D' 

7500-u B 
7500-u c 

75004s B 
7500-1 B 
7500-9 B 

7500-3H B 

ASTM e 

D 1943-81 

D 3454-86 

D 3972-82 
D 290743 

D 2334-88 

D 2476-81 

D-3648-85 
(87) 

usGs7 I DOE' 

R-11-76 

R-1141-76 

R-1142-76 

R-1180-76 
R-i ian-76 

R-1110-76 

R-11-76 

R-1171-76 

.-u-03 
i-U-04 

I-Cs-01 

:-Si41 

5.2.3 

other 

9 N.Y. 

9 N.Y., 
l o  N.J. 

" 913. 
I =  LS 

12 LC 

I "Prescribed Procedures for Measurement of RadoactMy in Drinking Water,'' EPA Environmental Monitoring and Support Laboratory, Cincinnati. OK (EPA-600/ 

'"InterimR ' 

'Eastem E- Radiabon aaldy. Mon&. AL 36109. "Radiochemical Procedures Manuel." EPA 520/544-OM. August 1984. (EPA. 1984a)O 
4 "R- AdyIiCal Procedures fa Analyss of Environmental Samples." EMSL-LV-053%17. March 1979. (EPA. 1979b) ' "Standard Memods fcr mS Examination of Water and Wastewater." 17th M n .  A m  Public Health Asscciation. American Water Works Association. Water 

1989 Annual Book Of ASTM Standards Vd. 11.02 American sod for Testing and Materials 1916 Race Street. Philadel hia P a  19103. (ASTM 1989) 
Methods for Determination of Radioact& Su& in Water and%n.ial Sediments," Book 5.'1989. Techniques of Water-k&urces lnvestigationi of the 

United Stales Geolopcal Survey. m e r  A5. (USGS. 1989) 
a E r r v i r o n m  Msasurements Labofat 
*"DetWmination of l * W a  end zV3a%a-02). R a d i i o g M  Sci&s Institute Center fw Resoarch-New Yodr State Department of Hea6h. January 1980 

(Revised Juna 1982). (NY State DOH. 1982) 
l o  "Determination of, Radium 228 in Drinking Water." Stale of New Jersey-Department of Environmental Protection-Drisicn of Environmental Quality-Bureau 

of Radiation and I 
1 1   leth hod ~IZKZ- in drin%water by r i  scintillation.*pironmental Monitoriy end smm Laboratory. Las Vegas. NV. (EPA. 199iq) '* AppenQc 0. Ana)ytical Test ocedure. The Determinabon of Radon in Drinhng Water." p. 22. Two Test Procedures for Radon in Drinking Water. 

Inter(abora1ay Collaborative Stucty. EPA/600/2-87/082. March 1987. (EPA. 1987e) 

4-80-032. August 1880. (EPk 1880) 
M Y  f? Drinking Water" EPA-600/4-75424. March 1976. (EPA 1976) 

Pollution W d  Federation. 1989. (APHA, 1989) 

US. Deparmenl of Energy "EML PROCEDURES MANUAL, 27th edition." (WE. 1990) 

Ady tka l  Services. August 1990. (W DEO. 19K! 

EPA believes that the analytical for radionuclide monitoring. Many of the 
listed analytical methods have been 
used for a number of years in water 

analyses under the Interim Drinking 
Water Regulations (see 40 CFR part 141, 
subpart C) and in determining 

methods listed in Table 15 are 
technically and economically available 
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compliance with the current MCLe (see 
40 (2% part 141. subpart B). EPA has 
updated the original references to the 
most recent editions of the manuals and 
references, when applicable, i.e., EPA, 
Standard Methods (SM), American 
Society for Testing Materials (ASTM), 
United States Geological Siwey (USGS) 
and Department of Iinergy (DOE). 
Several more recently developed 
methods are also listed. In addition, EPA 
Method 809, “Determination of Lead-210 
in Dnnlung Water” would bs  used for 
the unregulated contaminant monitorim 

activity, Radium-226, Radon-222 and 
Uranium+Alpha Counting Method- 
Alpha particles anicharacterized by an 
intense loss of energy in passing through 
matter. This intense loss of energy is 
used in differentiating alpha 
radioactivity from other types by the 
dense ionization or intense scintillation 
it produces. Alpha counting methods, 
which measure alpha radioactivity, are 
applicable in the determination of gross 

for iead-210 @PA, 1982). 
The reliability of these methods has 

been demonstrated by a history of many 
yearn’ use by state, federal and private 
laboratories. Most of the methods above 
have undergone an interlaboratory 
collaborative study (multilaboratory 
tested). with the remainder being 
subjected to single laboratory tests. The 
majority of the validation studies were 
EPA performed or sponsored. Those 
validations performed by accredited 
standard bodies. i.e., SM, ASTM, etc. 
were reviewed by EPA personnel and 
determined to be acceptable. The N.Y. 
method for radium 226 and 228 had 
“limited approval”. previous to the 
discontinuation of alternate test 
procedures (ATPS) in the drvllcrng water 
program. The N.J. method fer radium 228 
is currently under review. EPA requests 
comments on whether these techniques 
should be considered available for 
purposes of this propossd rule. 

Below is a brief description of the 
proposed radionuclide techniques listed 
in Table 15. Analysis genzrally requires 
some sample preparation followed by 
counting by one of several methods. 
Radiation counting instruments include 
various types of gas-flow proportional 
counters. scintillation cells and 
scintillation counters that are rcuitable 
for m e a s h g  alpha- or beta-emitting 
radionuclides, and sodium iodide or 
germanium detectors coupled to 
multichannel analyzers are available for 
gamma spectrometry. General 
description of the different basic 
counting methods are presented, 
followed by brief discussions of the 
methods specific for each analyte. 
Copies of the complete methods are 
available in the Drinking Water Docket. 
as  well as in several published reference 
manuals. EPA refers readers to the 
references for information on precision. 
accuracy, counting efficiency, 
background determination, sample and 
source preparations, interferences and 
calibration information on the proposed 
analytical methods. 

a. Counting methods. i. Alpha Emitting 
Radionuclides [Gross alpha particle 

” 

alpha particle activity, radium-26,- 
radon-222 and uranium. Alpha 
radioactivity can be measured. after 
various sample preparations, by one of 
several types of detectors in 
combination with appropriate electronic 
components. The techniques for 
measuring the alpha emitters use gas- 
flow proportional counters, scintillation 
cell systems and liquid scintillation 
counters. in conjunction with electronic 
components such as high voltage power 
supplies, preamplifiers. amplifiers, 
scalers and recording devices. 
Additional techniques using fluorometry 
and alphaspectrophotometric techniques 
are being proposed for uranium 
analysis. 

Proportional Counting. In proportionel 
counting, alpha particles are introduced 
to the sensitive region of a proportional 
counter and produce ionization of the 
counting gas. The electrons are 
accelerated towards the anode, 
producing secondary ionization and 
developing a large voltage pulse by gns 
amplification. The total ionization is 
proportional to the primary ionization 
produced by the alpha particle. 
Electronic voltage discrimination allows 
for differentiation of alpha particles 
from beta particles. 

Scintillation Counting. In scintillation 
counting, the alpha particle transfers 
en9rgy to a scintillator disk, such as zinc 
sulfide. which is enclosed within a light- 
tight container. The transfer of e n e m  to 
the scintillator disk results in the 
production of light at a wavelength 
characteristic to the scintillator, and 
with an intensity proportional to the 
energy transmitted from the alpha 
particle. The scintillator disk is placed 
next to the sample and on the face of the 
photomu!tiplier tube. The light from the 
scintillator strikes the photocathode 
producing electrons, which are emitted 
at  levels proportiona! to the intensity of 
the light. The photoelectrons are 
amplified by the multiplier phototube 
and a voltage pulse is produced at the 
anode for measurement. An electronic 
scaler (counter) records the individual 
pulses which are proportional to the 
number of alpha particles striking the 
scintillation detector. 

A scintillation ceil system for radon 
gas counting performs alpha particle 
counting us@ the principles of 
scintillation counting as described 
above. The exceptions are that a 
scintillation flask (“Lucas Call”, a 
125 ml metal cup coated on the inside 
with zinc sulfide and having a 
transparent window) replaces the 
scintillation disk in the apparatus. A 
counting system compatible with the 
scintillation flask is incorporated. The 
scintillation cell system is used for the 
specific measurement of radon. Radium- 
226 can also be measured by Lucas Cell 
counting of its radon-222 progeny. 

Direct, low volume liquid scintillation 
(liquid scintillation) counting of alpha 
emitters with a commercially available 
insbument is also employed in the 
proposed methods. A liquid scintillator 
or organic phosphor is combined in an 
appropriate mineral oil or other organic 
base scintillator “cocktail” with the 
water sample. Mixing achieves a 
uniform dispersion before counting. This 
replaces the planchet or disk 
preparation that occurs before the 
counting step in the scintillation 
technique. 

Analyses performed using a 
fluorome:er require sample preparation 
as mentioned above. Fluorometry is 
used in one of the procedures for 
uranium in this proposal. The 
fluorometer measures the fluorescence 
of the uranium from the sample that is 
exposed to ultra violet light from the 
instrument. The response to this 
excitation is p:oportional to the 
concentration cf the analyte in the 
sample. 

Alpha spectroscopy involves 
identifying specific alpha isotopes by 
converting tke kinetic energy of an 
alpha particle to a charge pulse whose 
magnitude is proportional to the alpha 
particle energy absorbed by the 
detector. The pulse is routed to a 
multichannel analyzer where energy 
discrimination can be performed. This 
alpha spectrometer is employed in some 
of the techniques for the measurement of 
uranium. 

ii. Beta Emitting Radionuclides (Gross 
beta particle activity, Radium-228, 
Cesium-134 and -137, Iodine-131, 
Strontium-89 and -90 and Tritium)-Beta 
Counting Methods: The large difference 
in the specific ionizaticn energy 
produced by +ha and beta particles 
permit? pulse discrimination between 
theso radiations to allow for 
identification. Beta particles are 
characterized as iast electrons emitted 
by radioactive nuclei. The beta particles 
from a pa:ticular radioactive element 
are not all emitted with the same energy 
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but with energies ranging from zero up 
to a maximum value which is 
characteristic of ?he nuclide. This fact 
makes it extremely difficult to 
differentiate among beta emitters by 
energy discrimination. 

Beta counting methods, which 
measure beta radioactivity, use one of 
several types of instruments (counters) 
that consist of a detector and an 
amplifier, power supply. and scaler, etc. 
As in alpha counting, there are various 
sample preparations or chemical 
separations necessary prior to counting. 
The most widely used instruments are 
proportional counters. but scintillation 
systems are also used. These counting 
techniques are applicable for the 
measurement cf beta radioactivity by 
using beta emitthg standards for 
calibration and determination of 
counting efficiency in the analyses. 

iii. Gamma and Photon Emitting 
Radionuclides-Gamma Counting 
Method: Gamma rays are high energy 
photons with discrete energies that are a 
penetrating form of radiation. This 
characteristic can be used to measure 
samples of any form, as long as 
calibration standards of the same form 
are available and are countea using the 
same geometry. Individual calibration 
standards are used for identifying and 
quantrfylng contributing gamma emitting 
radionuclides using gamma counting or 
gamma spectrometry. Gamma counting 
is perfarmed using solid detectors (NaI 
or germanium). as opposed to gas-filled 
detectors. 

In gamma-ray analysis or counting, 
the detectors produce light photons 
(scintillations) or electron-hole pairs 
that are amplified into electrical pulses 
within the counting system. These 
output pulses, which are directly 
proportional to the amount of energy 
produced, are counted using B scaler or 
analyzed by pulse height to produce a 
gamma-ray spectrum, depending on the 
detector employed. The use of a 
multichannel analyzer allows for energy 
discrimination and the identification 
and quantification of the individual 
nuclides. 

b. Specific analytic methods-i. Gmss 
alpha andgmss beto activity. The gross 
alpha and gross beta activity methods 
are the simplest of radioanalytic 
methods. A portion of the water sample 
is simply evaporated to dryness on a 
planchet, which is then counted for 
alpha and beta activities. The different 
types of alpha and beta counting 
equipment used was described above. 
The co-precipitation method, usually 
applicable for gross alpha analysis. adds 
one chemical separation step before 
counting to reduce the total solids 
present. thereby reducing self 
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absorption and improving countiq 
efficiency. It also allows for the use of 
larger semples for greater sensitivity. 

compliance with the MCLs. these 
methods would be used as screening 
procedures to determine if additional 
analyses for the specific radionuclides 
are necessary. if the appropriete 
standard is used for calibration. Gross 
alpha measurement would be used as a 
screen for radium 228 and uranium, and 
gross beta would be used as a screen for 
radium 228. If gross alpha methods are 
to be used for screening for radium 228 
and uranium c:irnl liance. the labs 
however, woud be required to calibrate 
the counter for uranium. Laboratories 
would also be required to generate 
standard curves for their counters 
showing the change in counting 
efficiency versus the total solids in the 
water sample (for both radium and 
uranium), and use these curves to 
correct for lower countiqg efficiencies 
found with high solids samples. If these 
corrections are not made, gross alpha 
measurements would not be considered 
a valid screen for radium 226 and 
uranium for determining compliance 
with the MCLs. Valid gross beta 
measurements can be made with Wyaters 
having a much larger dissolved solids 
content than for alpha emitters. In beta 
counting efficiency does nct change 
appreciably with solids in water 
samples but generation of self 
absorption curves is atill required. EPA 
recommends uRe of strontium %) for the 
beta screen for redium 228. The gross 
alpha screen would no longer be used to 
screen for the presence of radium 228 as 
in the current interim monitoring 
requirements, as radium 228 is a beta 
emitter and alpha screening could no: be 
expected to reliably serve as a screen. 

The Agency believes that a pure alpha 
particle emitter Le., thorium 230 should 
be used as a standard for calibration for 
gross alpha activity. Past use of 
americium-241 tended to bias analytic 
results low due to the over estimate of 
counting efficiency because of its higher 
energy alpha particle. Cesium 137 is 
recommended for calibrating the gross 
beta screen. 

A co-precipitation method for grow 
alpha activity has also been included. 
This method was reviewed and 
evaluated in the report, "Test Procedure 
for Gross Alpha Particle Activity in 
Drinking Water" (EPA, 1985~). Water 
samples that have high dissolved solids 
(>W mg/lJ, are likely to have high self 
absorption of alpha particles which 
reduces the sensitivity of the 
measurement. When high solids are 
present, the Agency recommends use of 
the coprecipitation method. 

In addition to being used to deternine 
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ii. Radon. FPA is proposing two 
methods for measurement c f  radon in 
weter. These are direct low volume 
liquid scintillation ccrunting, and by 
radon de-emanation from the sample 
into a Lucas Cell chamber for counting. 
These two me&ods are described in the 
report "Two Test Procedures for Radon 
in Drir ihg  Water. Interleboratory 
Collaborative Study" (EPA, 1987~). EPA 
has slightly modified the fiquid 
scintillation procedure described in that 
report and proposes to establish this 
revised method as EPA Method 913. 

scintillation measurement of radon, a 
smali volume of water (about 10 ml) is 
placed in a vial with a scintillation 
solution (mineral oil), mixed, and the 
vial placed in a liquid scintillation 
counter. Counting time can range up to 
1 0  minutes or more, depending on the 
amount of radon in the sample end the 
desired precision of analysis. 
Companies using liquid Scintillation 
counting report that they can analyze 
S 2 0 0  samples daily P A ,  1989e; IWj). 

In using the Lucas Cell method, radon- 
free helium or aged air (to allow the 
radon present to decay out) is bubbled 
through a water sample in a bubbling 
apparatus into an evacuated 
scintillation chamber. After equilibrium 
is reached (3 to 4 hours), this chamber is 
placed in a counter and the scintillations 
are counted through its window. This 
method generally allows measurement 
of iower level of radon than does low 
voiume direct liqcid Ecintillation. 
However, this is a method that is 
difficult to use. requiring specialized 
glassware and skilled technicians. Most 
laboratories that currently measure 
radon use liquid scintiilation. and few 
have the equipment :o perform Lucas 
Cell counting. Estimated start-:ip cost to 
obtain Lucas Cell equipment would be 
about $35,0(#) (to do 3 0 4 O  samples 
daily), plus technician trcining (EPA. 
1989d). Also, a variant of the Lucas Cell 
method, requiring the same equipment 
and skills, can be used to measure 
radium 226 (because radon 222 is the 
first daughter of radium 226). The 
widespread use of Lucas Cells for radon 
analysis would make the method less 
avai!able for radium 226 analyses. These 
factors limit use of the Lucas Cell 
method on a large scde for radon 
measurement, and EPA believes it is not 
appropriste as the sole basis for 
compliance monitorira for radon in 
water. FPA includes it h e x  as an 
adjunct to the liquid scintillation 
method; the Lucas Cell method would be 
allowed to be used for radon 
measurement, but could not be relied on 
to support a national sampling program 

In direct, low volume liquid 

I 



for radon ifi water. EPA believes only 
liquid schtillation would allow accurate 
analysis of the large number of samples 
required nation wide by these pxposed 
regulations. 

iii. Radium. Several methods are 
available for the specific analysis of 
radium 226 and 228 as  listed in table 15. 
Most nf the methods in the interim 
regulations for radium analyses are 
technique dependent and time-intensive. 
Some of the other methods listed appear 
to be improvements over the existing 
approved methods. For example, co- 
precipitation steps are employed in 
methods for both radium 226 and 228 to 
purify the sample and reduce 
interferences. 

Analysis of radium 226 by radon 
emanation requires allowing the radium 
226 to decay to radon (to equilibrium] in 
the water sample, bubbling radon-free 
helium gas through the water into an 
evacuated Lucas Celi counting chamber, 
and then counting the chamber. While 
this method can produce good precision 
and accuracy at  relatively low radium 
226 levels, it is as noted above, time 
consuming and requires special 
equipnent and specially trained lab 
techni::ians. These factors may limit its 
use on a large scale. EPA believes this 
is. however, one of several appropriate 
methods for radium 226. Appropriately 
conducted gross alpha screens should 
eliminate the need for specific radium 
226 analyses in many cases. 

analyzed using fluorometric (mass] or 
radiochemical methods, or using alpha 

iv. Uranium. Uranium can be 

spectrometry. The fluorometric method 
measures the mass of total uranium 
present in the sample. Because EPA is 
proposing an MCL expressed in mass 
units, this is the preferred method. 

However, should the final MCL be an 
activity standard, the results of 
fluorometric analysis may be converted 
to an activity level wing the conversion 
factor 1.3 pCi/pg. This conversion factor 
is based on evaluation of the relative 
occurrence of t\e different radioisotopes 
of uranium in water samples. This value 
is somewhat different from uranium 
naturally occurring in soil, which has an 
estimated conversion factor of 0.68 pCi/ 
pg. The need for conversion from mass 
to activity following analysis. and the 
potential for variability in the 
conversion factor would be a weakness 
of the fluorometric method in 
determining compliance with an activity 
MCL for uranium. EPA solicits public 
comment on the advisability of 
continuing to allow use of this method io 
measure uranium activity levels. 

The radiochemical method for 
uranium involves chemical separation of 
uranium followed by counting in an 
alpha counter. as described below. 
Uranium is specifically precipitated 
from the sample and the sample is then 
counted. In addition, uranium may be 
measured by alpha spectrometry which 
allows for the determination of 
individual isotopes of uranium arid the 
calculation of the total mass of uranium 
present. These aforementioned methods 
may be found to be more expensive to 
perform than the fluorometric method, 

however EPA believes that the results 
will be more reliable. 

c. Sample Collection, handling and 
preservation. In order to ensure that 
samples amving at  laboratories for 
analysis are in good condition. EPA is 
proposing requirements for sample 
collection, handling and preservation, as 
described in table 16. For radium, 
uranium and gross alpha and gross beta 
analysis, sample collection should be 
performed as for inorganic contaminant 
monitoring as described in WAS 
"Manual for the Certification of 
Laboratories Analyzing Drinking Water" 
(EPA, 1990b). 

For radon, because it is a volatile gas. 
special attention to sample collection is 
required. Either the VOC sample 
collection method, or oae of the methods 
described in "Two Test Procedures for 
Radon in Drinking Water, 
Interlaboratory Collaborative Study" 
(EPA, 1987e) should be used. In addition, 
because plastics can absorb radon, glass 
bottles with teflon lined caps must be 
used. Finally, EPAs assessment of 
laboratory performance is premised on 
analysis of samples no longer than 4 
days after collection. Laboratories 
unabie to comply with this holding time 
maximum may have difficulty 
performing within the estimated 
precision and accuracy bounds. EPA 
solicits peblic comment on the proposed 
sample collection procedures for radon 
in drinking water, including any 
available data on radon loss from water 
samples during collection by different 
methods. 

