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reprinted in July 1994 and March 1998, with the following changes noted: 
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compounds. The 13 new substances have not been integrated alphabetically into 
table 1. They are listed separately as an aditional page (page 25). 

In all other respects, this edition is an exact reprint of the editions dated November 1993, 
July 1994, and March 1998 wkhanges 
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Change Sheet for March 2,1998 

This document is a reprint of the original “Technical Guidance for Screening 
Contaminated Sediments” that was first printed in November 1993, and reprinted in July 
1994, with the following changes noted: 

4 The Division of Fish and Wildlife and the Division of Marine Resources were 
merged into a single entity, the Division of Fish, Wildlife and Marine Resources 

4 New tables have been added for screening marine and estuarine sediments only. 
The new tables have been taken from Long et a1 (1 999 ,  and are included as 
appendix 4. These tables have been distributed with earlier editions of this 
document as an addendum since April 25, 1996. Wherever the current text makes 
reference to Table 2 for screening sediments for metals contamination, Table 3 in 
Appendix 4 should be used instead if the sediments are in marine or estuarine 
water bodies. 

In all other respects, this edition is an exact reprint of the November 1993 and July 1994 
document. 
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1. Executive Summary 

The Department of Environmental Conservation originally proposed sediment 
criteria in 1989, as an appendix of a Cleanup Standards Task Force Report. These 
criteria were controversial because the proposed methodology, equilibrium 
partitioning, had not yet been endorsed by the U.S. Environmental Protection 
Agency (EPA) Science Advisory Board, and because the criteria themselves were 
perceived as remediation target concentrations. This revised sediment criteria 
document was prepared to incorporate scientific literature published since 1989, and 
to establish the purpose of sediment criteria for screening; that is, to identify areas 
of sediment contamination and to make a preliminary assessment of the risk posed 
by the contamination to human health and the environment. Criteria are developed 
for two classes of contaminants - non-polar organic contaminants and metals. 
Non-polar organic contaminant criteria are derived using the equilibrium partitioning 
approach, which has now been endorsed by the EPA Science Advisory Board. This 
approach estimates the biological impacts that a contaminant may cause based on 
it's affinity to sorb to organic carbon in the sediment. The concentration of 
biologically available contaminant is predicted and related to potential toxicity and 
bioaccumulation by using existing criteria established for the water column. New 
York State water quality standards and guidance values are used to derive sediment 
criteria. EPA water quality criteria are used only when New York State has not 
published a standard or guidance value for a particular compound. Water quality 
criteria for bioaccumulation proposed by the Divisions of Fish and Wildlife and 
Marine Resources are used when no New York State water quality standard or 
guidance value for bioaccumulation has been developed. 
Metals criteria are derived from Ministry of Ontario guidelines and NOAA data that 

make use of the screening level approach. This methodology measures the 
concentration of contaminants present in areas where ecological impacts have 
been noted, and correlates the contaminant concentration with the severity of the 
impact. Toxicity mitigating conditions such as acid volatile sulfides are not 
considered because with the screening level approach, the metal concentrations 
present are correlated directly to a measurable ecological impact. Finally, this 
document discusses risk management for contaminated sediment, and makes 
recommendations for implementing sediment criteria. Table 1 lists sediment criteria 
for 64 non-polar organic compounds or classes of compounds, and Table 
2 lists sediment criteria for 12 metals. 
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11. Background and Objectives 

The Department of Environmental Conservation originally proposed draft 
sediment criteria in December 1989 as Appendix D to the Draft Clean Up 
Standards Task Force Report (DEC 1991). These criteria were based on the EPA 
equilibrium partitioning (EP) model, which had at that time just been submitted to 
the EPA Science Advisory Board for review. Two problems developed relative to 
these criteria. The first was that the equilibrium partitioning model did not receive 
a complete endorsement by the EPA Science Advisory Board (EPA SAB 1990). 
The SAB raised questions about the degree of uncertainty, sources of variability, 
and applicability of EP-based sediment criteria. Secondly, the New York State 
sediment criteria were published in the context of a clean-up standards report for 
contaminated sediment remediation. The perception of the reviewers and potential 
users was that the criteria represented mandatory clean-up levels that must be 
achieved by remediation methodologies. Appendix D of the Draft Clean-up 
Standards Task Force Report did state that risk management decisions were 
necessary and appropriate in the application of the sediment criteria, but the 
perception remained that the low concentrations described therein were in fact the 
primary target levels for sediment remediation. This issue was further clouded by 
real-world environmental problems such as dioxin in the New York-New Jersey 
Harbor area. Dredging and dredge spoil disposal is necessary for continued harbor 
operation, but attainment of the dioxin sediment criterion described in Appendix D 
could be economically unachievable. 

There were three objectives for revising the sediment criteria document. 
The first objective was simply to clarify the document, make it easier to read, and 
provide greater scientific documentation to support the information presented. 

The second objective was to incorporate scientific literature that has been 
published since 1989. This revision will be based primarily upon an EPA Proposed 
Technical Support Document (TSD) for the Development of Sediment Quality 
Criteria (EPA 199 1). The EPA TSD was also published verbatim in peer-reviewed 
scientific literature (DiToro et al., 199 1). The revised sediment criteria document 
will also incorporate a new EPA Science Advisory Board Report that endorses the 
equilibrium partitioning methodology and commends the EPA for satisfactorily 
addressing many of the concerns noted in the original SAB review (EPA SAB 
1992). Also, this revision incorporates the 1992 Ministry of Ontario Guidelines for 
the Protection and Management of Aquatic Sediment Quality in Ontario, for metals 
concentrations in sediment (Persaud et al., 1992). These guidelines were only draft 
in 1989, when the first sediment criteria document was produced. 

The final objective of the revised document was to establish the role of EP- 
based sediment criteria as screening criteria; that is, for identifying areas of 
sediment contamination, and providing an initial assessment of potential adverse 
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impacts. While attainment of the EP-based sediment criteria will provide the 
maximum assurance of environmental protection, it is not necessary in all cases 
and at all times to achieve these criteria through remediation efforts. Risk 
assessment, risk management, and the results of further biological and chemical 
tests and analyses are vital tools for managing sediment contamination. To view 
sediment criteria in a one-dimensional, goho go context is to miss potential 
opportunities for resource utilization through appropriately identified and managed 
risk. 

Ill. Need, Basis, and Concept of Sediment Criteria 

Sediments can be loosely defined as a collection of fine-, medium-, and 
course- grain minerals and organic particles that are found at the bottom of lakes 
[and ponds], rivers [and streams], bays, estuaries, and oceans (Adams et al., 
1992). Sediments are essential components of aquatic [and marine] ecosystems. 
They provide habitat for a wide variety of benthic organisms as well as juvenile 
forms of pelagic organisms. The organisms in sediments are in constant contact 
with the sediments, and therefore, constant contact with any contaminants that 
may be adsorbed to the sediment particles. Potential impacts to benthic organisms 
include both acute and chronic toxicity with individual-, population-, and 
community- level affects, bioaccumulation of contaminants, and the potential to 
pass contaminants along to predators of benthic species (Adams, et al, 1992; 
Marcus, 199 1 ; Milleman and Kinney, 1992). 

Potential to harm benthic organisms is not the only adverse impact of 
contaminated sediments. They serve as diffuse sources of contamination to the 
overlying water body; slowly releasing the contaminant back into the water column 
(Marcus, 1991; DEC, 1989). 

Contamination is a concept that is not always clearly defined relative to 
sediments. The mere presence of a foreign substance in a sediment could be 
construed as contamination. However, the presence of a foreign substance does 
not necessarily mean it is harmful. Metals can be present in naturally occurring 
concentrations (background levels) in species, or forms, that are not harmful to 
aquatic life. While there are no naturally occurring background concentrations for 
synthetic organic compounds, the presence of a synthetic organic compound does 
not necessarily imply harm. Some evaluation must be made to estimate the 
potential risk to aquatic life or human health that the compound will have. 

