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Dear Mr. Thomas:

The Science Advisory Board's Envirommental Engineering Committee
has recently camleted its review of four sewage sludge risk assessment
methodologies developed by the Office of Research and Development for the
Office of Water to support the development of national criteria for
sludge management. We are pleased to forward to you the Cammittee's
report for your consideration.

The Committee is very supportive of the use of quantitative assegs-
ment as part of develcping sludge management regulations, and it believes
that the methodologies under review begin the development of a framework
for evaluating sludge management risks and developing national criteria.

The Cammittee recammends, however, that further work be conducted
before these methodologies are used to develop numerical criteria. Major
shortcanings identified in the attached report include various unexplained
technical cmissions and overly conservative and unrealistic risk assessment
assumptions, including a sole focus on “"maximum exposed individual
risks, the failure to consider a range of risks, and the absence of
sensitivity analyses., The outputs from the risk assessment methodologies,
as they now exist, are not internally consistent; and they are less
gonsistent (or camparable) among the four sludge management apotions.

We request that the Agency formally respond to the attached report.
The Committee understands that work is already underway to address many
of its concerns, and would welcome the cpportunity to review this ongoing
work, particularly (1) any sensitivity analyses conducted; (2) modifications
to the worst case scenario assumptions; and (3) the synthesis document
and users manual that may be prepared. The Cammittee believes that the
Agency can address the concerns raised in this report within the schedule
for requlatory development.
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NOTICE

This report has been writren by the Science Advisory Roard, a
public advisory group providing extramural scientific information and
advice to the Administrator and other officials of the Frivirormental
Protection Agencv. The Board is structured to provide a balanced,
expert assessment of scientific matters related to problems facing the
Agency. This report has not been reviewed for approval bv the Agemcy,
and herce, the contents of this report do not necessarily represent
the views and policies of the Fnvirommental Protection Agencv, . Mor
does mention of trade names or commercial products represent endorsement
or recommendation for use.
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1. EXFCUTIVE SIMMARY

In August 1985 the Envirormental Engineering Cormittee of the Science
Advisory Board was asked by the Office of Water Regulations and Standards (OWRR)
to review technical documents supporting development of FPA regulations for the
disposal/reuse of sewape sludge under Section 405(d) of the Clean Water Act,
The Cormittee was also asked by the Office of Marine and Fetuarine Protection
(MEP) to review technical documents supporting revisions of the EPA ocean
dumpineg regulations. The Cormittee chose to review the two sets of doouments
together, since thev both dealt with a common subject, and since they shared,

in some respects, A common methodology. This report, however, covers only the

review of the OWRS documents, which consist oF a set of risk assessment

methodologies (1,2,3 Ly Tor %our slulge dlsposal/reuse tions (landfilling

land & Ilcatfmﬁaistriﬁtim and mrEet{ng {ncineration, and ocean disposal).
e reviews of the Sments are covered in separate (ommittee reports.

The following sumary outlines the Cormittee's principal findings and
recommendarions. Details on each of these are found in Section IIT of this
report,

These methodoloeies berin the development of a framework for evalnating
sludpe management risks and for developing pnational criteria, The Committee
encourages this approach. It is critical that these assessments be comparable
so the decision maker can make the difficult evaluations and trade-offs in an
informed and' responsible marmer., OMutputs from the rigk assessment methodologies
as thev now exist in the four documents, however, are not internallv consistent,
and thev provide mich less consistency or comparability hetween and among
alternatives. As currentlv developed, these methodologies include unexplained
omissions, conservative assumptions, a sole focus on MFL risks, the failure to
consider the range of possible risks (i.e., distributions), and the absence
of sensitivity analvses. The Committee recomends that further work to address
these issues he performed hefore these methodologies are used to develop sludge
management criteria,

The Committee is verv supportive of sood mathematical modeling and appro-
priate use of quantitative evaluation and management techniques to illumirate
compl ex envirommental protection issues, Ve recopnize that, in addition to
technical aspects, there are important ecoromie, institutional, political, and
social dimensions in decision making at all levels on such issues. This is
both proper and realistic. It is desirable that decision makers be able to
applv proper emphasis on both the tectmical and non-technical aspects. To the
extent that risk assessment methodologies are consistent, sound, and well-
supported, they will reduce excessive reliance on non-technical aspects which
will, of neceasity, prevail otherwise,

A. (werall Risk Assessment Tssues

1. A working definition of risk, as used in these assessments, should be
clearlv articulated in the documents.

2. The methodologies themselves include assumptions about management
practices and changes that will mitigate risks. These assumptions should be
clearlv presented in the documents.

1, Recause these assessments include effects on species other than"hqmans,
the Committee believes that the use of the term "Most Fxposed Init (MFI)" is
more appropriate than "Most Fxposed Individual (MFI)."
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Congervatism and Uncertainties

4. Tor the purpose of generating supposed "veasonable worst case" estimates,
many subjective and conservative assumptions are made. When combined, they
produce multiplicative conservatism which can become unrealistic, In additiom,
thig technique produces inconsistent degrees of conservatism between management
practices. As currently implemented, the reasonable worst case concept is
migsleading-amd inconsistent.

Throughout the risk assessment process, there should be more emphasis
placed upon identifving and quantifving the probabilistic components of the
analvsis, as well as the probabilistic nature of the data. Data distributions
should he used to gemerate an ohiective distribution of outputs. As a first
step, EPA should conduct sensitivity analyses in order to understand the effects
of conservative assumptions. Tn this wav, the usefulness of the scenarios, the
models, and the assessments can he ascertained. 1In the abserce of probabilistic
considerations, the decision maker cammot intellipently compare the relevant
alternatives, : : :

5. The risk evaluations are based upon the concept of the "Most Exposed
Individual (MEI)." Sole reliance on the concept is £lawed,

The MEI/MEU does not describe the total distribution of exposures and
risks, even though such information is essential to predicting the range of
risks of a disposal option. To the extent that distributions are evaluated,
the technical manacer will have & more complete urderstanding of pogsible
outcomes and their likelihood.

The risk estimated for the MEL can be grossly exaggerated, and it is
impossible to know from the information presented how extreme the MEI scenario
is. Since the assumptions underlving the selection of the various MFIs differ,
the degree of conservatism embodied in the various MEI exposure models also
differs. Further, insufficient information is available to compare the relative
degree of conservatism of one MEL with enother, Consequentlv, it can be
misleading to compare risks derived from one type of MFI with those of other
MFIs due to the different premises used for different disposal options, The
reliance on “worst-case" scenarios which pervades these docments needs to be
reconsidered and here, as elsewhere, indicates the problems that stem from the
ahserice of clear definitions and sensitivity analyses.

As an altermative to the MEI/MFI! approach, these methodolozies could
estimate a distribution of exposires and risks. This altermative approach has
heen used in other risk assessments, including some adopted bv EPA. Even if
the MEL/MEU model is maintained, the analvsis must he supplemented by an estimate
of the distibution of exposures, and an estimate of where the MEI/MET is found
on that distribution.

4. The Committee has serious concerns about the uncertainties of the
release and source characterization data for nanv of these sludge management
practices, Sensitivitv analyses should be conducted to evalnate these
uncertainties. In the longer term, research should be conducted to geénerate
improved data.

The modele used for envirormental release, and tramsport and fate
characteristics, also contain many uncertainties. In addition, manv of these models

have not been compared with field data in terms of their expected accuracy and
validity. These documents must provide the rationale for selection of all
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models. In some cases, the Committee helieves that alternative models are more
appropriate. Sensitivity analvses should also he used to address uncertainties
within the chosen models. In the longer term, the Agency should stress model
validarion as a research priority.

Omiasions

7. The methodologies do not identifv and address all important pathwavs.
The rationale for discounting potential releases and pathways is not presented.
Unless adequate logic for such decisions exists, all potential pathways must be
evaluated explicitly.

8. EPA should include an estimate of risks from handling and transportation.

9, The documents should clearly acknowledge that certain factors have not
been addressed: exposure to pathogens, degradation products, products of
incomplete combustion, ecosvstem effects, taxicities of mixtures, reversablility
ot effects, and pharmacokinetics. - T

Additional Documents

10. In order to ensure the consistencv of the methods for developing
national criteria, FPA should develop a synthesis document to compare assumptions
incorporated and the relative urcertairties of the mnalyses. Such a document
should also discuss the relationship of this analysis to sludge management
regulations and decisions. '

11. FPA should develop a users mamual for users outside FPA Headquarters
(in particular, State and Regional permit writers). This marmal must stronely
emphasize the uncertainties of these methodologies and the importance of accurate
and applicable site-specific input data. This manual should stress that some
models canmot be appropriately applied at some sites.

B, Tandfilling

12. The two major routes of exposure of the "most exposed individual”
(MFI) in the landfillins option are the drinking of contaminated well water and
{nhalation of vapors in the air, Other potential routes sre not considered.
Fxamples include surface water contaminated by runoff or leachate from ground
water, bioaccumlation by edible aquatic organisms, the human ingestion of food
from crops irrigated with contaminated ground water, or the potential use of
closed landfilla, if not for mman foord production, then for wildlife food
chain exposures.

13. The assessment approach uses a three-tiered analysis which is both
scientifically sound and practical, The Committee, however, in Section IIL.R.,
has identified a mmber of non-realistic assumptions or decisions which should
he reviewed carefully by the Agency hefore the methodology is accepted, and
before the methodology is used hy FPA for policy decisions,

14. 1In the study under review, the CHAIN model is used for predicting the
transport of contaminants in the unsaturated zone. The logic for this choice
is not presented and, therefore, it is not possible to judge whether it ia the
appropriate model to use. The CHAIN model is not necessarilv appropriate for
ynsaturated zone analvsis unless there are kmown or estimated sequences to
follow, such as for nitrogen.
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15. The entire discussion of the nitrogen cycle in the document should he
reviesed becmuse it contains scientific inacoenracies.

16. The document assimes that the Toxicity Characteristic Leaching
Procedure (TCLP) will be used to determine the concentration of toxie substances
in the leachate from landfilled sludge. No supporting evidence that the TCLP
procedure iz applicable to mmicipal wastewater sludge was presented.

17. TFirst-order decay rates, usually determined from aerobic studies, are
assumed for degradable contaminants. Anaeroblic conditions usually prevail,
however, with the potential for urderestimation of those contaminants which
degrade at a slower rate under guch conditions, The need for rate conatants
under anaerobic conditions should be stressed.