TABLE 16.-sAMPLING HANDLING, PRESERVATION, HOLDING TIMES 

Parameter Preservative Contained 2 
I Maximum 

holding time 

Gross alpha .............................................. Cam. HCI or HNO, to pH <2 P or G 6 months. 
....... Conc. HCI or HNO, to pH <2 
....... Cow. HCI or HNO, to pH <2 
....... Cow. HCI or HNO, io pH <2 
....... cool4'C ................................... 
....... Conc. HCI or HNO, to pH <2 

Conc. H a  to pH <2 ................ 

....................................... ................................................................................... 

.......................................... Glass ......... 
Photon emam ....... Corn. HCI or HNO, to pH <2 

~~ 

(Allexcept radwc2?2 samples). It is r-mended that the preservative be added to the sample at the time of "l!eC%on unless suspended solis a c w  is to 
be measured. However. rf the sample must be shipped to a laboralmy or storage area, andf ibon of the sample (In rts onglnal contarner) m y  be d6layed for a 
peid nd to exceed 5 days. A minimum of 16 hours must elapse beween acidification and analysis. 

J HMirq ti& is defined as the period from time of sampling to time of analysis. In all cases. m p l e s  should, be analyzed as soon  after COll+n as possible. 
If H a  19 used to a d d i  samples which are to be analyzed for gross alpha or gross beta activities. the acld salts mud be converted to nltrate d t S  befOf0 

procedure of a -p""" pressure colleclion in 60.ml glass tetnes is to be followed. This procedure is described in appendix C. NlRS Sempling 

' P  = Pl& hardor Soft G = Glass hard w S ~ K  

transfer of the samples to plaochets. 

Radon. p. 26. wo Test Procedures For Radon In Drinking Water, lnterlabotatmy Collaborative Study, (EPA. 197Be). 

2. Cost ofperforming anoiyses. The 
actual costs of performing analysis may 
vary with laboratory, analytical 
technique se!ected, the total number of 

samples analyzed by a lab, and by other 
factors. Table 17 lists the approximate 
costs for analyses of drinking water 
samples for radionuclides. These cost 

data, recently assembled. are 
preliminary and may be different in 
practice for the following reasons: [a] 
For some analytes. few commercial 
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laboratories exist to help define costs:. 
(b) as  the number of experienced 
laboratories increases, the costs can be 
expected to decrease: (c) analytical 
costs are determined, to some extent, by 
the quality control efforts and quality 
assurance programs adhered to by the 
analytical laboratory: (d) per-sample 
costs are influenced by the number of 
samples analyzed per unit time. EPA 
solicits comments on its cost estimates 
from laboratories experienced in 
performing these analyses. 

TABE 1 'I.-ESTiMATED COST OF 
ANALYSES FOR RADIONUCLIDES 

Redium226 .................................................. 
Redk~n-228 .................................................. 

Gmss beta eminers ......... 
Radioactive Cesium .......... : .......................... 
Radioactive lodine ....... 
Ra&aclive Strontium. 
Total. 89 and 80 .......... 
Gamma emitters .......................................... 

Appro* 
mate cost 

for 

drinang 
water 

T 

585 
100 
45 

125 
50 
35 
35 

100 
100 
105 

50 
110 

Sarrce: (EP4 1991m) 
Note: Eshinated cans are 00 a per-sample basis; 

ardysis of multiple samples may have bwer cost 

3. Method detection limits and 
p m ~  tical quantitotion levels. Method 
detection limits (MDLs) and practical 
quantitation levels (PQLs) are two 
performance measures used by EPA to 
estimate the limits of performance of 
analytic chemistry methods for 
measuring contaminants in drinking 
water. An MDL is the lowest level of a 
contaminant that can be measured by a 
specific method under idcal research 
conditions. A PQL is the level at which a 
contaminant can be ascertained with 
specified methods on a routine basis, 
(such as compliance monitoring) by well 
managed laboratories, and within 
specified precision and accuracy limits. 
The proposed PQLs for the 
radionuclides are listed in Table 18 
below (EPA. 199lr). 

EPA considers PQLa in evaluating 
aiternatives for the MCL. Consideration 
of the PQL is especially important for 
those contaminants for which EPA is 
proposing MCLGs at zero. The 
feasibility of implementing an MCL at a 
particular level is in part determined by 
the ability of analytical methods to 
ascertain contaminant levels with 
sufficient precision and accuracy at or 
near the MCL. 
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EPA usually defines' the method 
detection limit (h4DL) as the minimum 
concentration of a substance that can be 
measured and reported with 99 percent 
confidence that the true value is greater 
than zero. The tern MDL is used 
interchangeably with minimum 
detectable activity (MDA) in 
radionuclide analysis, and is defined as 
that amount of activity which in the 
same counting time, gives a count which 
is different from the background count 
by three times the standard deviation of 
the backgmund count. Identifying an 
MDL concentration is limited by the fact 
that MDLs (MDAs) are specific to the 
performance of a given measurement 
system, and vary from system to system. 

The concept of MDL i3 different for 
radionuclide measurement than for non- 
radioactive chemicals. Because counting 
times can be expanded to days or even 
weeks or longer in a research setting. 
very sma!l differences from background 
can theoretically be detected dependmg 
on research needs. These extremely long 
counting times are unrealistic for 
compliance monitoring for drinking 
water. EPA has sometimes set 
laboratory performance expectations at  
a level 5 to 10 times the MDL. However, 
MDLs (MDAs) are not necessarily 
reproducible on a routhe basis in a 
given laboratory, even when the same 
analytical procedures, instrumentation 
and sample matrix are used. EPA has 
therefore relied on actual performance 
data generated in Performance 
Evaluation and other studies in setting 
standard!: for laboratory performance 
for radirnuclide monitoring. 

evaluation of the results of 
interlaboratory studies, such as 
performance evaluation (PE) studies. In 
these studies. prepared samples of 
known concentration are distributed for 
analysis to participating labs as  
unknowns. The results of the analyses 
by the participants are compared with 
the known value and with each other to 
estimate the precision and accuracy of 
both the methods used and the lab's 
proficiency in using the method. (See 54 
FR 220624. May 22,1989; 52 FR 25699. 
July 8,1987; and 50 FR 48908. November 
13,1985 for further discussions on MOLs 
and the concept of PQLs.) MDLs (MDA) 
are lower than PQLs since the MDL 
represents the lowest level at which 
there is 99% confidence that the true 
value is greater than zero, while the PQL 
represents the level that can be 
ascertained under practical and routine 
laboratory conditions. The measurement 
cf radioactivity becomes limited at low 
concentrations and small sample sizes 
due to the random nature of radioactive 

The PQL is determined through 

decay and the resulting theoretical 
counting uncertainty. The counting 
uncertainty is the major contribution to 
the overall uncertainty. This uncertainty 
must be calculated and added to the 
result and other uncertainties to 
determine whether or not the analysis 
has demonstrated compliance P A ,  
1mr; lsssa). 

The method for estimating the PQLs 
for radionucEdes is based on the same 
criteria as that used for organic and 
inorganic compounds and kcorporates. 
through the methodology, the counting 
time and background activity in esch 
laboratory. The PQLs for radionuclides 
are estimated based on results from 
EPA's Water Supply Performance 
Evaluation and Intercomparison Cross 
Check Studies for radionuclides with the 
exception of radon, for which no PE or 
cross check data were available. These 
studies are conducted as a part of EPA's 
laboratory certification program by 
EPAs Ewironmental Measurement 
Systems Saboratory in Las Vegas. A 
number of laboratories, ranging from 80 
to 140 depending on the analyte. have 
participated annually and biannually, 
respectively, in the PE and cross check 
studies. There are approximately one 
hundred certified laboratories nationally 
that have the capability to conduct 
analyses for the radionuclides currently 
regulated (Ra-226 and 228, gross a and 
gross B. and also uranium). PE studies 
were used to estimate PQLs primarily 
because they are good indicators of 
laboratory performance. The fact that 
they are blind samples eliminates 
possible biases. The intercomparison 
studies cross check study data served as 
an alternative source of data as well as 
a means of verifying laboratory 
performance. 

standardized analytic method. nor a 
calibration standard for radon, no PE 
studies were done on radon. Both a 
standard method and calibration 
standard have now been developed and 
EPA plans to include radon in future PE 
studies. In the interim, EPA relied on 
two data sources for estimating 
performance of the available radon 
methods. One study was the report 
"Two Test Procedures for Radon in 
Drinking Water, Interlaboratory 
Collaborative Study" (EPA, 1987e), 
which evaluated performance of the 
radon methods down to 10@l pCi/l. 
Because EPA wanted to consider MCL 
alternatives lower than this, additional 
data on radon measurement was 
generated by EPA. Radon samples. 
supported by radium 226 bound to a 
resin, as low as 100 pCi/l were tested by 
12 labs using liquid scintillation and 4 

Because until recently there was riot a 

00084"tP 
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labs using Lucas Cells, and these data 
were used to evaluate performance of 
the methods and estimate the PQL P A ,  
199ln: 1991r). EPA considere the radon 
data to be a limited basis for deriving a 
PQL and solicits additional information 
on radon analysis. 

The PQLa for the radiocuclides were 
derived applying a procedure described 
in 5OFR 48808. Nov. 13,1985 and 54 FR 
22100, May 22,2389. Data from all 
reporting laboratories of Performance 
Evahations A and B. 1983-1990 @PA. 
19Qlr). which include EPA and State 
laboratories, were used for radium. 
uranium, gross alpha and gross beta. For 
radon, data irom the two studies 
described above were used. The PQL 
procedure generates acceptance limits 
that are set around a "true" value. Using 
the procedure described in these 
notices, the PQLs for all radionuclide 
contaminants were set at a 
concentration where it was estimated 
that at leapt 75 percent of all reporting 
laboratories are within the specified 
acceptance ranges. 

The radon PQL required some special 
considerations. Because of the practical 
considerations involved in analyzing a 
radioisotope with a short half life (3.8 
days), EPA has made allowance for 
transport time from the water supply to 
the laboratory in setting the PQL. EPA 
has premised its PQL on samples being 
analyzed no longer than 4 days after 
collection; mail delays could reduce 
accuracy for low level samples. The 
sample collection date and time would 
be required on all samples collected, 
and will be used by the laboratory in 
calculating radon levels present at  the 
time of collection. This assumption, 
along with the fact that the radon PQL 
was based on more limited data than 
the other radionuclides PQLs makes it 
more uncertain than the other PQL 
values. If the PQL were premised on an 
8 day time frame from collection to 
analysis (to make greater allowance for 
mail delays or back-ups in laboratories), 
the PQL could be 500 pCi/l. Similarly, if 
the counting time were increased 
(beyond the proposed 100 minutes), a 
value somewhat lower than 3C4 pCi/l 
might be achievable as the PQL. 
Similarly, should 10  minute counts 
prove infeasible. a higher PQL may need 
to be set. EPA solicits public comment 
on these issues related to the radon 
PQL. 

Different PQL values couid also be 
established using different acceptance 
limits. At an acceptance limit of f209b, 
for example, the radon PQL would be 
about 500 pCi/l: at acceptance limits of 
f40W the PQL would be 20 pCi/l. In 
choosing an accep:ance limit of f30% 
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and PQL of 3(#) pCi/l, EPA considered 
the likely reliability of the overall 
compliance monitoring program. the 
number of systems that would have 
measurements within the error range, 
and the risks of radon. With an error 
band of f4096, and a PQL of 20 pCi/l. 
approximately I%(##) of the estimated 
33,000 systems affected would fall 
within the error band and would have 
potentially unclear compliance status, 
potentially resulting in requests for re- 
testing and additional burdens on states 
to determine and achieve compliance. 
When EPA chose a f40W acceptance 
h i t  for the vinyl chloride regulation, 
only a few hundred systems were 
expected to exceed the MCL; care could 
be taken to accurately determine 
compliance status if it were in doubt. 
With a *:3046 error band for radon at 
3w) pCi/l, only 5(##) to 7000 systems 
would have potentially unclear 
compliance status because of data 
uncertainty. While this number would 
decrease with an even narrower e r o r  
band, the individual lifetime risks would 
be higher. Therefore, on balance, EPA is 
proposing to set the PQL at 300 pCi/l. 

EPA recognizes that some laboratories 
may be able to achieve better 
performance than fm at 3 0  pCi/l. 
Lowry (1891) very recently published a 
study indicating that radon could be 
measured using liquid scintillation 
counting at  300 pCi/l with an overall 
error of less than *lo%. assuming 4 
days from sample collection to analysis. 
EPA is reviewing this study to identify 
potential improvements in its cwn 
procedures for measuring radon by LSC. 
However, EPA does not now believe 
most laboratories will be capable of the 
levels of precioion and accuracy 
achieved by Lowry. EPA will soon 
conduct a series of performance 
evaluation studies on radon analysis to 
better gauge performance levels and to 
develop a data set on which to base lab 
certification determinations when the 
regulations are final. In addition, Vitz 
(1991) recently published a paper 
evaluating the effect of several different 
variables on error in meamrements. 
including the effect of the type of 
scintillation cocktail used. the type of 
vials and standardization procedure 
used. and temperature control and 
instrument settings. Vitz also 
commented on sampling procedures. 
Vitz (1991) overall reported that radon 
levels of 2(-\0 pCi/l may be measured 
with 2046 precision using a 20 minute 
count, if all parameters are optimized. 
EPA is reviewing this report to identify 
improvements in its proposed radon 
method, EPA Method 913. 
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EPA solicits public comment on these 
issues, and will continue to collect and 
evaluate additional data to refine and 
better substantiate the proposed PQL 
and the constraints on regulation 
imposed by limits on analytic methods. 
EPA specifically requests comment on 
information supporting PqLs higher than 
the proposed PQL (such as 500 pCi/l). 
and information supporting a lower PQL 
than that proposed. such as 200 pCi/l. 

Public comments are requested on the 
approach used to determine the PQLs 
for radionuclide contaminants, on the 
proposed PQLs for these contaminants. 
and information ie sought on any new 
developments in methodology for the 
radionuclide contaminants that may be 
used to support development of these 
regulations. EF'A also solicits public 
comment on t5e usefulness of PQLs in 
setting standards. and the 
appropriateness of alternative methods 
for accounting for analytic methods 
limitations in setting standards. 

TABLE 1  PRACTICAL QUAWI-ITATIOM 
LEVELS (PQLS) FOR RADIONUCLIDE 
CONTAMINANTS 

wL 
w/o contaminant 

Radium-226 ....................... 

........................... 
ers .................................... 

....................... 

5 
5 
5 

300 
15 
30 

10 
10 
20 

5 
5 

1 ZWJ 

(EPA. 1891r) 

E. Laboratory Approval and 
Certification 
1. Background. The ultimate 

effectiveness of the proposed 
regulations depends upon the ability of 
laboratories to reliably analyze 
contaminants at  relatively low levels. 
The existing drinking water laboratory 
certification program (LCP) established 
by EPA requires that only certified 
laboratories may analyze compliance 
samples. 

Ex!ernal checks of performance to 
evaluate a laboratory's ability to 
analyze samples for regulated 
contaminants within specific limits is 
the primary means of judging lab 
performance and determining whether 
to grant certification. EPA provides 
performance evaluation samples to 
laboratories on a regular hasis; 



L 

33cM Federal Register / Vol. 58, No. 138 / Thursday, July 18, 1991 / Proposed Rules 
c -  > 

participation in the PE program is 
prerequisite for a laboratory to achieve 
certification and to remain certified for 
analyzing drinkmg water compliance 
samples. Achieving acceptable 
performance in these studies of known 
test samples provides some indication 
that the laboratory is following proper 
practices. Unacceptable performance 
may be indicative of problems that 
could affect the reliability of the 
compliance monitoring data. 

Unacceptable performance on PE 
studies should W e r  an investigation to 
establish the possible cause(s) and to 
take corrective action. EPA recognizes 
that even superior analytical 
laboratories occasionally produce data 
which are outside the acceptance limits 
due to statistical reasons rather than 
from any actual analytical problems. 
EPA has incorporated the criteria of 
using futed acceptance limits around the 
true value to overcome this 
misinterpretation of analytical results. A 
provision for rapid follow-up analysis is 
necessary if a laboratory fails the initial 
determination to decrease the likelihood 
of statistical error and to determine if a 
real problem exists. 

EPAs present PE sample program and 
the approaches to determine laboratory 
performance requirements were 
discussed in 50 FR 48907 [November 13, 
1985). In addition, guidance of minimum 
quality assurance requirements, 
conditions of laboratory inspections and 
other elements of laboratory 
certification requirements for 
laboratories conducting compliance 
monitoring measurements are detailed 
in the Manual for the Certification of 
Laboratories Analyzing I)rinking Water, 
Criteria and Procedures Quality 
Assurance (EPA, Issob). Participation 
by 30 or more laboratories in the 
interlaboratory studies required in the 
LCP demonstrates that laboratory 
capability and capacity for the 
radionuclide analyses necessary to 
support this proposed regulation exists. 

historically been identified by EPA using 
one of two different approaches: (1) 
Regressions from performance of 
preselected laboratories (using 95 
percent confidence limits), or (2) 
specified accuracy requirements. 
Acceptance limits based on specified 
accuracy requirements are developed 
from existing PE study data. EPA was 
able to use fixed acceptance limits for 
all of the contaminants proposed in 
today’s rule because of the availability 
of PE data, with the exception of radon 
in which an interlaboratory 
collaborative study was used. EPA 
would prefer to use the true value 

Acceptable performance has 

approach because it is the better 
indicator of performance and provides 
laboratories with a fixed target. This 
approach requires that each laboratory 
demonstrate its ability to perform within 
predefined limits. Laboratory 
performance is evaluated using a 
constant yardstick independent of 
performance achieved by other 
laboratories participating in the same 
study. A fixed criterion based on a 
percent e m r  around the “true” value 
reflects the experience obtained from 
numerous laboratories and includes 
relationships of the accuracy and 
precision of the measurement to the 
concentration of the analyte. It also 
assumes little or no bias in the 
analytical methods that may result in 
average reporting values different from 
the reference “true” value. This concept 
assures that reported results can be 
related to the percentage of variance 
from the PQL 

contaminants. EPA relied on the data 
generated from the radon 
interlaboratory collaborative study to 
estimate acceptance limits (using the 
approach described in 54 FR 22131- 
22132, May 22,1989). The levels (1W, 
20, and 501) pCi/l in lab samples, 
corresponding to 7m, 400 and Kt00 pCi/l 
in field samples analyzed 4 days after 
collection) used in the study were below 
and above the PQL (300 pCi/l) proposed 
in this regulation, demonstrating the 
participating laboratory’s ability to 
measure at or around the proposed MCL 
(EPA, 199lr). 

Performance data are available for all 
of the other radionuclide contaminants 
at  the levels proposed for regulation 
[EPA, 199lr). The acceptance limits are 
developed using the approach noted 
above, resulting in the specification of a 
“plus or minus percent of true value” for 
setting acceptance limits. The available 
PE data indicate that both the precision 
and accuracy attained for specific 
radionuclide contaminants are 
contaminant specific. The “plus or 
minus percent of the true value” 
acceptance limits have been derived for 
each contaminant taking into 
consideration past performance of the 
laboratories and the expected precision 
and accuracy (EPA, 199lr). 

radionuclides analysis (i.e., background 
counts. counting time, decay) requires 
unique analytical considerations. In 
some cases this may result in a greater 
effort from laboratories to perform 
analyses which meet the proposed 
acceptance limits. The Agency believes 
that these circumstances are to be 
addressed by the individual 

2. Acceptance limits for radionuclide 

EPA believes t!!at the nature of 

laboratories, when executing the 
analyses using the proposed 
methodology. 

The proposed acceptance limits for 
the radionuclide contaminants are . 
summarized in Table 19. The acceptance 
limits ~ n l y  apply to concentrations 
above the PQL. 

TABLE 19.-PROPOSED ACCEFTANCE 
hMlTS 

........ 
uranium natural .............................................. 
Radon-222 ........................................... 

......................... 
....................................... 
................................... 

........................... 

89 ............................. 
93 ........................................... 

Tritium ........................................ 
‘Accaptsnce limits based on 100 minute count 

(EP4 1991r) 

F. Proposed MCLs and Alternatives 
Considered 

of each of the MCLs for the 
contaminants proposed for regulation. 
The first section presents an evaluation 
of radon in water and discusses special 
policy issues EPA considered in 
choosing the MCL to propose for radon. 
This is followed by the derivation of 
MCLs for radium, and uranium which 
are proposed today. This is followed by 
an alternative basis for regulation. the 
lowest technically feasible levels limited 
by affordability to large water suppliers, 
on which EPA requests public comment. 
Finally, proposed MCLs for alpha and 
beta emitters are discussed. 
1. Radon. Regulation of radon in water 

is a complex issue for several reasons. 
In evaluating the various alternatives for 
proposing a radon MCL, EPA considered 
the critical policy question of whether 
radon in water should be regulated like 
other drinking water contaminants, cr 
whether it should be regulated more in 
accord with its importance compared to 
overall radon exposures. In considering 
the radon MCL, EPA reviewed and 
evaluated alternatives over the range of 
200 to 2000 pCi/l. 