The EPA has defined a contaminant as: "Any solid, liquid, semisolid, 
dissolved solid, gaseous material, or disease-causing agent which upon exposure, 
ingestion, inhalation, or assimilation into any organism, either directly from the 
environment or indirectly by ingestion through food chains, may . . . pose a risk of 
or cause death, disease, behavioral abnormalities, cancer, genetic mutations, 
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physiological malfunctions ... or physical deformations, in the organism or their 
offspring" (EPA, 1992). This definition clearly explains that a Contaminant is not 
simply the presence of a foreign substance, but an element of harm to some 
organism, species, population, or community must be involved. 

The EPA defines sediment criteria in the following manner: A sediment 
criterion is a specific level of protection from the adverse effects of sediment 
associated pollutants, for beneficial uses of the environment, for biota, or for 
human health ... (EPA, 1992). A sediment criterion, then, must relate to the 
element of harm that the contaminant possesses by specifying an appropriate level 
of protection. To develop sediment criteria, it is necessary to identify the potential 
elements of harm to the various organisms, populations, and communities that 
could be affected. The criterion must then specify the level of protection 
necessary to balance each identified element of harm. 

A corollary of the EPA definition is that if the specified level of protection is 
not attained, then a certain level of risk exists. The concentration of a 
contaminant in sediment can be compared to a number of criteria and their 
associated levels of protection, to determine the overall potential risk posed by that 
particular contaminant concentration to various exposed organisms. Only if the 
contaminant concentration is less than all of the available criteria can exposure to 
the sediment, or to organisms that inhabit the sediment, be considered to be 
without significant risk from those contaminants (risk could still result from other 
sources, such as contaminants for which criteria have not yet been derived). This 
is the concept of screening criteria. By comparing the contaminant concentration 
to various criteria and their associated levels of protection, the resource manager 
can begin to identify the appropriate tests, studies, and procedures to quantify and 
refine the level of risk; set remediation goals; prioritize remediation actions; and 
select risk management and communications options. 

EP-based sediment criteria are tied to water quality standards, guidance 
values, (DEC, 199 1) and criteria (EPA, 199 1)'. Within the framework of New 
York State water quality regulations, five primary levels of protection are identified 
(GNYCRR, 1991) from which sediment criteria can be derived. These are: 

'Water quality standards and guidance values are New York State regulatory terms that 
are essentially synonymous with the EPA term criterion. A standard is a water quality criterion 
that has been adopted into regulation. A guidance value is a water quality criterion that has been 
derived in the same manner as a standard, but has not yet been adopted into regulation, or 
subjected to public review and comment. When referring to water quality in this document, the 
use of the general term criteria will mean either a New York standard or guidance value. 
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A. Protection of human health from acute or chronic toxicity; 

B. Protection of human health from toxic effects of bioaccumulation; 

C. Protection of aquatic life from acute toxicity; 

D. Protection of aquatic life from chronic toxicity; 

E. Protection of wildlife from toxic effects of bioaccumulation. 

Other levels of protection include fish flesh tainting, and aesthetics (taste, 
odor, or appearance). Human health-based criteria can be firther subdivided into 
oncogenic (cancer causing) effects and non-oncogenic effects (GNYCRR, 199 1). 
Unfortunately, water quality standards or guidance values do not usually exist for 
all five levels of protection simultaneously. 

This document will identify a series of screening criteria concentrations for a 
number of contaminants that can be used to identify areas of sediment 
contamination, and evaluate the potential risk that the contaminated sediment may 
pose to human health or the environment. A contaminated sediment can be 
identified as one in which the concentration of a contaminant in the sediment 
exceeds any of the sediment criteria for that contaminant. Once a sediment has 
been identified as contaminated, a site-specific evaluation procedure must be 
employed to quantify the level of risk, establish remediation goals, and determine 
the appropriate risk management actions. The site-specific evaluation might 
include for example: additional chemical testing; sediment toxicity testing; or 
sediment bioaccumulation tests. 

Sediment contaminants. primarily consist of heavy metals and persistent 
organic compounds (EPA, 1990). Sediment criteria for non-polar organic 
compounds are derived using equilibrium partitioning methodology (EPA, 199 1, 
DiToro, et al., 1991). This document will derive sediment criteria for non-polar 
organic contaminants listed in the TOGS 1.1.1. (DoW, 1991), using the water 
quality standards and guidance values listed there. If a water quality criterion for a 
particular contaminant is not identified in TOGS 1.1.1 ., an EPA water quality 
criterion is used. These criteria are annotated with the suffix (E). Proposed water 
quality criteria for the protection of human health and piscivorous wildlife from 
bioaccumulative affects are derived using procedures identified in Appendix 1 ; 
Newel1 et a[. (1987); and 6NYCRR Parts 702.8 and 702.13. These criteria are 
annotated with the suffix (P). With the exception of PCBs, these water quality 
guidance values are not yet listed in TOGS 1.1.1. 

Sediment criteria for metals are based upon procedures and data developed 
by the Ministry of Ontario (Persaud et al., 1992), and the National Oceanic and 
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Atmospheric Agency (NOAA) (Long and Morgan, 1990). Sediment criteria for 
polar organic compounds are not derived. Instead, contaminant concentrations in 
pore water should be compared directly to surface water quality criteria; see section 
V. Some polar organics such as phenolic compounds behave as non-polar 
compounds under conditions of neutral pH. For these compounds, EP-based 
sediment criteria can be derived. Both the equilibrium partitioning methodology and 
the Ministry of Ontario procedures are discussed below. 

IV. Derivation of Sediment Quality Criteria for Non-polar Organic Compounds 
using Equilibrium Partitioning. 

A. Characteristics of Non-polar Organics 

Non-polar organic compounds are substances that contain carbon, and do 
not exhibit a net electrical (ionic) charge (Nebergall, et al. 1968). Non-polar organic 
contaminants tend to be of low solubility in water. Otherwise they would dissolve 
and not accumulate in sediments (Manahan, 199 1). Many non-polar contaminants 
are highly soluble in lipids, and thus can be bioaccumulated. They are persistent, 
meaning they do not break down or degrade rapidly, and can remain in sediments 
for long periods of time. The International Joint Commission defines persistent 
compounds as compounds with a half life greater than 56 days (IJC, 1978). Some 
contaminants such as pesticides can cause direct, acute toxicity to exposed benthic 
organisms in low concentrations. Others such as DDT, PCB, and dioxin are more 
insidious and bioaccumulate over time to cause chronic toxicity effects such as 
reproductive failure, either in populations exposed directly to the contaminated 
sediment or to organisms further up the food chain (Rand and 
Petrocelli, 1985). 

B. Fundamentals of Equilibrium Partitioning (EP) 

The basis for the EP methodology for deriving sediment criteria is that the 
toxicity of a contaminant in a sediment is attributable to the fraction of the 
contaminant that dissolves in the interstitial pore water, and is considered to be 
freely biologically available. The EP methodology predicts the concentration of 
contaminant that will dissolve in the interstitial pore water from three factors: 1) 
the concentration of contaminant in the sediment; 2) the concentration of organic 
carbon in the sediment; and 3) the affinity of the contaminant for organic carbon in 
the sediment. 

The affinity of a Contaminant for sediment organic carbon can be directly 
measured. The sediment/water partition coefficient or Kp is a measure of the 
concentration of a contaminant sorbed to the sediment divided by the 
concentration dissolved in water (measured in lkg), after mixing. The Kp is only 
useful as a site specific measure because the Kp will vary with different sediment 
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samples. The EPA (1 99 1) reported that the organic carbon content of a sediment 
accounts for most of the variation in the uptake of the contaminant by the 
sediment. The KOc, or sediment organic carbodwater partition coefficient is a 
measure of the concentration of contaminant that adsorbs to the organic carbon 
content of the sediment divided by the concentration dissolved in water, after 
mixing (measured in lkg). When normalized for organic carbon, concentrations of 
a contaminant in different sediment samples are comparable. Another partition 
coefficient that is closely correlated with and is useful for predicting soil 
adsorption is the octanol/water partition coefficient, or bW (Kenaga, 1980). 
Voice, et al. (1 983) citing Karickhoff (1 979), reports that the relationship between 
the three coefficients can be described in two equations: 

and 

log,,I<s, = - 0.21 (also in Kenaga, 1980) 

where f,, is the fraction of solids by weight that is comprised of organic carbon. 