18, In the assessment of risks from the vapor contaminant pathwav, the
assumption is made that there is no degradation or attenuation of oreanic vapors
in the soil cover through which they diffiise to the atmosphere. Ignoring this
eliminates a major mechanism that can reduce concentrations of air emissions
from a landfill, This potential pathway should be reassessed.

C. Jand Application/Distribution and Marketing

19. The risk assessment methodolopy should address more than just the .
 MEI; median or other central tendency values should also be used to evaluate
exposure, The risk assessment document should re-examine the assumptions for the
MET along certain eritical pattwavs and determine whether a significant portion
of the exposed population exists at that risk level.

20. The document should clearly define dedicated land application to
distinguish it from other sludge utilization/disposal methaods.

71, The rationale used to derive the relative effectiveness factors for
various exposure routes needs to be stated.

29, The fractions of food groups originating from sludge-amended soil
are unrealistic, 1If all POTW sludzes are used for food productiom, less than
one percent of the apricultural land in the T.S. would be involved.

: 23, Past soll ingestion rate studies have produced incomclusive results,

and were not quantifiable at the time this study was reviewed. Therefore,
studies to characterize the soll ingestion rate should bhecome a research
priority.

24, The report includes a good discussion of the effect of sludpe amendment
on the phvaical properties of soils as they pertain to surface runoff, Additional
discussion and puidance are required for a key parameter in the madel: the
adsorption partition coefficient, Kg.

9%, Another area that remains unresolved is the probability of occurrence
of the design instream concentration used. The methods used in the document
are incorrect and need to bhe modified.

26. Justification for the use of the Imiversal Soil loss Faquat-ion (VSLE)
for the caleulation of nmoff and erosion needs to be provided. It is recommended

rhat the Agencv consider the use of the "Chemicals, Rmoff Erosicin, .and
Agricultural Management Gygtens” (CREAMF) model or the Sedimentology bv

Nistributed Model Treatment" (SEDIMOT 11) model in place of USLE.
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27. Section 7.3.1 describes the use of the TCLP to predict leachate
concentrations from sludge-soil mixtures, The TCLP test was designed to simlate
leaching and predict leachate concentrations of mixed wastes in landfills, The
procedure has not been validated for use on sewage gludges, nor for simulating
leaching from land spplication. In addition, TCLP tests using spiked samples
should not be used in applications of the methodology.

28. In the vaporization psthwav, no provision was made in tiers 2 and 3
to include factors for soil sorption and biodegradation of volatile organics.
The equations for tiers 2 and 3 shonld be revised to inmclude these two factors.

20, Tt is 'mrealistic to expect that the (human) MFI for volatile organics
from land receiving sludge inhales 100 percent of his air from the sludge-applied
area, This value should be revised downward.

D, Incineration

30, The document should provide a careful assessment of the state of
knowledpe with respect to toral emissions from incinerators burning POTW
sludees. This assessment should include products of incomplete combustion, as
well as air emissions during unsteady or upset conditions.

31. The Agency should provide a technical rationale for the usé of the
particulate emission limit selected. The analysis should recognize that sub-

" micrometer particles, which are kev to human exposures, are very difficult to

ramove from the effluent gas,

37. The Moat Fxposed Individual (MFI) concept, as applied to incineration,
needs to be vrevised. Particular attention must be paid to short-term exposures
(the methodologv now assumes only long-term exposures), the definition of the
MEI, and the multiplicative conservatism resulting from individual assumptions.

33. The Agency has correctlv used standard methods for modeline the
dispersion of pollutants. Cautionary lansuage should be included, however, to
note that these models have not been fully verified in the field, end that onlv
limited data are availsble for this verification.

34. The document assumes that the ash and liquid output streams from the
incineration process are treated. Imless the Agency can support discounting
the risks of scrubber water/sludge and ash discharges, the Agencv "ust explicitly
evaluate the risks of these discharpes.

E. 0Ocean Diaposal

35. While the document presents a reagonable preliminary analvsis of the
initial mixing zome and far-field tramsport, other presently available hydrodvnamic
models of the coastal zone offer the possibility of a more realistic assessment
of transport in the ocean.

36, The Agency should reconsider the asstrptions about slndee serrling,
and should evaluate its potential sigmificance by performing alternative model ing
that includes settling.

17, 1t is assumed in the dooment that the entire masg of a pollutant
hehaves as if it were in the dissolved form. While this assumption is adequate
for a preliminarv evaluation, the more realistic case considering partitioning
of a pollutant hetween the dissolved and particulate phases should be evaluared.
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38, A major limitation in the document is its exclusive focus on impacts
on pelagic organisms. Since gettling mav well be a factor in the long term,
the potential impacts on the benthos rust be evaluated.

39, Since only a limited mumber of ambient water quality criteria (AWQD)
are available for salt water orpanisms, and since the mmber of disposal sites
will he limited, the Committee believes that a better approach would be to use
a2 site-specific evalvation using water colum and suspended particulate
bioagsavs.

40. The use of AINC in this document is consistent with current approaches
to water quality evaluations which have received extensive peer review. This
approach, however, is based on laboratory data and does not by jirsel f necessarily
provide an accurate assessment of effects at the ecosystem level,

41. While the discussion of bioaccumlation factors (BCFs) is quite good,
data limitations make it difficult to use BCFs to estimare human expogure

potential.



11. INTRODUCTION

In August, 1985, the Science Advisorv Board (SAR) was asked by the Office
of Water Regulations and Standards ((WRS) to review technical documents supporting
the development of regulations to be proposed (under Section 405 of the Clean
Tater Act) for the disposal/reuse of publicly owned treatment works (POIW)
sludges. In late 1985, the Nffice of Marine snd Fstuarine Protection ((MEF)
also requested that the SAB review technical documents supporting revisions co
FPA ocean ¢umping regulations, which implement the Marine Protection, Research,
and Sanctuaries Act (MPRSA). The latter set of documents was to he divided
into two categories addressing, respectively, ocean disposal of sewage sludpe
(from POTUs) and ocean disposal of dredged materials, The reviews were agsigned
to the Fnvironmental Fngineering Committee, which decided to comduct the reviews
for hoth Offices simuiltaneously, since the subject material was similar.

The Envirormental Fngineering Committee accepted the task, and augmented its
membership with a mumber of consultants, includipg three memhers of the Environ-
mental Advisory Board of the U. S. Armv Corps of Engineers; three members of the
SAR's Fnvirormental Fffects, Transport and Fate Committee; one member of the SAB's
Favirommental Health Committee; and other knowledgeable individuals. The Committee
organized itself for the reviews by creating a number of subgroups, each dealing
with one or more optioms/documents. A listing of the Commitree membership, which
includes the subproups, is provided in Appendix A,

. The Committee decided that, rather than issue one large report covering all
reviews, it would issue separate reports on the disposal of dredged materials and
on the disposal/reuse of sewage sludpes, This report is confined to a review of
rechnical material supporting development of criteria for the disposal/reuse of

sewape sludges. The specific charge r1?::»1‘ this review appears In K%Ix R,

Nocuments for review began to arrive in April, 1986, and on Mav 1-2, 1986
the Committee held its first meeting, at which it was briefed by roth (NIRS and
(MFP. A second meeting of the Committee was held on June 10-11, at which it
was briefed in more detail ahout the landfilling and land application optioms
for sewage sludge disposal.

Subsequent meetings of the Committee were held on July 23=24, August 19-
20, September 29-30, October 27-28, and December 15-16. The purpose of these
meetings was primarily for Committee discussions and drafting of the Committee
report, In addition, there were separate meetings of some of the subgroups.
At all of the full Committee meetings, Apency staff were present to either
hrief the Cammittee or to answer questions and clarifv the documents.

The Committee received cutstanding cooperation om all aspects of the review
from the staff of the Office of Uater Regulations and Standards, the Envirormental
Criteria and Assessment Office, Cincinmati, and the Fnvirormental Research
Laboratory, Narragansett. Dr, Alan Rubin, (WRS, Dr. Larry Fradkin and Mr.

Randy Bruins, BCAO, and Nr, Jotm Paul, ERL-Marragansett, were particularly
helpful.

This report, while largely drafted bv the various suberoups, has been
reviewed, discussed, and approved by the full Committee.



111, REPORT ON THE SLUDGE DISPNSAL/REUSE RISK ASSESSMENT METHODOLOGLES

The Agency has developed four documents that attempt to assess the risgks
associared with the disposal of mmicipal sludge by incineration, ocean dumping,
landfilling, and land application/distribution and marketing. The purpose of
the documents is to allow EPA to agsess these alternative management methods in
order to develop sludge management criteria (see Appendix C). The Committee
has structured its observations to emphasize first, comments that apply to the
overall model of risk assessment adopted across the four disposal options, and
second, remarks specific to the assumptions and approaches of each of the four
disposal options.

A. (werall Risk Assessment Methodology

Among the issues the Science Advisory Beard has been requested to consider
is the "...consistency of approach and assumptions, both within each disposal
option and among the various methodologies." This section organizes thege
cross-cutting topics into four areas: 1) definitioms, structure, and uses; 2)
conservatism and uncertainties; 3) omissions; and 4) the need for additiomal
documenta, ‘

EPA is to he commended for the aggregation of infermarion in these
‘methodologies -on the envirormental consequences of the four sludge management
options, Fvaluation of the options bv congidering source characteristics,
pathwavs of environmental transport and fate, and human and ecological exposure
patterns should enable public decision makers to make better decisions on sludge
management and disposal.

