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Procedures for the Operable Unit 4 

Treatabi 1 i ty Study Work P1 an for the 

2 9 2 !. 

Vitrification of Residues from Silos 1, 2, and 3 

As reported in the Operable Unit 4 Treatability Study Work Plan for the 
Vitrification of the Residues from Silos 1, 2, and 3, the following procedures 
for conducting the vitrification treatability studies are being submitting to the 
U.S. EPA and Ohio EPA along with the "Technical Justification for Vitrification 
Me1 t Quantities" : 

0 Physical properties of untreated wastes (i.e., % moisture and 
dens i ty ) 

0 Radon emanation from untreated K-65 residue materi a1 

0 Radon emanation during the vitrification of K-65 residue material 

0 Radon emanation from the treated (vitrified) K-65 residue material 

0 Modified TCLP for arsenic, barium, cadmium, lead, mercury, selenium, 
and silver 

0 

0 

0 Product Consistency Test (PCT) 

Method for determining volume reduction 

Method for determining gamma dose rates of treated (vitrified) waste 

1 



.. 
TECHNICAL JUSTIFICATION FOR VITRIFICATION MELT OUANTITIES 

The approximate amounts of K-65 and metal oxide materials shown in Table 4-4 of the 
"Operable Unit 4 Treatability Study Work Plan for the Vitrification of the Residues 
from Silos 1, 2, and 3" for each test sequence were earlier estimates used to arrive at the 
total quantities of material that needed to be shipped from the Fernald Environmental 
Management Project (FEMP) to Battelle's Pacific Northwest Laboratories (PNL). The 
actual amount of material to be used in each of the Operable Unit 4 vitrification 
treatability test melts will be determined by PNL scientists based on their previous 
experience with vitrification melts of the K-65 material and vitrification melts of other 
similar nuclear waste products. The amount of material to be used in each of the 
Operable Unit 4 vitrification treatability test melts will utilize a minimum melt size of 
1000 grams. The previous vitrification tests conducted on K-65 material at PNL 
demonstrated that a melt sample size of about 1,000 grams was adequate to assure that a 
representative glass waste product was obtained. 

Since it is quite difficult to obtain samples from the Silos, it was decided to base our 
shipping estimate on conservative quantities of material needed for testing. The 
additional amounts of material shown in Table 4-4 ,Le. 2000 or 1500 grams, will be used 
for repeating questionable tests and/or conducting additional tests if the results from this 
test sequence show the need for them in the near future. 

2 



PNL PROCEDURES 
Ferndd OU-4 Vitrification Treatability Study 

2928 

General Procedures 

1. Representative samples will be obtained by standard laboratory techniques such as coning and 
quartering or rolling and quartering. 

2. Sample size will be sufficient to give the required precision of measurements. 

3. Adequacy of sampling method and size will be indicated by the reproducibility of results. 

4. All determinations will be done in triplicate. 

5. All measurements for determination of physical properties will be done on a laboratory balance 
accurate to kO.OO1g (all weight measurements to be within kO.01g). 

3 



Procedu re for Determination of Moisture Co ntent 

1. Measure and record the mass of the sample to be dried. 

2. Cover and place in the drying oven at 105 O C  until a constant weight is reached. 

3. Measure and record the mass of the dry sample. 

4 .  % moisture = 100% * (mass initial - massfina1)lmass initial 
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Bulk Density Procedure for Deterrm nah0n of . .  2921 

For soils: 

1. Tare a 25 mL graduated cylinder. 

2. Pour the solid into the graduated cylinder, being careful to avoid the formation of a i r  pockets. 

3. Tap the sides of the cylinder until no further settling is obvious. 

4. Measure and record the volume of the solid material. 

5. Measure and record the mass of material added to the cylinder. 

6. bulk density = mass samplelvolume of settled solid 

For glass: 

The bulk density of the glass is assumed to be equal to the apparent density. This assumption is 
valid if the glass monolith contains negligible open pore volume. The apparent density 
determination is described in the following procedure. 
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edure for Determination of  ADD^ nt Densiw 2921. 
Note: The apparent density will be equal to the m e  density if the closed pore volume of the 
material sampled is negligible. 

For soils: 

1. Tare a 10 mL volumetric flask. 

2. Add about 5 g of solid material to the flash and measure and record the mass. 

3. Fill with water to the volumetric mark, mixing sufficiently to ensure complete wetting of the 
soils and elimination of any entrapped air bubbles. Measure and record the mass. 

4. Determine the mass of water added by difference and convert to volume. 

5. apparent density = mass samplel(vo1ume ofjlask - volume water added) 

For glass: 

If the glass sample is broken into small pieces, the above method can be used. For large pieces, 
use the following method. This method measures the buoyant force exerted on the submerged 
sample. The buoyant force is equal to the weight of water displaced by the sample and the basket 
After correcting for the buoyant force due to the basket, the weight of water displace, and thus the 
sample volume can be determined. 

1. Measure and record the mass of the sample to be measured. 

2. Place the sample in a basket and immerse the sample completely in a beaker of water which is 
tared on a balance. 

3. Record the mass shown by the balance. 

4. Immerse the basket alone to the same point as in step 3 and record the mass shown by the 
balance. 

5. apparent density = mass sample * density of waterl(massfrom step 3 - mass from step 4 )  
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Procedure for D e t m  ination of Radon Emanation from Waste and GI= 2921 
This procedure is the same for both the untreated and vitrified waste except for the slight 
preparation required for the untreated sample. 

1. Prepare the samples for measurement. The untreated waste will be placed in the test crucibie 
and evenly distributed. The vitrified waste will be measured as is in the test crucible after 
cooling. 

2. Measure the cross sectional area of the crucible at the surface of the material. 

3. Place the sample in the airtight can designed for the radon emanation measurements. This can 
is airtight except for two ports which will allow a controlled flow of air through the can. 

4. Measure and record the background reading from the radon monitor. 

5. Pull air through the can at a constant flow rate. Measure and record the flow. 

6. Monitor the radon concentration until steady state is reached. Record the steady state 
concentration. 

7. Radon emanation rate (pCilm2.s) = Steady state concentration * Flow rate I cross sectional area 
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edUR for D e t m  ‘nation of Radon Emanation During Vitrification 

L 
F4 - 

The general procedure will be to draw a slipstream from the quenched off-gas, dry the slipstream 
on a desiccant bed, dilute it with an air bleed, and pass the dry, diluted stream through the radon 
monitor. Refer to the figure below for the simple flowsheet of the off-gas monitoring. 

F1 
Radon 
Monitor 

1. Begin with all flowmeters in the system closed and all pumps off. 

2. Place the test crucible and sample in the furnace and seal the furnace. 

Dessicator 

3. Open the flowmeter on the air inlet to the furnace (F4) to allow air to freely enter. 

4. Turn on the radon monitor and measure and record the background reading. 

Vacuum 

5. Open the flowmeter on the radon monitor outlet stream (Fl) and adjust until the desired flow is 
passing through the radon monitor. 

6. Open the flow meter on the air bleed into the radon monitor stream (F2) and adjust until the air 
bleed is the desired percentage of flow through the monitor. 

7. Turn on the vacuum pump in the main off-gas line and adjust the flowmeter in the main off-gas 
line (€3) until the desired total flow is passing through the furnace as measured at the 
furnace inlet (F4). 

Furnace w Pump 
. 

8. Check the flows on all of the lines and make adjustments as necessary to obtain the desired 
flows. 

F3 

9. Begin vitrification. Periodically check the flows in each of the streams. Monitor and record the 
radon concentration. 

10. Calculate the radon emanation as a function of time. 

Radon emanation (pcilmin) = Measured concentration * [FI/(FI-F2)] * (F3i-FI-F2) 

The first flow term corrects the diluted concentration to the actual concentration in the off- 
gas, and the second term is the total off-gas flow. 
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The attached document describes the procedure (Method 131 1) to be used by the laboratory 
performing the TCLS analyses. A flowsheeflogic diagram for the procedure is given on pages 
1311-34 and 1131-35. The analysis will require a 100 g sample of glass. Analysis will be 
performed for metals only,, as no organics remain in the glass after processing. The metals 
analyzed for will include arsenic, b,arium, cadmium, chromium, lead, mercury, selenium, and 
silver. 
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METHOD 1311 
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TOXIC I TY CHARACTER I ST IC LEACH I NG PROCEDURE 2921 

1.0 SCOPE AND APPLICATION 

1.1 The TCLP i s  designed t o  determine the mobi l i ty  of both organic  and 
inorganic  a n a l y t e s  present i n  l i q u i d ,  s o l i d ,  and mul t iphas ic  wastes .  

1.2 I f  a t o t a l  a n a l y s i s  of t he  waste demonstrates t h a t  ind iv idua l  
ana ly t e s  a r e  not  p re sen t  i n  the waste ,  o r  t h a t  they a r e  present  b u t  a t  such low 
concen t r a t ions  t h a t  the appropr i a t e  r egu la to ry  l e v e l s  could not  poss ib ly  be 
exceeded, the TCLP need not  be run. 

1.3 I f  an a n a l y s i s  o f  any one of the l i q u i d  f r a c t i o n s  of  the TCLP 
e x t r a c t  i n d i c a t e s  t h a t  a regula ted  compound i s  present a t  such high 
concen t r a t ions  t h a t ,  even a f t e r  accounting f o r  d i l u t i o n  from the o t h e r  f r a c t i o n s  
of t h e  e x t r a c t ,  the concen t r a t ion  would be above the  r egu la to ry  l eve l  for t h a t  
compound, then  the waste  i s  hazardous and i t  i s  not  necessary t o  analyze the 
remaining f r a c t i o n s  of the e x t r a c t .  

I f  an a n a l y s i s  of e x t r a c t  obtained using a b o t t l e  e x t r a c t o r  shows 
t h a t  the concen t r a t ion  of any regula ted  v o l a t i l e  ana ly t e  exceeds the regu la to ry  
l eve l  f o r  t h a t  compound, then the waste i s  hazardous and e x t r a c t i o n  using the ZHE 
i s  not necessary.  However, e x t r a c t  from a b o t t l e  e x t r a c t o r  cannot be used t o  
demonstrate  t h a t  the concen t r a t ion  of  v o l a t i l e  compounds i s  below the r egu la to ry  
l e v e l .  

1.4  

2.0 SUMMARY OF METHOD 

For l i q u i d  wastes  (&, those  conta in ing  less than 0 .5% d r y  s o l i d  
m a t e r i a l ) ,  the waste ,  a f t e r  f i l t r a t i o n  through a 0 . 6  to 0.8 pm g l a s s  fiber 
f i l t e r ,  i s  def ined  a s  the TCLP e x t r a c t .  