The EPA (1 99 1) refers to DiToro (1 985) to define the relationship between 
and hw as: 

Log,,&c = 0.00028 + 0.98310g,, 

Using the DiToro (1 985) relationship, the Koc very nearly equals the kw. 
Using either relationship, it can be readily seen that the Koc and Kow for a given 
non-polar organic compound are very similar, and vary in direct proportion. In their 
initial review of the equilibrium partitioning methodology, the EPA SAB considered 
the equating of I& and bW to be a source of uncertainty (EPA SAB 1990). In their 
1992 review, the EPA SAB states that uncertainties have diminished largely as a 
result of more accurate determination's of b W s ,  and that occasionally the Kow may 
not be a good predictor of the Koc (EPA SAB 1992). 

When a non-polar organic contaminant enters the sediment, it will partition 
between the sediment and pore water in three compartments: a fraction will 
adsorb to the organic carbon in the sediment; another fraction will adsorb to 
dissolved organic carbon in the interstitial pore water; and a third fraction will dis- 
solve in the pore water. An equilibrium will be established so that any change in 
the contaminant concentration in one compartment will result in a corresponding 
change in the contaminant concentration in other compartments. For example, if 
some of the contaminant dissolved in the pore water is removed, some of the 
contaminant adsorbed to the sediments will desorb to balance the loss from the 
pore water. If dissolved contaminant is added to the pore water, it will not all 
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remain in the pore water, but some will adsorb to dissolved organic carbon and 
sediment organic carbon, re-establishing the equilibrium. Interestingly, the EPA 
(1 99 1) noted that an increase in the volume of dissolved organic carbon in the 
pore water causes contaminant sorbed to the sediment to desorb and in turn sorb 
to the dissolved organic carbon. The freely dissolved fraction of the contaminant 
remains practically unchanged. 

Equilibrium partitioning methodology contends that sediment toxicity is 
attributable to the concentration of contaminant dissolved in the interstitial pore 
water and considered to be biologically available (EPA 1989, EPA 1991). It can be 
inferred, then, that a water quality criterion developed to protect aquatic life from 
contaminants dissolved in the water column should also protect benthic aquatic life 
from contaminant concentrations dissolved in pore water. The EPA (1 99 1) 
compared the sensitivity of benthic organisms to the sensitivity of water column 
organisms to toxicity from the same chemicals, and found that they were very 
similar. Therefore the prediction that exceeding a water column-based criterion in 
sediment pore water would harm benthic organisms was considered valid. 

C. Derivation of Sediment Criteria using Equilibrium Partitioning 

To derive an organic carbon normalized sediment criterion, two items of 
information are required: 

A. An ambient water quality criterion for a particular contaminant; 

B. the bw partition coefficient for the contaminant; 

For example, the PCB water quality criterion (see footnote 1 on page 4) for 
the protection of piscivorous wildlife from bioaccumulation is 0.001 ug/l. The bW 
for PCB is lO6.I4, or 1,380,384.3 l/kg. The organic carbon normalized PCB 
sediment criterion (SCoc) would be: 

SC,, = WQC *,bw 
PCB SC,, = 0.001 /ug/l * 1,380,384.3 Vkg * 1 kg/1,000 gOC 

1.38 (=: 1.4) ,ug/gOC 

1 kg/1,000 gOC is a conversion factor. 

The meaning of the criterion is: based on the equilibrium partitioning 
characteristic of PCBs, in order not to exceed the water quality criterion of 0.001 
ug/l in the pore water, the concentration of PCB in the sediment must not exceed 
1.4 ,ug for each gram of organic carbon in the sediment. 
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To apply this SC,, on a site specific basis, the concentration of organic 
carbon in the sediment at the site must be known. If a sediment sample was 
known to contain 3% organic carbon, the site specific sediment criterion (SC) for 
PCB could be derived: 

sc = sc,, * foc 

f,, = 3% OC/kg sediment = 30 gOC/kg 

PCB SC = 1.4 pg/gOC * 30 gOC/kg = 42 pg PCBkg sediment 

This criterion states that: if there are less than 42 ug PCB/kg of sediment in 
a sediment containing > 3% organic carbon, there is no appreciable risk to 
piscivorous wildlife from consuming fish or other aquatic life from the water body 
over the contaminated sediment. 

D. Limitations of Equilibrium Partitioning Derived Sediment Criteria 

There are several limitations to the application of EP-based criteria: 

1. EP-based criteria are only applicable to non-polar organic compounds, or 
other substances that behave as non-polar organic compounds in the 
sediment and prevailing environmental conditions, such as pH. 

2. EP-based criteria apply only to the specific level of protection identified in 
the criterion. In the example above, the 42 pglkg PCB concentration in the 
3% sediment sample does not pose appreciable risk to wildlife, however, it 
may or may not pose a risk to human beings. A sediment criterion derived 
from a human health-based water quality criterion must be compared to make 
that determination. 

3. EP-based criteria should only be derived for sediments with organic carbon 
fractions between approximately 0.2 - 12% (EPA SAB, 1992). Outside of this 
range, other factors that the EP methodology does not account for may 
influence contaminant partitioning. 

4. The equilibrium partitioning method should not be applied to broad classes 
of compounds or mixtures if one bW value is used to represent the entire 
class or the mixture (EPA SAB, 1992). In this respect, PCB congeners would 
not be considered a broad class of compounds; they are a narrow class of 
quite similar compounds. 

5. For compounds with a I&,w less than 100 (log!oI&,w I 2), the water 
quality criterion can be greater than the site specific sediment quality 
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criterion. This implies that virtually all of the contaminant is biologically 
available. Since the water quality criterion delineates the concentration that is 
harmful to aquatic life, it is not reasonable that a smaller concentration in the 
sediments would be harmful to benthic organisms, especially considering that 
some fraction of the contaminant will be sorbed to the sediment and not 
biologically available. For these compounds, the organic carbon normalized 
sediment criterion should be derived in the manner described above. 
However, when determining the site specific criterion, compare the product of 
the SC,, * foc with the water quality criterion, converted from a volumetric to 
mass units (pugll * l/kg = pgkg). If the water criterion is greater than the site 
specific sediment quality criterion, use the water quality criterion as the 
sediment criterion. For example, the log,&, of benzidine is I .4. The SC,, 
for the protection of benthic life (chronic toxicity), based on a TOGS 
1.1.1. water quality criterion of 0.1 pugll is 0.003 pg/gOC. If the sediment 
contained 3% organic carbon, the site specific SC would be 0.09 pglkg. The 
water quality criterion (converted from a volumetric measure to a mass 
measure) of 0.1 pglkg is greater, so the site specific sediment criterion should 
be 0.1 pglkg. If the site contained 5% organic carbon the site specific 
sediment criterion would be 0.15 p g k g ,  which is greater than the water 
quality criterion of 0. I pglI. In this instance, the 0.15 puglkg would be the 
appropriate criterion to use. 

6. Derivation of EP-based criteria assumes that an equilibrium between the 
sedimentlpore water compartments has been achieved. Rand and Petrocelli 
(1 985) indicate that the sorption-desorption equilibria are achieved rapidly, 
usually in a few minutes to several hours. Voice et al. (1 983) found that in 
laboratory studies, equilibria were generally achieved in about 4 hours. In 
investigating contamination of stable sediments with long term exposure to a 
contaminant, it is likely that equilibrium has been achieved. However for spill 
sites, and areas with unstable sediments, attainment of the equilibrium 
condition may be questionable. The EPA SAB (1992) recommends that EP- 
based criteria not be used in areas of rapid deposition or erosion (e.g.>lO 
cm/yr), such as active dredge disposal areas, areas of heavy boat and barge 
traffic, and some river channels. 