Tt is eritical that these assessments be comparsble so the decision maker
can make the difficult evaluations and trade-offs in an informed and responsible
manmer. (mtput from the risk assessment methodologies as they now exist in the
four documents, however, are not internally consistent, and thev provide much
less consistency or comparsbility between and among alternatives,

The Committee is very supportive of good mathematical modeling and
appropriate use of quantitative evaluation and management techniques to illuminate
complex envirommental protection issues, We recognize that, in addition to
rechnical aspects, there are important economic, institutional, political, and
social dimensions in decision making at all levels on such issues. This is
both proper snd realistic. It is desirable that decision makers be able to
apply proper emphasis on the technical and non-technical aspects. To the extent
that risk assessment methodologies are consistent, sound, and well-supported,
they will reduce excessive reliance on non-technical aspects which will, of
necessity, prevall otherwise,

1. Definitions, Structure, and 'ises

An immediate problem arises from the ahsence of a definicion of "risk"
that permits a clear evaluation of risks inm the four documents. Even a minimal
definition, such as risk being "the realization of urwanted, negative consegquences
of an event," could help the audience of the reports follow the arguments of
4 new risk assessment approach, Althoush manv differences, evem within FPA
itself, exist in the definition of the risk asgessment, certain concéptual
bourdaries must be established about how to define the nature, extent , duration,
magnitude, and severitv of potential risks to public health and the environment
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from exposure to hazardous contaminants arising from sludee manaeement, C(lear
distinctions should he drawn between risk assessment and such overlapping
concepts and methodological strategies as "hazard assessment,” 'dose-response
models," "vulnerability analvsis," "rgk-benefit analysis,” or "exposure
agsessment.™ (In the course of our review it hecame evident that the four risk
assessment documents focus primarily on exposure issues, relvine on existing
sources for hazard identification and dose-response information.)

Mmce ‘a definition of risk and its basic dimensions are specified, the text
ghonld then outline how the various assessments are made, progressing from
hazard identification, to dose-response assessment, to exposure assessment, and
Finallv to risk characterization. Although the four documents present a basic
cutline (Figure 1-1), the Committee believes that a revised algorithm (such as
Diagram 1) can hetter summarize the sequence of the assessment process., (Note
that the letters in each step can he used for the comparisons across disposal
options -- see Appendix D.) MNiagram 1 summarizes the Comnittee's understanding
of these methodologies and their use in developing national ceriteria.

Although not strictly part of these assessments, or the Committee's charge,
rhese methodologies have several implications for risk management that concern
the Comittee. First, the methodologies themselves include assumptions about
management practices and changes that will mitigate risks. These changes might
include variable application rates, enhanced disposal designs, and enviromental
monitoring schemes. The documents must clearly present assumptions about
' current practices and changes. S

Second, regardless of FPA's intentions, these methodologies will he used
by utilitv managers as part of their attempts to evaluate smd compare sludege
management options. FPA should consider this when designing and documenting
rhese methodologies. For example, it would he useful to develop for such
"users" a flow chart with "sewage sludge” flowing into the top of a decision
diagram and splitting off to deal with decisions, questions, and judmments
which lead to or away from a consideraticn of one or more of the four disposal
options. There should be enough decision and logic blocks to provide all of
the pathways for environmental contamination, inman health effects, ecosvstem
effects, and all other impacts that are possible or probable for all disposal
options, Rather than relegate such concerns to future implementation efforts,
the Committee helieves the Agency should emphasize cloge and early coordination
hetween regulatorv development and implementation efforts.

2. Congervatism and Ihcertainties

The methodologies contain serious problems with the treatment of uncertainties,
probability, and conservatism., These problems affect the reliability and the
consistency of the assessments.

For the purpose of generating supposed "roagsonable worst case” estimates,
many subjective and conservative assumptions are made. When combined, they
produce miltiplicative conservatism. In reviewing the various disposal options,
we canrot determine if reasonable worst cases are reasonably determined, or
whether the scenarios presented lie at the extremes of conservatism to the
point of heing unrealistic. In addition, this technique produces inconsistent
degrees of conservetism bhetween management practices. As currently implemented,
the "reasonable worst case” concept is misleading and inconsistent,
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Many of the "worst case scenarios" seem to protect against a very extreme
situation and appear to border on the unreasonshble. We recommend that before
the specific risk assessment methodologies be used to develop criteria, detailed
sensitivity smalysis studies be conducted to determine a) the reasonableness of
the respective worst case scenarios; h) the uncertainties that will be associated
with tvpiecal results; and ¢) the probsbility distribution of exposures amd
risks that will occur as a result of specific assumptions and scenarios.

Throughout the risk assessment process, there should he more ephasis
placed upon identifyine and quantifving the probabilistic components of the
analysis, as well as the probabilistic nature of the data. In this way, the
usafulness of the scenarios, the models, and the assessments can be ascertained.
To the extent that this is done, the technical manager will have a sounder
understanding of the distrimtion of possible outcomes and their likelihood.

In the absence of probabilistic considerations, the decision maker cannot
intelligently compare the relevant altermatives.

One technique for probabilistic uncertainty analvsis of a gscientific model
is Monte Carlo analysis. With this method, the model is replicated by cheoosing
inputs and parameters from distribution finctions. The resulting distribution
of model outputs are analyzed. An example of Monte Carlo analvsis applied to
evaluating the emvirommentzl impacts of land application is presented by Kaufman
and Haith (5).

The risk evaluations are based upon the concept of the "Most Fxposed
Individual (MED)." Although the MEL approach is sometimes used within EPA,
sole reliance on the concept is a weak point in these risk assessment
methodologies. The concept, as used in these methodologles, suffers three
important limitations:

a) The MEL does not describe the total distribution of exposures and
risks, even though such information is essential to predicting the risk of
a disposal option. Are exposures spread broadlv and evenlv among the
tarpet population, or realized only by a few?

A posgible exposure distribution is illustrated in Diagram 2. To
provide a framework for discussion, three general shapes for the exposure
distribution are proposed (Diagram 3). Tvpe A depicts a gituation in which
almost all the population receives a zero or nondetectahle exposure,
represented by a probability mass at zero. A small subpopulation is exposed
with the indicated distribution. Tvpe P represents a situation in which all
members of the population are exposed, but the distribution is highly skewed,
so that most receive small exposures while a few receive very high exposures.
Type C depicts the case where exposures are more broadlv and evenly spread

throughout the population,

The use of this framework for classification of the different exposure
pathways and their associared MFIs can help provide better characterization
and comparison of the different disposal optioms. For example, the following
clageifications are sugpested: :

1. Fxposure bv consumption of fish caught near the ocean disposal site
appears to follow a Tvpe A distribution;

2. Fxposure to residents breaching in the vicinity of a sludge
incinerator is most likelv Type B;
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3. Exposure throush the food supplv from sludpe applied to cropland
is likely to be Tvpe C.

By characterizing the different exposure pathwavs in this mamner, the
selected MEIs can be considered relative to the exposures to the overall
population, This will help elucidate some of the critical policy trade-offs
{nherent in the use of the MFI approach. For example, referring to Diagram
3, ome could decide that even though the MEL exposure in the Tvpe B curve
ig higher than that in the Type ( curve, the fact that the Tvpe C exposure
occurs more frequently through the population (with a higher average exposure)
can cause one to prefer the Tvpe R option, The shape of the associated
dose-regponse curve will he an importsnt factor in this decision as well,
i.e., is it threshold or nontbreshold, linear or nonlinear? The identification
of exposure distriburion profiles thus provides an improved hagis for risk
management,

To develop the improved risk assessment proposed, FPA should conduct
gensitivitv analyses and use probabilitv distritmtions where possible (as
discussed ahove). EPA should also consider characterlzing the selected
receptors and MEIs for the different disposal options in terms of the
general types suggested ghove.

b) The risk estimated for the MEL can be prossly exagperated, and it
is tmpossible to know from the information presented how extreme the MFI
scenario is. How conservative or extreme is the selection of the MEIL;
rhat is, how far out on the tail of the exposure distribution is the MF1?
Is it an exposure realized by 1 in 100, 1 in 10,000, 1 in 1,000,000; or is
it out beyond a conceivable upper bound to the distribution?

Since the assumptions underlying the selection of various MELs differ,
the degree of conservatism embodied in the individual MFI exposure models
also differs. Mirther, insufficient information is available to compare the
relative degree of conservatism of one MEL with amother. Consequently, it
can he misleading to compare risks derived from one type of MEIs with those
of other MFls due to the different premises used for different disposal
options, The reliance on "worst-case” scenarios which pervades these documents
needs to be reconsidered and here, as elsewhere, indicates the problems that
stem from the absence of clear definitions and sensitivitv analvses.

For example, the landfilling document assumes that the MRI will
{thale 100 of his air from the landfill (page 5-23) at a rate of 20m3/day,
which is more characteristic of a person performing light to moderate
work. No account is taken of dilution of the air contaminants due to changes
in wind direction or wind speed. The intake of contaminants from water is
assumed without reference to the source of actual water supplies,

The land application and distritution and marketing methodology
includes a very conservative scenario in which a ten kilogram (twelve
month old) child directly ingests sludge (applied as fertilizer). For
food crop effects, the methodologv extrapolates plant uptake factors
hetween species. It also assumes the highest consumption rates for
individual food crops. -



YA

The ME! for ocean disposal of sludges also assumes a number of
conditions which are questionable, While the behavior described in Case 1
has beem doctmented ort the part of recreational fishermen, the Committee
ceriously questions the annual return time of such an event. In additiom,
the 1,500 lm home range for large gwordfish and tima is contrary to what
ig known from recovery data from marked fish, which sugpest that these
species range over much wider areas. Also, the larger marine fish tvpically
require much longer periods to reach equilibrium concentrations, during
which time they would be expected to traverse greater ocean distances.

For municipal sludge incineration, the exposure source is presumed to
be particulate emissions from the incinerator. The exposure calculations
asgume that all particulates dispersed by incineration are of a size
enabling complete uptake by the lmg. (It is not clear whether emissions
other than particulates are conaidered, althoueh exanples cited later in
the text do refer to substances expected to occur mostly in the vapor
phase.) The MEI is assumed to live at the site of the maximum annual
ground level concentration from birth to death at 70 vears, residing at
that location for 24 hours per day, presumablv without ever living indoors,
or assuming that pollutant concentrations in indoor air are the game as
those outdoors.

¢) The emphasis of risk assessment in FPA is to evaluate effects on
humman health and the envirorment, The use of a "Most Expoged Unit (MED)"
ig more appropriate than MEL, because species other than humans may be
affected.

It is critica), particularly because of the state of knowledge about manv
of the processes heing evaluated and because of uncertainties and variations in
input parameters, that FPA explicitlv present and evaluate uncertainties. The
fommittee has serious concerns about the uncertainties of the release and source
characterization data for manv of these sludge management practices. For
example, there are larpe uncertainties and few measured data on sludpe lapdfill
leachates or sludge incinerator stack emissions, Althoueh the issues related
ro uncertainties are complex, and many of them are heyond definitive resolution
at present, this should not preclude elaborating these important issues to the
fullest possible extent.