2 . 1  

2 . 2  For wastes  conta in ing  g r e a t e r  than or equal t o  0.5% s o l i d s ,  the 
l i q u i d ,  i f  any, i s  sepa ra t ed  from the  s o l i d  phase and s to red  f o r  l a t e r  a n a l y s i s ;  
the p a r t i c l e  size of  the s o l i d  phase i s  reduced, i f  necessary.  The s o l i d  phase 
i s  e x t r a c t e d  w i t h  an amount of  e x t r a c t i o n  f l u i d  equal t o  20 times the weight of 
the  s o l i d  phase. The e x t r a c t i o n  f l u i d  employed i s  a func t ion  of  the a l k a l i n i t y  
o f  the s o l i d  phase of the waste .  A spec ia l  e x t r a c t o r  vessel i s  used when tes t ing 
f o r  v o l a t i l e  a n a l y t e s  (see Table 1 f o r  a l i s t  o f  v o l a t i l e  compounds). Following 
e x t r a c t i o n ,  the l i q u i d  e x t r a c t  i s  separa ted  from the s o l i d  phase by f i l t r a t i o n  
through a 0.6 t o  0.8 pm g l a s s  f i b e r  f i l t e r .  . 

2 . 3  I f  compat ible  ( i . e . ,  multiple phases will  not form on combinat ion) ,  
t he  i n i t i a l  l i q u i d  phase of  the waste i s  added t o  the l i q u i d  e x t r a c t ,  and these 
a r e  analyzed toge the r .  I f  incompatible ,  the 1 iqu ids  a r e  analyzed s e p a r a t e l y  and 
the  r e s u l t s  a r e  mathematical ly  combined t o  y i e l d  a volume-weighted average 
concen t r a t ion .  
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3 . 0  INTERFERENCES 

3.1 Potenti 1 interferenc t h a t  may be enc 
discussed i n  the individual analytical methods. 

2921. 
untered d u r i n g  analysis are  

4 .0  APPARATUS AND MATERIALS 

4 . 1  Agitation apparatus: The agi ta t ion apparatus must be capable of 
rotating the extraction vessel i n  an end-over-end fashion (see Figure I )  a t  
30 2 rpm. Suitable devices known t o  EPA a re  identified i n  Table 2.  

4 .2  Extraction Vessels 

4 . 2 . 1  Zero-Headspace Extraction Vessel ( Z H E ) .  This device i s  
for use only when the waste is  being tes ted for  the mobility of vo la t i le  
analytes ( j . e L ,  those l i s ted  i n  Table 1 ) .  The ZHE (depicted i n  Figure 2 )  
allows for 1 iquid/sol i d  separation w i t h i n  the device, and effect ively 
precludes headspace. This type of vessel allows for i n i t i a l  liquid/solid 
separation, extraction, and final extract  f i l t r a t i o n  w i t h o u t  opening the 
vessel (see Section 4 . 3 . 1 ) .  The vessels shall  have an internal volume of 
500-600 m L ,  an? be equipped t o  accommodate a 90-110 mm f i l t e r .  The devices 
contain VITON* O-rings which should be replaced frequently. Sui table  ZHE 
devices known t o  EPA are identified in Table 3 .  

For the ZHE t o  be acceptable for  use, the piston w i t h i n  the ZHE 
should be able t o  be moved w i t h  approximately 15 psi or less .  I f  i t  takes 
more pressure t o  move the p i s ton ,  the O-rings i n  the device should be 
replaced. I f  this does not  solve the problem, the ZHE i s  unacceptable fo r  
TCLP analyses and the manufacturer should be contacted. 

The ZHE should be checked for leaks a f t e r  every extractfon. If  the 
device contains a buil t- in pressure gauge, pressurize the device t o  
50 psi ,  a l l o w  i t  t o  stand unattended for 1 hour ,  and recheck the pressure. 
If the device does n o t  have a b u i l t - i n ,  pressure gauge, pressurize the 
device t o  50 psi ,  submerge i t  in water, and check fo r  the presence of a i r  
bubbles escaping from any o f  the f i t t i n g s .  I f  pressure i s  l o s t ,  check a l l  
f i t t i n g s  and inspect and replace O-rings, i f  necessary. Retest the 
device. If leakage problems cannot be solved, the manufacturer should be 
contacted . 

Some ZHEs use gas pressure t o  actuate the ZHE piston, while others 
use mechanical pressure (see Tab1 e 3 ) .  Whereas the vol a t i  1 es procedure 
(see Section 7.3)  refers t o  pounds .  per square inch (ps i ) ,  for the 
mechanically actuated piston, the pressure appl ied is  measured i n  
torque-inch-pounds. Refer t o  the manufacturer's instructions as t o  the 
proper conversion. 

4 . 2 . 2 .  Bottle Extraction Vessel. When the waste i s  being 
evaluated using the nonvolatile extraction, a jar w i t h  suf f ic ien t  capacity 

~ ~~ ~- 

' VITON' i s  a trademark of Ou Pont .  
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to hold the sample and the extraction fluid is-needed. 
allowed in this vessel. 

Headspace is 

The extraction bottles may be constructed from various materials, 
depending on the analytes to be analyzed and the nature of the waste (see 
Section 4.3.3). It is recommended that borosilicate glass bottles be used 
instead of other types of glass, especially when inorganics are of 
concern. Plastic bottles, other than polytetraf luoroethylene,  shall not 
be used i f  organics are to be investigated. Bottles are available from a 
number of laboratory suppliers. When this type of extraction vessel is 
used, the filtration device discussed in Section 4.3.2 is used for initial 
1 iquid/sol id separation and final extract filtration. 

4.3 Filtration Devices: It is recommended that all filtrations be 
performed in a hood. 

4.3.1 Zero-Headspace Extractor Vessel (ZHE): When the waste is 
evaluated for volatiles, the zero-headspace extraction vessel described 'in 
Section 4.2.1 is used for filtration. The device shall be capable of 
supporting and keeping in place the glass fiber filter and be able to 
withstand the pressure needed to accompl ish separation (50 psi), 

Note: When it is suspected that the glass fiber filter has been ruptured, an 
in-line glass fiber filter may be used to filter the material within the 
ZHE. 

4.3.2 Filter Holder: When the waste is evaluated for other than 
volatile analytes, any filter holder capable of supporting a glass fiber 
filter and able to withstand the pressure needed to accomplish separation 
may be used. Suitable filter holders range from simple vacuum units to 
relatively complex systems capable of exerting pressures of up to 50 psi 
or more. The type of filter holder used depends on the properties of the 
material to be filtered (see Section 4.3.3). These devices shall have a 
minimum internal volume of 300 mL and be equipped to accommodate a minimum 
filter size of 47 mm (filter holders having an internal capacity o f  1.5 L 
or greater, and equipped to accommodate a 142 mm diameter filter, are 
recommended). Vacuum filtration can only be used for wastes with low 
sol ids content (<lo%) and for highly granular, liquid-containing wastes. 
All other types o f  wastes should be filtered using positive pressure 
filtration. Suitable filter holders known to EPA are shown in Table 4. 

4.3.3 Materials of Construction: Extraction vessels and 
filtration devices shall be made of inert materials which will not leach 
or absorb waste components. Gl ass, polytetrafluoroethyl ene (PTFE) , or 
type 316 stainless steel equipment may be used when evaluating the 
mobi 1 
densi 
( P W  
Boros 
gl ass 

ity of both organic and inorganic components. Devices made o f  high 
ty polyethylene (HDPE), polypropylene (PP), or polyvinyl chloride 

may be used only when evaluating the mobility of metals. 
ilicate glass bottles are recommended for use over other types of 
bottles, especially when inorganics are analytes of concern. 

4.4 Filters: Filters shall be made of borosilicate glass fiber, shall 
contain no binder materials, and shall have an effective pore s i t e  of 0.6 to 
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2921 
0.8 pm, or equivalent. filters known to EPA which meet these specifications are 
identified in Table 5. Pre-filters must not be used. When evaluating the 
mobility o f  metals, filters shall be acid-washed prior to use by rinsing with 1N 
nitric acid followed by three consecutive rinses with deionized distilled water 
(a minimum o f  1 L per rinse i s  recommended). Glass fiber filters are fragile and 
should be handled with care. 

\ 

4.5 pH Meters: The meter should be accurate to 0.05 units at 25.C. 

4.6 ZHE Extract Collection Devices: TEDLARo2 bags or glass, stainless 
steel or PTFE gas-tight syringes are used to collect the Initial liquid phase and 
the final extract o f  the waste when using the ZHE device. The devices listed are 
recommended for use under the following conditions: 

4.6.1 If a waste contains an aqueous liquid phase or if a waste 
does not contain a signLficant amount of nonaqueous liquid (i .eL, c l% of 
total waste), the TEDLAR bag or a 600 mL syringe should be used to collect 
and combine the initial liquid and solid extract. 

4.6.2 If a waste contains a significant amount o f  nonaqueous 
liquid in the initial liquid phase (i.e., >1% of total waste), the syringe 
or the TEDLAR'bag may be used for both the initial solid/liquid separation 
and the final extract filtration. However, analysts should use one or the 
other, not both. 

4.6.3 If the waste contains no initial liquid phase ( i s  100% 
so1id)'or has no significant solid phase (is 100% liquid), either the 
TEDLAR bag or the syringe may be used. If the syringe is used, discard 
the first 5 mL of liquid expressed from the device. The remaining 
aliquots are used for analysis. 

4.7 ZHE Extraction Fluid Transfer Devices: Any device capable of 
transferring the extraction fluid into the ZHE without changing the nature of the 
extraction fluid is acceptable (u, a positive displacement or peristaltic 
pump, a gas tight syringe, pressure filtration unit (see Section 4 . 3 . 2 ) ,  or other 
ZHE device). 

4.8 Laboratory Balance: Any laboratory balance accurate to within 
- i 0.01 grams may be used (all weight measurements are to be within 0.1 grams). 

4.9 Beaker or Erlenmeyer flask, glass, 500 mL. 

4.10 Watchglass, appropriate diameter to cover beaker or Erlenmeyer 
flask. 

4.11 Magnetic stirrer. 

* TEDLAR' is a registered trademark of Du Pont. 
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5.0 REAGENTS 292 1. 

i 

-5.1 Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that a11 reagents shall conform to the 
specifications of the Committee on Analytical Reagents of the American Chemical 
Society, where such specifications are available. Other grades may be used, 
provided it is first ascertained that the reagent Is of sufficlently high purity 
t o  permlt Its use without lessening the accuracy of the determinatlon. 

Reagent water. All references to reagent water In thls method refer 
to one o f  the following, as appropriate: 

5.2 

5.2.1 Inorganic Analytes: Water which I s  generated by any 
method which would achieve the performance standards for ASTM Type I 1  
water. The analyte(s) of concern must be no higher than the hlghest of 
either (1) the detectlon limit, or (2) five percent o f  the regulatory 
level for that analyte, or (3) five percent of the measured concentration 
in the sample. 

5.2.2 Volatile Analytes: Water in which an interferant i s  not 
observed at the method detection limit of the compounds of interest. 
Organic-free water can be generated by passing tap water through a carbon 
filter bed containing about 1 lb. of activated carbon. A water 
purification system may be used to generate organic-free deionized water. 
Organic-free water may also be prepared by boiling water for 15 minutes. 
Subsequently, while maintaining the temperature at 90°C, bubble a 
contaminant-free inert gas through the water for 1 hour. The analyte(s) 
of concern must be no higher than the highest of either (1) the detection 
limit, or (2) five percent of the regulatory level for that analyte, or 
(3) five percent of the measured concentration in the sample. 