7. The EP methodology is not a highly accurate procedure in and of itself. 
Several related sampling and analysis procedures could introduce additional 
variation and uncertainty into the results. Some of these factors include: the 
value of the &,, used and how it was derived; how the sediment sample 
was taken and analyzed for contaminant content; and how the organic 
content of the sediment sample (f,,) was determined. For consistent 
application of sediment criteria, these factors must be considered 
systematically and consistently. ASTM ( 1993) recommendations should be 
followed for the proper collection, storage, and analysis techniques when 
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applying EP-based sediment criteria. The analysis method is particularly 
important for determination of sediment total organic carbon, because there 
are several methods available that may give variable results. The authors and 
EPA (1 992b) recommend the use of catalytic combustion with nondispersive 
infrared carbon dioxide detection (Leonard, 199 1) when developing total 
organic carbon-normalized criteria for non-polar organic compounds. 
However, unless the "truet' bw differs by a factor of 10, or the 'true" f,, 
differs by 50 - 100% from the I&, and f,, values used to derive the sediment 
criteria, the level of imprecision introduced into the criteria calculation will be 
minor. An EP-based criterion applies to a single sediment sample. Results 
obtained from composite samples may be misleading in that the contaminant 
concentration at a single point or depth might be diluted with uncontaminated 
samples. Conversely, a contaminated sample mixed with uncontaminated 
samples from other points or depths might cause a greater area appear to be 
contaminated than actually is. 

8. There are still a number of uncertainties related to equilibrium 
partitioning-derived sediment criteria. These include such factors as particle 
size, particle density, organic carbon content, bw/J&,, relationship, route of 
exposure, the impact of dissolved organic carbon, and the uncertainty of 
extrapolating laboratory data to field conditions (EPA, 1991; EPA SAB, 
1992). Despite these uncertainties, the EPA has found that sediment toxicity 
from laboratory experiments generally falls within a factor of 5 of the toxicity 
predicted by equilibrium partitioning. EP-based criteria are considered to be 
valid for screening and assessment. These preliminary assessments can be 
followed up with hrther testing if necessary to more accurately quanti@ risk. 

Table 1 lists 52 non-polar organic compounds or classes of compounds for 
which sediment criteria have been derived using the equilibrium partitioning 
methodology. The derivation procedure is the same as that recommended by the 
EPA (1 99 1). The only difference is that New York State water quality standards 
and guidance values are used instead of EPA ambient water quality criteria. EPA 
criteria have been used to derive a sediment quality criterion only when a New 
York standard or guidance value is not available. Four criteria, corresponding to 
four of the five levels of protection, are listed for each contaminant whenever 
possible. Sediment criteria are not derived for the protection of human health from 
toxicity, because that type of exposure would constitute human consumption of 
the interstitial pore water within the contaminated area, which is an unreasonable 
assumption. A sediment is considered to be contaminated if the contaminant 
concentration exceeds any of the criteria listed. The table also identifies the 
and the water quality criterion used to derive the sediment criterion. Water quality 
criteria are from DoW TOGS 1.1.1 ., unless suffixed with an (E), which indicates an 
EPA water quality criterion. Proposed water quality criteria for the protection of 
human health and piscivorous wildlife from bioaccumulative effects are used when 
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no TOGS 1.1.1. criterion for bioaccumulation has been developed. These criterion 
are annotated with the suffix (P), and are derived according to the method 
described in Appendix 1 and Newel1 et al. (1987). 

V. Polar Organics - Application of Water Quality Criteria to Pore Water via Direct 
Measurement of Pore Water 

For polar organics (except for phenols) no algorithms have been developed 
yet for sediment criteria that account for sediment characteristics which may 
affect substance toxicity. However, in order to screen sediments for potential 
impacts from polar organic compounds, interstitial (pore) water from sediment 
samples should not exceed existing water quality standards and guidance values 
for polar organics in TOGS 1. 1. 1. 

The application of these criteria to pore water is complicated by dissolved 
organic carbon (DOC) in pore water that is generally much higher than DOC in the 
water column. DOC tends to reduce toxicity and bioaccumulation of chemicals by 
reducing their availability for uptake by the organism. However, even though 
water column DOC is usually low, water quality criteria are not modified to 
account for the effects of DOC. If the partitioning coefficient between DOC and 
water for a contaminant is known, that coefficient could be used to account for 
the effect of DOC on toxicity or bioaccumulation in the application of water quality 
criteria to pore water. The bioaccumulation of contaminants with low I&, is 
generally not suppressed by water column DOC, indicating that the effects of DOC 
can probably be ignored. In any case, a conservative risk assessment is assured if 
the effects of DOC in pore water are ignored during a preliminary screening. In 
follow-on assessments, DOC affects should be evaluated. As a consequence, the 
water quality criteria becomes the pore water criteria, and sediment criteria per se 
are not derived for these compounds. 

VI. Derivation of Sediment Quality Criteria for Metals 

A. Characteristics of Metals as Sediment Contaminants 

A wide variety of metals in a wide variety of forms can be found in marine 
and aquatic sediments. Some concentrations occur naturally, while others have 
been introduced through man's activities. Very low concentrations of most metals 
are required nutrients for living organisms, but in excess concentrations, metals can 
be harmfbl (Rand and Petrocelli, 1985). The properties that metals exhibit in water 
depend largely on the form in which the metal occurs (Manahan, 1991). In 
waterbodies, metals are typically found (Demayo et. a[, 1978): 

1. Dissolved as free ions and complexes; 
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2. As particulates: 

a. inorganic precipitates such as hydroxides, sulfide, carbonates, 
and sulfates; 

b. sorbed onto or complexed with high molecular weight organic 
compounds or clay particles; 

3. Mixed or sorbed to bottom sediments; 

4. Incorporated into the tissues of biota. 

The toxicity and bioavailability of metals in water [and sediment] vary with 
the form of the metals (EPA 1992a). The form of the metal, and thereby the toxicity 
of a metal, are highly influenced by environmental conditions such as pH, alkalinity, 
REDOX potential, and the availability of complexing ions or ligands. Very 
generally, it can be said that the dissolved fraction of metals seems to account for 
most toxicity, however, some particulate forms of some metals also exhibit toxicity 
(EPA 1992a). 

Metals in water can generally be measured as total (total recoverable) 
dissolved metal. Currently, the EPA recommends using water effects ratios for 
evaluating the impact of metals on surface water quality (EPA 1993). Conduct 
toxicity tests using water from a specified site, and compare the toxicity with 
reference toxicity tests in relatively pure water. The resulting "water effects ratio'' 
can then be used to adjust either a total recoverable metal criterion or effluent 
limitation, or dissolved metals water quality criterion (preferred in areas of highly 
variable suspended solids concentrations) to account for local conditions. 

In sediments, metals exhibit the same variety of forms as in water; they can 
dissolve as ions or soluble complexes in the interstitial pore water, precipitate as 
organic or inorganic compounds, or sorb to binding sites in the sediment. The 
complexity of metals behavior in water and sediments makes it impossible to 
accurately predict the levels at which toxic effects will occur. For metals, the 
primary concern in sediments is toxicity to benthic organisms. Metals can 
bioaccumulate in organisms. Bioaccumulation of metals is highly variable and 
dependent on the form of the metal and how it enters the organism (Doull et al., 
1980). Different organs and tissues will have different affinities for different metals 
and species of metals. Metals can be absorbed by an organism but be bound by 
proteins known as metallothioneins into relatively harmless forms. Toxicity of 
metals are dependent on many environmental conditions and are difficult at best to 
predict consistently. 
B. Establishing Screening Level Concentrations 
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Because of the inability to predict biological affects from metals concentra- 
tions in sediment, the best alternative is to identify adverse ecological effects that 
are attributable to sediment-borne metals concentrations, and measure what 
concentration caused the adverse effect. The Ontario Ministry of the Environment 
issued metals guidelines derived by the "Screening Level Concentration" approach. 
This is an effects-based approach which uses field data on co-occurrence of 
benthic animals and contaminants (Persaud et al., 1992). The Ontario guidelines 
span background, lowest effect levels and severe effect levels. The methods used 
to derive these guidelines do not account for the effects of organic content, acid 
volatile sulfide concentration, particle size distribution or iron and manganese oxide 
content, or other toxicity-mitigating factors on the bioavailability of metals within 
the sediments, because the total metals concentration is related directly to an 
observed, measurable ecological effect. It is possible that this methodology might 
not discern toxicity from other compounds besides metals. 