The Agency's practice has been to rely on different models to estimate
exposure in different media, The degree of validation and the expected accuracy
for the various exposure models differ widely, A systematic discussion of why
all selected models were chosen should be provided. If the alternative disposal
options are to be evaluated in an equivalent manner, then the potential errors
and biases of each model should be addressed through gensitivitv analvsis as
part of the methodology. The models used for emvironmental transport and fate
characteristics also need to he compared with field data in terms of their
expected accuracy and validity. Model validation should be stressed as a
research priority.

3. (missions

These methodologies and decisions about national eriteria incorporate
assumptions about "current" practices and changes in practices that may mitigate
risks. Without discussion of possible mitisation strategies (such as the use
of lined landfills, for example), it is impossible to judge whether the
nethodologies can adequately represent all relevant permutations of the four
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sludpe management practices. In addition, envirommental monitoring should be
conrsiderad as one possible component of risk mitigation strategies. Such
monitoring programs could incorporate certain triggering mechanisms for corrective
actions.

The methodologies do rot identify and address all irportant pathways. The
rationale for discounting potential releases and pathuwavs is not presented.
Tmless adequate logic for such decisions exists, all pathwavs mst be evaluated
explicitlv.

Qimilarly, certain problems seam to he either neglected or treated in only
a cursory fashion, For example, the selection of chemical agents to serve as
the basis of a rigk assessment is a central issue; the document should clearly
reference the study conducted to make these selections. Also, how should the
possibilitv of interactions be considered? Unexpected interactions are the
most vexing questions posed hy the kinds of complex mixtures inherent in sludge
disposal, and should be recogrized in any effort at risk assessment. EPA is
actively engaged in evaluating different approaches to estimating the health
risks of complex mixtures, DNecisions about adverse health and ecological
consequences must incorporate decisions about how to combine data, and how to
evaluate muiltiple chemical exposures.

Fxposure pathways for the transport of the sludge to the disposal site

. ghould also he incorporated, at least qualitatively, and when important,
quantitatively. These pathways should inelude the risk of aceidents and other
pertinent items.

e documents should clearlv acknowledge that certain factors have not
been addressed: exposure to pathogens, degradation products, products of
incomplete combustion, ecosystem-level effacts, toxicities of mixtures, and
pharmacokinetics,

The sludge disposal assessment methodologzies use existing methods, developed
by various offices within FPA, to protect primarilv sgainst adverse human health
offacts. However, there is little information about comparative assessments of
human careinogens, buman non-carcinogenic toxicants, and ecolomical effects.

The assumption that programs designed to protect certain aquatic species also
protect total aquatic ecosvstenms is hacked only by fragmentarvy evidence, EPA
has been slow to develop risk assessment methode for the protection of wildlife
and terrestrial ecosystems, This mav constrain eventual comparisons between
options.

Rioconcentration, which refers to the amplification of water concentration
of contaminants, is discussed at leneth, but biomagnification is only mentioned.
This process, however, which emhodies the successivelv higher concentrations
achieved by a contaminant as it ascends the food chain, is at least equally
significant,

The erucial role of pharmacokinetics has been emphasized in many SAR
reviews, but is only superficially acknowledged in the models, as in the Relative
Effectivensess (RF) value, Yet, the difference between expressing ambient
concentrations in terms of ammual averages and recognizing the possible
contriburions posed by high transient peaks could be critical in certain
instances. FPA recopnizes such differences bv the wav in which it specifies

some standards, for example, ambient air standards.
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Ideally, risk assessment should also embody interactive routes of exposure,
diachronic consequences, and svnergistic effecrs. The present documents, with
their strong emphasis on singular threshholds, diminish consideration of such
hackground factors and their influences on roxic potency and ecosystem
functioning. Ue recognize that the question of cumulative impacts compounds the
present conceptual and methodological difficulties, No discussion of risgk
assessment, however, should ignore the far-reaching importance of mlrtiple
effects and interactions. '

4, Additional Nocument s

In order to ersure the consistency of the methods for developing national
criteria, FPA should develop a synthesis dociment to compare assumptions
incorporated and the relative uncertainties of the analyses, Such a document should
adiress the comparative risks between ecological effects, systemic toxicity,
and carcinogenic responses within and among disposal options. Such a document
should also discuss the relationship of this analysis to sludpe management
regulations and decisions. : g oo

One of the most important tasks of our review and the proposed synthesis
document is that of evaluating consistency of approaches across the various
disposal options (or management practices) in the four documents. An i{llustrative
matrix was constructed (see Appendix D) to summarize some of the relationships
hetween disposal options and the dimensions of the assessment process supgested
in our Diagram 1. Such a matrix, when completed and improved by EPA, as part
of the synthesis document, could assist users and decision makers in understanding
the difficulties in comparing options and the results of the four individual
assegsments.

In addition, FPA should develop a users mamual for users outside FPA
Headquarters (in particular, State and Regional permit writers)., This manual
must strongly emphasize the uncertainties of these methodologies and the importance
of accurate and applicable site-specific input data. We concur with the concept
of allowing the use of sound site-specific data, when available, in place of
national standards. In addition, this manual should atress that some models
cannot be appropriately applied at some sites.
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R, Landfilling

The comments are presented in three parts: senmeral comments:; substantive
comments specific to statements in the document; and editorial corrections,
tvpographiical errors, and similar comments.

1, General Comments on tbe Mathodolosv
a. Pathways

The report presents a proposed methodology for assessment of the hmen
health risks associated with the disposal of municipal wastewater treatment
plant sludges by landfilling. The two major routes of exposure of the "most
exposed individual" (MEI) are the drinking of contaminated well water and
inhalation of vapors in the air. The assumption is made that surface ruoff
management can be depended upon to prevent surface water contamination. Also,
there is no recognition of the possibility that leachate percolating through
the ground water might reach surface waters, and that biloaccumilation by edible
aquatic organisms could result in a greater exposure to some individuals than
the two exposure routes included in the analysis.

Another route not considered is the Muman ingestion of food from crops
irrigated with contaminated ground water, or from potentizl use of closed
landfills, if not for human food production, then for wildlife food chain
exposures. The assumption is made (page 3-5) that risk evaluations based on
drinking water concerns will result in the most restrictive sludge concentration
criteria for the ground water pathway., This mav be a correct assumption for
ground water, but it alsoc seems to be used to justifv not looking at the crop
uptake pathway as a potential human exposure route, Figure 3-3 does not contain
anv crop uptake pathway; the potential routes of off-gite migration stated on
page 3=-1 do not indicate a potential concern with crop uptake, and no comment
on the potential crop uptake pathway appears in Section 3.

Sludge landfills are a disposal sink for contaminants in the sludge. None
mobile slowly depradable organics and inorganics such as metals will remain in
the landfill after it is closed. The concentration of these contaminants at
the sludge landfill sites will be much greater, due to the higher applicarion
rates, than occurs from the land application of sludges to food chain crops.
After closure, it is possible that food chain crops can be growm on such sites,
the roots of the crops can penetrate into the decomposed sludge layer, and the
accirmilated contaminants, such as the metals, can be taken up bv the crops.

No consideration is given to the potential for residents living near the
landfill to be exposed to air emissions during the operational stage when liquid
or semi-liquid sludge is being placed in the trench and is yet uncovered. This
hazard is preatly reduced if dewatered sludege with 20% to 40% solids is heing
landfilled,

FPA mav consider these exposure routes to be unimportant. If so, the
logic for such a conclusion should be included in Chapter 3., The absence of
anv discussion of the aquatic food and crop and aerosol pathwavs of exposure
makes it appear that EPA simply neelected potentially relevant pathways.
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b. Assumptions

The assessment approach uses a three-tiered analvsis which is both
scientifically sound and practical. The assumption is made that if the
concentration of toxic substances at an upgradient point is easily computed and
iz shown te be on the safe side of the health risk criterion established for
that suhstance, then landfilling {s permitted. This is equivalent to assuming
that anv further transport will decrease the concentratrion of the toxic
contaminant, One exception to this general premise would be the possible
bicaccumulation in exposed organisms., Otherwise, the use of the three-tiered
computation is useful and practical,

Throughout the document, decisions are justified on the basis that the
assumption or approach, even if it is not totally realistic, is conservative
and therefore protects human health and the environment, This results in
heaping conservatism upon conservatism. This can result in over-conservatism
bevonxl reascnableness, and the three-tiered analvsis should certainly not be so
conservative ag to he unrealistic; to do so will result in excluding some
sludges from landfilling which do not need to be excluded, Many of the specific
comments suggest where non-realistic assumptions and decisions appear to have
been made.

¢. Consistencv

We have been requested to consider the consistencv with which EPA regularory
procedures are being developed. In this risk assessment methodology, consideration
is given to the time of travel and the degradation which occurs in the unsaturated
zone. This Committee previously reviewed another document developed for decision-
making about banning of landfilling, in which contamination of ground water by
leachate was also involved (A), In that document, the "worst-case" assumption
was made that there was no unsaturated zone because the bottom of the landfill
was at the ground water table., The Committee believes this apparent inconsistency
in procedure is justified bv the fact that the present document presents a
methodology for risk assessment which must be applicable to cases where there
may or may not be an unsaturated zome. The previcous document presimed the
worst case as a decision tool and left the burden on the applicant for a petition
to show that the unsaturated zone provides for further reduction in contaminant
concentration. We believe the different purposes of these two analvses justifies
the different assumptions regarding the effect of the unsaturated zone.

Another methodology for the evaluation of the landfilling alternative to
ocean dispossl of sewage sludpe (7) models the transport of leached contaminants
from a trench sludge-only landfill to the sround water tahle using the Pesticide
Root Zone Model (PRZM) and transport in the saturated zome with the Analvtical
Transient One-, Two-, and Three-Dimensional Simulation of Waste Transport in
the Aquifer System Model (AT 123P). In the study under review (1), the CHAIN
model is used for predicting the transport of contaminants in the unsaturated
zone, There 1s no discusaion, however, of the basis for its selection in
preference to the PRIM model, We note also that this study uses the MINTEQ
model to handle the chemical interactions when the leachate is mixed with the
ground water flow in the saturated zone. Fven though the MINTF) model is limited
a8 discussed below, this may still be a better estimate of the effect of the
mixing than the assmption that the contaminants are conservative and rhat the

ground water dilutes the contaminants in a mass halance. We recommend that
justification for the choice of models, including the rationale for mot selecting

other models, for example, those used by the Integrated Fnvirommental Management
Nivision of EPA to évaluate sludpe landfilling (7), he provided.
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2. Specific Comments

8, Page 2-1: The discussion notes (line 14) that the sludges include
"raw .., solids from primarv, secondary or treatment processes.” Technically
such sludges should be referred to as undigested solids, The term raw solids
usually indicates settled primary solids onlv.