The primary health hazard posed by 
radon in water is due to its volatilization 
from water during household water use. 
and enrichment of indoor air radon 
levels. thereby contributing to increased 

The sections below discuss derivation 
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risk of lung cancer. Direct ingestion of 
radon may also pose some risk of 
stomach and other caricers. While on 
average water makes a small 
contribution to indoor air radon [about 
5% for houses served by ground water], 
it is prevalent in drmking water from 
groundwater wells and does contribute 
to the very substantial r i s b  posed by 
radon in the environment overall. 
Because it is a volatile gas. very little 
radon is ex7ected to be found in surface 
water, and no surface water systems are 
anticipated to require treatment. EPA 
estimates that 3O.(wo or more public 
water systems serving 30 million or 
more people may have radon in water at  
levels exceeding an estimated 1x10-' 
risk level (150 pCi/l water]. 

Outdoor background levels of radon 
in air [about 0.1 to 0.5 pCi/l air] present 
estimated life'he lung cancer risks of 
about 1 in I m ,  a risk level above those 
generally accepted in EPA regulatory 
programs. Typical indoor air radon 
levels (1-2 pCi/l air] pose estimated 
lifetime lung cancer risks near 1 in 100. 
Radon is estimated to cause 81##) to 
40,000 (EPA, 198933 lung cancer deaths 
annually, of which about 75-400 may he 
attributed to radon from dnnlung water. 
As discussed in Section IV.C.2 above, 
the SB/RAC is presently reviewing a 
proposed revision of the radon risk 
estimate. which could result in an 
approximate 3046 reduction in these 
estimates. While the average water 
contribution to indoor air radon is small 
relative to the contribution of soil gas 
[for most houses], it does represent a 
substantial estimated number of annual 
cancer cases and in many communities 
poses individual lifetime risks above 
EPAs lifetime cancer risk goal for 
&inking water regulations of 10-4  to 
lo-' [52 FR 25698, July 8,1987). While 
these risk estimates have inherent 
uncertainties, they are no greater here 
than for other contaminants regulated 
by EPA using such a risk assessment 
approach. 

A number of factors were considered 
in deciding on the approach to 
regulating radon. Radon in public water 
systems can be treated centrally rather 
than on a house-by-house basis as is the 
case with radon from soil gas. Radon 
can be removed from drinking water 
efficiently and relatively inexpensively 
(compared with other drinking water 
contaminants and treatments], although 
costs to small systems will be high. 
Also. while EPA has no authority to 
regulate radon in private homes (or 
wells). the Agency is required to 
regulate water delivered to customers 
by public water systems under the 
SDWA. Moreover, the 1988 amendments 
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to the SDWA require EPA to develop an 
MCL for radon. 

Finally, while saving an estimated 57- 
101) cancer cases annually (the 
estimated benefit of regulating radon in 
water in the range of 50 to p a l l ,  
respectively) is a small number 
compared with the estimated 8.OW- 
m,(##) annual cancer cases caused by 
radon exposure P A ,  1989g3, it would 
be a substantial public health benefit 
compared with other d n n k q  water 
regulations and other environmental 
regulation programs administered by 
EPA. For examp!e, regulation of vinyl 
chloride in drinkiq water is estimated 
to avoid 27 cancer cases annually: the 
only other currently regulated individual 
contaminant [out of some 50 standards] 
with more estimated cancer risk avoided 
is ethylene dibromide. with an estimated 
72 cases avoided per year. EPA 
concluded that regulation of radon in 
water constitutes an opportunity to 
achieve 6 substantial public health 
benefit in an area of high environmental 
risk. and to do so at relatively low cost. 

EPA also considered other factors in 
developing its proposed radon MCL, 
includmg the ability to accurately 
measure radon in water and potential 
implementation difficulties. As 
discussed in Sections V.D and E, radon 
poses some challenges in routine 
measurement. Not only is it a volatile 
gas, it also has a short radioactive half- 
life (3.8 days]. This means that samples 
must be carefully collected and 
promptly sent for analysis; analytic 
sensitivity decreases by one half for 
every 3.8 days after collection that the 
sample is analyzed. While the count 
time could in theory be extended to 
compensate for this, the pCi/l PQL is 
premised on a count of 1 0  minutes. 
which P A  believes is at a reasonable 
limit, and that overall, a PQL of 3 0  pCi/ 
1 is at  the reasonable limit of the 
analytic methods, based on available 
data. Should additional data show that 
it is difficult for labs to perform 
consistent analysis at this level with the 
expected precision [due perhaps to long 
transport times], or if data uncertainty 
near this value [i.e. the f3Wb now 
estimated and believed to be 
acceptable] renders the MCL impossible 
to implement, the ?QL could possibly be 
reviewed and revised upward. Similarly, 
should new data show analysis easier at  
low levels than now believed, the PQL 
could be revised downward. The recent 
study by Lowry [ l m ]  indicates that 
some individual labs may achieve better 
performance than the minimum 
requirements proposed here. 

EPA also considered potential 
difficulties in implementing a radon 
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MCL at different levels in !he range of 
to pCi/l. Implementation was 

considered to be a serious issue ody in 
the range of 2004XJ pCi/l. A !arge 
number of PWS would be affected at 
any MCL in the range of 20U to 50 pCi/l. 
but many more systems would be 
affected at  the 20 pCi/l MCL option. 
There are approximately 48.m 
community and W l O O  non-community, 
non-transient public water systems 
served by ground water sources. A! an 
MCL of 200 pCi/l, EPA estimates that 
3 3 . 0  PWSs would be reqaired to take 
action to meet the MCL: at 30 p a l l ,  
26,000 systems would be affected at 5(#3 
p a l l ,  approximately 18,Ow) systems 
would be affected. EPA is particularly 
concerned about these impacts because 
of the overall regulatory burden being 
placed on water suppliers as the 83 
mandated contaminants are regulated. 
For example, 40.0 systems are 
expected to need to treat to meet the 
recently promulgated lead and copper 
regulations. EPA solicits public comment 
on consideration of implementation 
issues in setting MCLs. 

Because radon is a problem o d y  for 
ground water dependent systems, a 
large percentage of the affected systems 
are small (85% serve fewer than 500 
people). w h i l e  beatment for radon is 
inexpensive for larger PWSs [on a per- 
house basis]. smaller systems will have 
more difficulty instatling treatment. 
Also, exemptions are unlikely to be 
available to these systems, as all of the 
options considered are in the I O A 4  risk 
range, which is the proposed limit for 
identifying unreasonable risks to health 
(URTH) posed by driding water 
contamination in the draft document: 
"Guidance for Developing Health 
Criteria for Determining Unreasonable 
Risks to Health" [EPA, 19Wk). EPA also 
recognizes that there would be a 
substantial State burden to implement 
any radon MCL in the 20U to 5O pCi/l 
range, but that it would be greater at the 
lower MCL option. EPA solicits public 
comment on how these considerations 
should be factored into establishing the 
radon MCL. 

EPA considered proposing radon 
MCLs in the range of 20 to 2 0  pCi/l. 
However, 2OfM pCi/l represents an 
estimated risk, and this alternative 
was rejected as inconsistent with the 
SDWA and Agency risk management 
policy. EPA therefore concentrated 
much of its effort on evaluating MCL 
alternatives in the range of 2 0  to 5(#) 
pCi/l. Based on considerations of 
available treatment technologies. cost, 
risk, analytic capabilities and 
implementation concmns, EPA 
determined that 300 pCi/l is the lowest 
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feasible level at which radon can be 
regulated, and proposes to set the MCL 
at this level. 

EPA solicits public comment on this 
proposal, as  well as all the alternatives 
considered. fmm 20 to 2000 pCi/l. In 
par t idar .  comment is sought on 200 
pCi/l as an alternative, in light of new 
studies indicating that radon analysis 
may be improved in the future and the 
greater health benefits at  this level [an 
estimated 20 additional cancer cases 
avoided annually), and also on 5@~3 pCi/l 
as  an alternative, if analytic difficulties 
in a implementation setting become 
apparent (i.e., the PQL may be set higher 
if 4 day delivery to labs proves too 
short) and in light of the substantial 
implementation burden that would be 
imposed by lower values. 

Another issue of concern to EPA 
regarding radon regulation was 
application of the MCL to private wells. 
The relative magnitude of risks from 
radon in water (vs soil gas) is important 
for home owners to bear in mind when 
applying any radon MCL to private 
wells. Because the soil gas contribution 
to indoor radon levels is in most cases 
much larger than the water contribution, 
testing and mitigation strategies for 
private homes should consider all 
sources of radon. The mitigation 
strategy which is most cost-effective 
overall for an individual home should be 
used. In a majority of cases, this will 
mean controlling the soil gas 
contribution to indoor radon before 
ensuring that the radon MCL is met. Soil 
gas contributes more radon to the indox 
air than does water in most houses. 
Economies of scale for treatment by 
public water systems make radon 
removal from water cost-effective for 
PWSs. Water treatment is unlikely to be 
the most cost-effective first step in 
mitigating radon in individual homes 
[relative to soil gas mitigation). EPA has 
prepared several publications for 
homeowners and private well owners to 
help them in addressing their radon 
problems effectively and for the lowest 
cost possible. These publications 
include, for general information on 
radon risks, testing in the home, and 
mitigation of soil gas contributions to 
indoor air, A Citizen's Guide to Radon 
and A Homeowners Guide to Radon: 
and for radon in water, Radionuclides in 
Drinking Water Fact Sheet. These 
materials can be requested from either 
the Safe Drinking Water Hotline. at 1- 
800-t26-4781. or from the radon 
information hotline, at 1-8oo-SOS- 
RADON. 

issues regarding regulation of radon 
under the SDWA. 

EPA solicits public comment on these 
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2. Radium and LImnium MCLs. As 
described above, all radionuclides cause 
cancer by the same mechanism, i.e., 
delivery of ionizing radiation to tissues 
(in the case of drinking water. 
internally), and it is therefore possible to 
make comparisons among them. Several 
comparisons may be made in the course 
of developing regulatory standards 
including the total radioactivity 
removed from potable water in pCi/l or 
more conveniently, uCi/l (one million 
pCi equals one uci), the pCi/l [or uCi/l) 
removed, or rems ede, the effective dose 
to tissue. These comparisons allow 
assessment of the relative cost- 
effectiveness of controlling the different 
radionuclides subject to todsy's d e .  

The control options considered by 
EPA for radium and uranium range from 
the contaminant level that can be 
reliably measured in routine laboratory 
operstions (FQL) to the level 
representing an approximate IO-' 
individual lifetime risk level, and for 
uranium, the level at  which kidney 
toxicity concern arises. EPA also 
considered the levels to which these 
contaminants can be treated in dnnking 
water in assessing which control options 
are technically feasible. 

The Agency determined that it is 
technically feasible to achieve control 
levels of 5 pCi/l for radium 226, radium 
228 and uranium. EPA then considered a 
number of cost factors related to the 
removal of these contaminants. The high 
cost of removing radium and uranium as  
compared with radon was especially 
apparent when the cost per uCi removed 
from water was estimated. Radon 
removal cost approximately $20,0(#3 per 
uCi removed, where as radium and 
uranium at the lowest technically 
feasible levels cost from $2 million to $5 
million per uCi removed. Even at radium 
levels equal to the lfl-'risk level. the 
removal cost per uCi was $eoo,c##, to $1 
million per uCi (EPA. 1991i). For 
uranium at the kidney toxicity limit of 20 
pg/1 [representing a cancer risk of 
approximately 10-7, the removal cost 
was nearly $2 million per uCi. EF'A also 
reviewed the cost per rem removal for 
these contaminants. While the cost 
differences are less dramatic, they are 
still large, and in the same direction Le., 
the cost per rem of removing radium and 
uranium is far greater than the cost of 
removing radon. 

In assessing the MCL alternatives, 
EPA also considered the chemical 
toxicity of uranium to the kidneys. 
While the IO-' risk level is 170 pCi/l, 
adverse effects on the kidneys may 
occur at  lower levels for naturally 
occurring uranium in the environment. 
EPA estimates that the DWEL for 

uranium is 100 pg/1. and using a 20% 
RSC, as discussed in section IV above, a 
safe drinking water level would be 20 
pg/l, corresponding to approximately 26 
pCi/l (using the conversion of 1.3 pCi/ 
pg; this value rounds to 30 pCi/l). This 
value is below the 10-"lifetime 
individual cancer risk level and is 
protective for kidney toxicity, the 
limiting adverse health effect level for 
naturally occurring uranium in 
water. 
The SDWA directs EPA to consider 

cost in setting MCLs. The Agency does 
not believe it would be reasonable to 
establish MCLs that would impose such 
disproportionate costs for removing 
what is effectively the same 
contaminant from drinking water. 
Therefore, EPA proposes to set MCLs 
for radium 226 and radium 228 and 
uranium at levels less stringent than 
may be technically feasible (if only 
affordability to large systems was taken 
into consideration). These levels are, for 
radium 2 2 6 , ~  p a l l ,  for radium 228,m 
pCi/l. and for uranium. 20 pg/l. The 
proposed levels will assure that persons 
served by PWS will not be exposed to 
greater than io-' lifetime cancer risk, 
and will for uranium also protect against 
possible kidney toxicity. 

important considerations in establishing 
standards that are cost-effective with 
the same considerations at the lowest 
technically feasibIe level. 

EPA recognizes that setting radium 
standards at  levels less stringent than 
the interim standards may be disruptive 
to some state regulatory programs. The 
interim standard for radium is 5 pCi/l 
for radium 226 and 228 combined. 
Primacy states have been implementing 
and enforcing this MCL since it was 
effective in 1976, with mixed results. A 
large percentage of water systems with 
radium problems have chronically 
exceeded the radium MCL and continue 
to do so. States have been workmg to 
bring these systems into compliance, 
and some may view a revision of the 
radium MCLs to 20 pCi/l for radium 226 
and 20 pCi/l for radium 228 as 
frustrating their program planning and 
expectations. EPA understands these 
concerns and has considered them in its 
deliberations. The Agency believes 
however, that it is appropriate to revise 
these MCLs in light of the fact that the 
cost of removing radionuclides from 
drinking water by removing uranium 
and radium to the technologically 
feasible limit is disproportionate to the 
cost of removing radon. 

EPA solicits public comment on this 
approach to setting MCLs, and on the 
MCL levels proposed. EPA also solicits 

Table 21 compares some of the 
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comments frum systems that have 
installed or need to install treatment to 
meet the current interim standards. 

3. Alternative MCLs. EPA has 
generally set MCLs at  the lowest 
technically achievable level, wizh cost 
considered larpely in terms of whether 
the standards would be affordable to 
large public water systems. 

Key technical information used in 
assessing the lowest feasible levels has 
been based on engineering and analytic 
chemistry capabilities, with affordability 
determinations based on the estimated 
increase in residential water bills. 

Engineering feasibility is assessed 
based on the treatments available as 
BAT, and the occurrence of the 
regulated contaminants. The BAT 
treatments for these contaminants are, 
at maximum efficiency, capable of 
achieving 90% and greater removals for 
all of the regulated contaminants. Radon 
removal by aeration treatment can 
exceed 9946 removal. Occurrence of the 
contaminants is reviewed in detail in 

section m of this notice. Tne average 
radon level in the WIRS survey was 
about 80 pC$, with a maximum of 
26.cI#l pCi/l. Maximum radium 226 and 
228 levels in the NIRS survey were both 
below 20 pCi/l [occurrence at higher 
levels is based on a statistical projection 
of the 130 data points in NIRS to the 
entire country). The maximum uranium 
level in NIRS was 88 pCi/l. Based on 
treatability and occurrence. radon could 
theoretically be treated to 100 pCi/l or 
lower in most water supply systems, 
radium 228 and 228 could be treated to 2 
pCi/l or iower in most water supplies, 
and uranium could be treated to 5 pCi/l 
or lower as described in Table 20. 

In reviewing analytic capabilities, 
EPA identifies the practical quantitation 
level, or PQL This is the level EPA 
believes can be measured on a routine 
basis in compliance monitoring, within a 
fixed error rate [often & 2Wb409b), as 
described in section V.E. In reviewing 
the analytic capabilities, EPA 
determined that the radon FQL could be 

established at 333 pCi/l, and that 
radium 226, radium 228. and uranium 
PQLs can be set at  5 pCi/l. 
The cost of treatment for removal of 

these contaminants ranges from about 
$4 per household per year [for radon) to 
$eo per household per year for radium. 
These are costs to large public water 
systems serving 50,m to 75,ow), and 
cost to residents of small systems would 
be higher. All of these costs are within 
the range that EPA considers to be 
affordable for large public water supply 
systems. 

Based on these considerations. EPA 
would consider the lowest feasible 
levels to which these Contaminants 
could be regulated are 30 pCi/l for 
radon, 5 pCi/I for radium 226,s pCi/l for 
radium 228, and 5 pCi/l for uranium 
(kidney toxicity by uranium is not the 
limiting factor here, as it is above) and 
15 pCi/l for adjusted gross alpha. EPA 
solicits public comment on these levels 
as possible alternative MCLs for the 
radionuclides. 

TABLE 2O.-BAC#GROUND lNFORMATlON OM RADIONUCLIDES 

Rn-222 Ra-226 Ra-228 

............................ 
.................................................................................................... 

Sance: €PA 1991i 

TABU 21 .---COMPARISON OF PROFQSED AND LOWEST FEASIBLE WCL OPTIONS 

MCL options (pcill): 

Lifetime risk: 

cases avoidedly.: 

Fraction ol total cas% avoiddlyr.: 

No. Sy8 affected: 

Proposed ................................................................................................................................................. 
Anemate .................................................................................................................................................. 

.......................................................................................... 

.......................................................................................... 
Ropossd ................................................................................................................................... 
Anemate ........................................................................................................................ 
Reposed ................................................................................................................................................................... 0.41 
Anemate ................................................................................................................................... ...... 0.41 

Rapcsed ................................................................................................................................................................... 28,OOO 
.......................................... 26.ooo 

............................................ S180M 

............................................ f180M 

Proposed ................................................................................................................................................................... S1K 
Alternate ........................................................................................................ ......................................... SlK 

s i a  
......................................................... $20K 

Anemate .................................................................................................................................................. . S20K 

........................................... f2.9M 

........................................... 12.8M 

IKX. flcase: 

T m :  €PA l99li 
Appcorjmately Bw).OOO people also reduced to exposure level with inueased probability 01 kidney toxicity. 
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Ra-226 

20 
5 

1 x lo-' 
2 x  lo-' 

3 
5 

0.38 
0.63 

70 
590 

530M 
S120M 

;1.6K 
15K 

i600K 
i2M 

inM 
i75M 

<5 <5 
5 15 
520 $130 
1 70 nla 
SOK nia 
1.6 nla 

5 

0.2 10.2'  
0.6 0.6 

0.03 0.17 
0.19 0.33 

1500 
zl /7m 
96M S55M 
S55M 1 S225M 

15 
15 

nla 
n'a 

nla 
nla 

nla 
nla 

130 
130 

S37M 
W7M 

ila 
ila 

!la 
!/a 

i la  
ile - 
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4. Gross alpha and beta andphoton 
MCk. Alpha and beta emitters are a 
way of broadly muping a large number 
of radioactive conteminants based on 
their radioactive characteristics. 
Radioactive isotopes have characteristic 
decay patterns which allow them to be 
identified as  being primarily alpha, beta 
or photon [gamma ray) emitters 
[although many compounds decay by a 
combination of these routes with one 
being predominant). Alpha emitters are 
primarily naturally occurring 
compounds, although some are man- 
made [such as plutonium). Beta emitters 
are mostly man-made compounds, but 
some are naturally occurring [such as 
radium 228 and lead no). The 1888 
amendments to the SDWA direct EPA to 
establish MCLe for these two categories 
of radioactive contaminants (section 
1412[b)[l)). 

Because they emit ionizing radiation 
as they decay, they are all considered to 
be p u p  A human carcinogens, and the 
proposed MCLG for both alpha and 
betalphoton emitters is zero, as 
described in Section IV-C above. 

The other radionuclides proposed for 
regulation today all fall into one of these 
categories [radium 226. radon and 
uranium are alpha emitters, and radium 
228 is a beta emitter). EPA has proposed 
to set individual MCLs for radon, radium 
and uranium because they occur in the 
water of an important number of public 
water supplies over substantial parts of 
the country. This is not true for the 
majority of radionuclides. Many of the 
other alpha and beta emitters have 
never been detected in dnnking water, 
and others only sporadically. Many of 
the naturally occurring radionuclides 
may be found in water because they are 
radioactive progeny of the more 
commonly occurring radionuclides for 
which individual MCLs are being 
proposed. The man-made radionuclides 
may be found in water as a result of 
their release from facilities where they 
are produced, stored. used or disposed 
of. These could include nuclear power 
plants, research or manufacturing 
facilities, high or low level radioactive 
waste disposal sites, and others. 