Long and Morgan (1 990) reviewed and categorized chemical effects data in 
sediments according to low and median toxic effects ["Effects Range-Low (ER- 
L)" and "Effects Range-Median (ER-M)" concentrations] and "Overall Apparent 
Effects Thresholds" for benthic organisms observed in field studies across the 
nation. Effects levels reported were associated with bulk sediment concentrations 
without normalizing for any toxicity mitigating factors. For metals, effects levels in 
Long and Morgan (1 990) may be compared with effects levels taken from Persaud 
et al. (1992). Both are based on a selection of observed effects from field studies, 
although Persaud et al. (1 992) is restricted to Great Lakes data while Long and 
Morgan (1 990) used both fresh and salt water data. For six metals (arsenic, 
cadmium, chromium, copper, lead and nickel), the lowest effects levels described by 
Persaud et al. (1992) are lower than the ER-L (effects range-low) from Long and 
Morgan (1990). This could be because in the relatively pure waters of Lake 
Ontario, fewer ligands were available to complex metal ions, so biological affects 
were noted at lower metals concentrations. The Long and Morgan (1990) study 
included more eutrophic waters, wherein, metals could be complexed to a greater 
extent into biologically unavailable forms. Exposed organisms were able to tolerate 
higher total metals concentrations because the greater fraction of metal present was 
biologically unavailable. 

To establish screening criteria for sediments in New York State, two levels 
of protection as a basis sediment quality screening criteria were established, 
following the Ministry of Ontario Guidelines definitions. These are the Lowest 
Effect Level and the Severe Effect Level. The Lowest Effect Level indicates a level 
of sediment contamination that can be tolerated by the majority of benthic 
organisms, but still causes toxicity to a few species. The Severe Effect Level 
indicates the concentration at which pronounced disturbance of the sediment 

dwelling community can be expected (Persaud et al. 1992). The ER-L and ER-M 
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from Long and Morgan (1990) were compared with the Lowest Effect Level and 
Severe Effect Level from Persaud et al. (1 990). The lowest concentration in each 
of the two effect levels was selected as the New York sediment screening criteria. 
These sediment criteria for metals are listed in Table 2. If a total metals 
concentration in a sediment sample is less than the Lowest Effect Level listed in 
Table 2, the effects of the metal in the sediment are considered to be acceptable. 
If the concentration is greater than the lowest effect level but less than the severe 
effect level concentration, the sediment is considered to be contaminated, with 
moderate impacts to benthic life. If the concentration is greater than the severe 
effect level, the sediment is contaminated and significant harm to benthic aquatic 
life is anticipated. 

Background concentrations described in Persaud et al. (1 992) were not used 
to establish criteria. For some metals, cadmium and copper for example, Persaud 
lists a Lowest Effect Level that exceeds the typical background concentration. 
Because a metal concentration in sediment is considered to be naturally occurring, 
or background, does not mean that the concentration is not causing an adverse 
ecological effect. 

As noted above, metals guidelines from Persaud et al. (1 992) are based on 
freshwater sediments only, and effects levels in Long and Morgan (1 990) reflect 
data from both fresh and salt water. Although differences in the bioavailability of 
metals in fresh and salt water sediments may be elucidated in the future, at this 
time, the sediment criteria identified in Table 2 are considered suitable for 
identifying areas of metal contaminated sediment, assessing potential risk, and 
identifying suitable follow-up tests, studies, and risk management options in both 
fresh and salt water sediments. 

C. Limitations to Sediment Criteria for Metals 

There are limitations to the application of the metals sediment quality criteria 
listed in Table 2: 

1. Persaud et al. (1 992) values are based on oligotrophic waters with low 
concentrations of metals-complexing ligands. These criteria are possibly 
over-protective when applied to more eutrophic waters. However, many 
streams and ponds in New York are oligotrophic, and the low effects 
concentrations are justified. These criteria are intended to be used for 
screening; that is, to identify potentially contaminated sites and provide a 
qualitative estimate of risk. Once a site is found to be contaminated with 
metals, fbrther studies are necessary to quantify risk and determine if 
remediation actions are necessary. Remediation should not be based solely 
on exceedances of these criteria. 
2. These criteria have limited applicability to mixtures of metals. Metals 
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criteria are most clearly applicable to sediments with high concentrations of a 
single metal, or situations where one metal has a disproportionately greater 
abundance in a sediment sample than any other metal. The presence of one 
metal can significantly affect the impact that another metal has on an 
organism. The effect can be synergistic, additive, or antagonistic (Eider, 
1993). A reasonable level of protection can be expected if none of the 
criteria are exceeded for metals that are present, however, effects may be 
present if the sum of the fractions of criteria over sediment concentrations 
exceed one, for all of the metals present. For example, in a sediment sample, 
four metals are detected. The concentration of each metal in the sediment 
sample is 0.3 of its corresponding sediment criterion. The sum of the 
fractions would be 1.2. In this case, further testing is warranted. 

3. Total metals, or the bulk metals concentration should be measured in 
sediment samples. 

VII. Use of Sediment Criteria in Risk Management Decisions 

Once it has been determined that a sediment criterion is exceeded, more 
information is required to determine if remediation is necessary and what actual 
risks to the environment are present. The volume and location of sediment 
exceeding a criterion, which levels of protection are exceeded, the persistence of 
the contaminant, the uncertainty about the criteria, and the results of more 
detailed, site specific sediment tests all play a role in making decisions about how, 
and how much sediment to clean up in order to eliminate or minimize adverse 
effects. If the volume of sediment that exceeds sediment criteria is small and the 
sediment is fairly accessible, the remediation of all contaminated sediment may be 
the most expedient action. If volumes of sediment are large and/or difficult to 
remediate either because of accessibility, sensitivity of the impaired habitat, or lack 
of efficacious technology, further risk management evaluations are warranted. In 
general the areal extent of the contaminated sediments should be a factor in 
considering the need for, and method of remediation. 

Once the source of contaminants to sediments is terminated, the length of 
time a particular area of sediments remain contaminated will depend on the 
persistence of the chemicals, and the site-specific characteristics of the sediment 
such as: rate of sedimentation; resuspension; and biological and chemical 
degradation. If a contaminant is not persistent ( e g  contaminant concentrations 
would be expected to fall to acceptable levels within six months to a year), and the 
effect of the contaminant is not severe, then sediment remediation may not be 
necessary. Even for a persistent contaminant, it may not be necessary to re- 
mediate the sediments if the contaminated area is a deposition zone, and the 
natural burying of the contaminated sediments beneath the zone of biological 
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activity and availability would be expected to occur within a short time, and . 
resuspension of the contaminants was unlikely. 

EPA SAB (1 992) examined a number of factors relating to the uncertainty of 
EP based sediment criteria, including sediment composition variability, 
measurement variation and Kow - Koc correlations and measurements. They report 
that all these variabilities amount to an estimated uncertainty factor of five. This 
suggests with good confidence that sediment criteria exceeded by a factor of five 
will result in the onset of toxicity. Toxicity could also result from sediment 
contaminant concentrations just below the sediment criterion. The EPA SAB 
(1992) identifies the range of concentrations from 1/5 - 5 times an EP-derived 
sediment criterion as a "grey" area, where observable impacts may or may not 
occur. Based on the statistical analysis of EP-derived sediment criteria, there is a 
high degree of confidence that contaminant concentrations -< 1/5 of a sediment 
criterion pose little or no risk. Similarly, if a contaminant concentration in sediment 
exceeds an EP-derived sediment criterion by a factor of 5, there is little or no doubt 
that adverse ecological impacts are occurring. Within the range in-between, the 
actual occurrence of effects is unknown. However, to avoid making the criteria 
excessively overprotective or under protective, the best use of the factor of 5 is in 
interpreting the results of sediment screening, not to modify the criteria. 