However, the real question relates to the practice of landfilling undigested
sludges. The general requirement for land application of sludpes is rhar the
sludges be treated bv a process to significantlv reduce pathopens (PSRP) before
land application. Is the statement starting on line 14 consistent with
established EPA policv? Are sludges that are not treated by a PSRP allowed to
be landfilled? These issues should be clarified.

b. Page 3-1: The second route of off-site migration states that the
sludge is pumped in a trench. landfill as a slurry. This statement is inconsistent
with the assumption stated on the top of page 2-2 that the landfilled sludges
will be dewatered to have a solids content of 20-40%. Such desatering does not
result in a pumpable slurry.

There are other locations in this document where there are starements that
suggest that the sludge is a slurry and others where it is stated to be a
dewatered solid. %uch inconsistencies must be resolved.

¢. Page 3-9: The sentences at the top of the pape infer that all
volatilization will occur prior to the sludge being disposed of in a landfill,
The lonic for this is not obvicus, especially since the document infers in
several places that the sludpe is deposited as a slurry.

Subsequent statements on page 3-9 infer that vapor losses will occur and
that a methodologv is provided to predict vapor concentrations at the site
boundarv. The apparent inconsistency in assumptions about possible volatilization
losses in a landfill needs correction,

The second sentence at the top of the page, "Volatile residues can,
therefore, he assumed to result from the sludpe-contaminant interactions that
prevail,” gppears to be either a motherhood statement or a highlv confusing
one. The meaning and purpose of the sentence is nor clear and serves to confuse
rather than clarifv the issue,

d. Page 4«4: Line 9 from bottom - The sentence reads, "For
nonbiodegradable contaminants, the concentration is unchanged throush the
unsaturated zone," No definition of these nonbiodegradable contamimants is
provided to substantiate the validity of the statement.

The sentence is incorrect for many nonbiodegradable contaminants. Scme
organics can hvdrolvze, others can sorb to the soil, and geochemical reactions
can occur. The lopic and validity of the statement is obscure and doubtful.

€. Page 4-5: The first sentence indicates that the CHAIN model is
used to predict comtaminant concentration at the base of rhe unsaturated zone.
The logic for the choice of this wodel is not presented, and therefore it is
not possible to judge whether it is the appropriate model to wuse.
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The CHAIN model is not necessarily the appropriate one for the unsaturated
zone analysis unless there are kmown or estimated sequences to follow such as
for nitrogen., How relevant this model is to landfill situations where organic
contaminant pathways are unknown or are not important is unclear, Has it been
validated? Justification for use of this model must be provided.

In addition, volatilization is not included as a component of the model.
Contaminant pathwavs that contain a constituent that is volatile or that may
sorh may not be handled well hy the CHAIN model, Other madels that do contain
a volatilization component and that do account for contaminant transport are
available and also could have been used (8,9,10).

A response mav be that the (HAIN model provides a conservative risk
assessment analysis in that the results mav be an overestimate. This mav be
true, bt a better approach is to use realistic models and assumptions rather
than less realistic ones that pile unknown.degrees of conservatism on conservatism.

f. Page 4~%: Lines 10 and 11 from hottom - These two sentences
refer to an "application." This docyment supposedlv describes the methodolosy
that can be used hy the Office of Vater Regulations and Standards to develop
regularions and standards. This dooment is not a guidsnce manual. We would
not be comfortable with its use in permittine., Hence, references and words
that indicate how a regulatory office can use the methodology for permitting
. purposes are inappropriate and should be removed here as well as elsewhere.

g, Page 4-6: Table 4-1 = The assumption that total Kjeldshl nitrozen
(TKN) is completely converted to nitrate beneath the sludre landfill is
seientifically inaccurate. The statement that overprediction occurs because
gsome organic nitroeen does not break down misses the key point. The key point
is the following:; Negligible concentratioms of the mobile form of nitrogen
(nitrate) exist in anaerobically digested sludges to leach from the landfill,
Nitrates are formed only if oxidized conditions exist in the landfill, i.e.,
dissolved oxveen is present, and if nitrifying bacteria are present, Therefore,
if pitrogen leaches from the landfill, it will leach mainlvy as the ammonium
fon, The ammonium ion is positively charged and will sorb to the soil particles,
i.e., take part in the cation exchange process., It, therefore, will be retarded
by the exchange process. Depending upon the sorption and exchange capacity and
redox potential in the subsoils, the ammonium ions will be more or less retarded
in reaching the gpround water.

1t is not likely that dissolved oxveen will exist in the landfill or in
the pores of the unsaturated soil beneath a sludge landfill. If ammonium
miprates, so will some dissolved organics. The oxyren demand of such organics
will result in the oxveen in the unsaturated zone heing used bv the local
bacteria as they metabolize the organics. This means that anoxic conditions
will exist in the unsaturated zone., Therefore, it is unlikely that dissolved
oxveen will be present; and it is unlikely that nitrates will be formed,

Thus the assumption results in a gross overprediction of the potential
nitrogen problem in the ground water. As stated earlier, the assumption is
unrealistic and casts doubt on the credibilitv of the methodology for the ground

water pathwav.
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Similarly, the assumption that the metals migrate through the unsaturated
sone in the axidized state appears to be doubtful hecause of the anoxic conditions
which prevail. The possihility that metals are complexed by organic compounds
should be considered, Other contaminants, including organics, will not be
gubject to.the same degree of sorption.

h. Pape 4~h: The sssumption of steady water flow in the unsaturated
zome is not necessarilv a conservative assumption, Intermittent, pulse flow
can lead to more rapid transport due to an increase in the relative size of
mobile vs. immohile water zomes and increased macropore channelins.

i. Page 4-9: The risk assessment methodology bepins with use of the
Toxicity Characteristic Leaching Procedure (TCLP) to determine the concentration
of toxic gubstances in the sludge contained in the landfill. No supporting
evidence that the TCLP procedure is applicable to municipal wastewater sludee
is presented, ' | -

j. Page 4-12: Line 10 - The statememt is made that TKN deprades ro
nitrate over rtime., This is true for many situations but is not realistic for
the sludge landfill scenario (see comuent g.).

k. Page 4=13: In the sentences below Fquation 4-4, first-order
decay mechanisms are assumed for degradable contaminants. Literature values
for organic decav constants presented in Tahle C-2 pemerally were ohtained from
aerchic studies. As noted earlier (comment g.), anaerobic conditions are
likelv to exist helow sludge landfills., The available decay rate data bhase,
therefore, may not he appropriate for the proposed methodology.

The difference between aercbic and anaerobic decay rates is not trivial.
Decav rates generally are greater under aerobic conditions than under anaerobic
conditions. 1Ip this case, the lack of realization of what occurs helow sludee
landfills (i.e., anaercbic conditions) mav lead to aercbic decay rateg being used.
This would result in a nonconservative situation since the methodology would
assume greatet decav and lower contaminant concentrations than may oceur,

The decay-rate assumption ignores realitv and is {nternally inconsistent
with other asmummptions and statements made in this doctment. (n page 4=26, it
would be proper to provide recognition that degradation will oceur and refererce
the section in which it ie discussed.

Furthermore, the assumption is made that the depradation products produced
during transport throush the mmsaturated zone are nontoxic, or at least that
every contaminant in the leachate degrades to nontoxic products at a rate
described by the decay rate constant. Vhen toxic intermediates are known to
result, the proposed method assumes the degradation rate is zero, for example,
as in the case of tetrachloroethylene,

1. Page 4-15: Criteria for selection of a procedure for computing
the rime of travel in the unsaturated zone are presented on page 4=15. The
priority of the criteria mav not have been intended to be indicated bv their
order of presentation, but if it is, the prioritv seems to be raversed. We
believe the appropriateness of the method is most important and do not recognize
anv compelling reason whv “specialized site studies" shonld not he conducted ro
support an application. '
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Further, we see a real danger in development and use of a merhod just
because it is sufficientlvy simple that it "can be used bv persons whose hackgrounds
are varied and whose training does not cover the broad spectrum of disciplines
involved.” Use of a complex model requiring sound judgement in selection of
a host of realistic input parameters by unqualified users is bound to lead to
erroneous output, However, substitution of an overlv simplistic model which is
quite inadequate in simulating the complex envirormental svstem, just for the
purpose of simplifving the aquisition of input data so that unqualified persoms
can put the model to work, is equally falacious, 1In fact, there is real danger
that the output will be assumed to be valid when it is not. Most inappropriate
is the adoption of an overly simplistic model just so that mqualified persons
can use it, This eriterion is thoroughly inappropriate for selection of a
model for time of travel in the unsaturated zome. We can not agree with this
criterior as a hasis for selection of a model. Selecrion must he based on more
valid criteria.

m. Pape 4=26; In the discussion of contaminant travel time,
degradation apparentlv is not congidered, Sorption is considered the only
retardation or loss mechanism that will occur in the unsaturated zone.

n. Page 4-28: Frrors in determining the order of a reacrion do not
necessarily lead to over- or underprediction of depradation, That depends on
the values of the coefficients determined and the relative residence times in
the lahoratory and the field, The reallv important questions are vhether
depradation of anv sort occurs in the field, and whether significant time is
required for acclimation bv degrading organisms.

o. Pape 4=20: Line 3 - The degradation rate data referred ro in
appendix C of the document are all likelv to be based on aercbic conditions and
are mot appropriate for the anaerchic conditioms belew the landfill (see comment
k.).

p. Pages 4~29 and 4-30 - The nitrogen conversion assumptions described
on these pages are wnrealistic for sludee landfills (see comment g.) and should
he changer,

The discussion on page 4-29 for nitrate (if it is present at all) bheing
recticed to nitrogen pas lower in the unsaturated zone is strained, Denitrification
~eeurs when bacteria metaholize an organic substrate in the absence of dissolved
oxveen and use nitrate as the hvdroren acceptor. 1f all the ammonia is oxidized
to nitrare in the unsaturated zone (not very likely), it must be assumed that
anv organics also will be metabolized. Therefore, there will he little substrrate
ro be metabolized amd to result in deritrification.