5.2.3 Semivolatile Analytes: Water in which an interferant is 
not observed at the method detection limit of the compounds of interest. 
Organic-free water can be generated by passing tap water through a carbon 
filter bed containing about 1 lb. of activated carbon. A water 
purification system may be used to generate organic-free deionized water. 
The analyte(s) of concern must be no higher than the highest of either (1) 
the detection limit, or (2) five percent of the regulatory level for that 
analyte, or (3) five percent of the measured concentration In the sample, 

5.3 Hydrochloric acid (lN), HC1, made from ACS reagent grade. 

5 . 4  

5.5 

Nitric acid (lN), HNO,, made from ACS reagent grade, 

Sodium hydroxide (1N) , NaOH, made from ACS reagent grade. 
5.6 

5.7 Extraction fluid. 

Glacial acetic acid, CH,CH,OOH, ACS reagent grade. 

5.7.1 Extraction fluid # 1: Add 5.7 mL glacial CH,CHOOH to 
500 mL of reagent water (See Section 5 . 2 ) ,  add 64.3 mL of 1N NabH, and 
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dilute  t o  a volume of  1 l i t e r .  
f luid will be 4.93 0.05. 

When correctly prepared, the pH of t h i s  

5 . 7 . 2  Extraction f luid # 2 :  Dilute 5.7 mL glaclal  CH,CH,OOH w i t h  
When correctly reagent water (See Section 5 . 2 )  t o  a volume of  1 l i t e r .  

prepared, the pH of this  f luid will be 2.88 & 0.05. 

Note: These extraction f luids  should be monitored frequently for  impurities. 
The pH should be checked prior t o  use t o  ensure t h a t  these f luids  are  made 
up  accurately. If  impurities are found or the pH i s  not  within the above 
specifications, the fluid shall be discarded and fresh extraction fluid 
prepared. 

5.8 Analytical standards shall be prepared according t o  the appropriate 
analytical method. 

6 .O SAMPLE COLLECTION,  PRESERVATION, AND HANDLING 

6 . 1  

6 . 2  

All samples shall be collected using an appropriate sampling plan. 

The TCLP may place requirements on the minimal s ize  of the f ie ld  
sample, depending upon the physical s t a t e  or s t a t e s  of the waste and the analytes 
of  concern. An aliquot i s  needed for preliminary evaluation of which extraction 
f l u i d  i s  t o  be used for the nonvolatile analyte extraction procedure. Another 
a l i q u o t  may be needed t o  actually conduct the nonvolatile extraction (see Section 
1 .4  concerning the use of this extract  fo r  vo la t i le  organics). I f  vo la t i le  
organics are of concern, another aliquot may be needed. Qual i ty  control measures 
may require additional aliquots. Further, i t  i s  always wise t o  co l lec t  more 
sample j u s t  I n  case something goes wrong w i t h  the i n i t i a l  attempt t o  conduct the 
t e s t .  

6.3 Preservatives shall not  be added t o  samples before extraction. 

6 . 4  Samples may be refrigerated unless refrigeration resu l t s  in 
If  precipitatlon occurs, the ent i re  irreversible physical change t o  the waste. 

sample (including precipitate) should be extracted. 

6 . 5  When the waste i s  t o  be evaluated for  vo la t i le  analytes, care shall 
be taken t o  minimize the loss of vo la t i les .  Samples shall be collected and 
s t o r e d  i n  a manner intended t o  prevent the loss o f  vo la t i le  analytes (u, 
samples should be collected i n  Teflon-lined septum capped v la l s  and stored a t  
4.C. Samples should be opened only  immediately prior t o  extractlon).  

6.6 TCLP extracts should be prepared for analysis and analyzed as soon 
as possible following extraction. Extracts or portions of extracts  for  metallic 
analyte determinations must be acidified w i t h  n i t r i c  acid t o  a pH c 2 ,  unless 
precipitation occurs (see Section 7.2 .14  i f  precipitation occurs). Extracts 
should be preserved for  other analytes according t o  the guidance given i n  the 
individual analysis methods. Extracts or portions of extracts  fo r  organic 
analyte determinatlons shall n o t  be allowed t o  come i n t o  contact w i t h  the 
atmosphere (A, no headspace) t o  prevent losses.  See Section 8.0 (QA 
requirements) fo r  acceptable sample and extract  holding times. 
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7.0 PROCEDURE 

7.1 Prel iminary Evaluations 
2921 

Perform preliminary TCLP evaluations on a minimum 100 gram aliquot of 
waste, This aliquot may not actually undergo TCLP extraction. These preliminary 
evaluations include: (1) determination of the percent sol ids (Section 7.1.1); 
(2) determination of whether the waste contains insignificant sol ids and i s ,  
therefore, its own extract after filtration (Section 7.1.2); (3) determination 
of whether the solid portion of the waste requires particle size reduction 
(Section 7.1.3); and (4) determination of which of the two extraction fluids are 
to be used for the nonvolatile TCLP extraction of the waste (Section 7.1.4). 

7.1.1 Prel iminary determination of percent sol ids: Percent 
solids is defined as that fraction of a waste sample (as a percentage of 
the total sample) from which no liquid may be forced out by an applied 
pressure, as descri bed bel ow. 

7.1.1.1 If the waste will obviously yield no liquid when 
subjected to pressure filtration (A, is 100% solids) proceed to 
Section 7.1.3. 

7.1.1.2 If the sample is liquid or multiphasic, 
1 iquid/sol id separation to make a preliminary determination of 
percent solids is required. This involves the filtration device 
described in Section 4.3.2 and is outlined in Sections 7.1.1.3 
through 7.1.1.9. 

7.1.1.3 Pre-weigh the filter and the container that wlll 
receive the filtrate. 

7.1.1.4 Assemble the filter holder and fflter followlng 
the manufacturer's instructions. Place the filter on the support 
screen and secure. 

7.1.1.5 Weigh out a subsample of the waste (100 gram 
minimum) and record the weight. 

7.1.1.6 Allow slurries to stand to permit the solid 
phase to settle. Wastes that settle slowly may be centrlfuged 
prior to filtration. Centrifugation is to be used only as an aid 
to filtration. If used, the liquid should be decanted and filtered 
followed by filtration o f  the solid portion o f  the waste through 
the same filtration system. 

7.1.1.7 Quantitatively transfer the waste sample to the 
filter holder (liquid and solid phases). Spread the waste sample 
evenly over the surface of the filter. If  filtration o f  the waste 
at 4 ' C  reduces the amount o f  expressed liquid over what would be 
expressed at room temperature then allow the sample to warm up to 
room temperature in the device before filtering. 

Note: If waste material (>1% of original sample weight) has obviously adhered to 
. the container used to transfer the sample to the filtration apparatus, 
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determine the weight of this residue and subtract it from the sample 
weight determined in Section 7.1.1.5 to determine the weight of the waste 
sample that will be filtered. 

Gradually apply vacuum or gentle pressure o f  1-10 psi, until air or 
pressurizing gas moves through the filter. If this point is not reached 
under 10 psi,  and if no additional liquid has passed through the filter in 
any 2 minute interval, slowly increase the pressure in 10 psi increments 
to a maximum of 50 psi. After each incremental increase of 10 psi, If the 
pressurizing gas has not moved through the filter, and if no additional 
liquid has passed through the filter in any 2 minute interval, proceed to 
the next 10 psi increment. When the pressurizing gas begins to move 
through the filter, or when liquid flow has ceased at 50 psi (h, 
filtration does not result in any additional filtrate within any 2 minute 
period), stop the filtration. 

. 

Note: Instantaneous application of high pressure can degrade the glass fiber 
filter and may cause premature plugging. 

7.1.1.8 The material in the filter holder is defined as 
the solid phase o f  the waste, and the filtrate i s  defined as the 
1 iquid phase. 

Note: Some wastes, such as oily wastes and some paint wastes, will obviously 
contain some material that appears to be a liquid. Even after applying 
vacuum or pressure filtration, as outlined in Section 7.1.1.7, this 
material may not filter. If this is the case, the material within the 
filtration device is defined as a solid. Do not replace the original 
filter with a fresh filter under any circumstances. Use only one filter. 

subtract 
7.1.1.3) 

7.1.1.9 Determine the weight of the liquid phase by 
ing the weight of the filtrate container (see Section 
from the total weight of the fil trate-filled container, 

Determine the weight of the solid phase of the waste sample by 
subtracting the weight of the liquid phase from the weight o f  the 
total waste sample, as determined in Section 7.1.1.5 or 7.1.1.7. 

Record the weight of  the liquid and solid phases, 
Calculate the percent sol ids as follows: 

Weight of solid (Section 7.1.1.9) 
Percent solids = x 100 

Total weight of waste (Section 7.1.1.5 or 7.1.1.7) 

7.1.2 If the percent sollds determined in Section 7.1.1.9 I s  
equal to or greater than 0.5%, then proceed either to Section 7.1.3 to 
determine whether the solid material requires particle size reduction or 
to Section 7.1.2.1 if it is noticed that a small amount of the filtrate is 
entrained i n  wetting of the filter. If the percent solids determined in 
Section 7.1.1.9 is less than 0.5%, -then proceed to Section 7.2.9 if the 
nonvolatile TCLP is to be performed and to Section 7.3 with a fresh 
portion o f  the waste if the volatile TCLP is to be performed. 
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7 . 1 . 2 . 1  Remove the solid phase and f i l t e r  from the 

f i  1 t r a t i o n  apparatus. 

7.1.2.2 Dry the f i l t e r  and solid phase a t  100 & 20'C 
u n t i l  two successive weighing yield the same value w i t h i n  5 1%. 
Record the f i n a l  weight. 

Note: Caut ion  should be t aken  t o  ensure t h a t  the subject solid will no t  flash 
I t  i s  recommended t h a t  the drying oven be vented t o  a hood upon heating. 

or other appropriate device. 

7 . 1 . 2 . 3  

(Wt. of dry waste + f i l t e r )  - tared w t .  o f  f i l t e r  

In i t ia l  w t .  of waste (Section 7.1 .1 .5  or 7.1 .1 .7 )  

Calculate the percent dry solids as follows: 

Percent dry solids - x 100 

7.1.2.4 I f  the percent dry solids i s  l ess  t h a n  0 .5%,  
then proceed t o  Section 7 . 2 . 9  i f  the nonvolatile TCLP is t o  be 
performed, and t o  Section 7.3 i f  the volat i le  TCLP i s  t o  be 
performed. I f  the percent dry  solids i s  greater t h a n  or equal t o  
0.5%, and i f  the nonvolatile TCLP i s  t o  be performed, return t o  the 
beginning of t h i s  Section (7 .1 )  and,  w i t h  a fresh p o r t i o n  of waste, 
determine whether par t ic le  size reduction i s  necessary (Section 
7 . 1 . 3 )  and determine the appropriate extraction f lu id  (Section 
7.1 .4) .  If only the vola t i le  TCLP i s  t o  be performed, see the note 
in Section 7.1.4.  