There are apprximately 201#) 
nuclides that fall into these categories. 
Many of these have very short half-lives. 
and are not of concern in water; several 
hundred have longer half lives and could 
be important. EPA is proposing to 
regulate these contaminants as classes 
of  compounds because they all cause 
cancer by the same basic mechanism. 
Also. EPA believes that none of them 
individually occur with enough 
frequency to warrant a national 
regulation, but that as groups they are 

found frequently enough to warrant 
public health concern, and therefore 
regulation. EPA further believes that 
public water systems using water that is 
known to have the potential to b, Ocome 
contaminated with nuclear reactor [or 
other nuclear facility) releases. by aither 
scheduled or unscheduled release, 
should monitor for these compounds and 
that there should be standards in place 
to pntect the public should high levels 

a. Gross alpha. There is currently an 
interim MCL for alpha emitters which 
was set as a screen for the occurrence of 
both radium 228 and other alpha 
emitting radionuclides that might be 
present in drinking water. Few water 
systems have ever exceeded the gross 
alpha MCL (except when it is due to 
high radium levels). The 15 pCi/l MCL 
was intended to limit overall expos& 
to alpha radiation in dr;nking water, and 
EPA continues to believe that it is 
important to limit overall alpha emitter 
exposure. EPA is proposing to retain but 
modify the gross alpsa MCL. As 
discussed in Section IV-C, alpha 
emitters are carcinogenic, and EPA is 
proposing to set the MCLG for gross 
alpha a t  zero, in accord with EPAs 
general policy for regulating carcinogens 
occurring in drinking water. 

Most alpha emitters in drinking water 
occur naturally. Alpha emitters other 
than radium and uranium that have 
been found in drinking water include 
polonium and thorium as discussed in 
section IH-F above. In addition, 
plutonium and americium may occur. 
EPA believes the potential for 
occurrence of these contaminants 
indicates that a screening standard 
would be appropriate to restrict the 
limited exposure that may occur, while 
not requiring that separate MCLs. with 
required separate monitoring, be set. 
The available data indicate that 
occurrence of alpha emitters other than 
those specifically regulated [Le. radon, 
radium and uranium] is infrequent. EPA 
believes this limited occurrence means 
that individual, nationally applicable 
MCLs are not warranted, but that some 
mechanism to detect potential 
occurrence and reduce exposure when 
alpha emitters do occur is warranted. 
JFA believes that a gross alpha MCL 
would provide a mechanism to detect 
and reduce exposure to alpha emitters, 
while not overburdening water systems 
with monitoring requirements. 

EPA has reviewed the risks for these 
contaminants. and discusses them in 
Section IV-C above and in greater detail 
in the alpha emitter criteria document. 
As noted above, the MCLG for alpha 
emitters is being pruposed as zero, 

occur. 
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because all ionizing radiation is 
considered to be carcinogenic. Lifetime 
risks in the I ~ l O - ~ r a n g e  for alpha 
emitters in water are 14 pCi/l 
for polonium, 50-125 pCi/l for various 
thorium isotopes, and 7 pCi/l for 
plutonium [see appendix C). 

treatment information to determke 
what levels of alpha emitters can be 
successfully removed. EPA has also 
conducted limited pilot sca!e studies to 
better determine the treatability of 
polonium P A ,  lsslk). BAT has been 
identified as reverse osmosis. Ion 
exchange, GAC. and coagulation and 
filtration have been shown to remove 
some of these contaminants, but data 
are inadequate to consider any of them 
BAT. RO can remove up to 9946 of alpha 
emitters that may be present in drinking 
water. 
The analytic methods for measuring 

alpha emitters is the gross alpha test 
(EPA No.SOO.0) or gross alpha by 
coprecipitation. when high amounts of 
solids are present. As discussed in 
section V.D. the PQL for gross alpha is 
15 pCi/l, with f4046 error. 

While retaining the gross alpha MCL, 
P A  proposes to revise its approach to 
this standard. Because separate MCLs 
are being proposed for radium and 
uranium, the gross alpha MCL will not 
include them [the current gross alpha 
standard includes radium 226 but 
excludes uranium and radon). The alpha 
emitter MCL will be defined as gross 
alpha, less radium 226, and uranium 
[and not including radon). To avoid 
confusion of the regulatory use of the 
term "gross alpha" and the laboratory 
measurement that is called gross alpha, 
EPA proposes to designate the MCL as 
"adjusted gross alpha", to indicate that 
compliance with the gross alpha MCL 
would be determine2 by first measuring 
gross alpha and if the value exceeds the 
MCL measuring and subtracting out the 
radium 228 and uranium contributions 
(because of the way the test is 
conducted, any radon initially present in 
a sample would be driven off by the 
sample preparation: therefore. while the 
adjusted gross alpha measure does not 
include radon, neither would radon be 
subtracted from the gross alpha 
measurement, as would radium 226 and 
uranium). EPA proposes that the 
"adjusted gross alpha" MCL would be 
gross alpha minus radium 228 and minus 
uranium, and proposes that ths adjusted 
gross alpha MCL be set at 15 pCi/l. This 
MCL would, overall. limit exposure to 
other radionuclides and ensure that 
risks from alpha emitting radionuclides 
would not exceed the IO-' to 
lifetime risk range. EPA considers this to 

EPA has also reviewed the available 
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be the lowest level at which it is feasible 
to set the adjusted gross alpha MCL 
bounded by io-' lifetime risk. 

.FPA recognizes that there could be 
situations in which several 
radionuclides occur together in dnnlung 
water. Based on the data available 
today, it appears unlikely that 
radionuclides will co-occur at  levels 
near the proposed MCb. Therefore, the 
potential for overall risks to be greater 
than appears small. EPA solicits 
public comment on its proposed MCLe 
in regard to possible co-occurrence of 
radionuclides and possible approaches 
to ensuring that overall risks do not rise 
above the 10-~level. 

Assessing the impacts of the proposed 
adjusted gross alpha MCL is difficult 
due to uncertainties in the available 
data, and also because of its "screening" 
nature. As a worst case, EPA estimates 
that up to 130 systems could exceed an 
adjusted gross alpha MCL of 15 pCi/l, 
and believes the actual number of 
systems would be far below that 
number. No violators of the current 
gross alpha MCL have been identified in 
a search of the EPA compliance data 
base. 

b. Beta undphoton emitters. There are 
over 20 beta and photon emitters 
covered by this regulation (see appendix 
B). Most of these are man-made isotopes 
and are the waste from nuclear power 
plants. medical industry, nuclear 
weapon development, and other 
industries. The Agency regulated the 
beta and photon emitters as a class in 
the NIPDWRs with an MCL of 4 mrem 
per year effective dose equivalent 
(whole body or any organ). and 
proposes to retain the interim standard 
as a final MCL. 

Strontium-90. strontium-89. cesium- 
134, cesium-137, iodine-131. and cobalt- 
80 are the beta emitters with the highest 
toxicity. These are also the most likely 
to be found in reactor releases or 
accidents. 

capable of removing up to 9946 of these 
isotopes. with several exceptions. Only 
reverse osmosis is capable of removing 
iodine. Also, while there is no treatment 
for tritium other than use of an alternate 
water sourcz, EPA considers an 
alternate water source (including bottled 
water) to be BAT for this limited 
purpose. Both ion exchange and reverse 
osmosis may be used to remove mixed 
commercial radionuclides. The 
treatment cost varies between $330 to 
$540 per household per year for a small 
system and between $84 to $230 per 
household per year for a large system. 

Beta emitters are measured by the 
gross beta method (EPA No. 90.0). 
which has PQL of 30 pCi/l. 

Ion exchange and reverse osmosis are 

S-051999 OOS3(02~17-NL91-14:21:56) 

At the time of the interim standards. 
there was great concern about the 
fallout of strontium 80 (and others) from 
above-ground nuclear tests. Since the 
ban on above-ground tests in 1983. 
envimnmental levels have declined and 
the concern now has shifted more 
toward water which is vulnerable to 
radionuclides released from industrial 
and governmental (DOE) facilities and, 
to a lesser degree, landfills. Controls are 
in place for discharges from these 
sources under the Clean Water Act. 
RCRA, and NRC and DOE regulations. 
These regulations are intended to be 
protective of the environment and public 
health. The drinking water standard 
under these conditions becomes an 
adjunct to these release restrictions, and 
establishes values which would be used 
in case of an accident or unscheduled 
release, where these regulations are 
violated. EPA nonetheless believes it is 
necessary and appropriate to establish 
the beta and photon emitter MCL to 
ensure protection of public health in 
these circumstances, and is required to 
set such a standard by the 1988 
amendment to the SDWA, which listed 
beta emitters as among the 83 
contaminants for which MCLs must be 
developed. 

The Agency is proposing to set the 
beta MCL at 4 mrem ede per year. The 
individual lifetime risk at  4 mrem ede/ 
year is estimated to be approximately 
1 x 10- 4. 

One naturally occurriq beta emitter 
of potential concern is lead-210. Lead- 
Z i O  is the f m t  long lived progeny of 
radon-zz. and could be anticipated to 
co-occur in ground water where radon 
occurs. However, 'here are few data on 
lead-210 occurrence in water, and 
modeling exercises of lead movement 
through the environment indicate that 
low levels (mass) of lead may bind to 
soils and be unavailable to water P A ,  
i988e). Because data on which to base 
risk and regulatory impact estimates are 
lacking. EPA is proposing to require 
unregulated contaminant monitoring for 
lead-210, as discussed below, and 
consider it for possible regulation in the 
future. 
G. Proposed Monitoring and RepoKing 
Requirements 

Compliance monitoring requirements 
are being proposed for determining 
compliance with the KCLs. In 
developing the propooed compliance 
monitoring requirements for these 
contaminants, EPA considered 

of drinking water, 

water and surface water systems. 

(I) The likely source of contamination 

(2) The differences between ground 

(3) The collection of samples which 
are representative of consumer 
exposure, 

(4) The economic burden of sample 
collection and analysis. 

(5 )  The use of historical monitoring 
data to identify vulnerable systems and 
to specify monitoring requirements for 
each of the individual systems, 

(8) The limited occurrence of some 
contaminants, and 

(7) The need for States to tailor 
monitoring requirements to site-specific 
conditions. 

A major goal has been to make these 
monitoring requirements consistent with 
the monitoring requirements for other 
regulated drinking water Contaminants, 
as described in the standardized 
monitoring requirements. EPA wants to 
develop monitoring requirements that 
will meet the statutory goal of ensuring 
compliance with the MCLs while 
providing efficient utilization of State 
and utility resources. The monitoring 
program will focus on targeting the 
monitoring efforts in individual water 
supply systems to the contaminants that 
are likely ta be present. The general 
approach taken by EF'A includes: 

0 Providing latitude to the States to 
target monitoring efforts based on 
vulnerability of the system to a 
particular contaminant if its occurrence 
is not widespread and thus avoiding 
unnecessary monitoring efforts. 

0 Allowing the use of recent 
monitoring data in lieu of new data if 
the system has conducted a monitoring 
program using reliable analytical 
methods. 

0 Allowing the use of historical 
monitoring data meeting specified 
quality requirements and other available 
records to make decisions regarding the 
vulnerability of a system to 
contamination. 

conduct repeat monitoring unless the 
system demonstrates that its 
vulnerability status has changed. 

frequencies that permit simultaneous 
monitoring for all regulated 
contaminants, whenever possible and 
advantageous. 

e Requiring that samples be taken 
during high vulnerability times. 

EPA is proposing to require 
monitoring to begin at  the start of the 
next 3 year period after the regulation is 
effective, which is January 1.1998. in 
accord with the standardized monitoring 
requirements. However, under Section 
1445, monitoring, reporting, and 
recordkeeping regulations which may be 
used to assist in determining compliance 
may be made effective on the date that 

0 Requiring all vulnerable systems to 

0 Designating sampling locations and 

QDo0054 
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the regulation is finalized. EPA solicits 
public comment on the effective date for 
the monitoring requirements, 
particularly whether monitoring should 
begin before January 1,1!&?8. 

Surface water systems must sample at 
points in the distribution system which 
are representative of each s o m e  i.e., at  
each entry point to the dinhibution 
system which is located after any 
treatment and which is representative of 
each source. The number of samples will 
be determined by the number of sources 
or treatment plants. Sampling must be 
done at entry points to the distribution 
system for ground water systems and 
the number of samples will be 
determined by the number of entry 
points. This approach will make it easier 
to identify possible contaminated 
sources (wells) within a system. In both 
surface and ground water systems. the 
proposed sampling locations are such 
that the same sampling locations may be 
used for the collection of samples for 
other source-related contaminants such 
as  the volatile organic chemicals and 
inorganic chemicals, which simplifies 
sample collection efforts. 

regulations for drinking water 
contaminants that have been developed 
in recent years, EPA recently sought to 
coorGinate contaminant monitoring to 
simplify the requirements imposed on 
public water systems. This coordination 
is called the standardized monitoring 
framework. EPA announced this 
framework in January of 1991 (58 FR 
352&3597. January 30, 1991), and held a 
public meeting to discuss the concept 
and solicit public comment. Reaction of 
the water supply industry was generally 
favorable. and EPA has proceeded to 
implement the standardized monitoring 
framework in the context of individual 
rulemakings (58 FR 3526, January 30, 
1991). The monitoring requirements for 
the radionuclides regulations will rely 
on the basic structure described in the 
documents on standardized monitoring. 
Initial monitoring will begin with the 
compliance period that begins January 1, 
1988. and would be required to be 
completed by January 1.1999. EPA 
solicits public comment on the use of the 
Standardized Monitoring scheme for the 
radionuclides regulations. 

The monitoring requirements for the 
different radionuclides would vary 
depending on their likely occurrence. 
For examplz for radon, all ground water 
systems would be required to collect 
one sample from each entry point to the 
distribution system quarterly at first and 
annually after compliance i s  
established, whereas surface water 

, 

Because of the large number of 

systems are not required to test for 
radon. 

Only systems designated as 
vulnerable would be required to monitor 
gross beta for beta and photon emitters. 
Vulnerability for beta and photon 
emitters would be determined by states, 
and would be based on the proximity of 
the system to potential sources of man- 
made radionuclides, such as nuclear 
power facilities, universities or other 
research facilities. or manufacturing 
facilities that use radioactive material. 
or radioactive waste disposal sites (for 
either high or low level waste). EPA 
suggests a 15 mile radius around such 
facilities as the vulnerable area for 
purposes of requiring gross beta 
monitoring. 

MCL exceedences would trigger 
increased monitoring requirements, 
which could be reduced to the base 
monitoring requirements once 
compliance with the MCL is re- 
established. 

Because these contaminants present 
risks from long-term, chronic exposure, 
only community and non-community, 
non-transient public water supplies 
would be required to monitor for them. 

1. Radon.4.  Radon monitoring for 
suqface water supplied systems. 
Systems relying exclusively on surface 
water as their water source would not 
be required to sample for radon. 
Systems that rely in part on ground 
water would be considered groundwater 
systems for purposes of radon 
monitoring. Systems that use ground 
water to supplement surface water 
during low-flow periods would be 
required to monitor finished water at 
each entry point to the distribution 
system for radon during periods of 
ground water use. according to the 
groundwater monitoring requirements. 
Also, groundwater under the influence 
of surface water would be considered 
ground water for this regulation. 

b. Rcdon monitoring forground water 
systems. Systems relying wholly or in 
part on ground water would be required 
to sample for radon quarterly for one 
year at each well or entry point to the 
distribution system. If the average of all 
first year samples at each well is below 
the MCL. monitoring would be reduced 
to one samp!e annually per well or entry 
point to the distribution system. All 
samples would be required to be of 
finished water, as i: enters the 
distribution system and after any 
treatment. 

c. Radon compliance and increased 
and decreased monitoring requirements. 
Compliance would be determined based 
on an average of 4 quarterly samples in 
the initial year of monitoring. and 

annual samples in the second and third 
years of the first compliance period. The 
reported values [rather than the bottom 
of the error band associated with the 
measurements) would be averaged 
together; systems with averages 
exceeding 3 0  pCi/l at  any well or 
sampling point would be deemed to be 
out of compliance. Systems exceeding 
the MCL would be required to monitor 
quarterly until the average of 4 
consecutive samples are less than the 
MCL Systems would then be allowed to 
reduce monitoring to one sample 
annually per well or sampling point. 
States would be allowed to reduce 
monitoring requirements to one sample 
per three-year compliance period per 
well or sampling point, if the state 
determines that the system is reliably 
and consistently below the MCL. 
Systems monitoring annually or once 
per three year compliance period that 
exceed the radon MCL in a single 
sample would be required to revert to 
quarterly monitoring until the average of 
4 consecutive samples is less than the 
MCL. Ground water systems with 
unconnected wells would be required to 
conduct increased monitoring only at  
those wells exceeding the MCL. 

EPA is proposing more frequent 
monitoring for radon than for the other 
radionuclides because levels are known 
to vary diurnally and over the course of 
a year. Variability may be 100% or more. 
EPA solicits public comment on the 
proposed radon monitoring 
requirements, and on the advisability of 
allowing up to nine years between 
samples, and the criteria that might be 
used to identify systems very unlikely to 
exceed the MCL for which monitoring 
once every nine years may be adequate. 

2. Gmss Alpha, Radium-226 and 
Umnium. All ground water and surface 
water systems would be required to 
monitor annually for gross alpha, and if 
the gross alpha measurement exceeds 
the MCL for radium 228 and/or uranium, 
specific analyses for the contaminant(s) 
exceeding the MCL would be nequired. 
Systems wodd be required to sample 
each well or entry point to the 
distribution system. Samples would be 
of finished water after any treatment. 
Systems exceeding the MCL would be 
required to monitor quarterly until four 
consecutive samples were less than the 
MCL. For systems not exceeding the 
MCL after three consecutive annual 
samples are taken, sampling would be 
reduced to one sample per three year 
compliance period. States would be 
allowed to reduce monitoring to once 
per nine year compliance cycle if the 
state determines that a system 
consistently and reliably meets the 
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MCL. Systems kith unconnected wells 
would be required to conduct increased 
monitoring only at those wells 
exceeding the MCL. 

Gross alpha measurement would be 
used both to determine compliance with 
the adjusted gross slpha MCL and as a 
screen for radium 226 and uranium. 
provided the analytic requirements 
described in section V.D are met. These 
requirements include appropriate 
calibration of equipment to ensure that 
neither radium 226 or uranium are 
underestimated by the screen. 
Compliance determinations for adjusted 
gross alpha, radium 226 and uranium 
based on gross alpha measurements are 
listed in Fv 2. Adjusted gross alpha 
is defined as  the gross alpha 
measurement less radium 226 and less 
uranium. Because the adjusted gross 
alpha MCL is less than the radium 226 
and uranium MCLs, one or both of these 
may need to be specifically analyzed to 
determine adjusted gross alpha 
compliance even though the gross alpha 
screen indicates that both the radium 
226 and uranium MCLs have been met 
[Le., if the gross alpha is between 1.5 and 
20 pCi/l). 

Systems with gross alpha less than 
the radium 226 or uranium MCLs would 
be considered to be in compliance with 
those respective MCLs. Specific 
analyses of either or both Contaminants 
would be required if the gross alpha 
measurement exceeds the respective 
MCL. 

and uranium, compliance would be 
based on the average of an initial 
sample exceeding the MCL and a 
confirmation sample [as the reported 
values, not the lower bound of the error 
band associated with the measurement). 

EPA solicits public comment on the 
proposed radium 226 and uranium 
monitoring, and use of the gross alpha 
screen for these contaminants. 
especially in light of the fact that the 
uranium MCL is proposed to be set 
based on mass rather than activity 
measurements. 

3. Radium-228. AU ground water and 
surface water systems would be 
required to monitor annually for radium 
228. Systems would be required to 
sample each well or entry point to the 
distribution system. Samples would be 
of finished water after any treatment. 
Systems exceeding the MCL would be 
required to monitor quarterly until four 
consecutive samples were less than the 
MCL. For systems not exceeding the 
MCL sampling would be reduced to one 
sample per three year compliance period 
aiter three consecutive annual samples 
are below the MCL. States would be 
allowed to reduce monitoring to one 

For adjusted gross alpha, radium 226 
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sample per nine year compliance cycle if 
the state determines that a system 
consistently and reliably meets the 
MCL. Systems with unconnected wells 
would be required to conduct increased 
monitoring only at those wells 
exceeding the MCL. 

Gross beta measurement would be 
allowed to serve as a screen for radium 
228 levels. Systems with gross beta 
levels less than the radium 228 MCL 
would be considered to be in 
compliance with the radium-?S MCL. 
Systems with gross beta levels 
exceeding the radium-228 MCL would be 
required to measure radium-228 
specifically. 
For radium-226, compliance would be 

based on the average of an initial 
sample exceeding the MCL and a 
confirmation sample [as the reported 
values, not the lower bound of the error 
band associated with the measurement]. 