The onset of chronic toxicity may be difficult to detect in natural systems. 
Water quality criteria designed to prevent acute toxicity are generally about ten 
times greater than comparable chronic criteria. Therefore, in general, sediments 
with contaminants at 50 times chronic toxicity sediment criteria concentrations (a 
factor of five for uncertainty and a factor of ten based on acute to chronic toxicity 
ratios), will result in the onset of acute toxicity to benthic animals with a high degree 
of confidence. 

It must also be noted that with this uncertainty the possibility exists that the 
sediment criteria may be somewhat underprotective as well as than overprotective. 

Sediment criteria for metals are based on empirical evidence from both lab 
and field studies without an attempt to normalize for any toxicity mitigating factors 
in the sediment. Variability of toxicity from metals in any given sediment is 
evident (Appendix 2). Many of the Lowest Effect Levels from Persaud et al. 
(1 992) are lower than the mean background concentrations in Great Lake 
sediments. This suggests that in some sediments relatively low levels of metals, 
even below mean background, are toxic, whereas in other sediments fairly high 
levels, up to and possibly even above background, may not be toxic. For all 
metals, the Severe Effect Level criteria exceeds mean background considerably; 
consequently, significant and noticeable toxicity is expected in all sediments that 
exceed that level of protection. 
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VI11. Implementation of Sediment Criteria for Screening 

Implementation guidance can be outlined in a strategy to apply sediment 
criteria for screening areas suspected of sediment contamination and 
recommending actions to take if they are exceeded. 

1. Compare sediment contaminant concentrations with sediment criteria 

a. Quantify the area and volume of sediment wherein the criteria is 
exceeded; determine whether biota are exposed to contaminated 
sediment, e.g. deeply buried sediments may be below active biological 
zones. 

b. Describe the significance of exceedances in terms of the predicted 
effects. For example, would bioaccumulation or toxicity be the 
predominant impact. Based on the levels of protection exceeded, 
evaluate whether impacts are expected to be isolated or widespread 
through the ecosystem of concern. Consider the potential for transport 
of contaminants by natural processes to other areas. 

2. For naturally occurring substances such as metals, compare sediment 
concentrations in the area of interest with local background concentrations 
in areas known to be unaffected by anthropogenic sources of contamination. 
Evaluate sediments relative to sediment criteria to identify contaminated 
sites. Compare suspected contaminated sites with uncontaminated sites, 
looking for adverse ecological impacts. 

3. If sediment concentrations of a compound are less than all of the sediment 
criteria for that substance, aquatic resources can be considered to be not at 
risk (from that compound). However, additional testing would be warranted 
if the concentration of numerous contaminants were just below the criteria 
thresholds. 

4. If sediment contaminant concentrations exceed criteria, and especially if 
widespread in the area of interest, steps may be taken to verify the need for 
remediation: 

a. For sediments with non-persistent, non-polar organic contaminants that 
are not causing observable acute or significant chronic toxicity, further 
remedial investigation or sediment remediation is not necessary if the 
source of contamination will be eliminated and the sediment will 
cleanse itself. Many chemicals with l o g h W  < 3 can be expected 
to be non-persistent in sediments. If it is decided not to remediate 
sediments contaminated with non-persistent chemicals, then, assurance 
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must be made that water quality standards in offsite waters will not be 
contravened, and the public is informed of risks related to the 
contamination. 

b. For sediments exceeding criteria based on aquatic life toxicity, includ- 
ing metals Lowest Effect Levels: 

1. Assess the degree of impairment to the benthic community; 
compare site specific impairment with sediment contaminant 
concentrations; correlate site specific level of impairment with other 
known level of impairments and contaminant concentrations. 

2. Collect sediment samples and conduct acute and chronic toxicity 
tests with fish and benthic invertebrates; correlate toxicity test results 
with sediment contaminant concentrations. It is important to follow 
established toxicity identification evaluation (TIE) techniques to ensure 
correct identification of the cause of toxicity, e.g. ammonia is a 
common cause of toxicity to benthic animals that can be mistakenly 
attributed to other toxics. Similarly, dissolved oxygen depletion in 
organically enriched sites such as wetlands could be confused with 
acute toxicity from contaminants. 

3. For non-polar organic contaminants, exceedance of sediment 
criteria based on aquatic life chronic toxicity by a factor of 50 in a 
significantly large area indicates that biota are probably impaired and 
to achieve restoration of the ecosystem will require remediation of 
organic contaminants present. 

4. For metals, if Severe Effect Levels are exceeded in significant 
portions of the ecosystem of concern, biota are most likely impaired 
and to achieve restoration of the ecosystem would likely require 
remediation of metals present. 

C. For sediments exceeding criteria based on human health concerns: 

1. Collect data on residues in edible, resident biota from the areas of 
concern and compare with tolerances, action levels, guidance values, 
or 1 X cancer risk levels, or 

2. Collect sediment samples, expose representative edible biota to 
sediments, measure residue in biota. 
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d. For sediment contaminant concentrations exceeding sediment criteria 
for the protection of piscivorous wildlife: 

1. Collect data on residues in resident prey of piscivorous wildlife and 
compare with fish flesh criteria for protection of wildlife. 

2. Expose wildlife food supply to contaminated sediment and measure 
residues in the food supply; compare with food supply residue levels 
known to be toxic to wildlife. 

If sediment concentrations and criteria are less than analytical detection 
limits, ecological assessments are necessary to measure toxicity of sediments or 
residues in organisms exposed to sediments suspected of contamination. 
Generally, it is reasonable to predict that some, possibly high, levels of toxicity or 
bioaccumulation may associated with contaminants in sediments below analytical 
detection. 

19 



9 M 5 U
 

9 E 6 C
 

m
 

C
 

U
 

-
m

 
0

0
 

8
8

 

In
 

0
-

 

0
0

 
9
9
 

-
 

-
 



9
c

 
3

-
 



N
 

N
 

c
 
0
 

V
 

a, 

Q
 

.- c 
c
 

2 





w
o

o
 

0
0

 
0

0
 

8
8

 
-
 

W
W

 
0

0
 

0
0

 
0

0
 

0
0

 
0

0
 

8
8

 
-
 

-
 

3
3

 
L

v
)
 

-
 

f d 
-
 

m
 

iz 
-
 

-
 



0
0

 
c

o
w

 
b

b
 

-
 



Table 2. Sediment Criteria for Metals. Two levels of risk have been established for metals 
contamination in sediments. These are the Lowest Effect Level and the Severe Effect Level. The 
Lowest Effect Level for each metal is the lowest of either the Persaud et al. (1992) Lowest Effect 
Level or the Long and Morgan (1 990) Effect Range-Low. Similarly, the Severe Effect Level for 
each metal is the lowest of either the Persaud et al. (1 992) Severe Effect Level or the Long and 
Morgan (1 990) Effect Range-Moderate. A sediment is considered contaminated if either criterion 
is exceeded. If both criteria are exceeded, the sediment is considered to be severely impacted. If 
only the Lowest Effect Level criterion is exceeded, the impact is considered moderate. The units 
are pg/g, or ppm, except for iron, which is listed as a percentage. An "L" following a criterion 
means that it was taken from Long and Morgan (1 990); a "PI' following a criterion indicates that 
it is from Persaud et al. (1992). Complete tables from both sources can be found in appendix 2. 

Metal 

Antimony 

Lowest Effect Level Severe Effect Level 
Pgk ( P P d  P g k  (PPm) 

2.0 (L) 25.0 (L) 
~ ~~~ 

Arsenic 6.0 (P) 33.0 (P) 

Cadmium 0.6 (P) 9.0 (L) 

Chromium 26.0 (P) 110.0 (P) 

Copper 16.0 (P) 110.0 (P) 

Iron (%) 2.0% (P) 4.0% (P) 

Lead 31.0 (P) 110.0 (L) 

Manganese 

Mercury 

Nickel 

Silver 

zinc 

26 

460.0 (P) 1100.0 (L) 

0.15 (L) 1.3 (L) 

16.0 (P) 50.0 (L) 

1.0 (L) 2.2 (L) 

120.0 (P/L) 270.0 (L) 



Appendix 1. Basis for the Water Quality Criteria Used for Deriving Sediment 
Criteria for the Protection of Human and Health and Piscivorous Wildlife from 
Bioaccumulation Effects. 