7 .1.3 Determination of whether the waste requires par t ic le  size 
reduction (par t ic le  size i s  reduced during this s t e p ) :  Using the solid 
p o r t i o n  of the waste, evaluate the solid for par t ic le  s i t e .  Par t ic le  size 
reduction i s  required, unless the solidl has a surface area per gram of 
material equal t o  or greater t h a n  3.1 cm , or i s  smaller t h a n  1 cm i n  i t s  
narrowest dimension (u, i s  capable o f  passing through a 9 .5  mm (0.375 
inch) s tandard sieve).  I f  the surface area i s  smaller or the par t ic le  
s i ze  larger  t h a n  described above, prepare the solid po r t ion  of the waste 
for extraction by crushing, cutt ing,  or gr inding  the waste t o  a surface 
area or par t ic le  s ize  as described above. If the solids are prepared for 
organic volat i les  extraction, special precautions must be taken (see 
Section 7 .3 .6 ) .  

Note: Surface area c r i t e r i a  are meant for  filamentous (u, paper, c loth,  and 
s imilar)  waste materials. Actual measurement of  surface area i s  n o t  
required, nor i s  i t  recommended. For materials t h a t  do n o t  obviously meet 
the c r i t e r i a ,  sample specific methods would need t o  be developed and 
employed t o  measure the surface area. Such methodology i s  currently not 
available. 

1 

1 
7.1.4 Determination o f  appropriate extraction fluid:  I f  the 

sol ld  content of the waste i s  greater t h a n  or equal t o  0.5% and I f  the 
sample will be extracted for nonvolatile constituents (Section 7 . 2 ) ,  
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' I  * 2921 
determine the appropriate fluid (Section 5.7) for the nonvolatiles 
extraction as fol 1 ows : 

Note: TCLP extraction for volatile constituents uses Only extraction fluid B1 
(Section 5.7.1). Therefore, if TCLP extraction for nonvolatiles is not 
required, proceed to Section 7.3. 

7.1.4.1 Weigh out a small subsample of the solid phase 
of  the waste, reduce the solid (if necessary) to a particle size of  
approximately 1 mm in diameter or less, and transfer 5.0 grams of 
the solid phase of the waste to a 500 mL beaker or Erlenmeyer 
flask. 

7.1.4.2 Add 96.5  mL of reagent water to the beaker, 
cover with a watchglass, and stir vigorously for 5 minutes using a 
magnetic stirrer. If the pH is (5.0,  
use extraction fluid #l. Proceed to Section 7.2. 

Measure and record the pH. 

7.1.4.3 If the pH from Section 7.1.4.2 is ~ 5 . 0 ,  add 
3.5 mL 1N HC1, slurry briefly, cover with a watchglass, heat to 
50'C, and hold at 50'C for 10 minutes. 

7.1.4.4 Let the solution cool to room temperature and 
record the pH. If the pH is ~ 5 . 0 ,  use extraction fluid #1. If the 
pH is >5.0,  use extraction fluid X2. Proceed to Section 7.2. 

7.1.5 If the aliquot of the waste used for the preliminary 
evaluation (Sections 7.1.1 - 7.1.4) was determined to be 100% solid at 
Section 7.1.1.1, then it can be used for the Section 7.2 extraction 
(assuming at least 100 grams remain), and the Section 7.3 extraction 
(assuming at least 25 grams remain). If  the aliquot was subjected to the 
procedure in Section 7.1.1.7, then another aliquot shall be used for the 
volatile extraction procedure in Section 7.3. The aliquot of the waste 
subjected to the procedure in Section 7.1.1.7 might be appropriate for use 
for the Section 7.2 extraction if an adequate amount of solid (as 
determined by Section 7.1.1.9) was obtained. The amount of solid 
necessary is dependent upon whether a sufficient amount of extract-will be 
produced to support the.analyses. If an adequate amount of solid remains, 
proceed to Section 7.2.10 of the nonvolatile TCLP extraction. 

7.2 Procedure When Volatiles are not Involved 

A minimum sample size of 100 grams (solid and liquid phases) Is 
recommended. In some cases, a larger sample size may be appropriate, depending 
on the solids content of the waste sample (percent solids, See Section 7 .1 .1 ) ,  
whether the initial liquid phase of the waste will be miscible with the aqueous 
extract of the solid, and whether inorganics, semivolatile organics, pesticides, 
and herbicides are all analytes of concern. Enough solids should be generated 
for extraction such that the volume of TCLP extract will be sufficient to support 
a l l  of the analyses required. If the amount of extract generated by a single 
TCLP extraction will not be sufficient to perform all of the analyses, more than 
one extraction may be performed and the extracts from each combined and aliquoted 
for analysis. 
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2921 
7.2.1 If the waste will obviously yield no liquid when subjected 

to pressure filtration (u, is 100% solid, see Section 7.1.1), weigh out 
a subsample of the waste (100 gram minimum) and proceed to Section 7.2.9. 

7.2.2 If the sample i s  liquid or multiphasic, liquid/solid 
separation is required. This involves the filtration device described in 
Section 4.3.2 and is outlined in Sections 7.2.3 to 7.2.8. 

7.2.3 Pre-weigh the container that will receive the filtrate. 

7.2.4 Assemble the filter holder and filter following the 
Place the filter on the support screen and 

Acid wash the filter if evaluating the mobility of metals (see 
manufacturer's instructions. 
secure. 
Section 4.4). 

Note: Acid washed filters may be used for all nonvolatile extractions even when 
metals are not of concern. 

7.2.5 Weigh out a subsample of the waste (100 gram minimum) and 
record the weight. If the waste contains <0.5% dry solids (Section 
7.1.2), the liquid portion of the waste, after filtration, is defined as 
the TCLP extract. Therefore, enough of the sample should be filtered SO 
that the amount o f  filtered liquid will support all of the analyses 
requlred of the TCLP extract. For wastes containing >0.5% dry solids 
(Sections 7.1.1 or 7.1.2), use the percent solids information obtained in 
Section 7.1.1 to determine the optimum sample size (100 gram minimum) for 
filtration. Enough. solids should be generated by filtration to support 
the analyses to be performed on the TCLP extract. 

7.2.6 Allow slurries to stand to permit the solid phase to 
settle. Wastes that settle slowly may be centrifuged prior to filtration, 
Use centrifugation only as an aid to filtration. If the waste is 
centrifuged, the liquid should be decanted and filtered followed by 
filtration of the solid portion of the waste through the same filtration 
system. 

7.2.7 Quantitatively transfer the waste sample (liquid and sol id 
phases) to the filter holder (see Section 4.3.2). Spread the waste sample 
evenly over the surface of the filter. If filtration o f  the waste at 4 ' C  
reduces the amount o f  expressed liquid over what would be expressed at 
room temperature, then allow the sample to warm up to room temperature in 
the device before filtering. 

Note: If waste material (>1% of the original sample weight) has obviously 
adhered to the container used to transfer the sample to the filtration 
apparatus, determine the weight of this residue and subtract it from the 
sample weight determined in Section 7.2.5, to determine the weight of the 
waste sample that will be filtered. 

Gradually apply vacuum or gentle pressure of 1-10 psi, until air or 
pressurizing gas moves through the filter. If this point is not reached 
under 10 psi, and if no additional liquid has passed through the filter in 
any 2 minute interval, slowly increase the pressure in 10 psi increments 
to a maximum of 50 psi. After each incremental increase of 10 psi, if the 
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pressurizing gas has n o t  moved th rough  the f i l t e r ,  and i f  no additional 
l iquid has passed through the f i l t e r  in any 2 minute interval ,  proceed t o  
the next 10 psi increment. When the pressurizing gas  begins t o  move 
through the f i l t e r ,  or when the l iquid flow has ceased a t  50 psi (d, 
f i l t r a t i o n  does n o t  resu l t  i n  any add i t iona l  f i l t r a t e  within a 2 minute 
period), stop the f i l t r a t i o n .  

Note: Instantaneous application of h i g h  pressure can degrade the glass f iber  
f i l t e r  and may cause premature plugging. 

7 .2 .8  The material in the f i l t e r  holder i s  defined as the solid 
phase of the waste, and the f i l t r a t e  i s  defined as the l iquid phase. 
Wei.gh the f i l t r a t e .  The l iquid phase may now be e i the r  analyzed (See 
Section 7.2.12) or stored a t  4 ' C  until  time of analysis. 

Note: Some wastes,.such as o i ly  wastes and some paint wastes, will  obvious ly  
contain some material t h a t  appears t o  be a liquid. Even a f t e r  applying 
vacuum or pressure f i l t r a t i o n ,  as outlined i n  Section 7 .2 .7 ,  this material 
may not  f i l t e r .  If  t h i s  i s  the case, the material within the f i l t r a t i o n  
device i s  defined as a solid and i s  carried through the extraction as a 
s o l i d .  00 n o t  replace the original f i l t e r  w i t h  a fresh f i l t e r  under any 
circumstances. Use only one f i l t e r .  

7.2.9 If  the waste contains ~ 0 . 5 %  dry sol ids  (see Section 
7 . 1 . 2 ) ,  proceed t o  Section 7.2.13. I f  the waste contains ~ 0 . 5 %  dry solids 
(see Section 7 .1 .1  or 7 . 1 . 2 ) ,  and i f  par t ic le  s ize  reduction of the solid 
was needed i n  Section 7.1 .3 ,  proceed t o  Section 7.2.10. If  the waste as 
received passes a 9.5 mm sieve, quantitatively t ransfer  the sol id  material 
into the extractor bot t le  along w i t h  the f i l t e r  used t o  separate t h e  
i n i t i a l  liquid from the solid phase, and proceed t o  Section 7.2 .11 .  

7.2.10 Prepare the solid portion of  the waste for  extraction by 
crushing, cutting, or grinding the waste t o  a surface area or par t ic le  
s ize  as described i n  Section 7 .1 .3 .  When the surface area or  par t ic le  
s ize  has been appropriately a1 tered,  quantitatively t ransfer  the sol id 
material into an extractor bot t le .  Include the f i l t e r  used t o  separate the 
i n i t i a l  liquid from the solid phase. 

Note: Sieving of the waste i s  n o t  normally required. Surface area 
requirements are meant for  filamentous (u, paper,  c loth)  and 
similar waste materials. Actual measurement of surface area i s  not 
recommended. If  sieving i s  necessary, a Teflon coated sieve should 
be used t o  avoid contamination of  the sample. 

7.2.11 Oetermine the amount of extraction f lu id  t o  add t o  the 
extractor vessel as fol1 ows: 

20 x percent sol ids  (Section 7 . 1 . 1 )  x weight of waste 
f i l t e r ed  (Section 7 . 2 . 5  or 7 . 2 . 7 )  

Weight of n 

extraction f lu id  
100 
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Slowly add this amount of appropriate extraction fluid (see Section 
7.1.4) to the extractor vessel. Close the extractor bottle tightly (it is 
recommended that Teflon tape be used to ensure a tight seal), secure in 
rotary agitation device, and rotate at 30 2 2 rpm for 18 + 2 hours. 
Ambient temperature (h, temperature of room in which extraFtion takes 
place) shall be maintained at 22 & 3'C during the extraction period. 