4. Beta andphoton emitters. Because 
of revisions in the estimated M n g  
water concentrations of various beta 
and photon emitters that correspond to 
a yearly dose of 4 mrem ede. EPA is 
proposing to revise and simplify the 
monitoring requirements for beta and 
photon emitters. The revised estimates 
in general allow for less specific 
monitoring and greater reliance on the 
gross beta screen. In addition, because 
of the special vulnerability 
circumstances which could result in the 
presence of man-made beta emitters in 
drinking water, monitoring more 
frequent than that required for other 
contaminants under the standardized 
monitoring program is being proposed. 

The current gross beta monitoring 
program requires all vulnerable PWS 
and all systems serving 100,ooO or more 
persons to perform a screen plus specific 
analyses for several contaminants. EPA 
proposes to revise these .:quirements so 
that only vulnerable systems would be 
required to perform gross beta 
monitoring. States would m6ke the 
vulnerability determination for each 
PWS, and it would be based on the 
proximity of the water soarce for the 
system to facilities using or producing 
radioactive materials. EPA suggests that 
all systems within a 15 mile radius of 
these facilities be considered 
vulnerable, as well as systems using E 
water source clearly influenced by scch 
a facility. All systems using water that 
could be influenced by releases (either 
scheduled or unscheduled) from 
facilities such as nuclear power plants, 
Department of Energy nuclear facilities, 
Nuclear Regulatory Commission 
licensees, low or high level nuclear 
waste storage or disposal facilities, or 
other facilities using m making 
radioactive material should be 

4701 .FMT... [18,30] ... 12-28-90 

considered vulnerable. Monitoring could 
be required of either surface or ground 
water dependent systems, depending on 
their vulnerability. 

EPA considered two gross beta 
monitoring programs. Under the first 
alternative, the current 50 pCi/l screen 
for presumptive compliance. a l o q  with 
additional specific monitoring for tritium 
and strontium 90 would be required. If 
the 50 pCi/l Pcreen were met, and 
tritium and strontium were individually 
and combined below the 4 mrem ede 
value, the system would be considered 
to be in compliance. The beta screen 
would be required quarterly and the 
tritium and strontium would be required 
annually, as described in Figure 3. 
Under the second alternative, the beta 
screen would be set at the gross beta 
PQL of 30 pCi/l. and only specific 
analysis of tritium would be required. 
The screen would be required quarterly 
and the tritium analysis annually. 
Because of the vulnerable status of 
&ese systems, no reduced monitoring 
would be allowed. Under either 
alternative, water suppliers would be 
required to identify the particular 
contaminants present if the screen is 
exceeded, and add the estimated doses 
including tritium and strontium 90 under 
the first alternabve to ensure that the 4 
mrem ede MCL is not exceeded. The 
values in Appendix B would be used to 
perform this calculation. W A  believes 
that either of these monitoring plans 
would ensure the safety the public 
served by vulnerable water supplies. 

EPA proposes to establish the first 
alternative, of retaining the 50 pCi/l 
screen for presumptive compliance with 
the gross beta MCL and specific 
analyses for tritium and strontium 90 
(because 50 pCi/l would not adequately 
screen for tritium and Sr-90 at  the 4 
mrem ede level). EPA solicits public 
comment on reducing the screen to 30 
pCi/l and eliminating the strontium 90 
measurement. 

5. Monitoring schedule. In order to 
moderate demand on analytic 
laboratories, the monitoring 
requirements for determining 
complianco with these regulations 
would be phased-in over a 3 year period. 
States would determine the schedule for 
phasing in monitoring, but all systems 
would be required to have performed 
their first year of sampling by the end of 
the first 3 year compliance period (i.e. 
December 31,1998). 

have been in place and analytic 
methods available for radium, gross 
alpha and beta and photon emitters 
since 1976. Validated analytic methods 
for other radionuclides. including 

6.  Cmndfathering data. Interim MCLs 
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uranium, have also been available since 
then. Most water supply systems that 
would be covered by these proposed 
regulations have been monitoring for the 
regulated contaminants for several 
years. Data collected in compliance with 
the interim MCL requirements (i.e.. 
analyses by certified laboratories) 
would be allowed to be used to 
determine compliance with the proposed 
MCLs. While no EPA-approved radon 
analytic method has been available. 
EPA recognizes that many water 
supplies have conducted some radon 
monitoring in recent years. Data on 
rsdon occurrence generated using 

methods and with laboratory 
performance similar to those proposed 
here would be allowed to be used to 
determine compliance, at the discretion 
of the State. 

7. Monitoring for unregulated 
contaminants. As discussed above, 
available data are inadequate to 
determine whether lead-210 occurs 
frequently enough to warrant public 
health concern. EPA is therefore 
proposing to require all community and 
non-community, non-transient public 
water systems to collect one sample 
from each well or entry point to the 
distribution system, after any treatment. 

and analyze the sample for lead-210. 
States may require systems to collect 
one confirmation sample. All regulated 
systems would be required to collect 
and analyze one sample for lead-210. so 
that adequate data on which to assess 
exposure may be obtained. W A  solicits 
public comment on this proposed 
monitoring for unregulated 
contaminants. 

proposed monitoring requirements 
descdied above. 

FPA solicits public comment on the 

r 
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FIGURE 3. GROSS BETA SCREENING OPTIONS 
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FIGURE 3. GROSS BETA SCREENING OPTIONS (Continued) 

Option 2: Low Screening Level 
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H. State Implementation 
The Safe Drinking Water Act provides 

that States may assume primary 
implementation and enforcement 
responsibilities. Fifty-four out of 57 
jurisdictions have applied for and 
received primary enforcement 
responsibility (primacy) under the Act. 
To implement the Federal regulations for 
drinking water contaminants, States 
must adopt their own regulations which 
are a t  least as stringent as the Federal 
regulations. This section of today's 
proposal describes the regulations and 
other procedures/policies that States 
must adopt to implement today's 
proposed rule. EPA has recently revised 
its program implementation 
requirements of 40 CFR part 142. on 
December 20,1989 (54 FR 521281, and on 
June 3.1991 (56 FR 25048). 

To implement today's proposed rule, 
States will be required to adopt the 
following regulatory requirements: 
When they are promulgated: 3 141.25, 
Radionuclide Sampling and Analytical 
Requirements: 5 141.32, General public 
notice requirements; 5 141.44. Special 
monitoring for radionuclides; and 
5 141.84. MCLs for Radionuclides. 

In addition to adopting drhking water 
regulations no less stringent than the 
Federal regulations listed above, EPA is 
proposing that States adopt certain 
requirements related to this regulation in 
order to have their program revision 
application approved by EPA. In various 
respects the pro7osed NPDWRs provide 
flexibility to the State with regard to 
implementation of the monitoring 
requirements by this rule. 

to State recordkeeping and reporting 
requirements. EPA's proposed changes 
are discussed below. WA requests 
comments on these proposed 
requirements. 

Today EPA is also proposing changes 

I. Specialprimacy requirements. To 
ensure that the State program includes 
all the elemento necessary for an 
effective and enforceable program, the 
State's request for approval must 
contain the following: 

(1) If the State issues waivers, the 
procedures and/or policies the State will 
use to conduct and/or evaluate 
vulnerability assessments; 

will use to allow a system to decrease 
its monitoring frequency; and 

(3) A plan that ensures that each 
system monitors by the end of each 
compliance period. 

2. Sfofe  recordkeeping. The current 
regulations in 5 142.14 require States 
with piimary enforcement responsibility 
to keep records of analytical results to 

(2) The procedures/policies the State 
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determine compliance, system 
inventories. sanitary surveys, State 
approvals. enforcement actions, and the 
issuance of variances and exemptions. 
In this rule, States would be required to 
keep additional records of the following: 
(I) Any determination of a system's 
vulnerability to contamination by beta 
and photon emitters due to proximity of 
an emitting source: and [2) any 
determination that a system can reduce 
monitoring for gross beta, uranium. 
radium 228 or 228 or increase monitoring 
frequency. The records must include the 
basis for the decision, and the repeat 
monitoring frequency. 

Systems that are located within a 15 
mile radius of a nuclear facility, or 
hospitals or other locations that use, 
store or dispose of radioactive material 
should be considered vulnerable to 
contamination, and therefore, monitored 
more closely. Systems that are found not 
to be vulnerable to contamination will 
be listed as such. This information will 
be available to EPA for review in a 
similar manner to current records kept 
by the State. 

3. State reporting. EPA currently 
requires in 4 141.15 that States repor! to 
EPA information such as  violations, 
variances and exemption status, 
enforcement actions, etc. EPA proposes 
in this notice that in addition to the 
current reporting requirements, States 
report to E P A  
(1) A list of all systems on which the 

State conducted a vulnerability 
assessment, the dates of those 
assessments, the rosults of that 
assessment, and the basis for that 
determination; and 

(2) A list of all systems on which the 
State is requiring repeat monitoring for 
Gross beta particle and photon emitters, 
the results of that assessment, and the 
basis for that determination. 

EPA believes that the State reporting 
requirements contained in this proposal 
are necessary to ensure effective 
oversight of State programs. Public 
comments on these proposed State 
reporting requirements are requested. 
EPA particularly requests comments on 
whether the proposed reporting 
requirements are appropriate. 

I. Variances and Exemptions 
1. Varionces. Under section 

1415;a)(l)(A) of the SCWA, a State 
which has primary enforcement 
responsibility (i.e., primacy). or EPA as 
the primacy agent, may grant variances 
from MCLs to those public water 
systems that cannot comply with the 
MCLs because of characteristics of the 
water sources that are reasonably 
available. At the time a variance is 
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granted, the State must prescribe a 
compliance schedule and may require 
the system to implement additional 
control measures. The SDWA requires 
that variances may only be granted to 
those systems that have installed BAT 
(as identified by EPA). However, in 
limited situations a system may receive 
a variance if it demonstrates that the 
BAT would only achieve a de minimis 
reduction in contamination (see 
4 142.62(c)). Furthermore, before EPA or 
a State may grant a variance, it must 
find that the variance will not result in 
an unreasonable risk to health to the 
public served by the public water 
system. The levels representing an 
unreasonable risk to health for each of 
the contaminants in this proposal will 
be addressed in subsequent guidance 
(see discussion below). In general, the 
unreasonable risk to hea!th (URTH) 
level would reflect acute and subchronic 
toxicity for shorter-term exposures and 
high carcinogenic risks for long-term 
exposures (as calculated using the 
linearized multistage model in 
accordance with the Agency's risk 
assessment guidelines; See URTH 
Guidance, 55 FR 40205, October 2,19901. 

Under section 1413(aJ(4), States that 
choose to issue variances must do so 
under conditions, and in a manner. 
which are no less stringent than EPA 
allows in Section 1415. Of course. a 
State may adopt standards that are 
more stringent than the EPA standards. 
Before a State may issue a variance, it 
must find that the system is unable to (1) 
join another water system. or (2) 
develop another source of water and 
thus comply fully with all applicable 
drinking water regulations. 

EPA specifies BATs for variance 
purposes. EPA may identify as BAT 
different treatments under section 1415 
for variances than BAT under section 
1412 for MCLs. EPA's section 1415 BAT 
findings may vary depending on a 
number of factors, including the number 
of persons served by the public water 
systems, physicai conditions related to 
engineering feasibility. and the costs of 
compliance with MCLs. 

Techno!ogy for Radionuclides. Table 22 
shows the BATs that EPA is proposing 
for variance purposes under section 1415 
for radionuclides. EPA has not proposed 
coagulation/filtration or lime softening 
as BAT for small systems (i.e.. those 
systems 5 500 connections) for the 
purpose of granting variances because 
they are not technologically feasible for 

Section 1415 Best Availabk 

small systems, as discu ed below. 8 o o o b ~  
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TABLE 22.--pROWSEO BATS FOR 
VARIANCES UNDER SECTION 1415 

I BAT 

Radon222 ............................................. 1. 
R~dium228 ........................................... 2.3 .4 .  
Red;um228 ........................................... 2.3.4.  
UI.ankJm(N) ........................................... 2 ,3 ,4 ,5 .  
Alphapsrtideerrritters ......................... 3. 
Beta particle and Photon eminsrs ...... 3. 6. 

Key to BATS 
l=/\aration: Padred Tower, spray. slat tray and 

2=lm exchange. 
3 = R m  08mQSis 

S ~ ~ n s c b o n s .  

ing ~5M)connecbons. 

othsrforms. 

4=Lima c+tming; except for systems serving 

5=cmgU&tion/fihbetion; except for systems sew- 

6 1  Mksd bed bo exmange. 

Coagulation/filtration and lime 
softening for radionuclides (i.e., 
uranium, radium-226 and radium-228) 
involve a greater degree of complexity 
than is required for removing 
conventional contaminants @e.. 
turbidity removal). These differences 
result in increased operating time and 
level of expertise needed to operate 
coagulation/filtration and lime softening 
systems. Specific differences include: (a) 
Generally higher pH requirements for 
lime softening removal of radium and 
specific pH control for coagulation of 
uranium; [b) higher doses of chemical 
coagulants or lime for precipitation of 
radionuclides than for conventional 
turbidity removal or lime softening, 
which can complicate treatment 
operations with respect to chemical 
supply, and waste by-product (sludge) 
management and (c) larger 
sedimentation basins and possible two- 
stage processes (one for turbidity 
softening and one for radionuclides 
precipitation). Consequently, 
coagulation/filtration and lime softening 
treatment are considered too complex in 
terms of operating time and levels of 
technical and managerial expertise 
usually available at  small systems. 

of the BATS listed in Table 22 (reverse 
osmcsis and ion exchange) are high for 
small systems relative tu costs for lerge 
systems, as shown by EPA estimates in 
tables 7 through 9. EPA is requestiq 
comment on these technologies as BAT 
for variance purpoees for small systems. 
EPA is continuing to evaluate what 
costs are reasonable for public water 
systems and in this regard. commenters 
are encouraged to provide a basis for 
their statements on what should 
constitute BAT for small systems. 

With regard to BAT established under 
section 1415, EPA is requesting comment 
on: (1) Whether other technologies 
should be considered BAT under section 
1415 for radionuclides: (2) whether it is 

Costs of installing and operating some 
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appropriate to exclude coagulation/ 
filtration and lime softening for small 
systems; and (3) the appropriateness of 
reverse osmosis (RO) and ion exchange 
as BAT under section 1415 for small 
systems. EPA notes that RO offers the 
benefit of multiple contaminant removal 
and desalting. which makes RO 
technology especially attractive for 
some drinking water systems, including 
small systems. EPA also notes that ion 
exchange offers the benefit of water 
softening (i.e., removal of hardness) 
where hard water conditions prevail. 

Use of POL? devices and bottled 
water. Under section 1415(a)(l)(A)(ii). 
the State is to prescribe a schedule for 
implementation of any additional 
control measures it may require. The 
State may require the use of POU 
devices, bottled water, or other 
mitigation measures as ac "additional 
control measures" during the period of a 
variance, as a condition to receiving the 
variance, if an unreasonable risk to 
health exists. The use of POU devices 
and bottled water would not be allowed 
for radon; only point of entry devices 
would be allowed for radon. 

most significant risk from radon in 
water, the inhalation risk. EPA also 
recognizes that the use of POU devices 
to reduce levels of radon in water could 
present problems of disposal of the 
devices when their useful life is over. To 
prevent potential disposal problems, 
and to ensure that treatment required 
under variance provisions reduces risks, 
EPA is proposing to disallow the use of 
POU devices for radon for granting 
variances. Public comment on this 
proposed disallowance of POU devices 
to remove radon is requested. 

2. Exemptions. Under Section 1416(a). 
EPA or a State may exempt public water 
systems from any requirements 
respecting an MCL or treatment 
technique requirements of an NPDWR, if 
it fmds that (1) due to compelling factors 
(which may include economic factors), 
the PWS is unable to comply with the 
requirement; (2) the exemption will not 
result in an unreasonable risk to human 
health and (3) the PW3 wtis in 
operation on the effective date of the 
NPDWR, or for a system which was not 
in operation by that date, only if no 
reasonable alternative source of 
drinking water is available to the new 
system. 

to a public water system. it must at the 
same time prescribe a schedule for 
compliance (including increments of 
progress) and implementation of 
appropriate control measures that the 
State requires the system to meet while 

POU devices fail to treat water for the 

If EPA or a State grants an exemption 

the exemption is in effect. Under section 
1416(2)(A), the schedule must require 
compliance within one year after the 
date of issuance of the exemption. 
However, section 1416(b)(Z](B) states 
that EPA or the State may extend the 
fmal date for compliance provided in 
any schedule for a period not to exceed 
a total of three years, if the public water 
system is t w  all practicable steps to 
meet the standard and one of the 
following conditions applies: (1) The 
system cannot mest the standard 
without capital improvements which 
cannot be completed within the period 
of the exemption; (2) in the case of a 
system which needs financial assistance 
for the necessary implementation. the 
system has entered into an agreement to 
obtain financial assistance; or (3) the 
system has entered into an enforceable 
agreement to become part of a regional 
public water system. For public water 
systems which do not serve more than 
5(#3 service connections and which need 
financial assistance for the necessary 
improvements, EPA or the State may 
renew an exemption for one or more 
additional two-year periods if the 
system establishes that it is taking all 
practicable steps to meet the 
requirements noted above. Section 
1416(b](2)(C). 

to review State-issued exemptions at 
least every three years and, if the 
Administrntor finds that a State has, in 
a substantial number of instances, 
abused its discretion in granting 
exemptions or failed to prescribe 
schedules in accordance with the statute 
after following various procedures. the 
Administrator may revoke or modify 
those exemptions and schedules. E?A 
will use these procedures to strictly 
scrutinize exemptions from the MCLs 
granted by States and, if appropriate, 
will revoke or modify exemptions 
granted. 

As a condition for receiving an 
exemption, the State may require the 
use of POU devices or bottled water for 
the duration of the exemption. The 
conditions are the same as those 
referenced in the variance section. 

3. Lrnreasonable risks to health 
(URTH). As a part of the variance and 
exemption granting process, States must 
determine whether granting such a 
variance or exemption will pose an 
unreasonable risk to the health of the 
population served. While the granting of 
variances and exemptions, and the 
inherent LJRTH assessment, are State 
determinations, they occur within the 
overall context of State primacy and 
EPA oversight of the State's 
administration. EPA has therefore 

Under section 1416(d), EPA is required 
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developed guidance to assist States in 
making URTH determinations (EPA, 
Iwk), and published a draft of the 
@dance for public comment. For 
carcinogens, the draft guidance 
recommends that URTH be set at the 
top of @As risk range that is generally 
considered acceptable, lifetime risk. 
Because EPA is proposing to regulate 
these contaminants at  the most cost- 
effective level. bounded by risk, the 
URTH values could be equal to the 
proposed MCLs. except for adjusted 
gross alpha and uranium. Adjusted gross 
alpha is a screening MCL; an URTH 
should not be considered to exist unless 
the individual contaminants in the 
adjusted gross alpha sample exceed a 

based on its kidney toxicity: URTH 
guidance would need to be developed 
for uranium based on this toxic end 
point. 

approach to establishing URTH 
guidance for radionuclides. 
VI. Public Notice Requirements 

each owner or operator of a public 
water system must give notice to 
persons served by it of (1) any violation 
of any MCL, treatment technique 
requirement, or testing provision 
prescribed by an NPDWR; (2) failure to 
comply with any monitoring requirement 

risk. Uranium is being regulated 

EPA solicits public comment on this 

Under section 1414(c)(l) of the Act. 

under section 1445(a) of the Act; (3) 
exietence of a variance or exemption: 
and (4) failure to comply with the 
requirements of a schedule prescribed 
pursuant to a variance or exemption. 

The IW amendments required that 
EPA amend its current public 
notification regulations to piovide for 
different types and frequencies of notice 
based on the differences between 
violations which are intermittent or 
infrequent and violations which are 
continuous or frequent, taking into 
account the seriousness of any potential 
adverse health effects which may be 
involved. EPA promulgated regulations 
to revise the public notification 
requirements on October 28,1987 (52 FR 
41534). The revised regulations state 
that violations of an MCL. treatment 
technique or variance or exemption 
schedule ["Tier 1 violations") contain 
health effects language specified by EPA 
which concisely and in non-technical 
terms conveys to the public the adverse 
health effects that may occur as a result 
of the violation. States and water 
utilities remain free to add additional 
information to each notice, as deemed 
appropriate for specific situations. Thjs 
proposed rule contains specific health 
effects language for the contaminants 
which are in today's proposed 
rulemaking. EPA believes that the 
mandatory health effects language is the 
most appropriate wey to inform the 

affected public of the health 
implications of violating a particular 
EPA standard. The proposed mandatory 
health effects language in 0 141.32[e) 
describes in non-technical terms the 
health effects associated with the 
proposed contaminants. Public comment 
is requested on the proposed language. 
M. Economic Impacts and Benefits 

Executive Order 12291 requires EPA 
and other regulatory Agencies to 
perform a Regulatory Impact Analysis 
(RIA) for all "major" regulations. Major 
regulations are those which impose a 
cost of $:.a million or more on the 
national economy, or meet other criteria. 
EPA has determined that this proposed 
rule would be a major rule under the 
Executive Order, and has eccordingly 
prepared an RIA which assesses the 
costs and benefits of the proposed 
regulations ( P A ,  1991i). This regulation 
has also been reviewed by the Office of 
Management and Budget and their 
comments are available in the public 
docket. 