. The entire pitrogen comversion loric should be carefully re-examined and
modified to represent realistic conditions beneath a sludee landfill.

q. Page 4-31: Middle of first paragraph - Provide & reference for
asqmming that dispersion is one-tenth the depth to groundwater times the
velocity.

r. Page 4-33: The MINTEQ model is an equilibrium model. The
migration of the metals depends on the sulfur species present, and the kinetics
of the sulfur reactions are too slow to be able to assume that equilibrium

exists, Tsble 4-L shows that sulfate predominates in the ground watrer.hackeround,
but the sulfur in the leachate may be primarily sulfide hecause of the anoxic

conditions. The assumption that the leachate will pot change the chemistrv of
rhe ground water may be conservative.
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Some discussion of the physical processes affecting chemical speciation in
the MINTEQ runs would be useful. For example, indicate which precipitates are
being formed at the different pH-Fh (redox) values.

The document vresents the output for several runs on the MINTEQ model.,
This is for the purpose of permitting an applicant to select contaminant
concentrations based on matching the ground water conditions of a given rum to
those on the site of interest. It is recognized that manv applicants will mot
have the'resources to make their own runs on the MINTEQ model, however, for
those who do, a site-specific run of the model is recommended.

8, Page C-20: State the temwperature assumed in computing the
dimensionless Henrvy's law constant (H') in Table CaS.

t. Page C=45: Explain why saturated zone copper decreases with an
increase in 'nsaturated zone copper. Is it a mmerical error or a physical
process? ) i

u. Page 3>=4: In the assessment of the wvapor contaminant pathway
risks, the assumption is made that there is no degradation of organic vapors in
the soil cover throuegh which thev diffuse to the atmoaphere. This mav be
congervative, but it igpnores the realitv which shonld be incorporated inte the
Tier 2 and 3 methodologies. 1t also seems inconsistent with the methodology
for ground water contamination by the leachate., Granred that the flax rate is
not time dependent, .the flux from the soil cover surface should be less than
" the flix rate at the sludee surface cue to depradation within the soil cover,
Many studies have demonstrated that degradation of gases and vapors does ocour
in the soil. Ignorine degradation during volatilization throush soils isrores
.; ma_‘foi'lmechanism that can reduce the concentration of air emissions from a

andfill,

v. Page 5-5: The assumption that loss rate is controlled bv diffusion
ignores degradation (see comment re: page 5-4) and is not the most appropriate
one for landfilling. '

Ww. Page 3=10: DNetermination of the enission rate of vapors fram the
soil as described on page 5-10 is based on an equation attributed to an EPA
comtractor which wag published in a report to FPA (Envirommental Science and
Fnegineering, 1985), No reference is made to publication of the equation in the
peer-reviewed literature or to any validation of the equation., Incidentally,
Fquation 5«7 is confusing in the way the "tenl” term is written.

Several important references such as the one in the preceding paragraph,
the MINTEQ references, the MEXAMS reference, Jacobson et al. (1985), and draft
FPA reports are relied upon to explain and justify the methodology. These
references have not been peer-reviewed, and their credibilicy and scientific
validity have not heen accepted by the professions, We recognize the urpency
with which EPA frequently has to prepare documents and methodologies, Wowever,
it is less desirable and frequentlv inappropriate to base approaches arxt
decisions on material and reports that have not been adequately peer reviewed
and evaluated,
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%, Page 5-10: Middle of page - It is stated that (4, can be determined
for the liquid concentration of the contaminant. The logic of how this statement
relates ro the sludge landfill situation ia not clear. Sludge dewstered to 20
to 40% solids is assumed to be placed in the landfille. Thus the contaminants
are mot likely to be in the liquid phase. No information is provided to justifv
that C, values valid for liquids are also valid for contaminants on golids in
dewatered sludges. One reference is cited (English, et al,, 1980) which presents
some evidence that ammonia emigsion follows Henry's Law, but the title indicates
that it applies to surface-applied aludpe rather than diffusion though the soil
cover of landfilled sludge.

v. Page 5-10: The constant 0.994 (i.e., less than 1.0) in Eq. 5-5
implies that the mass rransfer coefficient decreases as temperature increases.
This is very umsual., The Committee recormends that this value he checked.

z. Page 5-11 (top): Again it 1§ poted that vapor concentration can
be expressed in terms of a li id concentration. It is not clear that this
methodology is appropriate for dewatered sludge landfills,

3, Corrections

a. Page 4-7: In the line ahove Equation 4-1, a S-gram sample is
_indicated. It should be made clear whether this is wet or dry weight.

Relow the equation, the sample size of 0.005 is indicated to have the
anits of grams., This should be checked since it appears that the correct units
should be kilograms.

b. Page 4-13: Eguation 4-5 is mistyped. The correct version is
given on p. 4-14, The report i{s, in general, difficult to follow because of
sloppv equations and notationm. For example, R is usually used for retardation
coefficient, but appears as recharge on the bottom of p.4-75.

c. Page 4-19: 'The last sentence of paragraph 3 should read:

"hen invalid, this assumption gverpredicts contaminant concentrations
by underpredicting rravel time."

or

", .. overpredicting the flow velocity."

but not:
"_.. overpredicting travel time.”

d. Pape 4-26: "£" should be used instead of "o" in Equation 4-15,
because retardation occurs at "ambient” water conditions, not saturation. This
is also true in step G on p. 4-77 where faye should be used instead of fg.
(Note how the notation keeps changing.)

e. Page 4=32: First full paragraph, second line - Little or mo
effect on the hydrology of the aquifer, not chemistry.

£. Page 5-11: Tz in equation 5-11 is undefined.
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C. Land Application and Distrihution and Marketing

The document is an extensive treatment of a methodologv to assess risks
associated with land application and distribution and marketing of mmicipal
sewage sludge., Chapter 1 introduces the material to he covered in a general
way. Although the methodoloev presented is gemeric, a listing of the contaminants
for which it is intended should be included. The intent of the document and
the audience and intervled users should also be clearly stated in the introduction.

The zeneral approach for each sludge disposal/rense option is to defipe
what is termed the "most exposed individual(s)" (MEI), and to model exposure to
guch individuals via the various terrestrial food chain, particulate resuspension,
surface mmoff, groundwater, and vaporization pathways. The output of the
model determines the allowable concentration of contaminants in sludge and/or
the sludge disposal rate. The most exposed individual varies with each pathwav
and may be either an animal, plant, tuman, or soil ™Mota and their predarors.
The reuse/disposal options include agricultural utilization, forest land
utilization, disturbed land reclamation/utilization, and dedicated land disposal,
Nstribution and marketing of sludee is treated as a special case of land
application, Under each of the various sludge disposal/reuse options a number
of assumptions and requirements or potential requirements are outlined.

.. For each terrestrial food chain pathway,-a most exposed individual and ‘

routes of exposure to the target organism are identified. In terms of possible
harmful effects on humans, routes of exposure include (1) sludge ro soil to
plant to human, (2) sludge to human (direct ingestiom), (3) sludpe to soil to
plant to animal to human, and (4) sludee to animal (bv direct ingestiom) to
man, In terms of possible harmful effects on animals, including wildlife,
routes include (1) sludee to soil to plant to animal, (?) sludee to animal
(direct ingestiom), and (3) sludee to soil to soil hiota to animal predator.
Routes of exposures, in terms of harmful effects on plants and soil biota,
include (1) sludge to soil to plant and (2) sludge to soil to soil biota, Fach
of the pathwave are examined relative to current as well as future land use
(e.g., current apricultural use followed hy future conversion to residential
use),

The methodology used to arrive at the level of exposure and subsequent
criteria for limiting sludpe contaminant concentration and/or application rate
involves the use of a series of equations to estimate exposure concentrations,
This level of exposure is then evaluated in terms of its effects on the tarmet
organism,

1. General Comments
a, Most Exposed Individual

As discussed earlier, hy establishing the most exposed individual (MEL) as
rhe exclusive method of risk assessment analysis (p. 1-4), the methodology
steps over the boundarv from risk assessment to risk management without
estahlishing a clear perspective on the level of risk that has been chosen. 0n
page 1-3, FPA acknowledges that "the compourding of worst-case assumptions mav
lead to unrealistic results." 1t is further indicated that estimates of central
rendency should be used as well as upper-limit values. However, in the body of
the document, the concept of central tendencv is often ignored, whereas upper-
limit values, or the more conservative values in the face of poor data, are
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discussed in grear detail. When thege upper limits are Stnmg together in the
analysis, it is difficult to judge whether rhe individuals go &xposed truly
exist. To provide perspective, it is recommended that the rigk assessment
methodology specifically address more than Just the MEI, éspecially hy developing
Scenarios ugsing median or other central tendency valves for the pertinent

factors in the analysis. This will also make the document more useful for
certain site-specific or regional analyses, where the population exposed is
smaller and more easily characterized and where the assumptions used to establigh

difficulr ro do this op a national basis for the various levels of exposure in
each pathwav, Rowever, ir ig likely that once this analvsis ig applied, a few
critical pathwavs will appear as the controlling factors for allowable contaminant
levels in sludge or application loadings, At that point, actual numbers of
individuals exposed can be estimatred,

risks for lead. The document, bowever, provides no clue as to how many chi ldren
are so affected, making it difficult to judee if thig ig 4 major or minor

pProblem, Some attempt to quantify the exposed population is necessary if thig

1is to be a credible basis for regulation,

Similarly, the document should reexanine the assumptions for rhe MET along
certain eritical pathwavs and determine whether a significant portion of the

C. Dedicated Land

The concept of dedicated land is not clearly stated in Chapter 2. No
distinction is made between application rates, land use, and Crops to be grown
and their disposition on a dedicated site versus a drastically disturbed sludpe
utilization site, such as A reclaimed strip mine, The document should clearly
define dedicated land application to distinguish it from other sludge utilization
methods,

the forest ecosystem. Harmful effects could occur on forest ecosystems following
sludge applications ar rates comparable to those nor producing harmful effects
with agricultural utilization,
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Although higher application rates can be used on forest land, it is not
necessary to assume that sludee will be applied to forest land at rates higher
than agronomic rates, The document sugpests that the hich storage capacitv of
litter on the forest floor will prevent nitrate leaching following sludee
applications at higher than agronomic rates. The storage capacity of the litter
mav serve to lessen, but will not prevent nitrate leaching.

e, Assumptions

The methodology assumes that trace metals are conserved indefinitely in
the upper layer unless loss constants are available. Available dara show thar
A mumber of contaminants considered to be trace metals are lost by volatilization
and/or leaching., (Since the temn trace metal means different things to differenr
people, the report should define this term.) Trace elements lost bv volatilization
mav include mercury, selenium, arsenic, and probably others. Roron, arsenic,
and selenium (particularly in the selenate form) are eagily leached to groundwater.
This assumption should he deleted or revised to point out exceptions.