Note: As agitation continues, pressure may build u p  within the extractor bottle 
for some types o f  wastes (u, limed or calcium carbonate containing 
waste may evolve gases such as carbon dioxide). To relieve excess 
pressure, the extractor bottle may be periodically opened (e.a., after 15 
minutes, 30 minutes, and 1 hour) and vented into a hood. 

7.2.12 Following the 18 5 2 hour extraction, separate the 
material in the extractor vessel into its component liquid and solid 
phases by filtering through a new glass fiber filter, as outlined in 
Section 7.2.7. For final filtration of the TCLP extract, the glass fiber 
filter may be changed, if necessary, to facilitate filtration. Filter(s) 
shall be acid-washed (see Section 4.4) if evaluating the mobility of 
metals. 

7.2.13 Prepare the TCLP extract as follows: 

7.2.13.1 If the waste contained no initial liquid 
phase, the filtered liquid material obtained from Section 7.2.12 i s  
defined as the TCLP extract. Proceed to Section 7.2.14. 

7.2.13.2 If compatible (u, multiple phases will not 
result on combination), combine the filtered liquid resulting from 
Section 7.2.12 with the initial liquid phase of the waste obtained 
in Section 7.2.7. This combined liquid is defined as the TCLP 
extract. Proceed to Section 7.2.14. 

7.2.13.3 If the initial liquid phase of the waste, as 
obtained from Section 7.2.7, is not or may not be compatible with 
the filtered liquid resulting from Section 7.2.12, do not combine 
these liquids. Analyze these liquids, collectively defined as the 
TCLP extract, and combine the results mathematically, as described 
in Section 7.2.14, 

7.2.14 Following collection of the TCLP extract, the pH of the 
extract should be recorded. Immediately a1 iquot and preserve the extract 
for analysis. Metals aliquots must be acidified with nitric acid to 
pH ~ 2 .  If precipitation is observed upon addltion of nitric acld to a 
small aliquot of the extract, then the remaining portion of the extract 
for metals analyses shall not be acidified and the extract shall be 
analyzed as soon as posslble. All other aliquots must be stored under 
refrigeration (4'C) until analyzed. The TCLP extract shall be prepared 
and analyzed according to appropriate analytical methods. TCLP extracts to 
be analyzed for metals shall be acid digested except in those instances 
where digestion causes loss of metallic analytes. If an analysis of the 
undigested extract shows that the concentration of any regulated metal1 ic 
analyte exceeds the regulatory level, then the waste is hazardous and 
digestion of the extract is not necessary. However, data on undlgested 
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extracts alone cannot be used to demonstrate that the waste is not 
hazardous. If the individual phases are to be analyzed separately, 
determine the volume of the individual phases (to f 0.5%), conduct the 
appropriate analyses, and combine the results mathematically by using a 
simple vol ume-weighted average: 

(V,) (C,) + (V,) (C,) 
Final Analyte Concentration = 

where: 

V, = The volume of the first phase ( L ) .  
C, - The concentration of the analyte of concern in the first phase (mg/L). 
V, - The volume of the second phase (L) . 
C, = The concentration of the analyte of concern in the second phase 

(mg/L) 
7.2.15 Compare the analyte concentrations in the TCLP extract 

with the levels identified in the appropriate regulations. Refer to 
Section 8.0 for quality assurance requirements. 

7.3 Procedure When Vol ati 1 es are Involved 

Use the ZHE device to obtain TCLP extract for analysis o f  volatile 
compounds only. Extract resulting from the use of the ZHE shall not be used to 
evaluate the mobility of nonvolatile analytes ( e a  , metals, pesticides, etc.). 

The ZHE device has approximately a 500 mL internal capacity. The ZHE can 
thus accommodate a maximum of 25 grams of solid (defined as that fraction of a 
sample from which no additional liquid may be forced out by an applied pressure 
of 50 psi), due to the need to add an amount of extraction fluid equal to 20 
times the weight of the solid phase. 

Charge the ZHE with sample only once and do not open the device until the 
final extract (of the sol id) has been collected. Repeated fill ing of the ZHE to 
obtain 25 grams of solid is not permitted. 

00 not allow the waste, the initial liquid phase, or the extract to be 
exposed to the atmosphere for any more time than is absolutely necessary. Any 
manipulation of these materials should be done when cold (4'C) to minimize loss 
o f  vol atil es. 

7.3.1 Pre-weigh the (evacuated) filtrate coilection container 
(See Section 4.6) and set aside. If using a TEOLAR bag, express all 
liquid from the ZHE device into the bag, whether for the initial or final 
liquid/solid separation, and take an aliquot from the liquid in the bag 
for analysis. The containers listed in Section 4.6 are recommended for 
use under the conditions stated in Sections 4.6.1 - 4.6.3. 

7.3.2 Place the ZHE piston within the body of the ZHE (it may be 
helpful first to moisten the piston O-rings slightly with extraction 
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fluid). Adjust the piston within the ZHE body to a height that will 
minimize the distance the piston will 'have to move once the ZHE is. charged 
with sample (based upon sample size requirements determined from Section 
7.3, Section 7.1.1 and/or 7.1.2). Secure the gas inlet/outlet flange 
(bottom fl.ange) onto the ZHE body in accordance with the manufacturer's 
instructions. Secure the glass fiber filter between the support screens 
and set aside. Set liquid inlet/outlet flange (top flange) aside. 

7.3.3 If the waste is 100% solid (see Section 7.1.1), weigh out 
a subsample (25 gram maximum) of the- waste, record weight, and proceed to 
Section 7.3.5. 

7.3.4 If the waste contains < 0.5% dry solids (Section 7.1.2), 
the liquid portion of waste, after filtratton, is defined as the TCLP 
extract. filter enough of the sample so that the amount of filtered 
liquid will support all of the volatile analyses required. For wastes 
containing 1 0.5% dry solids (Sections 7.1.1 and/or 7.1.2), use the 
percent solids information obtained in Sectlon 7.1.1 to determine the 
optimum sample size to charge into the ZHE. The recommended sample size 
is as follows: 

7.3.4.1 For wastes containing < 0.5% solids (see 
Section 7.1.1), weigh out a 500 gram subsample of waste and record 
the weight. 

7.3.4.2 For wastes containing 2 '0.5% solids (see 
Section 7.1.1), determine the amount o f  waste to charge into the 
ZHE as follows: 

25 
Weight o f  waste to charge ZHE - x 100 

percent sol ids (Section 7.1.1) 

Weigh out a subsample o f  the waste of the appropriate size and 
record the weight. 

7.3.5 If particle size reduction o f  the solld portion of the 
waste was required in Section 7.1.3, proceed to Section 7.3.6. If 
particle size reduction was not required in Section 7.1.3, proceed to 
Section 7.3.7. 

7.3.6 Prepare the waste for extraction by crushing, cutting, or 
grinding the solid portion of the waste to a surface area or particle size 
as described in Section 7.1.3. Wastes and appropriate reduction equlpment 
should be refrigerated, if possible, to 4'C prlor to particle size 
reduction. The means used to effect particle size reduction must not 
generate heat in and of itself. If reduction o f  the solid phase o f  the 
waste is necessary, exposure of the waste to the atmosphere should be 
avoided to the extent possible. 

Note: Sieving o f  the waste is not recommended due to the possibility that 
volatiles may be lost. The use of an appropriately graduated ruler is 
recommended as an acceptable a1 ternative. Surface area requirements are 
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I . .  

meant for filamentous (e.s,, paper, cloth) and similar waste materials, 
Actual measurement of surface area is not recommended, 

When the surface area or particle size has been appropriately 
altered, proceed to Section 7.3.7. 

7.3.7 Waste slurries need not be allowed to stand to permit the 
solid phase to settle. 00 not centrifuge wastes prior to filtration, 

7.3.8 Quantitatively transfer the entire sample (1 Iquid and 
solid phases) quickly to the ZHE. Secure the filter and support screens 
onto the top flange of the device and secure the top flange to the ZHE 
body in accordance with the manufacturer's instructions. Tighten all ZHE 
fittings and place the device in the vertical position (gas inlet/outlet 
flange on the bottom). Do not attach the extract" collectlon devlce to the 
top plate. 

Note: If waste material (>1% of original sample weight) has obviously adhered to 
the container used to transfer the sample to the ZHE, determine the weight 
of this residue and subtract it from the sample weight determined in 
Section 7.3.4 to determine the weight of the waste sample that will be 
f i 1 tered . 

Attach a gas line to the gas inlet/outlet valve (bottom flange) 
and, with the liquid inlet/outlet valve (top flange) open, begin applying 
gentle pressure of 1-10 psi (or more i f  necessary) to force all headspace 
slowly out o f  the ZHE device into a hood. At the first appearance of 
liquid from the liquid inlet/outlet valve, quickly close the valve and 
discontinue pressure. If filtration of the waste at 4'C reduces the 
amount of expressed liquid over what would be expressed at room 
temperature, then allow the sample to warm up to room temperature in the 
device before filtering. If the waste is 100% solid (see Section 7.1.1), 
slowly increase the pressure to a maximum of 50 psi to force most of the 
headspace out of the device and proceed to Section 7.3.12. 

7.3.9 Attach the evacuated pre-weighed filtrate collection 
container to the liquid inlet/outlet valve and open the valve. Begin 
applying gentle pressure of 1-10 psi to force the liquid phase of the 
sample into the filtrate collection container. If no additional liquid 
has passed through the filter in any 2 minute interval, slowly increase 
the pressure in 10 psi increments to a maximum of 50 psi. After each 
incremental increase of 10 psi, if no additional liquid has passed through 
the filter in any 2 minute interval, proceed to the next 10 psi increment. 
When liquid flow has ceased such that continued pressure filtration at 50 
psi does not result in any additional filtrate within a 2 minute period, 
stop the filtration. Close the 1 iquid inlet/outlet valve, discontinue 
pressure to the piston, and disconnect and weigh the filtrate collection 
contai ner. 

Note: Instantaneous application of high pressure can degrade the glass fiber 
f i 1 ter and may cause premature pl uggi ng . 

7.3.10 The material in the ZHE is defined as the solid phase of 
the waste and the filtrate is defined as the liquid phase. 
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. Note: Some wastes, such as oily wastes and some paint wastes, will obviously 
contain some material that appears to be a liquid. Even after applying 
pressure filtration, this material will not filter. If this i s  the case, 
the material within the filtration device is defined as a solid and is 
carried through the TCLP extraction as a solld. 

If the original waste contained (0.5% dry solids (see Section 
7.1.2), this filtrate is defined as the TCLP extract and is analyzed 
directly. Proceed to Section 7.3.15. 