Table 23 presents a summary of the 
results of the RIA. Approximately 28.W 
public water systems would be required 
to install treatment or take other actions 
to comply with the proposed MCLs for 
these radionuclides. Total national costs 
would be approyhately $310 million per 
year. 

TABLE 23.-NATIONAL COSTS AND BENEFITS OF PROPOSED RADIONUCLIDES McLS 

an- 
222 

RoposedMCL(b) .................................................................................................................................. 1 300 
................................ 26,oOo 

Total captial (OM) ............................................................................................ 

............................................... 5 

'Lap3 (over l0,oOo) ........................................................................................................................ 5 

(8) Ad'usted grosa alpha m, MLL, are e x m ~ 8 8 ~ d  in ~ G / L  unless omemise noted. 

20 q 40 
190 40 

20 3 
30 6 
3 0.2 

0.003 0.89 

NA NA 
NA NA 

630 650 
150 150 
w) 90 
60 60 

4'! 1 28.000 

0 2.400 
0 150 
0 310 
0 8 4  

0.25 7 

i/ 0 

icj MCL for u r h u m  is eap"essed in (a MCL for 
(e) Nurfkr of cases avoided per year is in thf) range of 0.2 to 1.4. The low end of the range is based on the risk factor assoCiated with thorium-232; the high end 

(0 G r w  alphe is used 88 a ween for radium226 and uranium. 
Note: Total msy not add due to rounding. 

emitters is expres3krnems &/year. 

is based on polonium-210 nsk. Actual O C C I R I ~  IS likely lo Iw) charactemed by a mn of several isotopes. 

A large proportion of the water 
systems affected by this regulation 
would be small systems serving fewer 
than 50 people. Costs to households 
vary considerably over the range of 

system sizes that would be covered by 
the proposed regulations, with smaller 
systems having higher costs, because 
these systems do not benefit from the 
engineering economies of scale that 

large systems have. In the smallest of 
these systems (25 to 100 people), annual 
residential water bills could increase by 
$700 to $so0 for treatment of radium or 
uranium. EPA recognizes that these 

s-05  1999 0060(03)(17-JUL-91- 14:23:50) 
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costs could prove very difficult to afford 
for small systems. Exemptions may be 
available through States to provide 
small systems with additional time to 
develop financing for water treatment as 
described in section V.I.2. 

A. Regulatory Flexibility Analysis 

The Regulatory Flexibility Act 
reguires EPA to consider the effect of 
regulations on small entities, 5 U.S.C. 
602 et seq. If there is a significant effect 
on a substantial number of small 
entities, the Agency must prepare a 
Regulatory Flexibility Analysis which 
describes significant alternatives that 
would minimize the impact on small 
entities. An analysis of the impact of the 
proposed radionuclides rule on small 
water systems is included in the RIA 
supporting this rule. The Administrator 
has determined that the proposed rule. if 
promulgated, will have a significant 
effect on a substantial number of small 
entities. 

B. Paperwork Reduction Act 

The information collection 
reguirements in this proposed rule have 
been submitted for approval to the 
Office af Management and Budget 
(OMB) under the Paperwork Reduction 
Act, 44 U.S.C. 3501 et seq. An 
Information Collection Request 
document has been prepared by EPA 
(ICR No. 0270) and a copy may be 
obtained from Sandy Farmer. 
Information Policy Branch, (PM-223Y), 
U.S. Environmental Protection Agency, 
401 M Street, SW.. Washington, DC 
20480, or by calling (202) 382-2740. 

The total public reporting burden for 
this collection of information is 
estimated to be 674,517 hours, with an 
average of 4.7 hours per response. 
including time for reviewing 
instructions, searching existing data 
sources. gathering and maintaining the 
data needed, and completing and 
reviewing the collection of information. 

Send comments regarding the burden 
estimate or any other aspect of this 
collection of information, including 
suggestions for reducing this burden. to 
Chief, Information Policy Branch. (PM- 
223Y). US. Environmental Protection 
Agency, 401 M Street, SW.. Washington. 
DC 20460: and to the Office of 
Information and Regulatory Affairs. 
Office of Management and Budget. 
Washington, DC 20503, marked 
"Attention: Desk Officer for EPA'. The 
final rule will respond to any OMB or 
public comments on the information 
collection requirements contained in this 
proposal. 

5-051999 ooSl(03)(17-JUL-91-14:23:53) 
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Appendix A-Fundamentals of 
Radioactivity in Drinking Water 

To assist commenters. the following section 
provides a summary of concepts and 
definitions involving radicactivity. The 
definitions include those in the Interim 
Regulations along with several additions. one 
of which is being considered (i.e.. curie) to be 
added to 40 CFR 141.2. 

Definitions 

the absorbed dose from ionizing radiation 
and such factors which account for 
differences in biological effectiveness due to 
the type of radiation and its distribution in 
the body as  specified by the International 
Commission on Radiological Units and 
Measurements (ICRU). 

from ionizing radiation to the total body or 
any internal organ or organ system. I t  is 
equal to the absorbed dose in rads multiplied 
by a quality factor (to account for different 
radiation types]. A rem ede (effective dose 
equivalent) is a dose to organs adjusted for 
different radiation types and by an organ 
weighting factor to account for organ 
sensitivity to ihe effect of radiation. A 
"millirem" (mrem) is I / I . ~  of a rem. 

equal to a nuclear transformation rate of 
3 . 7 ~  1Olo  disintegrations/second. One 
picocurie is equal to lo-" curies. which is 
approximately 2 disintegrations per minute. 

(d) Gmss olpha particle emission activity 
means the total alpha particle radioactivity 
measured in an aliquot of an evaporated - 
water sample. 
Is) Man-mode beta particle and photon 

emiflers means all radionuclides emitting 

(a! Dose equivolent means the product of 

[b] Rem means the unit of dose equivalent 

(c] Curie means a special unit of activity 
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beta particles and/or photons that have been 
produced artificially and do not exist 
naturally. 
(r) Gross betaparticle activity means the 

total radioactivity due to beta particle 
emissions measured in a aliquot of 6 
evaporated water sample. 

(g) Becqueml (Bq) is a spccial unit of 
radioactivity in the international system of 
units (SI). One Becquerel is equal to one 
Gsintegration per second. 

(h) Sievert (Sv) means the unit of dose 
equivalent in the international system of 
units (SI) from ionizing radiation to the total 
body or any internal organ or organ system. 
One Sievert equals 100 rem. 

of the products of the dose equivalents in 
individual organs and the organ weighing 
factor. 

(j) Organ weighting factor means the ratio 
of the stochastic risk for that organ to the 
total risk when the whole body is imadiated 

(k) Natumf uranium means uranium with 
combined uranium-234 plus uranium-235 plus 
uranium-238 which has a varying isotopic 
composition but typically is 0.008% uranium- 
234.0.7% uranium-235. and 99.27% uranium- 
238. 

transformations of a radioactive substance 
which occur in a specific time interval. 

Fundamentals of Nuc!ear Structure and 
Rodioactivity 

This section has been included to provide 
background information for those not familiar 
with nuclear chemistry. It is written in broad 
and general terms and some statements may 
be simplified. 

An atom consists of a heavy concentration 
of mass at the center (the nucleus) 
surrounded by shells of electrons in different 
orbits. The primary constituents of the 
nucleus are neutrons and protons. The 
neutrons have no net electric charge while 
the protons have a positive charge. The 
orbital electrons have a negative charge and 
in the un-ionized atoms are equal in number 
to the protons. making the atom neutral in 
overall charge. 

The number of protons in the nuc!eus 
determines the chemical element and its 
atomic number. A given element can have 
more than one particular number of neutrons. 
Variation in the number of neutrons does not 
change the chemical properties [the element 
is the same] but it can produce considerable 
change in the stability of the element to , 
radioactive decay. Atoms with the same 
number of protons but different number of 
neutrons are called "isotopes." For example. 
if en atom has 88 protons. it is radon. There 
are three principal isotopes of radon 
containing 133.134 and 138 neutrons. The 
atomic mass number is the tota! number of 
protons and neutrons in the nucleus and this 
sum is usually used to label isotopes. The 
three isotopes of radon have atomic masses 
of 86+133=219.88+134=220 and 
88+13e=m. Symbolically these can be 
written as: Radon-219 Radon-220 Radon-222. 

(i) Effective dose equivalent means the sum 

uniformly. ' 

(I) Activity means the nuclear 

Since the atomic number and the chemical 
symbol are synonymous, the number of 
protons is usually omitted in the 
nomenclature. 

These radionuclides decay by emission of 
alpha and beta particles and gamma rays. An 
alpha particle, the heaviest nuclear radiation, 
consists of two protons and two neutrons. (A 
proton or neutrun is about Zoo0 times a s  
massive ae an electron.) A negative beta 
particle is an electron emitted from the 
nucleus a s  a result of neutron decay. An 
electron can be "created' and ejected from a 
nucleus by a neutron decayiq  into a proton 
(which remains in the nucleus] and an 
electron (which is ejected a s  a beta particle) 
and also a neutrino. As a result of this 
process the nucleus has one more proton and 
thus has become the atom of a different 
element with atomic number one greater than 
the parent atom. (There can also be a nuclear 
transformation in which a proton emits a 
positive beta particle, or positron. and is 
transformed into a neutron which remains in 
the nucleus]. A gamma ray is a form of 
electromagnetic radiation. Other forms of 
electromagnetic radiation are light, radio 
waves, infrared radiation. ultraviolet 
radiation and x-rays. 

decay Ieads to a different element while 
gamma ray emission does not. The isotope 
that decays is called the parent. The resulting 
isotope [if a differerit element) is called the 
progeny. For example, radon-= decays by 
emitting an alpha particle to the progeny 
polonium. This reaction is written: 
Radon-- Polonium-Z18+ helium4 

The atomic numbers (number of protons) 
for radium. polonium apd helium (the alpha 
particles) are 88, S4 and 2, respectively. Note 
that the atomic numbers and atomic mass 
numbers balance on the two sides of this 
equation. Note that the atomic mass 
decreased by 4 due to the loss of two 
neutrons and two protons. and the atomic 
number decreased by 2 due to the loss of two 
protons. 

Beta decay causes the atomic number to 
increase by one. Beta decay can be described 
as  a neutron in the nucleus converted to a 
proton. An example of beta decay is radium- 
228 which decays to actinium. This reaction 
is written: 
Radium-22- Actinium-228+ beta 

The process of alpha and beta radioactive 

particle 
The atomic numbers are 88 for Ra and 89 

for Ac (the beta decay described here is the 
negative kind). The atomic numbers and 
atomic mass numbers balance in this 
equation since the atomic number for an 
electron is -1 and its atomic mas3 number is 
zero. Gamma decay changes neither the 
atomic number nor the element: it only 
involves a loss of energy. 
Not all atoms are equally stable and 

different isotopes characteristically decay at 
different rates. The concept of half life is 
used to quantitatively describe these 
differences. The half life of an isotope is the 
time required for one half of the atoms 
present to decay. Half lives can range from 

billions of years or more (the half life of 
uranium-238 is 4.5X1Op years) to millimths of 
a second (the half life of polonium-Zl4 is 
164x10-8 sec) and even less. For example. 
the half lives of radon-n9 and radon-220 are 
too short to stwive transport through a 
d r i n h g  water distribution system. 

Atomic fission occurring in a nuclear 
reactor can also contribute radioactivity to 
drinkmg water, if by-products are released. 
This process, the source of immense energy. 
is triggered by adding a neutron to certain 
nuclei. The phenomenon occurs for heavy 
nuclei. the classical examples being isotopes 
of uranium (uranium-235) and plutonium 
(plutonium-239). When a neutron is added. 
each of these isotopes breaks in:o two 
roughly equal parts. Each of the parts (called 
fission fragments) is itself a radioactive 
nucleus and decays through a sequence of 
isotopes by beta and gamma deccy. 

liter or ppm are used to describe the 
concentrations in dnnlung water of 
pollutants, toxic and hazardous substances. 
However, certain unique properties of 
radioactive substances limit the utility of 
these units and alternative units are used to 
directly compare the health effects of 
different radionuclides. 

describe radioactivity: 

occur per second. 

is imparted to tissue (called absorbed dose). 
Energy is related to the number of particles 
emitted by the radioisotope, per second. and 
their energies. 

Damage imm radionuclides depends on the 
radiation emitted [alpha, beta or gamma) and 
not the mass of the radionuclides. Thus it is 
essential to have a unit that describes the 
number of radioactive emissions per time 
period. or activity. The activity is related 13 
the half life: Longer half livss mean lower 
activity. Historically by definition one gram 
of radium is said to have 1 curie (1 Ci) of 
activity. By comparison, 1 gm of uranium-238 
has an activity of 0.38 millionth of a curie. 
One curie is equivalent to 3.7 x 10'' 
disintegrations per second. The International 
System (SI) unit for activity is the Becquerel 
(Bq) which is equal to one disintegration/ 
second 

The effect of radioactivity depends not 
only on the activity (decaysltime) but on the 
kind of radiation (alpha, beta or gamma] and 
its energy. These two Properties determine 
the absorbed dose to tissue when decay 
occurs internally and the internal organs are 
the target. 

A common unit of absorbed dose is called 
the rad, and one rad is equivalent to one 
hundred ergs (metric unit of energy) in one 
gram of matter (for perspective on the size of 
an erg, 10 million erglsec is one watt). In 
general, these units are quite large and 
engineering shorthand is used to describe the 
activities. Shown below are some commonly 
used prefixes. 

Generally units such a s  mg/l. micrograms/ 

Two important concepts are needed to 

0 How many nuclear transformations 

0 How much radiation or how much energy 

S-05 1999 0066(03)(17-:UL-9 I-l4:24:O9) 
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shorthand 

nolabon 

e m  - Greek, fmflx 8 abtuevlebon VdW w 

lll.m lo-' one partper ........................................... ......................................................... 
thousand. lna-rrl 

-reek m 1 /I .m.o0O 10-0 one part per million. 
10-0 one part per billion. 

.......................... ......................... .......................... 1.1.oO0.o0O.m 
1 11 .o0O.OOo.oO0.m lo-'* 

.................................................. 111.o0O.m,m.o0O.o0O 10-'0 
' 111.o0O.m.o0O.o0o.o0O,m 10-18 

................................. ............................ 

Thus 1 picocurie is a millionth millionth of 
a curie and is abbreviated 1 pCi. Also 1 
millirad (1 m a d ]  is one thousandth of a rad. 

Because of the particle mass and charge, 1 
rad deposited in tissue by alpha particles 
creates a more concentrated biological 
damage than 1 rad of gamma rays. To 
compensete for this difference in damage and 
subsequent effect, a new unit was created- 
the rem. This is called the dose equivalent. 
The absorbed dose is measured in rads and 
the dose equivalent is measured in rems. 

The rad and rem are related by a quality 
factor as  follows: 
Number of wms=Q times the number of rads 

Where Q is the quality factor which has 
been assigned the following value: 
Q=1 for beta particles and all 

electromagnetic radiations (gamma rays 
and x-rays) 

Q=lO for neutrons from spontaneous fission 
and for protons 

Q-m for alpha particles and fission 
fragments 

approximately account for the relative harm 
caused by various types of radiation. The 
International System (SI) uni' corresponding 
to the rem is the Sievert (Sv). One Sievert 
equals 100 rem. 

The quality factor is msant to 

APPENDIX B-BETA PARTICLE AND 
PHOTON EMITERS 

H-3 ............................ 
BE-7 ..................... ; .... 

CL-36 ..................................... 
CL-38 ..................................... 
K-42 ....................................... 

S-05 1999 M)67(03)(17-JUL-9 I - 14:24: 12) 

APPENDIX B-BETA PARTICLE AND 
PHOTON EMlTrERS--ContinUed 

N d i  ch (fl/Wer) 

3 - 0 5  ................................... 

TC97 .................................................... 3.25E+04 
TC97M ................................................. 4.45E +03 

RUL97 ...................... 
RU-103 ................................................. 1.81E+03 

RU-106 ................................................. 2.03E+02 
RH-103M .............................................. 5.71E + 05 
RH-105 .................................................. 3 72E+03 
RH-105M .............................................. ! 5:51€+06 

4701 .F?~lT...[l6,30]...12-28-90 

APPENDIX B-BETA PARTICLE AND 
PHOTON EMllTERS--cOntinUed 

N v c l i  ch ( p a n d e r )  

RH-106 ................................................ 1.24€+06 
................................. 1.30E+03 
................................. 1.34Ef04 

PD-109 ................................................. 2.12E+03 
AG-105 ................................................. 2.70E +03 
AG108 ................................................. 6.26E+05 
AG-lOBM .............................................. 7.23E+02 
AG-109M .............................................. 1.67E + 07 
AG-110 ................................................. l.B4E+W 
AG-1 10M .............................................. 5.1 2E+02 
AG111 ................................................. 1.08E+03 

CD-1 15 ........................... ....... 9.58€+02 

IN-113 M .......................... ........ 5.24E+04 
IN-1 14 ............................. ........ 9.76E+05 

IN-115 ................................................... 3.51E+01 
.......................... IN-1 14M ........ 3.23E+02 

SN-121 M .............................................. 2.26E+03 
SN-125 ................................................. 4.46E +02 
SN-126 ................................................. 2.93E +02 
SB-122 .......... ~ ................ 8.10E+02 
56-124 ........................... ....... 5.63E+02 
SB-125 .................................................. 1.94Et.E 
SB-126 .................................................. 5.44E+ 22 
SB-126M .............................................. 5.85E +E 
55127 ........................ 

E-127 .................................................. 7.92E+03 
TE-127M ............................................... 6.63E +02 
TE-129 .................................................. 2.72€+04 

.......... 2.68E+04 

1-122 ...................................................... 2.11E+05 

....... 

.......... 9.71€+02 

........... 2.10€+01 

1-132 ................. ..................................... G.i3E+03 

1-134 ...................................................... ! 2.'JE-t.04 
1-135 ..................................................... 1'.34E+03 

1-133 ................. : .................................... 1 5.4%+02 

CS-131 ................................................. 2.28E+04 

........ 7.94E+02 
CS-136 ................................................. 5.18E +G2 

CS-138 ................................................ 2.56€+04 
EA-1 3 1 ..... :. ................................ 

............................ 2.62E+03 
EA-1 37M .............................................. 2.1 5E +M 

CS-137 ................................................. 1,19E+02 

EA-133 ....................................... 



APPENDIX &BETA PARTICLE AND 

PHOTON Efflin-ERS-Continued 

E-139 ................................................. 1.38E+M 
QA-140 ................................................. 5.82€+02 
U-140 ........................................... ; ...... 6.52€+02 
CE-141 ....... 1.89E+W 
CE-143 ....... 1.21E+W 
CE-144 ................................................. 2.61E+02 
PR-142 ................................................. 1 .ME +03 

....... 5.05€+02 

....... 5.75€+02 

....... 1.38€+03 
SM-151 .............................................. ;.. 1.41€+04 
SM-153 ................................................. 1 .WE +03 
EU-152 ................................................. 8.4: E +02 

GD-153 ........................................ ....... 4.68€+03 

YB-175 ................................ ; ................. 3.11E+03 
LU-177 .................................................. 2.C.5€+03 
HF-181 ..................... ........ 1.17€+03 

........ 3.44€+03 
W-187 ................................................... 2.66E+03 
RE-183 ................................................. 5.40€+03 

RE-1 88 ................................................. 1.79E + 03 

OS191 .................................................. 2.38€+03, 
OS191M .............................................. 1.43E+04 

........................................ l.C1E+03 
IR-192 ................................................... 9.57€+02 
IR-194 ................................................... 1.04E+03 
PT-191 .................................................. 3.81€+03 
PT-193 .................... ......... 4.61E.tO4 

AU-196 ................................................. 3.66E +03 

TL-202 .................................................. 3.BbEf03 

TL-207 ................................... 
TL-208 ................................... 
TL-209 .................................................. 3.58E+05 
PB-203 .................................................. 5.06E+03 
PB-209 ......... : ........................................ 2.53E +04 
76-210 .................................................. 1.01E+OO 

......................... 1.28€+04 

......................... l.z3E+02 

........................ l.l8E+04 

......................... 6.56E+02 
81-207 ................................................... 1.01 E+03 

81-213 ............................... 
El-214 ............................... 
FR-223 .................................................. 3.41 E +03 

iL-204 .................................................. 1.68E+03 
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APPENDIX &BETA PARTICLE AND 
PHOTON Efflin-ERS-COntinued 

Ch=Concentratjon in water foc.4 mrem edely. 
aswming 2 litem daity intake. 