This appendix provides the basis and calculations for ambient water quality 
criteria in Table 1 with the suffix (P), which were developed by the Divisions of 
Fish and Wildlife and Marine Resources for use in calculation of sediment criteria. 

Human health (bioaccumulation) based criteria in Table 1 with the (P) suffix 
are derived according to the method in 6NYCRR 702.8. 

Water Quality Criterion, ug/l = ADI, u d d  
0.033 kg/d x BF 

where 

ADI, ug/d = acceptable daily intake for humans taken from fact sheets 
supporting drinking water standards and guidance values 
inTOGS 1. 1. 1 

0.033 kg/d = the human daily intake from fish consumption cited in Part 
702.8, and 

BF = bioaccumulation factor 

Wildlife residue based criteria in Table 1 with the (P) suffix are derived 
according to the method in 6NYCRR 702.13. 

Water Quality Criterion, ug/l = A, mdkg; 
BF 

where 

A = a fish flesh criterion for protection of piscivorous wildlife taken from Newell 
et a[ (1987), and 

BF = Bioaccumulation Factor 

Bfs for human health based criteria are about 3% lipid based, whereas the 
BCF's for wildlife based criteria are about 10% lipid based. BFs were determined 
as a best judgement from review of available information in EPA water quality 
criteria documents, EPA (1 979), and other scientific literature. 
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Aldrin and Dieldrin 

Wildlife Residue Based Criterion 
0.0077 mg/l = 0. 1 2 mgkg 

15570 

Azobenzene 

Human Health Residue Based Criterion 
0.16 ug/l = 1 udd  

0.033 kg/d x 179 

Bis (2-chloro-ethyl) ether 

Human Health Residue Based Criterion 
0.5 ug/l = 0.06 udd  

0.033 kg/d x 4 

Carbon tetrachloride 

Human Health Residue Based Criterion 
1.3 ug/l = 0.8 ug/d 

0.033 kg/dx 19 

Chlordane 

Wildlife Residue Based Criterion 
0.01 ug/l = 0.5 mgkg 

47020 

Chloro-o-toluidine 

Human Health Residue Based Criterion 
6.5 ug/l = 1.4 udd  

0.033 kg/d x 15 
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DDT. DDD & DDE 

Human Health Residue Based Criterion 
0.00001 ug/l = 0.02 ug/d 

0.033 kg/d x 53610 

1.2-Dichloroethane 

Human Health Residue Based Criterion 
24 ug/l = 1.6 u d d  

0.033 kg/d x 2 

1,l -Dichlorethylene 

Human Health Residue Based Criterion 
0.8 ug/l = 0. 1 4  ug/d 

0.033 kg/d x 2 

Endrin 

Wildlife Residue Based Criterion 
0.0019 ug/l = 0.025 mdkg 

13240 

Heptachlor & Heptachlor Epoxide 

Human Health Residue Based Criterion 
0.00003 ug/l = 0.018 ug/d 

0.33 kg/d x 15666 

Hexachlorobenzene 

Human Health Residue Based Criterion 
0.0001 ug/l = 0.04 un/d 

0.033 kg/d x 12000 

Wildlife Residue Based Criterion 
0.008 ug/l = 0.33 mg/kg 

40000 
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Hexachlorobutadiene 

Human Health Residue Based Criterion 
0.06 ug/l = 1 u d d  

0.033 kg/d x 545 

Wildlife Residue Based Criterion 
0.7 ug/l = 1.3 ma/kg 

1818 

Hexachlorocyclohexanes 

Human Health Residue Based Criterion 
0.009 ug/l = 0.04 udd  

0.033 kg/d x 130 

Wildlife Residue Based Criterion 
0.23 ug/l = 0.1 mdkg 

433 

Mirex 

Human Health Residue Based Criterion 
0.0001 ug/l = 0.08 ug/d 

0.033 kg/d x 18100 

Wildlife Residue Based Criterion 
0.0055 ug/l = 0.33 mdkg 

60333 

Octachlorostyrene 

Wildlife Residue Based Criterion 
0.0005 ug/l = 0.02 mdkg 

40000 

2,3,7,8-Tetrachlorodibenzodioxin 

Wildlife Residue Based Criterion 
2 x  10-8ug/l = 0.000003mdkg 

150,000 
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Human Health Residue Based Criterion 
0.7 ug/l = 0.4 ug/d 

0.033 kg/d x 17 

0-Toluidine 

Human Health Residue Based Criterion 
18 ug/l = 1.2 un/d 

0.033 kg/d x 2 

Toxaphene 

Human Health Residue Based Criterion 
0.009 ug/l = 0.02 ug/d 

0.033 kg/d x 67 

Human Health Residue Based Criterion 
4 ug/l = 1.2 u d d  

0.033 kg/d x 9 

Vinvl Chloride 

Human Health Residue Based Criterion 
18 ug/l = 0.6 u d d  

0.033 kg/dx 1 

31 



Appendix 2. The following tables are photocopied directly from Long and Morgan 
(1990) and Persaud et. al. (1992). They are presented here to provide further 
information about the metals criteria developed in Table 2., and the text above. 

Copied directly from Persuad et. al. (1992) 

Tabk 1: Provincial Sediment Quality Guidelines for Metals and Nutrients. 
(valuesa in ug/g (ppm) dry weight unless otherwise noted) 

No Effect Lowest Effect 
METALS Level Level 

Arsenic 
Cadmium 
Chromium 

Iron (a) 
Lead 
Manganese 
Mercury 
Nickel 
Zinc 

Copper 

6 
0.6 
26 
16 
2 
31 

460 
0.2 
16 
120 

Severe Effect 
Level 

33 
10 
110 
110 
4 
250 
1100 

2 
75 
820 

NUTRIENTS 

TOC (%) 
TKN 
TP 

1 
550 
600 

10 
4800 
2OoO 

a - values less than 10 have been rounded to 1 significant digit. Values greater than 10 have been 
rounded to two signscant digits except for round numbers which remain unchanged (c.g., 400). 

"-" - denotes insufficient data/no suitable method. 

TOC - Total Organic Carbon 

(June 1992) 

TKN - Total Kjeldahl Nitrogen TP - Total Phosphorus 
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Copied Directly from Long and Morgan (1 990) 

T i b l e  70. 
In rrdlrnrnt (dry welght). 

Chrmlcml ER-L ER. Y ERL:ER-Y O v r n l l  Apparrnt Sub(rcUvr Dqrro 
Anrlyla ConcanlriUon Concrntr i t lon Ratlo Enwb Thrashold of Confldrner In 

3 u m r ~ r y  of ER-I. ER-U. and o v u r l l  r p p r o n t  offuC.  thniholdr concrntntlona for rol.sC.d chomlulr 

ER-UER-Y V I I U O ~  

Tnco Elrrnrnta @pm) 

An thony  
Arsonlc . 
Cadmlum 
Chmmlum 
~ F p e r  
Lesd 
Mercury 
Hlckol 
Sllvrr 
Tln 
Zlnc 

2 
33 
5 

80 
70  
35  

0.15 
30 
1 
NA 
120 

Polychlorlnatad Blphrnylr (ppb) 

Tad PCBI 50 

DOT and hb,tabollLIa (ppb) 

ODT 
WD 
WE 
TOW DDT 

Other PeatIcldrr (ppb) 

Undane 
Chlordane 
Hopiachlor 
Dloldrln 
Aldrln 
Endtln 
Mlrox 

NA 
0.5 
NA 

0.02 
NA . 0.02 
NA 

Polynuclrir l r o n u t l o  Hydrocarbon. (ppb) 