7.3.11 The liquid phase may now be either analyzed immediately 
(See Sections 7.3.13 through 7.3.15) or stored at 4 ' C  under minimal 
headspace conditions until time o f  analysis. Determine the weight of 
extraction fluid #1 to add to the ZHE as follows: 

20 x percent solids (Section 7.1.1) x weight 
o f  waste filtered (Section 7.3.4 or 7.3.8) 

Weight of extraction fluid = 

100 

7.3.12 The following Sections detail how to add the appropriate 
amount of extraction fluid to the solid material within the ZHE and 
agitation of the ZHE vessel. Extraction fluid # l  is used in all cases 
(See Section 5.7). 

7.3.12.1 With the ZHE in the vertical position, attach 
a line from the extraction fluid reservoir to the liquid 
inlet/outlet valve. The line used shall contain fresh extraction 
fluid and should be preflushed with fluid to eliminate any air 
pockets in the line. Release gas pressure on the ZHE piston (from 
the gas inlet/outlet valve), open the liquid inlet/outlet valve, 
and begin transferring extraction fluid (by pumping or similar 
means) into the ZHE. Continue pumping extraction fluid into the 
ZHE until the appropriate amount of fluid has been introduced into 
the device. 

7.3.12.2 After the extraction fluid has been added, 
immediately close the 1 iquid inlet/outlet valve and disconnect the 
extraction fluid line. Check the ZHE to ensure that all valves are 
in their closed positions. Manually rotate the device in an 
end-over-end fashion 2 or 3 times. Reposition the ZHE in the 
vertical position with the liquid inlet/outlet valve on top. 
Pressurize the ZHE to 5-10 psi (if necessary) and slowly open the 
liquid inlet/outlet valve to bleed.out any headspace (into a hood) 
that may have been introduced due to the addition of extraction 
fluid. This bleeding shall be done quickly and shall be stopped at 
the first appearance of liquid from the valve. Re-pressurize the 
ZHE with 5-10 psi and check all ZHE fittings to ensure that they 
are closed. 

7.3.12.3 Place the ZHE in the rotary agitation 
apparatus (if it is not already there) and rotate at 30 f 2 rpm for 
18 2 hours. Ambient temperature (i.e., temperature of room in 
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which e x t r a c t i o n  occurs) s h a l l  be mainta ined a t  23 5 2'C dur ing  
agi  t a t  i on. 

7.3.13 Fo l low ing  the  18 f 2 hour ag i ta t i on  per iod,  check t h e  
pressure behind the  ZHE p i s t o n  by q u i c k l y  opening and c l o s i n g  the gas 
i n l e t / o u t l e t  va l ve  and n o t i n g  the  escape of  gas. If the  pressure has no t  
been maintained ( i - e . ,  no gas re lease observed), t he  dev ice i s  leak ing.  
Check the  ZHE f o r  l e a k i n g  as s p e c i f i e d  i n  Sec t ion  4.2 .1 ,  and perform the  
e x t r a c t i o n  again w i t h  a new sample o f  waste. I f  the  pressure w i t h i n  the  
dev ice has been maintained, the  ma te r ia l  i n  the  e x t r a c t o r  vessel i s  once 
again separated i n t o  i t s  component l i q u i d  and s o l i d  phases. I f  the  waste 
contained an i n i t i a l  l i q u i d  phase, t he  l i q u i d  may be f i l t e r e d  d i r e c t l y  
i n t o  the  same f i l t r a t e  c o l l e c t i o n  con ta ine r  ( i . e L ,  TEDLAR' bag) ho ld ing  the  
i n i t i a l  l i q u i d  phase o f  t he  waste. A separate f i l t r a t e  c o l l e c t i o n  
conta iner  must be used I f  combining would c rea te  m u l t i p l e  phases, o r  there 
i s  n o t  enough volume l e f t  w i t h i n  t h e  f i l t r a t e  c o l l e c t i o n  conta iner ,  
F i l t e r  through t h e  g lass  f i b e r  f i l t e r ,  us ing  the  ZHE device as dfscussed 
i n  Sect ion 7.3 .9 .  A l l  e x t r a c t  s h a l l  be f i l t e r e d  and c o l l e c t e d  if the  
TEDLAR' bag i s  used, if the  e x t r a c t  i s  mu l t i phas i c ,  o r  i f  the  waste 
contained an i n i t i a l  l i q u i d  phase (see Sectfons 4.6 and 7 .3 .1 ) .  

Note: An i n - l i n e  g lass  f i b e r  f i l t e r  may be used t o  f i l t e r  the  ma te r ia l  w i t h i n  
the  ZHE i f  i t  i s  suspected t h a t  the  g lass  f i b e r  f i l t e r  has been ruptured,  

I f  the  o r i g i n a l  waste conta ined no i n i t l a l  l i q u i d  phase, 
the  f i l t e r e d  l i q u i d  m a t e r i a l  obta ined from Sect ion  7.3.13 i s  de f ined as 
the  TCLP e x t r a c t .  I f  the  waste conta ined an i n i t i a l  l i q u i d  phase, t he  
f i l t e r e d  l i q u i d  m a t e r i a l  obta ined from Sect ion  7.3 .13  and the  i n i t i a l  
l i q u i d  phase (Sect ion 7 .3 .9 )  are c o l l e c t i v e l y  de f i ned  as the  TCLP ex t rac t .  

7.3.14 

7 .3 .15  Fo l low ing  c o l l e c t i o n  o f  t he  TCLP e x t r a c t ,  immediately 
prepare the  e x t r a c t  f o r  ana lys is  and s t o r e  w i t h  minimal headspace a t  4'C 
u n t i l  analyzed. Analyze the  TCLP e x t r a c t  accord ing t o  t h e  appropr ia te 
a n a l y t i c a l  methods. I f  the i n d i v i d u a l  phases are t o  be analyzed 
separate ly  (f, are n o t  m i s c i b l e ) ,  determine the  volume o f  the 
i n d i v i d u a l  phases ( t o  O.S%), conduct t he  appropr ia te  analyses, and combine 
the r e s u l t s  mathemat ica l ly  by us ing  a s imple volume-weighted average: 

(V,) (C,) + (V,) (C,) 

VI+ "2 

F i n a l  Analy te - 
Concentrat ion 

where: 

V, - The volume o f  t h e  f f  r s t  phases ( L )  . 
C, = The concent ra t ion  o f  the  ana ly te  o f  concern i n  the f i r s t  phase (mg/L). 
V2 = The volume o f  t h e  second phase (L). 
C, = The concent ra t ion  o f  t he  ana ly te  of concern i n  the  second phase 

(mg/L). 
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7.3.16 Compare the analyte concentrations i n  the TCLP extract  
w i t h  the levels identified i n  the appropriate regulations. Refer t o  
Section 8 . 0  for q u a l i t y  assurance requirements. 

8 . 0  QUALITY CONTROL 

8 . 1  Refer t o  Chapter One for  a l l  required q u a l i t y  control procedures, 
A minimum of  one blank (using the same extraction f l u i d  as used for the samples) 
for every 20 extractions that  have been conducted i n  an extraction vessel. 

8 . 2  A matrix spike shall be performed for each waste type (e.a,, 
wastewater treatment sludge, contaminated soil  , etc . )  unless the r e su l t  exceeds 
the regulatory level and the d a t a  are being used solely t o  demonstrate t h a t  the 
waste property exceeds the regulatory level.  As a minimum,  fo l low the matrix 
spike a d d i t i o n  guidance provided i n  each analytical method. 

8 . 2 . 1  Matrix spikes are t o  be added a f t e r  f i l t r a t i o n  of the TCLP 
extract  and before preservation. Matrix splkes should not be added prior 
t o  TCLP extraction of  the sample. 

8 .2 .2  I n  most cases, matrix spikes should be added a t  a 
concentration equlvalent t o  the correspondtng regulatory level .  I f  the 
analyte concentration i s  less  t h a n  one h a l f  the regulatory level ,  the 
splke concentration may be as low as one h a l f  o f  the analyte 
concentration, b u t  may n o t  be n o t  less  t h a n  f ive times the method 
detection l imit .  In order t o  avoid differences i n  matr ix  e f fec ts ,  the 
matrix spikes must be added t o  the same nominal volume of  TCLP extract  as 
t h a t  which was analyzed for the unspiked sample. 

8 . 2 . 3  The purpose of the matrix spike I s  t o  monitor the 
performance o f  the analytlcal methods used, and t o  determine whether 
matrix interferences exis t .  Use of  other Internal cal i b r a t l o n  methods, 
modification of the a n a l y t i c a l  methods, o r  use of a l te rna te  analytlcal 
methods may be needed t o  accurately measure the analyte concentration i n  
the TCLP extract  when the recovery o f  the matrix spike i s  below the 
expected analytical method performance. 

8 . 3  

8.4  

All qual i t y  control measures described i n  the appropriate analytical 

Samples 'must undergo TCLP extractlon w i t h i n  the followlng time 

methods shall be followed. 

periods : 
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SAMPLE MAXIMUM HOLOING TIMES (days)  

Liquid/Sol id ratio 19:l vs. 21:l 
Extract i on t i me 16 hours vs. 18 hours 
Heads pace 20% vs. 60% 
Buffer # 2  acidity 190 mea vs. 210 meq 

c Acid-washed filters yes vs. no 

From: Fleld From: TCLP From: Prepara- Total 
Coll ec- ext rac - tive Elapsed 
tion tion extrac- Time 

extrac- tive To: determi- 
tion ext rac - native 

tion 
To: TCLP To: Prepara- 

Vol ati 1 es 14 NA 14 28 
Semi - 
vol at i 1 es 14 7 40 61 

Mercury 28 NA 28 56 
Metals, 
except 180 NA 180 360 
mercury 

I f  sample holding times are exceeded, the values obtained will be considered 
minimal concentrations. Exceeding the holding time is not acceptable in 
establishing that a waste does not exceed the regulatory level. Exceedfng the 
holding time will not invalidate characterization i f  the waste exceeds the 
regul atory level. 

9.0 METHOO PERFORMANCE 

9.1 Ruggedness. Two ruggedness studies have been performed to determine 
the effect of various perturbations on specific elements o f  the TCLP protocol. 
Ruggedness testing determines '.he sensi tivi ty of small procedural varlations 
which might be expected to occur during routine laboratory application. 

9.1.1 Metals - The following conditions were used when leach'lng 
a waste for metals analysis: 

1311- 20 Revlsion 0 

November Y.Y 



' \  . a  

Filter type 

Bottle type 

0.7 p m  glass fiber vs. 0.45 p m  ' 

V S .  polycarbonate 
borosilicate vs. flint glass 

Of the seven method variations examined, acidity of the extraction 
fluid had the greatest impact on the results. Four of 13 metals from an 
API separator sludge/electropl ating waste (API/EW) mixture and two of 
three metals from an ammonia lime still bottom waste were extracted at 
hlgher levels by the more acidic buffer. Because of the sensitivity to pH 
changes, the method requires that the extraction fluids be prepared so 
that the final pH is within & 0.05 units as specified. 