In terms of toxicitv thresholds for non-human oreanisms, it is incorrect
to assume that "all inhibitory effects" are adverse. Many routine agricultural
management practices, such as fertilization, will at least temporarily inbibit
microbial activity,

The document indicates that plant uptake response, when expressed as a
function of cumilative contaminant application, is curvilinear, and approaches.
a horizontal asvmptote (plateau). It also states that field data should he
uged to arrive at the platean concentration of contaminant. Although the
available data base is sufficiently complete to arrive at a plateau concentration
for a few crops, the Committee does not believe that data are available for a
wide varietv of food chain crops. The document further assumes that the response
of any crop across a wide variety of soils and sludges can be expressed in
termg of anvy other crop. This agssumption may not be valid. Tts use in the
methodology should be justified using field data,

f. Methodology

The document should provide some information on how levels for rotal
backgroumd input (TBI) from all other sources (food, water, air, and others)
will be ohtained. The rationale used to arrive at the relative effectiveness
(RE} of the exposure routes needs to he srated.

The zone of sludge incorporation is 20 cm, not 15 cm as indicated on page
4=5. We recommend that the incorporation depths for sludge be changed to 20 em
in keeping with standard agricultural practice.

The derivation of the fraction consumed (FC) factor in Table 4-12 is
unrealistic. Section 4.2,3,1,1 states that direct human consumsbles are less
than non-direct human consumables, so the 5 percent value stated in Table 4-~12
should have been <2,5 percent based on this information alone, This value
should be further revised dowrmvard (to less than ! percent) because realisticallv
very few commercial food producers will depend on sludge fertilization when
commerclal inorpanic fertilizers will result in higher yvields, fewer respulatorvy
constraints, and easier applicationm.
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The FC values in Table 4=12 for the home garden exposure scenario seem
very high, especially since this scenario is for a rural garden, a siruation
where it is unlikely that sludee would be nsed. These values should be reviewed
and revised as appropriate, using the most recent information available from
the ILS. Department of Agriculture.

Soil ingestion (Section 4.3.3.1) has to be considered a very minor pathwav,
In addition, since the ingestion rate studies have produced inconclusive data,
further studies should be done hefore anv soil ingestion rate is included in
this document, -

For inorganics, the methodology used to determine the reference sludpe
concentration (RSC) not causing the reference tissue concentration (RTC) to bhe
exceeded (pages 4-40 to 4-59) ig reasonably straightforward, However, the
success of the methodology in terms of establishing realistic criteria depends
verv mich on the accuracy of. the parameters which go into the equations., One
needs to know the curvilinear relative response valiies for a mumber of food
crops, the relative uptake response values for each food crop, the realative
tissue concentration for the index crop, and plateau values for the index crop
(Table 4-7, page 4-42), We support the curvilinear response concept. However,
the available data base requires selectivity in its use, The document should
provide assurance that, when this concept is applied, there are sufficient data
to justify its application. Ve believe that the usefulness of the document
will be enbanced if actual rather than hvpothetical data were used in the
examples presénted.

To evaluate the gensitivity of the model, the Committee undertook its own
analysis, using actual, rather than hvpothetical, data, The results of this
analvsis are presented in Appendix E of this review. In general, the results
show that the model is quite sengitive to the selection of the values for the
daily allowable dietary intake from sludge-fertilized crops (RIA) and the
fraction of diet from such crops (FC), The model is also greatly dependent an
the curve fit selected to ohtain tissue concentration plateau values (P).
Based on this analvsis, the Committee recommends that the model be used for
regulatorv purposes only when realistic, reasonable values for such parameters
are avallable,

2. Inhaled Parricles and Surface Rumoff

Chapters 5 and 6 are well writtem and to the point, This section of the
document provides technically sound guidance with proper caveats to indicate
inevitable weaknesses and uncertainties which remain in any method of this sort.

The Committee notes that the document ddes not contain discussion amd
evaluation of the inhalation of aervsols as an exposure pathway, We believe
that for the sake of completeness, and to clarify that this pathwav has not
simply been omitted inadvertently, some statement should be added. The following
is suggested:

The use of anaerobicslly digested municipal sludge as a fertilizer
and/or soil amendment has hecome a widely accepted method of sludge
disposal in the United States, DNespite the extemsive processins which
sludge undergoes prior to ultimate disposal on land, the possibilitv of
increased viral and bacterial concentrations in the enviromment near sludee
application sites has remained a concern. In parricular, the possibility
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of health risks associated with public and/or occupational exposure to
microbial aerosols generated during the sludge application process has
received considerable attention, This is especiallv important when some
form of spray application is heing employed,

Enteric bacteria and viruses are present in the raw sewage entering
‘the wastewater treatment facilities (11). A portion of these become
adsorbed to the sludge solids as they pass through the treatment process.
Dudly et al, (12) have enumerated aver 20 genera of bacteria prasent
in anaerobically digested sludee, and Rerg (13) and Sapik at al. (14)
have isolated enteric viruses from anaerobically digested sludee,

The Metropolitan Sanitary District of Greater Chicago conducted an
aerosol sampling program at its Fulton County (Illinois) land reclamation
site (15), as part of a larger, EPA-funded envirommental momitoring
program, Aerosol samples were collected upwind and downwind of various
sprav application sites using Litton high.volume samplers and Andersen
six-gtage viable impactor samplers, The Litton samplers indicated
bacterial concentrations of 104 to 106 colony forming units (cfu)
per cubic meter of air at distances of 50 to 450 meters dowrwind of
the spravers, compared to bacterial concentrations of 102 cfu/m3
air upwind of the sprayers., The Andersen samplers indicated bacterial
concentrations of 10! to 103 cfu/m3 air ac varying distances dowrnrind
versus 101 to 102 cfu/m3 air upwind, Of all the air samples collected,
one upwind ar three downwind samples contained a combined total of
six poliovirus type 1 plaques.

Sorber et al. (16) conducted a microbial aerosol sampling studv
of four sludpe application sites. Two sites used sludge application
from trucks; two were sprav application sites. Analvsis of the sludpe
prior to application indicated the presence of a variety of bacterial
eenera, as well as enteroviruses., Aerosol samples were collected
using high=-volume air samplers. Results at the truck sites indicated
elevated levels of standard plate count and fecal streptococci 50 to
100 meters dowrwvind of the sludge application area. Results at the
spray application sites indicated elevated levels of total coliform,
fecal coliform, and fecal streptococci 50 meters downwind of the sprav
nozzles, Six aerosol sampling rung for viruses were conducted, and no
human enteric viruses were detected in any aeroscl samples, This
represented a theoretical aerosol concentration of less than 0.0016
p forming units per cubic meter air, based on the detection limits
of aalytical svstem used,

Results of the above two studies, as well as studies concerning
aerosols generated from wastewater aeration (17) and sprav irrigation
(18), have demonstrated no adverse impacts of microhial aerosols on
human health.

The methodology for computing inbaled particulates in Chapter S5 is reasonable,
though Gaussian puff models are rarely applied on such a small spatial scale. The
resultine concentration of particulate matter computed sbove the field during
tillage (33 mg/m3) is at the high end of the range of concentrations reasonable for
dusty, outdoor work environments, hut is possible, The remaining step in selecting
the pollutant-to=solids ratio for the sludee~amended soil is straightforward.
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The ruoff exposure methodology in Chapter 6 is long, but easy to follow.
The models presented are at an appropriate level of complexity for an analvsis
of this type., The tiered approach is sensible,

Most of the equations in Chapters 5 and A have been checked and they appear
to be correct. There was some question raised by Fnvirommental Criteria and
Assessment Of fice (ECAQO) reviewers, however, as to the origin of Fg. 6-8. It
is the correct solution for the average value of available mass, as indicated
in the text.

The report includes a gooxi discussion of the effect of sludee amendment on
the physical properties of soils pertinent to rnunoff generation. Additional
discussion and guidance is required for a key parameter in the model: the
adsorption partition coefficient, ¥4. Apparently, the report relies upon the
landfill groundwater section ro provide this information, but discussion and
reference are required here as well. ' o

The 'niversal Soil Loss Equation (USLE) and Modified Universal Soil Loss
Fnuation (MISLF) mathematical models are used to predict soil loss from
sludpe~-amended fields. A sediment delivery ratio is then used to determine the
potential for introduction of soil to aquatic svstems, The USLE end MISLE
models are designed to predict movement within a field, as opposed to movement
. to the edge of a field, To use the soll loss information predicted by these
two models would result in a gross overestimate of soil movement to the edge of
a field.

Since there are several established models currently being used to predict
soil movement to the edee of a field, FPA should use one of these more appropriate
models. The 11,8, Department of Agriculture Soil Conservation Service has been
using the CREAMS model (19) extenmsivelv for this purpose. The Office of Surface
Mining has recommended the use of SEDIMCT II (20) for disturbed lands, and this
model has been adopted for such use by a number of states. FPoth CRFAME and
SENIMCT 11 produce, as part of their output, distributions of soil particle
sizes, This is extremely useful in evaluating the characteristics of the exported
soil material which leaves the field-scale area and enters the surface waters.
This provides the user with important water quality insights, such as the
proportion of various particle-size classes, including small particles on which
pollutants could be adsorbed, (Within the past vear, an improved model based
on SFOIMTT I called SEDCAD Plus (Sediment, Erosion, and Discharge bv Computer
Aided Desigm) bhas been released (21).)