AconPphlheno 
AnIhracene 
Benzo(a)anlhracene 
Bonzo(a)pyrone 
Eenzo(e)pyrone 
Blphenyl 
Chlyseno 
Dlbenz( a,h)anrhraceno 
2,6-dImoihylnaphthylene 
Fluoranlhono 
Fluomno 
1 -rnothylnaphrhalono 
2-mothylnaphIhalsno 
1 -moihylphonanlhrono 
Naphthalene 
Potylono 
Phonanthrono 
Pyrone 
2 .3 .5 -~r lmalhv ln~h~ha len~  

160 
8 5  
230 
400 
NA 
NA 

400 
6 0  
MA 

600 
35 
NA 
65 
NA 

340 
NA 

225 
350 
NA 

25 
85 
0 

145 
390 
110 
1.3 
50 
2.2 
NA 
270 

400 

7 
20 

, 15 
350 

NA 
6 
Eu 
8 
NA 
4 5  
M 

650 
860 
1600 
2500 
FL4 
NA 

1 8 0 0  
2 6 0  
NA 

3600 
640  
NA 

670 
NA 

21 00 
u4 

1380 
2200 
NA 

12.5 
2.6 
1.8 

5.6 
3.1 
8.7 
1.7 
2.2 
NA 
2.2 

I .a 

7.6 

7 
10  
7.5 
117 

NA 
1 2  
N4 

400 
M 

2250 
M 

4.3 
11.3 

7 
6.2 
NA 
NA 
7 

4.3 
E14 
6 

10.3 
tu 

10.3 
NA 
6.2 
t.44 
6.1 
6.3 
NA 

25 
50 
6 
M 
300 
300 
1 

NSD' 
1.7 
w 

280 

370 

6 
m 
NSD 
Fb 

m 
2 

l-sll 
Fb 

EA3 
FB) 
EB) 

150 
300 
550 
700 
rn 
E60 
800 
100 
KSD 
1000 
360 
rn 
300 
Ea 
500 
Ea 
260 
1000 
K O  

Moderatohoderate 
Lowlrnoderate 
HIghIhlgh 
ModoraWrnodoralo 
HIgh/hlgh 
Modsraie/hlgh 
Modoraio/hlgh 
Modorair/modoratr 
Moderale/modrraio 
NA 
Hlghlhlgh 

Modoratolrnoderaio 

Low/low 
Modoratollow 
LOWllOW 
Modoratolmodorato 

NA" 
Lawll  o w 
NA 
LOWllOW 
NA 
LOWllOW 
NA 

L O W l l O W  
Lowlmoderatr 
Low/rnode?atr 

NA 
NA 
Moderatelmoderare 
Moderate/moderalo 
NA 
Hlghlhlgh 
Low/low 
NA 
Lowlrnodoralo 
t.44 
Moderalo/hlg h 
tu 
Moderalolrnodoralo 
Modoralolmodorato 
NA 

. Modoratelmoderalo 

. .  
Total PAH 4000 35000 , 8.8 22000 Lo W l l O  w 

NSD not suHldont dam 
*' NA I not avaihble 
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Appendix 4. Change in the Guidance for Marine and Estuarine Sediments 

Arsenic 

Cadmium 

Chromium 

Copper 

The 22 November 1993, Technical Guidance for Screening Contaminated Sediments 
(reprinted July 1994) makes use of the sediment guidance values from a number of 
sources, including the ER-L and ER-M guidance values from Long and Morgan (1990). 
Long, MacDonald, Smith, and Calder (1 995) further refined and enhanced the marine 
and estuarine data used by Long and Morgan (1 990) and published new ERL and ERM 
specifically for marine and estuarine sediments. For evaluation of risk from 
contaminants in marine and estuarine sediment, the Division of Fish, Wildlife and 
Marine Resources will now use the Long et a1 (1995) guidance values rather than the 
Long and Morgan (1 990) values. For non-polar organic compounds not listed in Long 
et a1 (1995) (Table 4, below), the equilibrium partitioning-derived values in Table 1. (pp 
20-24 above) for saltwater should be used. The following Tables 3 and 4 are reproduced 
directly from: 

8.2 70 

1.2 9.6 

81 370 

34 270 

Long, E.R., MacDonald, D.D., Smith, S.L., and F.D. Calder, 1995. “Incidence of 
Adverse Biological Effects Within Ranges of Chemical Concentrations in Marine and 
Estuarine Sediments”. Environmental Management 19( 1):s 1-97. 

_ _ _ _ _ ~  ~~ 

6.6 (7/106) 

2.9 (3/102) 

9.4 (6/64) 

8.0 (7/87) 

Table 3. ERL and ERM guideline values for trace metals (ppm, dry wt.) and percent 
incidence of biological effects in concentration ranges defined by the two values. 

Percent (ratios) incidence of effectsa Guidelines 

~ 

36.6 (32/87) 

21.1 (15/71) 

29.1 (32/110) 

35.8 (29/81) 

Chemical ERL ERM <ERL ERL-ERM >ERM 

6.1 (6/99) 47.0 (3 1/66) 

Lead I 46.7 I 218 

Mercury I 0.15 I 0.71 

Nickel I 20.9 I 51.6 

Silver I 1.0 I 3.7 

Zinc I 150 I 410 

5.0 (2/40) I 11.1 (8/73) 

8.3 (4/48) 123.5 (16/68) 

1.9 (1/54) I 16.7 (8/48) 

2.6 (1/39) I 32.3 (1 1/34) 

63.0 (17/27) 

65.7 (44167) 

95.0 (19/20) 

83.7 (36/43) 

90.2 (37/41) 

42.3 (22/52) 

16.9 (10/59) 

92.8 (13/14) 

69.8 (37/53) 

”Number of data entries within each concentration range in which biological effects were observed 
divided by the total number of entries within each range. 



Table 4. ERL and ERM guideline values for organic compounds (ppb, dry wt) and 
percent incidence of biological effects in concentration ranges defined by the two 

19.0 (4/21) 

11.5 (3/26) 

values. 
Guidelines 

45.0 (18/40) 

54.5 (12/22) 

Percent (ratios) incidence of effectsa 

10.5 (2/19) 

Chemical 

40.0 (10/25) 

ERL IERM <ERL I ERL-ERM >ERM 

Acenaphthene 16 500 84.2 (16/19) 

Acenaphthylene 44 640 100 (9/9) 

Anthracene 1100 25.0 (4/16) 144.2 (19/43) 85.2 (23/27) 85.3 

19 Fluorene 540 86.7 (26130) 27.3 (3/11) 36.5 (19/52) 

12.5 (2/16) 73.3 (1 1/15) 

16.0 (4/25) 4 1 .O (1 6/39) 

18.5 (5/27) 46.2 (18/39) 

2 -Me thy1 naphthalene 70 670 100 (15/15) 

Naphthalene 160 2100 88.9 (24/27) 

Phenanthrene 240 1500 90.3 (28/31) 

Low-molecular weight 
PAH 

552 3 160 13.0 (3/23) 148.1 (13/27) 100 (16/16) 

Benz(a)anthracene 26 1 1600 92.5 (25/27) 

Benzo( a)p yrene 430 1600 80.0 (24/30) 

Chrysene 3 84 2800 88.5 (23/26) 

Dibenzo(a,h)anthracene 63.4 260 66.7 (16/24) 

Fluoranthene 600 15100 20.6 (7/34) I 63.6 (28/44) 92.3 (36/39) 

P yrene 665 I2600 17.2 (5/29) 153.1 (17/32) 87.5 (28/32) 

I 1700 I 9600 
High molecular weight 
PAH 

81.2 (13/16) 

Total PAH 4022 144792 14.3 (3/21) I 36.1 (13/36) 85.0 (1 7/20) 

p,p'-DDE 2.2 I 27 5.0 (1/20) I 50.0 (10/20) 50.0 (12/24) 

Total DDT 1.58 I 46.1 20.0 (2/10) 175.0 (12/16) 53.6 (1 5/28) 

Total PCBs 22.7 I 180 18.5 (5/27) I 40.8 (20/49) 5 1 .O (25/49) 

"Number of data entries within each concentration range in which biological effects 
were observed divided by the total number of entries within each range. 
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