Volatile Organic Compounds - The following conditions were 
used when leaching a waste for VOC analysis: 

9.1.2 

U 

None of the parameters had a significant effect on the results of 
the ruggedness test. 

9.2 Precision. Many TCLP precision (reproducibility) studies have been 
performed, and have shown that, in general, the precision of the TCLP is 
comparable to or exceeds that of the EP toxicity test and that method precision 
is adequate. One o f  the more significant contributions to poor preclslon appears 
to be related to sample homogeneity and inter-laboratory variatlon (due to the 
nature of waste materials) . 

9.2.1 Metals - The results 0f.a multi-laboratory study are shown 
in Table 6, and indicate that a single analysis of a waste may not be 
adequate for waste characterization and identification requirements. 

9.2.2 Seml-Volatile Organic Compounds - The results o f  two 
studies are shown in Tables 7 and 8. .Single laboratory preclslon was 
excellent with greater than 90 percent of the results exhibiting an RSD 
less than 25 percent. Over 85 percent of all individual compounds in the 
multi-laboratory study fell in the RSD range o f  20 - 120 percent. Both 
studies concluded that the TCLP provides adequate precision. It was also 
determined that the high acetate content of the extraction fluid did not 
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I .  1 2921 
present problems (L, column degradation of the gas chromatograph) for 
the analytical conditions used. 

9.2.3 Vol at i 1 e Organic Compounds - El even 1 aboratori es 
participated in a collaborative study of the use of the ZHE with two waste 
types whlch were fortified with a mixture of VOCs. The results of the 
collaborative study are shown in Table 9. Precision results for VOCs tend 
to occur over a considerable range. However, the range and mean RSD 
compared very closely to the same collaborative study metals results in 
Table 6. Blackburn and Show concluded that at the 95% level of 
significance: 1) recoveries among laboratories were statistically 
similar, 2) recoveries did not vary significantly between the two sample 
types, and 3) each laboratory showed the same pattern o f  recovery for each 
o f  the two samples. 

10.0 REFERENCES 

1. Blackburn, W.B. and Show, I. "Collaborative Study of the Toxlcity 
Characteristics Leaching Procedure (TCLP) . I '  Draft Final Report, Contract No, 68- 
03-1958, S-Cubed, November 1986. 

2. Newcomer, L.R., Blackburn, W.B., Klmmell, T.A. "Performance o f  the 
Toxicity Characteristic Leaching Procedure." Wi1 son Laboratories, S-Cubed, U.S. 
€PA, December 1986. 

3 .  Mi1 1 iams, L.R., Francis, C . W .  ; Maskarinec, M. P., Taylor D.R., and Rothman, 
N. "Single-Laboratory Evaluation o f  Mob11 Ity Procedure for Sol Id Waste." EMSL, 
ORNL, S-Cubed, ENSECO. 

1311- 22 Revision 0 
November 1990 

31 



Table 1. 
Vol at i 1 e Analytes'#' 

2921 

Compound CAS No. 1 
]I 

1 
1 
1 
I 
1 

1 

1 

1 

Acetone 
Benzene 
n-Butyl alcohol 
Carbon di sul fide 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
1,2-Dichl oroethane 
1,l-Dlchloroethylene 
Ethyl acetate 
Ethyl benzene 
Ethyl ether 
Isobutanol 
Methanol 
Methylene chloride 
Methyl ethyl ketone 
.Methyl isobutyl ketone 
Tetrachloroethylene 
To1 uene 
1,1,1, -Trichloroethane 
Trichloroethylene 
Tri chl orofl uoromethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
Vinyl chloride 
Xylene 

67-64- 1 
71-43-2 
71-36-3 
75-15-0 
56-23 - 5 
108-90- 7 
67-66-3 

107-06-2 
75-35-4 

14 1 -78-6 
100-41-4 
60-29-7 

67-56- 1 
75-09-2 
78- 93 -3 
108-10-1 

78-83-1 

127-18-4 
108 -88-3 
71-55-6 
79-01-6 
75-69-4 
76-13-1 
75-01 -4 

1 3 3 0 - 2 0- 7 

' When testing for any or a l l  of these analytes, the zero-headspace 
extractor vessel shall be used instead o f  the bottle extractor. 

' Benzene, carbon tetrachloride, chlorobenzene, chloroform, 
1 ,e-dichloroethane, 1,l-dlchloroethylene, methyl ethyl ketone, 
tetrachloroethylene, and vinyl chloride are toxlci ty characterlstic 
constituents. 

1 

'I 
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Table 2 .  

S u i t a b l e  Rotary Agitat ion Apparatus '  

Company Location Model No. 

Analyt ical  Test ing and 
Consulting Serv ices ,  
Inc. 

Associated Design and 
Manufacturing Company 

Environmental Machine and 
Design, Inc. 

IRA Machine Shop and 
La bora t ory 

Lars Lande Manufacturing 

Mi 11 i pore Corp. 

Warrington, PA 4-vessel  e x t r a c t o r  (DC2OS) ; 
8-vesse l  e x t r a c t o r  (DC20) ; 

12-vessel  ex t rac tor  (DCZOB) 
(215) 343-4490 

A1 exandri a ,  VA 2-vessel  (3740-2) ; 
(703) 549-5999 4-vessel  (3740-4);  

6-vessel  (3740-6) ; 
8-vesse l  (3740-8) ; 

12-vessel (3740-12) ; 
24-vessel (3740-24) 

Lynchburg, VA 8-vesse l  (08-00-00) 
(804) 845-6424 4-vessel  (04-00-00) 

Santurce,  PR 8 -vesse l  (011001) 
(809) 752-4004 

Whi tmore Lake, MI 10-vessel  (IOVRE) 
(313) 449-4116 5-vessel  (5VRE) 

Bedford, MA 4 - Z H E  o r  
(800) 225-3384 4 I - l i t e r  b o t t l e  

e x t r a c t o r  (YT300RAHW) 
4-vessel (SDlM352CO) 

' Any device t h a t  rotates the ex t r ac t ion  vessel in an end-over-end fash ion  a t  30 
+ 2 rpm i s  acceptable .  
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I Table 3 .  
Sui tab1 e Zero-Headspace Extractor Vessel s 1  

Company Location Model No. I 
Analytical Testing & 

Consulting Services, Inc. 

Associated Design and 
Manu f ac tur i ng Company 

Lars Lande Manufacturing2 

1 

1 

3 
Millipore Corporation 3 
Env i ronment a1 Mach i ne 
and Design, Inc. 

Gel man Sci ence 
1 

Warri ngton, PA 
(215)  343-4490 

A1 exandri a, VA 
(703) 549-5999 

Whitmore Lake, MI 
(313)  449-4116 

0edford, MA 
(800) 225-3384 

Lynchburg, VA 
(804)  845-6424 

Ann Arbor, M I  
(800)  521-1520 

C102, Mechanical 
Pressure Device 

3745-ZHE, Gas 
Pressure Device 

ZHE-11, Gas 
Pressure Device 

YT30090HW, Gas 
Pressure Device 

VOLA-TOXl, Gas 
Pressure Device 

15400 Gas Pressure 
Device 

' Any device that meets the specifications listed in Section 4 . 2 . 1  of the method 
is suitable. 

* This device uses a 110 mm filter. 

I 
1 
I 
I 
'1 
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Table 4 .  
S u i t a b l e  F i l t e r  Holders' 

Company 
Model/ 

Location Catalugue. # S i z e  

Nucl eopore Corporation Pleasanton,  CA 425910 ' 142 mm 
(800)  882-7711 4 10400 47 mm 

Micro F i l t r a t i o n  Dublin, CA 302400 142 mm 
Sys t ems (800)  334-7132 311400 47 M11 

(415)  828-6010 

Mill i po re  Corporation Bedford, MA YT30142HW 142 mm 
(800)  225-3384 XX 1004 700 47 mm 

' Any device  capable o f  s e p a r a t i n g  the  l i q u i d  from the s o l i d  phase o f  the  waste 
i s  s u i t a b l e ,  providing t h a t  i t  i s  chemical ly  compatible w i t h  t h e  waste  and t h e  
c o n s t i t u e n t s  t o  be analyzed. P l a s t i c  devices  ( n o t  l i s t e d  above) may be used when 
only  inorganic  ana ly tes  a r e  of concern. The 142  mm s i z e  f i l t e r  holder  i s  
recommended. 
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Table 5 .  
Suitable Filter Media' 

2921 

Company Locat ion Mod e 1 

Pore 
S i z e  
(ctm) 

Mi 1 1  i pore Corporat I on Bedford, MA AP40 
(800) 225-3384 

0 . 7  

Nucleopore Corporation Pleasanton, CA 211625 0 . 7  
(415) 463-2530 

Whatman Laboratory Clifton, NJ GFF 

Micro Filtration Dublin, CA GF75 

Products, Inc. (201) 773-5800 

Systems (800) 334-7132 
(415) 828-6010 

0 . 7  

0.7 

Gelman Science Ann Arbor, M I  66256 (9Omm) 0 . 7  
(800) 521-1520 66257 (142mm) 

' Any filter that meets the specifications in Section 4 . 4  o f  the Method i s  
sui tab1 e. 
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Waste 
Ammon i a 
Lime S t i l l  
Bottoms 

API/EW 
Mixture  

Foss i  1 
Fuel Fly 
Ash 

Table 6. Mult i -Labora tory  TCCP M e t a l s ,  P r e c i s i o n  

Extraction 
F1 u i d  

#1 
#2 
#1 
# 2  
#1 
#2  

#1 
#2 
#1 
#2 
#1 
#2 

#1 
x2 
#1 
#2 
#1 
#2 

Metal 
Cadmi u m  

Chromi um 

Lead 

Cadmi um 

Chromium 

Lead 

Cadmi um 

Chromi um 

Lead 

- X I s  
0.053 I 0.031 
0.023 
0.015 
0.0032 
0.0030 
0.0032 

0.0046 
0.0005 
0.0561 
0.105 
0.0031 
0.0124 

0.017 
0.0014 
0.0037 
0.0027 
0.0028 

0.0028 
0.0004 
0.0227 
0.018 
0.0031 
0.0136 

I 

0. oao 0.069 
0,093 0.067 
0.017 0.014 
0.070 0.040 
0.0087 0.0074 
0.0457 0.0083 

%RSD 

60 
76 
93 

118 
90 
87  

61 
77 
40 
17 

100 
110 

86 
72 

57 
85 
18 

a 5  

XRSO Range - 17 - 118 
Mean XRSD - 74 

Note: - Mean results from 6 - 12 d i f f e r e n t  l a b o r a t o r i e s  
Units - mg/L 
E x t r a c t i o n  F l u i d  #1 = pH 4 .9  

#2  - pH 2.9 

1311- 28 Revis ion  0 
November 1990 

37 



2921 
Table 7. Single-Laboratory Semi -Vo la t i l e s ,  Prec is ion  

Waste 
Ammon i a 
Lime S t i l l  
Bottoms 

AP I/EW 
Mixture 

Compound 
Phenol 

2-Methyl phenol 

4-Methyl phenol 

2,4-Dimethylphenol 

Naphthalene 

2-Methyl naphthal ene 

D i  benzofuran 

Acenaphthyl ene 

F1 uorene 

Phenanthrene 

Anthracene 

F1 uoranthrene 

Phenol 

2,4-0imethyl phenol 

Naphtha1 ene 

2-Methyl naphthal ene 

- 

Extract ion 
F1 uid 

#1 
#2 
#1 
#2 
#1 
#2 
#1 
#2 
#1 
#2 
#1 
#2 
#1 
# 2  
#1 
#2 
#1 
# 2  
#1 
#2 
#1 
#2 
#I 
#2 

#1 
#2 
#1 
# 2  
#1 
#2 
#1 
#2 

X 

19000 
19400 
2000 
1860 
7940 
7490 
321 
307 

3920 
3827 

290 
2 73 
187 
187 
703 
663 
151 
156 
24 1 
243 
33.2 
34.6 
25.3 
26.0 

40.7 
19.0 
33 .O 
43.3 

185 
165 
265 
200 

S 
~ 

2230 
929 
297 

1380 
200 

52.9 

46.8 
45.8 

4 13 
176 
44.8 
19.3 
22.7 

7 .2  
89.2 
20.1 
17.6 
2.1 

22.7 
7.9 
6.19 
1.55 
1.8 
1 .8  

13.5 
1.76 
9.35 
8.61 

29.4 

61.2 
18.9 

24.8 

ZRSO 

11.6 
4.8 

14.9 
2.8 

17.4 
2 .7  

14.6 
14.9 
10.5 
4.6 

15.5 
7.1 

12.1 
3.9 

12 .7  
3 .0 .  