APPENDIX C-ALPHA EMI~ERS 

NUCLIDE (pCillitW 

SM-147 .................. 1.06E+02 

81-21 1 .................... 2.05€+05 
Po-210 ................... 1.40€+01 
Po-212 ................... 1.1 5E+ 14 

TH-227 ................... 6.E.2€+02 
lU-228 ................... 1.53€+02 
TH-229 ................... 5.1 5E+01 
TH-2 30 ................... 8.27E+01 

u-232 ..................... 1.02E4 21 

U-2 34 ..................... 2.59€+01 
U-235 ..................... 2.65€+01 
U-236 ..................... 2.74€+01 
U-238 ..................... 2.62€+01 
NP-237 ................... 7.19E+OO 
PU-2 36 ................... 3.33€+01 
PU-238 ................... 7.15E +00 
PU-Z39 ................... 6.49E+01 
PU-240 ................... 6.49€+0: 
PU-242 ................... 6.83€+01 
PU-2M ................... 7.02E +00 
AM-241 .................. 6.45E + 00 
AM-242 .................. 8.66E+03 
AM-243 .................. 6.49E + 00 
CM-242 .................. 1.45€+02 
CM-243 .................. 8.47E+ 00 
CM-244 .................. 1 .WE + 01 
CM-245 .................. 6.35E + 00 
CM-246 .................. 
CM-247 .................. 6.93E + OO 
CM-248 .................. 1.71E+OO 
CF-252 ................... 1.70E SO1 

ci (pCillitW) 

1 .ME+02 
1.01E+03 
1 .%E + 05 
7.46E+OO 
8.78E+ 13 
6.06€+12 
1.85E + 1 1 
6.84€+09 
5.30E+07 
6.91 E + 04 
4.27E408 
3.26E+M 
2.41€+01 
4.06E+01 
1.57E + 01 
1.13E+02 

1.25E+ 02 
4.93E + 01 
7.92E+ 31 
8.80E + 01 
1.02E+01 
5.72E+W 
1.38€+01 
1.39E+01 
1.45E +01 
1.47€+01 
1.46€+01 
7.06E+M) 
3.23€+01 
7.02E+OO 
6.21 E + 01 
6.22E+01 

4.03€+02 

6.54€+01 
6.87EfOO 
6.34E+W 
5.34€+33 
6.37E + 00 
1.33E + 02 
8.30E + 00 
9.84E+OO 
6.23E+OO 
6.27€+00 
6.79€+00 
1.87E +00 
1.62€+01 

Cm=Concenbation in water foc lietime mortality 

Ci=Concsntration in watef for lietime incidence 

Ectn assume 2 liters daily intake of water. 

riSk=l X10 '  

risk = 1 X 10'  

List of Subjects in Bo CFR Parts 141 and 
142 

Chemicals, Reporting and record 
keeping requirements, Water supply, 
Administrative practice and procedure. 

Dated: June 17.1991. 
William #. Reilly, 
Administmtor, Environmental Protection 
Agency. 

For the reasons set forth in the 
prekmble, title 40 of the Code of Federal 
Regulations is proposed to be amended 
as follows: 

PART 141-FdATIOPdAL PRIMARY 
DRIFdKIWG WATER REGULATIONS 

1. The authority citation for part 141 
continues to read as follows: 

2. Section 141.2 is amended by adding, 
in alphabetical order, a definition for 
"adjusted gross alpha" as follows: 

5 141.2 Deflnitjons 
t t t t .  

Adjustedgross a!pha: Adjusted gross 
alpha is defined as the result of a gross 
alpha measurement, less radium-226 and 
less uranium. Radon is not included in 
adjusted gross alpha. 
* * * * *  

3. Section 141.15 is amended by 
revising the introductory text to read as 
bllows: 

3 141.15 Maximum contaminant levels for 
%dium-226, radium-228, and grow alpha 
,article radioacthrity in cornmunky water 
3ystems. 

The following are the maximum 
:ontaminant levels for radium-226. 
-adium-228. and gross alpha prrticle 
.adioactivity, which shall remain 
2ffective until [insert date 18 months 
3fter publication of the final rule in the 
Federal Register]: 
, * * * .  

4. Section 141.16 is proposed to be 
imended by adding introductory text to 
*ea3 as follows: 

i 141.16 Maxlmum contaminant levels for 
wta partlcle and photon radioactlvity from 
nan-made radlonuclfdes In community 
aster systems. 

The following maximum contaminant 
evels shall remain effective until [insert 
late 18 months after publication of the 
'inal rule in the Federal Register]; . . . . .  

5. Section 141.25 is amended by 
,evising the section to read as follows: 

4701 .FMT...[l6.30]...12-28-90 



33122 Federal Register / Vol. 56. No. 138 1 Thursday, July 18. 1991 1 Proposed Rules 
, -I  - 
5 14125 Snmpllng and a m  mthodo 
for m8onwRd9n 

The current analytical methods 
outlined in 4 141.25 and the monitoring 
requirements in 5 141.26 shall remain 
effective mtil [insert date 18 months 
after promulgation of the final rule]. 
After that date, the monitoriq and 
analytical methods specified below will 
be effective. Community water systems 
and non-transient, non-cornunity 
water systems shsll conduct monitoring 
to determine compliance with the 
maximum contaminant levels specified 
in 0 141.84 in accordance with this 
section. 

(a) Monitoring shall be conducted as 
follows: 

(1) Groundwater systems shall take a 
minimum of one sample at every entry 
point to the distribution system which i3 
representative of each well after 
treatment (hereafter called a sampling 
point) beginning in the compliance 
period starting January 1.1996. The 
system shall tcke each sample at the 
same sampling point unless conditions 
make another sampling point more 
representative of each source or 
treatment plant. 

minimum of one sample at every entry 
point to the distribution system after 
any application of treatment or in the 
distribution system at a point which is 
representative of each source after 
treatment (hereafter called a sampling 
point) begi+ng in the compliance 
period starting January 1.1998. The 
system shall take each sample at the 
same sampling point unless conditions 
make another sampling point more 
representative of each source or 
treatment plant. 

than one source and the sources are 
combined before distribution, the 
system musi sample at an entry point to 
the distribution system during periods of 
normal operating conditions (i.e., when 
water is representative of all sources 
being used). 
(4) The State may reduce the total 

number of samples which must be 
analyzed by allowing the use of 
compositing, except for radon and gross 
beta samples, which may not be 
composited. 

(i) Composite samples from a 
maximum of five sampling points within 
one system are allowed. Compositing of 
samples must be done in the laboratory. 

composite sample is greater than or 
equal to 3 pCi/l of any radionuclide. the 
individual non-composited samples. or if 
these are not available. follow-up 
samples must be analyzed to identify 
the sampling points which may violate 

(2) Surface water systems shall take a 

(3) If a system draws water from more 

(ii) If \;:e concentration in the 

S-OS i Y 9 9  0069(03)( 17-JUL-9 1 - 14:24:22) 

one of the MCLs. Any follow-up samplcs 
must be taken w i ' h  14 days at  each 
sampling point included in the 
composite. Samples must be analyzed 
for the contaminants which were 
detected in the composite sample. 

radon shall be in accordance with 
paragraph (b) of this section: the 
frequency of monitoring for radium-225. 
radium-228, uranium, and adjusted gross 
alpha shall be in accordance with 
paragraph (c) of this section: and the 
frequency of monitoring for beta and 
photon emitters shall be in accordance 
with paragraph (d) of this section. 

[b) The frequency or' rnonit0rir.g 
conducted to determine compliance with 
the maximum contaminant level for 
radon specified in 3 141.64 shall be 
conducted as  follows: 
(1) Groundwater systems or systems 

using both ground and surface water are 
required to take four consecutive 
quarterly samples during the first year 
of each three. year compliance period of 
each nine-year compliance cycle. 
Annual samples are required in the 
second and third years of cach 
compliance period. The initial 
monitoring for radon must be completed 
by January I, 1999. 

required to monitor for radon. The State 
may require it. 

(3) The State may grant a waiver to 
ground water systems or systems that 
use both ground and surface water for 
monitoring requirements in paragraph 
(b)jl) of this section, provided that they 
have monitored quarterly in the initial 
year, and completed annual testing in 
the second and third year of the first 
compliance period (at least one sample 
shall have been taken since January 1, 
1990J. Groundwater systems shall 
demonstrate that all previous analytical 
results were less than the maximum 
contaminant level. Systems that use a 
new water source are not eligible for a 
waiver until 4 quarters of monitoring 
and two subsequent years of a single 
annual sample of the new source has 
been completed. 

State determines that the system is 
reliably and consistently below the 
MCL. based on a consideration of the 
following factors: 

( i )  Potential radon contamination cif 
the water source due to the geological 
characteristics of the area where ;he 
water source is located. 

(5) The frequency of monitcring for 

(2) Surface water systems are not 

( 4 )  The State may grant a waiver if the 

(ii) Previous analytical results. 
(5) A condition of the waiver shall 

require that a system take a minimum cf 
1 sample every three-year compliance 
period. 

4701 .F?~lT...[l6.30]...12-28-90 

(6) A waiver remains in effect until 
the completion of the nine-year 
compliance cycle. Systems not receiving 
a waiver must monitor in accordance 
with the provisions of paragraph (b)(l) 
of this section. 

(7) A decision by the State to grant a 
waiver shall be made in writing and 
shall set forth the basis for tl 
determination. The determination may 
be initiated by the State or upon an 
application by the public water system. 
The public water system shall specify 
the basis fgr its request. The State shall 
review and, where appropriate. revise 
its determination of appropriatz 
frequency. 

(8 )  A systPm which exceeds the 
maximum contaminant level ir: 9 141.64 
of this part shall monitor quarterly 
beginning in the next quarter after the 
violation occurred. Quarterly monitoring 
must continue until the average of 4 
consecutive quarterly samples is below 
the MCL. 

(9) If monitopag data collected after 
January 1,1990 are generally consistent 
with the requirements of 5 141.25. then 
the State may d!ow systems to use 
those data to satisfy the monitorhg 
requiement fcr the initial compliance 
period. 

(c) The frequency of monitoring 
conducted to determine compliance with 
the maximum coctaminant levels in 
5 141.64 for radium-226, radium-228, 
uranium, and adjusted gross alpha shall 
be as follows: 

(I) Groundwater systems, surface 
water systems and systems using both 
ground and surface water shall take one 
sample annually at  each sampling point 
during each compliance period starting 
in the compliance period beginning 
January 1.1996. If ell samples are less 
than the MCL, then monitoring can be 
reduced !o one sample per compliance 
period, in accordance with paragraphs 
(c) (2) through (6) of this section. 
(2) Qstems may apply to the State for 

a waiver from the monitoring 
frequencies specified in partigraph (cJ(1) 
of this section, i f  they have completed 
the required three annual samples in the 
first three-year compliance period. 
Systems that use a new water source 
are not eligible for a waiver un!ii three 
years of monitoring of the new souice 
has been completed. 

(3) The State may grant a waiver if it 
finds that the system is reliably and 
consistently below the MCL. based on a 
consideration of the foilowing factors: 

(i! Potential contamination of the 
water soiirce: and 

(ii) Previous analytical results. 
(4) A condition of the waiver shall 

require that a system take a minimdm of 



one sample during the effective period 
of the waiver. The term during which the 
waiver is effective shall not exceed one 
nine-year compliance cycle. 
(5) The State may grant a waiver 

provided water systems have monitored 
annually for at  least three consecutive 
years. (At least one sample shall have 
bem taken since January 1,1990.) Both 
surface and groundwater systems shall 
demonstrate that all previous analytical 
results were less thsn the maximum 
contaminant level. Systems that use a 
new water source are not eligible for a 
waiver until three cofisecutive annual 
samples from the new source have been 
collected and analyzed. 

(6)  A decision by the State to giant a 
waiver shall be made in writing and 
shall set forth the basis for the 
determination. The determination may 
be initiated by the State or upon an 
application by the public water system. 
The public water system shall specify 
the basis for its request. The State shall 
review and. where appropriate, revise 
its detemination of the appropriate 
monitoring frequency whr.7 the system 
submits nerd; monitoring data or when 
other data relevant to the system's 
appropriate monitoring frequency 
become available. 

(7) Systems which exceed the 
maximum contaminant levels in 5 141.6; 
of this part shall monitor quarterly 
beginning in the next quarter after the 
violation occurred. Quarterly monitoring 
must continue until 4 consecutive 
quarterly samples are below the MCL. 

(8) If monitoring data collected after 
January 1.1985 are generally consistent 
with the requirements of 3 141.25, then 
the State may allow systems to use 
these data to satisfy the mocitoring 
requirements for the initial compliance 
penod beginning Januaiy 1,1990. except 
at least one sample shall have been 
collected since January 1,1990. 

(d) The frequency of monitoring 
conducted to determine compliance with 
the maximum contaminant lev& in 
5 141.64 for beta and photon emitters 
ahall be as follows: 
(1) Only systems (both surface and 

ground water) determined by the State 
to be vulnerable need to sample for beta 
and photon emitters. Vulnerability shall 
be based on the proximity of the water 
source[s) to facilities using or slroducing 
radioactive materials. Vulnereble 
systems shall monitor quarterly for beta 
and annually foz tritium and strontium, 
bcgincing in the compliance pcriod 
starting January 1990. Systems must 
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begin monitoring within one quarter 
after being notified by the State that the 
system is vulnerable. Ekisting 
vulnerability determinations by the 
State shall remain effective until the 
State reviews and either reaffirms them 
or revises them. 

(2) Systems determined to be 
vulnerable may not apply to the State 
for e waiver from the monitoring 
frequencies specified in paragraph (d)(l) 
of this section. 

(3) If the gross beta particle activity 
exceeds 50 pCi/l, an analysis of the 
sample must be performed to identify 
the major radioactive consrituents 
present in the sample and the 
appropriate doses shall be calculated 
and summed to determine compliance 
with 5 141.64, using appendix B. [insert 
citation for final Federal Register]. 
Measured levels of tritium and strontium 
shall be inciuded in this calculation. 
Doses shall also be calculated and 
combined for measured levels of tritium 
and strontium to determine compliance. 
(4) Suppliers of water shall conduct 

additional mcdtoring as  directed by the 
State, to determine the concentration of 
man-made radioactivity in principal 
watersheds designated by the State. 
(5) Vulnerable systems which exceed 

the maximum contaminant levels in 
5 141.64 shall monitor monthly begiMing 
in the next month after the violation 
occurred. Monthly monitoring shall 
continue until h e  system has 
established, by a rolling average of 3 
monthly samples, that the MCL is being 
met. 

(e) Cmfirmation samples: 
[I) Where the results of sampling for 

radon, radium-226, radium-228, adjusted 
gross alpha. uranium, and beta and 
photon emitters indicate an exceedence 
of the maximum contaminant level, the 
State may require that one additional 
sample be collected as soon as pos2ible 
after the initial sample was taken (but 
not to exceed two weeks) et the same 
sampling point. 

(2) If a State-required confirmaticn 
sample is taken for any contaminant, 
then the results of the initial and 
confirmation sample shall be averaged. 
The resulting average shall be iised to 
determine the system's compliawe in 
accordance with paragraph (h) of this 
section. States have the discretion to 
delete results of obvious sampling or 
analytic errors. 

[ f )  The State may require more 
frequent monitoring than specified in 
;aragraphs (b). (c), and (d) of this 

4701 .FMT...[l6,30]...12-28-90 

section or may require confirmation 
samples for positive and negative results 
at its discretion. 

(g] Systems may apply to the State to 
conduct more frequent monitoring than 
the minimum monitoring frequencies 
specified in this section. 

and 141.64 (as appropriate) shall be 
determined based on the analytical 
result(s) obtained at each sampling 
point. 

( l j  For systems which are conducting 
monitoring at  a frequency greater thsn 
annual, compliance with the maximum 
contaminant levels for radon, radium- 
226. radium-228, adjusted gross alpha, 
uranium, and beta and photon emitters 
is determined by a running annual 
average at each sampling point. If the 
average at any sampling point is greater 
than the MCL, then the system is out of 
compliance. If any one sample would 
cause the annual average to be 
exceeded, then h e  system is out of 
compliance immediately. Any sample 
below the detection limit shall be 
calculated at one-half the detection limit 
for the purpose of determining the 
annual average. 

(2) For systems which are monitoring 
annually, or less frequently, the system 
is out of compliance with the maximum 
contaminant levels for radon, radium- 
220, radium-228, adjusted gross alpha, 
uranium, and beta and photon emitters 
if the level of a contaminant at any 
sampling point is greater than the MCL. 
If a confirmation sample is required by 
the State, the detemination of 
compliance wi!: be based on the average 
of the two samples. 

distribution system separable from other 
parts of the distribution system with no 
interconnections, only those parts of the 
system that exceed the MCL need to 
conduct increased monitoring. 
(4) if a public water system has a 

distribution system separable from other 
parts of the distribution system with no 
interconnections, the State may allow 
the system to give public notice to only 
the area served by that portion of the 
system which is out of corn'pliance. 

(i) Each public water system shall 
monitor at the time desigflated by the 
State during each compliance period. 

(j) Radionuclides analysis: 
(1) Analysis for radon. radium-226. 

radium-228. adjusted gross alpha. 
uranium, and beta and photon emitters 
shall be conducted using the following 
methods: 

(h) Compliance with 3 9 141.15.14:.16, 

(3) If a public water system has a 
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contaminant 

w.- 
-no 

Gross alpha and 

Gross alpha ....... 
Radium 226 ....... 

beta. 

Radium 228 ....... 
Radon 222 .......... 

Uranium ............... 

Man-made 
Radioactive 

cesium. 
Radoactive 

iodine. 
Radioactive 

strontium 89. 
90. 

Tritium .................. 

Gamma and 
photon 
emitters. 

PROPOSED METHODOLOGY FOR RADIONUCLIDE CONTAMINANTS 

Methodology 

Eveporation ....... 
Co-precipitation. 
Radon 

emanation. 
Radiochemical ... 
Radiochemical ... 
Liquid 

santillation. 
LUcaS cell ........... 
Radiochemical ... 
Fluoromebic ....... 
Alpha 

spectrometry. 

Precipitation .: ...... 
PrecipRation ........ 

PredDitation ........ 

Radiochemical .... 
Liquid 

scintillation. 
Gamma ray 

spectrometry. 

EPA 

900.0 

..................... 
903.1 

903.0 
9G4.0 

..................... 
908.0 
908.1 

901.0 

902.0 

905.0 

..................... 
906.0 

901.1 

............................. 

.......................................... 

.......................................... 

............................. 00-07. 

pp. 4-5 ............................ 

............................. 1-01 .... 
pp. 29-33 ......................... 

pp. 108-114 ...... Sr +... 
pp. 34-40 ........... H-02 .... 

............................ I .............. 

Reference tmethod or oaw number) 

ASTM r' USGS t p. 1 ........ 7110 B ............ D 1943-81 ............... R-1 !ZO-76 ..... 

....................................................................... 

................ 7500-U B ....... D 3972-82 ......................................... 

................ 75OC-U C ....... D 2907-83 R-i180-76 
R-1181-76 ..... 

p. 33 .................................................................... R-1 182-76 ..... 

............... ..... 

I 

...... p. 65 7500-Sr B ................. R-11-76 ..... 

.................................. ........................................... 

...................... 

...................... 

...................... N.Y.O 

...................... 

...................... N.Y.9 
N.J.'O 

...................... 913 l 1  

LS 1) 

...................... LC '2  

€ 4 - 0 3  ........ 
...................... 

E-U -04 ........ 

E-Cs-Ol ...... 

...................... 

...................... 

E-9-01 ....... 
...................... 
4.5.2.3 .......... 

"Presaibed Procedures for Measurement of Radioactivity in Drinking Water," EPA Environmental Monitoring and Support Laboratory. Cincinnati. OH (EPA-6001 

"1nten.m Rad i ihemW Methodoly fo! Drinking Water;' EPA-600/4-75-008, March 1976. (EPA. 1976) ' Eastern Environmental Radiation aalrty. Montgomfy. AL 36109, "Radiochemical Procedures Manual," EPA 520/5-84-006. August 1984. (EPA. 19848). 
* "Radiochemical Ana)ybcal Procedures for AnaIys1.3 of Environmental Samples," EMSL-LV-0539-17, March 1979. (EPA. 1976b). 
'I "Standard Methods for \he Examination of Water and Wastewater," 17th edition. American Public Health Association, American Water Works Association. Water 

Pollution Control Federabon 1989. (APHA 1989). 
81989 Annual Book oi ASTM Standsrds Vol. 11.02 American Socie for Testing and Materids. 1916 Race Street, Philadelphia, Pa. 19103. (ASTM. 1989) 
' Methods for Determination of Radioa&e Substandes in Water and %vial Sediments;. Book 5, 1989. Techniques of Water-Reswrces ltW€JStigetiOnS Of the 

United States Geological Survey. chapter A5. (USGS. 1989). 
artment of Energy, ':EML.PRCCEDURES MANUAL, 27th edition." (DOE, 1990). 