11.7 
1 .3  
9.4 
3.3 

18.6 
4 .5  
7.1 
7 .1  

33 .O 
9.3 

28.3 
19.9 
15.8 
15.0 
23.1 
9.5 

%RSD Range = 1 - 33 
Mean X R S O  = 12 

Note: Units  - pg/L 
Extractions were performed i n  trip1 i c a t e  
All results were a t  l e a s t  2x t h e  d e t e c t i o n  l i m i t  
Extraction Fluid #1 - pH 4.9 

#2 = pH 2.9 
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Extraction - 
Waste Compound Fluid X S XRSO 

Ammonia Lime BNAs # l  10043 7680 76.5 
Still Bottoms ( A )  #2  . 10376 6552 63.1 
AP I/EW BNAs #1 1624 675 41.6 
Mixture (B )  #2 2074 1463 70.5 
Fossil Fuel BNAs #1 750 175 23.4 

2921 
Table 8. Multi -Laboratory Semi-Volatiles, Precision 

I Fly Ash (C) # 2  739 342 46.3 I 

Note: Units = pg/L 
X - Mean results f r o m  3 - 10 labs 
Extraction Fluid #1 - pH 4.9 

#2 - pH 2.9 

%RSD Range for Individual Compounds 
A, rY1 0 - 113 
A, #2 28 - 108 
8, #1 . 20 - 156 
B, # 2  . 49 - 128 c, #1 36 - 143 
c, #2 61 - 164 
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Table 9. Multi-Laboratory (11 Labs) VOCs, Precision 

Waste 
Mine 
Tailings 

Ammon i a 
lime Still 
Bot toms 

Compound 
Vinyl chloride 
Methylene chloride 
Carbon disulfide 
1, I-Dichloroethene 
1,l-Dichloroethane 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1 , l  ,I-Trichloroethane 
Carbon tetrachloride 
Trichl oroethene 
1,1,2-Trichloroethene 
Benzene 
1,1,2,2-Tetrachloroethan~ 
To1 uene 
Chlorobenzene 
Ethyl benzene 
Trichlorofluoromethane 
Acryl oni tri 1 e 

Vinyl chloride 
Methylene chloride 
Carbon disulfide 
1, I-Dichloroethene 
1,l-Dichloroethane 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon tetrachloride 
Trichloroethene 
1,1,2-Trichloroethene 
Benzene 
1,1,2,2-Tetrachloroethane 
To1 uene 
Chlorobenzene 
Ethyl benzene 
Tr i c h 1 orof 1 uorome t hane 
Acryl on i tri 1 e 

6.36 

5.57 
12.1 

21.9 
31.4 
46.6 
47.8 
43.5 
20.9 
12.0 
24.7 
19.6 
37.9 
34.9 
29.3 
35.6 
4.27 
3.82 

5.00 

3.37 

76.7 

14.3 

52.1 
52.8 
64.7 
43.1 
59.0 
53.6 
7. IO 

57.3 
6.7 

61.3 
3.16 

69.0 
71.8 

.29.4 

3.70 
4.05 

6.36 

2.83 
11.8 

27.7 

29.2 
33.6 
36.9 
20.9 
8 . 2  
21.2 
10.9 
28.7 
25.6 
11.2 
19.3 
2.80  
4.40 

. 25.4 

110.8 

4.71 

2.07 
13.1 

38.8 
25.6 
28.4 
31.5 
39.6 
40.9 
6.1 

34.2 
4.7 

26.8 
2.1 
18.5 
12.0 
2.2 
4.8 

34.8 

2924 

%RSD 
100 
98 
51 
127 
81 
63 
70 
85 
100 
68 
86 
56 
76 
73 
38 
54 
66 

115 
144 

94 
92 
61 
75 
49 
44 
73 
67 
76 
86 
60 
70 
44 
66 
27 
17 
58 
119 
118 

XRSD Range - 17 - 144 
Mean XRSO = 75 !I 

Note: Units = pg/L 
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I 

f i g u r e  1. Rotary A g i t a t i o n  Apparatus 

1311- 32 Revlslon 0 
November 1990 



' .. 

Liquid Inlet/Outlet Valve 

Top Flange 

support Screen / 

1 

. .  

Support Screen 

C 
C 

Bottom Flange 4 

Piston 

Gas 

I 

&- 
Pressure 
Gauge 

Pressurized Gas 
Inlet/Outlet VaIve 

figure 2. Zero-Headspace Extractor (ZHE) 
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METHOD 1311 

TOXICITY CHARACTERISTIC LEACHATE PROCEDURE 2921 

I 
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METHOD 13 1 1 ( C O N T I N U E D )  

TOXICITY CHARACTERISTIC LEACHATE PROCEDURE 

j 

0 
1 

2926 
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2921 
Procedure for Determ ination of Volume Reductioq 

1. Determine the bulk density of the initial sample. 

2. Determine the apparent density of the final glass. 

3. volume reduction = 100% * ( I  - initial densityflnal density) 
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2921 
edure for Determ ination of Gamma Dose Rates o f Vitrified Wastes 

1. Record the approximate dimensions of the vitrified waste block. 

2. Measure and record the gamma dose rate at contact, 25, and 50 cm from the melt crucible along 
the centerline. 

3. Repeat step 2, except measure radially outward at the half height of the vitrified mass. 
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2921. 
NUCLEAR WASTE GLASS PRODUCT CONSISTENCY TEST - VERSION 3.0 (V) 

A durability test. designated for Product Consistency Test (PCI?, has been developed for glasses 
produced in the Defense Waste Processing Facility WWPF).' ‘lie test is designed to meet the 
requirements of the Waste Acceptance A.eliminary SpecifiCati~ns (WAPS) 1.3 and 1.4.2 Specification 
1.3 requires the DWPF to demonstrare c o m l  of the radionuclide release properties of the final waste 
form. Qlanges in phase composition due to devitrification do not matly alter the rate of release of 
material from the glad of the type that will be produced in DWPF. The WAPS Specification 1.4 
however requires that the release properties of devitrified glass be .dmilar to those determined in 
Specification 1.3. The DWPF is responsible for relating the results of the PCI' to a repository site- 
specific release test, or alternatively, for performing the repository site-specific release tests. 

-,.- -. 
The I" has been developed, in part, to satisfy the WAF'S requirements by providing a test which is 
(1) sensitive to glass composition 
repository site-specific release &; The test was designed to provide confirmation of the consistency 
of D W F  glass under the following considerations: 

homogeneity. and (2) has the potential to ... be .--- dated .. -1. --+ to ' 

Sensitivity of the test to glass composition and homogeneity 
Time necessary to demonstrate product quality 
Ease of sample preparation for radioactive glass 
Ease of test procedure for remote operation 
Precision of the test results 
A'&ptance of waste form developers and repository projects 

During PCT development, sample size was limited to 100-200 mesh (149-74 m) crushed glass because 
leaching of finer mesh sizes can cause overestimation of saturation concentrations, e.g. if finer 
powders are used, mass balance calculations need to be used to determine the maximum saturation 
concentmion expected from a given particle size: Fme particles also contribute larger emrs to the 
estimation of the sample surface area than coarser sized samples. Moreover, use of a coarser mesh 
cxushed glass simplifies sample preparation for radioactive service. 

One test temperature, W C ,  was chosen for the PCT. This temperature is representative of the 
anticipated temperature in a repository because of the heat of decay of the radionuclides in DWFF 
waste glass. A single leachant, American Society for Testing and Materials (ASIU) Type I water, 
was specified so that the test would be dominated by elemental species leached from the glass. 

The v m A h d  ratio for the PCX' was chosen as 10 mWg and test durations of 1,3,7. 14, and 28 days 
were evaluated. Seven days was chosen as the minimum test durarion that optimized test precision but 
did not Sacrifice discrimination' 
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Leachate filtration to d.45pn was determined to improve the precision of the Pn. Filtering is 
advantageous because it removes colloidal species that would otherwise dissolve during the leachate 
acidification step and enunwusly be meaSured as soluble elemental species. Filtering the leachate also 
removes the potential for fine glas~ particulates to become entrained in the leachate acidificatio~~~ 
Such a dissolved particulate of glass would give an erroneously high soluble leachate concentration or 
contribute excessive radioactivity to the leachate. 

PCT sample preparation specifies that the sieved glass should be washed in ASTM Type I water and 
absolute ethyl alcohol to remove demostatically adhering fine particles. Comparisons of BET. 
specific surface area measurements of alcohol washed and unwashed crushed basalt demonstrated that 
there was less than a 5 percent difference in the total surface area? Other studiesG9 have 
demonstrated that the <1pm fine particles only affect the initial non-linear kinetics of dissolution, e.g. 
the fim 24-hour period. Thereafter, the fines are consumed with no further effect on the bulk 
dissolution The amount of fines adhering to a glass sample however, is an unconvollable quantity 
and, hence, sample washing was included in the p(3T. Later experimental studies verified that sample 
washing improved the precision and the accuracy of the PCI'. 

An Savannah River Laboratory (SRL) intemal round robin' and a seven-laboratory extemal round 
mbm were completed" to determine the precision and accuracy of the m. Confirmatory testing on 
radioactive samples was also performed." These studies indicated that the PCI' was very 
reproducible, yielded reliable results rapidly, and could be easily performed in shielded cell facilities 
with radioactive samples. 

This draft was submitted to A S I U  subcommittee C26.13 on Repository Waste Package Materials 
Testing in January 1990. 
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