9 " D e t m i n a h  of z z s  Ra and 22s Ra (Ra-02)y  ' adtolcgml . Sciences lnsbtute Center for Research-New York State Department of Health. January 1980 
(Revised June 1982). (NY State DOH. 1982). 

l o  "Determination of Radium 226 in Drinking Water." State of New Jersey-Department of Environmental Protection-Division of Environmental Quality-Bureau 
of Radiation and Inorgnic Apavca! Services. August 1990. (NJ DEQ. 1990). 

Method 913- adon in dnnkt 
"Appendix D. Ana!yb'cal Test?' rocedure. "The Determination of Radon In Drinking Water," p. 22, Two Test Procedures for Rado': In Drinking Water. 

Interlaboratory Collabwatwe Study. EPA/600/2-87/082. March 1987. (EPA. 1987e). 

4-80-032. August 1980. (EPA. 1980). 

Environmental Measurernenls Laboratory US. 

water by liquid xintillation. Environmental Monitoring and Support Laboratory. Las Vegas. NV. (EPA 1991q). 

(2) Sample collection for radon, 
radium-226, radium-228. adjusted gross conducted using the sample table below: 
alpha, uranium, and beta and photon 

emitters under this section shall be 

preservation, container, and maximum 

holding time procedures specified in the 

.................................................. ........................................................... 

..................................................... 

I (All except radon-22 samples). It is recommended that the preservative be added to the sample at the time of collection unless suspended solids actin is to 
be measured. However. if the sample must be shipped to a laboratory or storage, area. acidification c1 the sample (in its original container) may be delayJfar a 
period not to ex&- 5 days.. A minimum of 16 hours must elapse behveen acidillcabon and analysis. 

P=Pla!ibc. hard or soft: G=Glass. hard or soft. 

S-051999 OO7l(O4)( 17-JUL-91-14:26:IZ) 

4701 .FMT...[16,30]...12-28-90 



Federal Register 1 Vol. 56, No. 138 I Thursday, July 18, 1991 1 Proposed Rules 33125 

mg to time of analysis. In ail cases, samples should be analyzed as soon after collection as possible. 
HQ IS usad to acidify samptes w f k h  are to be%ed for gross alpha 01 gross beia activities. the add salts must be converted to nibgte Sans Wore 

in eppendhc C. NlRS Sampling 

1 

' W n g  thne is detinad as the psriod from time of 

ognsferof ma samples to planchets 
pcocadure of a positive collectjon in Wml glass bottles is to be followed. This procedure is 

. 

I n S W  adon. p. 26. Two Test E e s  For Radon In Drinlung Water, Intedaboratwy Collaborative Study. EPAI6&%%2. March 1987. 

(3) Analysis under this section shall 
only be conducted by laboratories that 
have received approval by EPA or the 
State. To receive approval to conduct 
analyses for radon, mdium-226, radium- 
226, adjusted gross alpha. uranium, and 
bsta and photon emitters the laboratory 
must: 

(i) Analyze Performance Evaluation 
samples which include those substances 
provided by EPA Environmental 
Monitoring and Support Laboratory or 
equivalent samples provided by the 
State. 

analyses that are within the following 
acceptance limits: 

(ii) Achieve quantitative results on the 

Contaminant Acceptance Limits 1 

Radium226 ......................... 230% at 2 5 pCi/l. 
............... r50% at 2 5 pCi/l. 

Gross alpha emitters ......... f50% at 2 15 @/I. 
Gross beta emitters ........... 230% at 2 30 pCi/l. 
Radioactive Cesium ........... 530% at 2 10 @/I. 

Radioactive Sboontium r 3 0 %  at 2 5 pCi/l. 
total, 99 and 90. 

Tritium ................ 1 ................. -c20% at 2 1200 pcill. 

'Acceptance limits based on 100 minute a n t  
*Radon acceptance limits based on 4 day 

elapsed time from sample collectih? to analysis. 

6. Section 5 141.32 is amended by 
adding paragraphs (e)(77) through (82j. 
to read as follows: 

5 141.32 Public notlflcatlon. 
t * t * t  

(e) ' 
(77) Radon: The United States 

Environmental Protection Agency (EPA) 
sets drinking water standards and has 
determined that radon is of health 
concern at  certain levels of exposure. 
Radon is a naturally occumng 
radioactive contaminant that occurs in 
ground water. It is a gas, and is released 
from water into household air during 
water use. Radon has been found in 
epidemiology studies to cause lung 
cancer in humans at high exposure 
levels; at lower exposure levels the risk 
of lung cancer is reduced. EPA has set 
the drinking water standard for radon in 
public water supplies at 3 0  picocuries 
per liter (pCi/l) to protect against lung 
cancer risk. Drinking water that meets 
the EPA standard is associated with 
little of this risk and is considered safe 
for radon. 

(78) Radium 226: Tine United States 
Environmental Protection Agency (EPA) 
sets drinking water standards and has 

determined that radium 226 is of health 
concern at certain levels of exposure. 
Radium 2-3 is a naturally occurring 
radioachve contaminant that occurs 
primarily in ground water. Radium 226 
has been found in epidemiology studies 
to cause bone cancer in humans at  high 
exposure levels, and is believed to cause' 
other cancers as well; at lower exposure 
levels the risk of cancer is reduced. EPA 
has set the drinking water standard for 
radium 226 at 20 picocuries per liter 
(pCi/l) to protect against cancer risk. 
Drinking water that meets the EPA 
standard is associated with little of this 
risk and is considered safe for radium 
226. 

(79) Radium 228: The United States 
Environmental Protection Agency (EPA) 
sets drinking water standards and has 
determined that radium 228 is of health 
concern at  certain levels of exposure. 
Radium 228 is a naturally occurring 
radioactive contaminant that occurs 
primarily in ground water. Radium 228 
has been four-d in epidemiology studies 
to cause bone cancer in humans at high 
exposure levels and is believed to cause 
other cancers as well; at lower exposure 
levels the risk of bone cancer is reduced. 
EPA has set the drinking water standard 
for radium 228 and 20 picocuries per 
liter (pCi/l) to protect against cancer 
risk. Drinking water that meets the EPA 
standard is associated with little of this 
risk and is considered safe for radium. 

Environmental Protection Agency (EPA) 
sets drinking water standards and has 
determined that uranium is of health 
concern at  certain levels of expoxre. 
Uranium is a naturally occurring 
radioactive contaminant that occurs in 
both ground and surface water. Uranium 
is believed to cause bone cancer and 
other cancers in humans at high 
exposure levels: at lower exposure 
levels the risk of cancer is reduced. EPA 
also believes uranium can be toxic to 
the kidneys. EPA has set the drinking 
water standard for uranium at 20 
micrograms per liter (pgl) to protect 
against both cancer risk and risk of 
kidney damage. Drinking water that 
meets the EPA standard is associated 
with little of this risk and is considered 
safe for uranium. 

(81) Gross Alpha: The United States 
Environmental Protection Agency (EPA] 
sets drinking water standards and has 
determined that alphe emitting 
radionuclides may be of health concern 
at cartain levels of exposure. Alpha 

(80) Uranium: The United States 

emitters are primarily naturally 
occurring radioactive contaminants, but 
several derive from man-made sources. 
They may occur in either ground or 
surface water. Alpha emitters are 
believed to cause cancer in humans at  
high exposure levels because they emit 
ionizing radiation. At lower levels, the 
risk of cancer is reduced. EPA has set 
the drinking water standard for alpha 
emitters at 15 picocuries per liter (pCi/l) 
to protect against cancer risk. Drinkixg 
water that meets the EPA standard is 
associated with little of this risk and is 
considered safe for alpha emitters. 

(82) Beta andphoton emitters: The 
United States Environmental Protection 
Agency (EPA) sets drinking water 
standards and has determined that beta 
and photon emitting radionuclides may 
be of health concern at  certain levels of 
exposure. Beta and photon emitters are 
primarily man-made radioactive 
contaminants associated with the 
operaticn of nuclear power facilities. 
facilities using radioactive material for 
research or manufacturing, or facilities 
where these materials are disposed. 
Some beta emitters are naturally 
occurring. Beta and photon emitters are 
expected to occur primarily in surface 
water. Beta and photon emitters are 
believed to cause cancer in humans at  
high expasure levels because they emit 
ionizing radiation. At lower levels, the 
risk of cancer is reduced. EPA has set 
the drinking water standard for beta and 
photm emitters at 4 millirems effective 
dose equivalent per year (mrem ede/yr) 
to protect against cancer risk. Drinking 
water that meets the EPA standard is 
associated with little of the risk and is 
considered safe for beta and photon 
emitters. 
* . * * e  

7: A new section 5 141.44 is added to 
subpart E to read as follows: 

5 141.44 Special monitoring for 
radionuclides. 

transient, non-community water system 
shall take one sample at each sampling 
point for lead-210 and report the results 
to the State. Monitoring must be 
completed by December 1996. 

(b) Groundwater systems shall take a 
minimum of one sample at every entry 
point to the distribution system which is 
representative of each well after 
treatment (hereafter called a sampling 
point). Each sample must be taken at the 
same sampling point unless conditions 

(a) Each community end non- 

QDOQBB76 
I 
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make another sampling point more 
representative of each source or 
treatment plant. 

[c) Surface water systems. 
Note: For purposes of this paragraph, 

surface water systems include systems with a 
. combination of surface and ground sources. 

shall take a minimum of one sample at  
points in the distribution system that are 
representative of each source or at each 
entry point to the distribution system 
after treatment (hereafter called a 
sampling point). Each sample must be 
taken at the same sampling point unless 
conditions make another sampling point 
more representative of each source or 
treatment plant. 

(d] If the system draws water from 
more than one source and the sources 
are combined before distribution, the 
system must sample at  an entry point to 
the distribution system during periods of 
normal operating conditions (Le.. when 
water representative of all sources is 
being used). 

confirmation sample for positive or 
negative results. 

(fJ Instead of performing the 
monitoring required by this section, a 
community water system or non- 
transient non-community water system 
serving fewer than 150 service 
connections may send a letter to the 
State stating that the system is available 
for sampling. This letter must be sent to 
the State by january 1,1998. The system 
shall not send such samples to the State, 
unless requested to do so by the State. 

8. A new 8 141.53 is added to subpart 
F to read as follows: 
5 141.53 fflaxlmum contaminant level 
goals for Radlonuclldes. 

(e] The State may require a 

MCLGs for the radionuclides are as 
follows: 

Contaminant 

9. A new section 141.84 is added to 
subpart G to read as follows: 
5 141.64 Maximum contaminant levels for 
radlonuciidef+. 

contaminant levels for Radionuclides 
apply to community and non-transient, 
non-community water systems. The 
effective date for these MCLs is [insert 
date 18 months after publication of the 
final rule in the Federal Register]. 

(a) The following maximum 

S-OS 1999 0073(W)(17-JUL-91-14:26:20) 

Contaminant MCL 

(1) Radon-222 ............................. 300 pUlI. 
(2) Radkrm-226 ........................... 
(3) RadNm-228 ........................... 
(4) Uranium .................................. 20 pgll 
(5) Adjjted gmsg alpha ............ 15 pWI. 

NOTE: M ugll uranium is appoximately equal to 
30 pQA. using an activity-to-mass conversion of 1.3 
pCilug. The activity4o-mess ratio can vary depmd- 
ing on the relative 8m0unts of uranium-234. -235 
and -238 that are present in a sample. The MCL 
applies to the tot+ mass of uranium in the sample. 

NOTE: The unit mrem edelyr refers to the dose 
committed over a period of 50 ears to reference 
man (ICRP 1975) from an anndintake at the rate 
of 2 liters of drinking wster per day. 

(b) The Administrator, pursuant to 
section 1412 of the Act, hereby identifies 
as indicated in the table below the best 
technology. treatment technique, or 
other means available for achieving 
compliance with the maximum 
contaminant level for Radionuclides 
identified in paragraph (a) of this 
section: 

BAT FOR RADIONUCLIDES LISTED IN 
SECTION 141.64 

Radon 222 .......... Aeration: Packed tower, spray. slat 

Radium 226 ........ Ion exchange, Reverse Osmosis. 

Radium 228 ........ Ion exchange, Reverse osmosis. 

Uranium (N) ........ Ion exchange, reverse osmosis. 

tray and other forms. 

Lime softening. 

Lime softening. 

Lime softening. coagulationlfil- 
tration. 

Alpha particle Reverse osmosis. 
emittors. 

Beta pmbcle 
and photon osmosis. 
emitters. 

Miied bed ion exchange. Reverse 

PART 142-NATIONAL PRIMARV 
DRINKING WATER REGULATIONS 
IfflPLEMEWTATlOWS 

continues to read as follows: 

3oog-3,300g-%.3~u~g-5.3O0g-8. 30j-4, and 
30j-9. 

2. Section 142.14 is amended by 
adding paragraphs (dl(12) and (dJ(13). 
5 142.14 Recordn kept by Statas. 

1. The authority citation for part 142 

Authority: 42 U.S.C. 3OOg.3OOg-1.3OOg-2. 

t t . * t  

(d) ' 
(12) Records of any determination of a 

system's vulnerability to contamination 
from photon and beta emitters due to 
their proximity to an emitting source or 
use of source water influenced by a 
source o i  radiation. The records shall 
also include the basis for such 
deterrnina tion. 

(13) Reccrds of all current monitoring 
requirements and the most recent 
monitoring frequency decision 
pertaining to each contaminant, 
including the monitoring results and 
other data supporting the decision, the 
State's findings based on the supporting 
data and any additional bases for such 
decision: records shall be kept in 
perpetuity or until a more recent 
monitoring frequency decision has been 
issued. 
* . * t o  

3. In 8 142.15 is amended by adding a 
new paragraph (c)(5) to read as follows: 
9 142.15 Reporto by Statea 
* t t . t  

(c) 
(5) The results of monitoring for the 

unregulated contaminants in Q 141.44 
shall be reported within one quarter 
after the December 1996 completioc date 
for monitoring lead-210. 
* t . t t  

4. Section 142.18 is amended by 
adding a new paragraph ( f )  to read as 
follows: 

5 142.16 Speclal primacy requirements. 

( f )  An application for approval of a 
I t * * *  

State program revision for 
Radionuclides which adopts the 
requirements specified in $ 8  141.25. 
141.32.141.44, and 141.64 must contain 
the following (in addition to the general 
primacy requirements enumercted 
elsewhere in this part, including the 
requirement that state regulations be at  
least as stringent as the federal 
requirements): 

from the monitoring requirements in 
$ 8  141.25 and 141.44, the State shall 
describe the procedures and criteria 
which it will use to review waiver 
applications and issue waiver 
determinations. 

(i) The procedwes for each 
contaminant or class of contaminants 
shall include a description of: 

(A) The waiver application 
requirements: 

(B) The State review process for 
reviewing waiver applications: 

[ii) The State decision criteria, 
including the factors that will be 
considered in deciding to grant or deny 
waivers. The decision criteria must 
include the factors specified in 
8Q 141.25(b)(4] and 141.25(~](3). 

[2) A State shall determine what 
systems are vulnerable to beta and 
photon emitting sources. States shall 
specify the procedures they will use to 
decide which systems are vulnerable. 
Vulnerability of each public water 

(1) If a State chooses to issue waivers 
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aystem shall be determined by the State 
based upon an assessment of the 
following factors: 

potentially discharging source, such as a 
nuclear power facility, or where there is 
a commercial or industrial use. disposal. 
or storage of the materials: 

(ii) Previous monitoring results: and 
(iii) Use of water influenced by a 

nuclear power facility or other potential 
discharger. 

5. A new 5 142.65 is added to subpart 
G to read as follows: 
5 14265 Warlancvs and Exemptions trom 
ths maximum contaminant ieweio tor the 
radionuclide contaminants listed in 
8 141.64. 

(a) The Administrator, pursuant to 
section 1415(a)(l)(A) of the Act, hereby 
identifies the following as tine best 
technology, treatment techniques. or 
other means available for achieving 
compliance with the maximum 
contaminant levels for the radionuclides 
listed in 5 141.64. for the purpose of 
issuing variances an6 exemptions. 

(i) Proximity of water system to a 

BAT FOR RADIONUCLIDES LISTED IN 
5 141.64 

Contaminant BAT 

Radon 222 ............................................. 1. 
Radium 226 ........................................... 2.3,4. 
Radium 228 ........................................... 2.3.4. 
Uranium (N) ........................................... 2,3,4.5. 

Gross beta particle and photon 3.6. 
Gross alpha partide emitters .............. 3. 

emitters. 

Key to BATS in table: 
l=Aeration: Packed Tower. spray. slat bay and 

2 = Icn exchange. 
3=Reverse osnwsis. 
*=lime softening; except for systems serving 500 

or fewer connections. 
5=Coagulation/filtration: except for systems sew- 

ing 500 or fewer connections. 
6=Uixed bed on exchange. 

other forms. 

(b) A State shall require community 
water systems and non-transient, non- 
community water systems to install 
and/or use any treatment method 
identified in 5 141.64 as a condition for 
granting a variance except as provided 
in paragraph (c) of this section. If. after 
the system's installation of the treatment 
method, the system cannot meet the 
MCL. that system shall be eligible for a 
Tariance under the provisions of section 
1415(a)(l)(A) of the Act. 

(c) If a system can demonstrate 
through comprehensive engineering 
assessment, which may include pilot 

S-05 1999 0074(04)(17-JUL-91- 14:26:23) 

plant studies that the treatment methods 
identified in 5 141.64 would only achieve 
a de minimis reduction in contaminants, 
the State may issue a schedule of 
compliance that requires the system 
being granted the variance to examine 
other treatment methods as a condition 
of obtaining the variance. 

(d) If the State determines that a 
treatment method identified in 
paragraph (c) of this section is 
technically feasible, the Administrator 
or primary State may require the system 
to install and/or use that treatment 
method in connection with a compliance 
schedule issued under the provisions of 
section 1415(a)(l)(A) of the Act,The 
State's determination shall be based 
upon studies by the system and other 
relevant information. 

(e) The State may require a public 
water system to use bottled water 
(except for radon] or other means as a 
condition of granting a variance or an 
exemption from the requirements of 
5 141.64, to avoid an unreasonable risk 
to health. Granular activated carbon 
point-of-use devices cannot be used as a 
means of being granted a variance or an 
exemption for radon. 

[f) Public water systems that use 
bottled water as a condition for 
receiving a variance or an exemption 
from the requirements of 5 141.64 must 
meet the following requirements. Bottled 
water cannot be used as a means of 
being granted a variance or an 
exemption for radon. 
(I] The Administrator or primacy 

State must require and approve a 
monitoring program for bottled water. 
The public water system must develop 
and put in place a monitoring program 
that provides reasonable assurances 
that the bottled water meets all MCLs. 
The pub!ic water system must monitor a 
representative sample of the bottled 
water for all contaminants under 
regulated 5 141.64 the first quarter that it 
suppli.es that bottled water to the public. 
and annually thereafter. Results of the 
monitoring program shall be provided to 
the State annually: or 

(2) The public water system must 
receive a certification from the bottled . 
water company that the battled water 
supplied has been taken from an 
"approved source" as defined in 21 CFR 
129.3(a): the bottled water company has 
conducted monitoring in accordance 
with 21 CFR 129.8O(g) (1) through (3): 
and the bottled water does not exceed 
any MCLs or quality limits as set out in 

21 CFR 103.35.110. and 129. The public 
water system shall provide the 
certification to the State the first quarter 
after i t  supplies bottled water and 
annually thereafter; and 

(3) The public water system is fully 
responsible for the provision of 
sufficient quantities of bottled water to 
every person supplied by the public 
water system, via door-to-door bottled 
water delivery. 

(e) Public water systems that use 
point-of-use devices as a condition for 
obtaining a variance or an exemption 
from NPDWRs foi Radionuclides 
(except radon, as POU treatment is not 
allowed for variances to the radon MCL) 
must meet the following requirements: 
(1) It is the responsibility of the public 

water system to operate and maintain 
the point-of-use device. 

(2) The public water system must 
develop a monitoring plan and obtain 
State approval for the plan before point- 
of-use devices are installed for 
compliance. This monitoring plan must 
provide health protection equivalent to a 
monitoring plan for central water 
treatment. 

properly applied under a plan approved 
by the State. 

(41 The State must require adequate 
certification of performance, field 
testing. and if not included in the 
certification process, a rigorous 
engineering design review of the point- 
of-use devices. 

(5) The design and application of the 
point-of-use devices must consider the 
tendency for an increase in 
heterotrophic bacteria concentrations in 
water treated with activated carbon. It 
may be necessary to use frequent 
backwashing. post-contactor 
disinfection, and Heterotrophic Plate 
Count monitoring to ensure that the 
microbiological safety of the water is 
not compromised. 

(6)  All ccinsumers shall be protected. 
Every building connected to the system 
must have a point-of-use device 
installed, maintained. and adequately 
monitored. The State must be assured 
that every building is subject to 
treatment and monitoring and that the 
rights and responsibilities of the public 
water system ciistomer convey with title 
upon sale of property. 

(3) Effective technology must be 
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