In light of these comments, we recommend that the Apencv consider the use
of CREAMS and SEDIMOT 11,

One area that remains poorly resolved is the probability of occurrence of
the design instream concentration used in the methodology. The report states
that a 1-in-5-vesr runoff load together with a 1-in-S5-year dilution flow vields
a luin=25-vear instream concentration, so long as the load and dilntion flow
are independent, (It further notes that correlation between the load and dilution
flow is such that the actual return period is longer, i.e., the probability of
occurrence is lower.) The original assertion is incorrect, however, even if
nmoff loads and dilution flows are independent.
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To illustrate that the assertion is incorrect, assume the following notation:

runcff load

1=in-5-vear mmoff load

dilution volume

1-in=5-vear dilution voliwe

instream concentration = M/V

annmial exceedance probability = 1/retum period

*u::-ﬁ::%'z

Thus,
P (MM*) = (3,20

P (VVU*) = 0,20
While it is true that, if M and ¥ are independent:

P (MOM* and VCU*) = P (MOM*) « P (VKT
= ().2 « 0.2
= 0,04 '

It is not true that:

P.(C> M) = P (MMK) « P (VCVY)
b

For example, sav M* = 50 and V* = 10, then the propesed C = 50/10 = 5.
But we do not require M > 50 and V < 10 for C to he > 5. Ue could
have M > 40 and V ¢ B and still get C > 5, As such, P (C>5) is
actually larper than 0.04, and the corresponding return period is
less than 25 vears (again, assuning independence).

The proper treatment involves a convolution intesral for quotients of
random variables, and requires knowledge of the distribution functions for M
and V. The procedure is outlined in Renjamin and Cormell (2?), Unfortumatelv,
it is difficult to implement, especially when M and V are correlated. The
following altemative approaches to this problem should be congidered:

. Use continuous rainfall-rumoff simulation for the
entire watershed. This inberently accounts for correlations between
runoff load and flow rate and properly computes the exceedance probabilitv
of ¢, The drawback is in the expense of long-term simulation, but the
option may he appropriate for analysts experienced in wmtershed simulation.

2), Apply the approximate analytical method of Di Toro (23)
which assumes that rumoff load and dilution flow are logmormally distributed,
and allows for correlation., This method was developed for the FPA National
Hirhan Runoff Pregram (NURP), A discussion of the applicahility and limirations
of the approach is presented in an SAR review of the methodolosy (24).

1), Dictate that the desipn condition he defined bv a 1-in-
Savear nmnoff load and a 1-in-S5-vear dilution flow, but make no inferences
whatsoever concerning the return period of the resulting instream concentration.
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h. Ground Vater Exposure Pathway

The methodology for the sround water pathway in this document 1z egsentcially
the same as the procedure for the landfilling option, wirh the exception of '
some differences in the specification of the source term. The comments in the
landfilling section (I11.B.) are thug generally applicable to this section;
however, the following distinctions are noted:

- Chemical conditions likely to prevail below a land application facility
are likely to differ from those below a landfill. 1In particular, aercbic
conditions are more likelv to occur below a land application facility
(depending on loading rate and operating conditions). Therefore, in land
application, nitrification of ammonia is likely, and bicdegredation rates
determined for aerobic conditions are appropriate,

- The relative importance of the ground water pathway in land application
and landfill options mav he different, as may be the relative importance
of other pathways,

Section 7,3.1 describes the use of TOLP procedure to predict leachate
concentrations from sludge-soil mixrures, The TCLP test was designed to similare
leaching of mixed wastes in landfills., The procedure has not been validated
for use on sewage tludges, nor for similating leaching from land applicarion,

In addition, the spiking tests are not reascnable. The. TCLP test was designed
to predict theé acutal leachate concentrations to be expected, TCIP test results
should be regarded as the final input parameter, not resulrs from artifical
spiking tests, As stated in Section 4.1,2.1.1, "Studies using metal salrs,
added either to soil or a sludge-soil mixture, also tend to over-predict field
responses.,”

1, Vaporization

Section 8,3 described the calculation for vapor concentrations of volatile
contaminants from land applied sludge, The tier 1 calculation using Henry's
Law, incorporates only the Henry Taw constant and partial pressure in the
analvsis, and ignores soil sorption and biodegradation which would signficantly
reduce the amount wolatilized. The tier 1 equations should therefore Include
appropriate coefficients to reflect these factors,

Section 8.4.3.1,4 states that the MFT for volatile orpanics from land
receiving sludge inhales 100 percent of his air from the sludee-applied area,
Since the MEI for thias pathway considers only humans, it is unrealistic ro
expect the MEI to spend 100 percent of his/her time in one spot. Further, the
vapor phase concentration should be reduced as suppested above prior to applving
the tier 2/3 aquation for dispersion and rhe consequent exposure to the (human)
MEI based on the worst case residence time, Further review of the vaporization
patiway methodology is included in the landfill section (I1I,B.), and those
comments are applicable here, as well,

Y. References

Every effort should bhe made to cite only references which can he retrieved,
Framples of references which are difficult to retrieve or improperly cited follow:
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p. 9-1: Rinder, 3., D. Sokal, and D. Maughan, 1985; Birkbeck, J. A. 1977.

pP. 9-2: Booz-Allen and Hamilron, 1982,

p. 9-3: Chaney, R. L.., J. C. Smith, Jr., D. F, Baker, R. J. F., Rruins and
D. Cole, 1986.

p. 9-4;: Envirommental Scierce and Engineering. 1985,

p. 9=5: Flymm, M, P, 1981; Frulman, CG. 1964,

p. 9-7: Toma Tinda Imiversity, 1978,

p. 9-8: NRC (National Research Commeil)., 1980,

p- 9-10: Society of Actuaries, 1959.; Stephen, C. E. 1980,

2. Specific Comments

a., Pape 1=1, Line 2: Ag discussed earlier, since the methodology
applies to effects on plants, animals, and-humans, the Committee sugpests use
of the term "Most Fxposed it (MFID." T

b, Page 1-3, Lines 22-24: Although the key to effective use of
the methodology is a careful and systematic examination of effects of varving
input parameters, such sensitivity analysis is not presented in the document,

¢. Page 1-4, Line 24: Although the text states that quantities
and kinds of food comsumed - bv humans (MEIs) are not given, they appear in the
appendix,

d. Page 2-1 (and throughout the document): The IS designation
for metric ton (Mg) should not be used, Dry weight (IW) should be defined in
terms of method of drying and temperature. The terms "pollutant" and "contaminant
are used interchangeably throuphout the document., Either one or the other
should be consistently used.

e. Page 3-3, Table 3-1: This table should be either simplified
or deleted. In its present form it is difficult to follow. The informatiom
presented in the tahle is repeated in the text. The designation of application
pathways to current as well as future use is somewhat arbitrary and, probably
because of this, is not internally consistent throughbout the table, For example,
under supgested categories for all land application practices except dedicated
land disposal, all exposure pathways are considered to be applicable to current,
as well as future use, yet examination of the matrix under the specific land
application practice indicares a number of pathwavs to be applicable to ounly
current or only future use., For example, under apricultural use Pathways 3
through 13 are designated applicable to only current use. Under forest use:
Particulate resuspension, surface runoff, and groundwater are as likely a future
pathwav as is sludee-animal (direct ingestion)., Footnote &: Future use may be
of concern, but not necessarilv of greater concern than current use,

£. Page 3-5, Lines 1-3: 1In the crops for human consumption
pathwav, the document st&tes that risk is assessed on the hasis of eventazl
suicabilitv for home pardening, 1f this is the case, evaluation of risk
associated with apricultural use is irrelevant.

¢. Pages 4=2 and 4-3, Table 4.1: "Assumptions” could say the 15
en soil laver with a dry mass of 2x103 Ma/ha is one with a bulk densitv of 1.33
glemd or a silt loam texture.
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Under contaminant loss from soil - Trace metals: Trace metals should be
defined. Available data demonstrate thatr trace metals are not conserved indefinicelv.
A number including Fg, Se, B, and As are lost by leaching and/or volatilization,
 Metals leave the site through the resuspension and tillage operations.

E h. Page 4-3: With respect to toxicity thresholds. Considering
all inhibitory effects as adverse is a poor assumption since almost anything
cne does to a soll causes an inhibition (at least temporary) of biota.

i, Page 4-3: The document does not support the use of the 25-
30 year old male ag the MFI.

J. Page 4=5, Line 18: 1t is incorrect to assume that inorganic
contaminants are conserved indefinitely in the upper layer,

k. Page 4-9:. A specific value or range of values should be
given for land use conversion period (T).

L. Page 4-12: A brief explanation of the plateau hypothesis
should he provided.

‘ m. Page 4-18, Line 6: Add that the phytotoxicity limit is
dependent upon a number of soil and sludge factors, and that it will vary over
. a large range, .

n. Page 4-22: Imnder (1): Reductions in soil microbial activity
should not be considered adverse since they occur following a number of
agricul fural management practices such as when agricultural chemicals are used.
A procedure to assess toxicity to soil biota (except plants) seems difficulr if
not impossible to work out., Many operations adverselv affect organisms, but
the organism concentrations usually rapidly return to their original state,
Thresholds for predators of soil hiota would seem to be even more difficult to
determine. A 5 percent reduction in the yield of crops is most difficult to
determine, and is well within the margin of error.

o, Page 4-40, Step A: The validity of using relative response
values should be confirmed before incorporating them into the risk methodology.
The data base at present is probably not adequate to test this comcept for a
wide variety of crops.

p. Page 4~41, Table 4-A: The assumption that the respomse of
crops in a given food group can be represented by a single value may not be
valid and needs justification. DNata from a 1966 survey for the percent of
homegrown food in the diet mav not be representative of present-day practices.
Yore recent data should be obtained and used in the methodology.

q. Page 4-43: BSome justification in terms of computations fram
available published information should be provided to establish the validity
for the use of equation 4-18, The sensitivity of the relative response concept
could be tested using existing data. For example, using actual data, the uptake
of crop A relative to the index crop I (RUa1) can be cross checked using actual
data and the procedures described to develop equations 4-1R8 and 4-19. The
procedure inwvolves determination of the relative uptake of crop A (RUpa) and

crop B (RUgy) to an index crop I, then determining the uptake of crop A to crop
B, "With the data one can determine Rl from two independent measurements and

thereby obtain an indication of the validity of the relative uptake concept.
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r. Page 4=43: BSome data to justify assigning a single relative
response value for food groups (e.g., grains and cereals) should be provided.
A sengitivity analysis regarding this procedure should be performed. Weighting
relative to foods within a group which make up a substantial part of the diet
should be considered.

8, Page 4-44: The methodology for substitution of food uptake
values i3 incorrect. The document indicates that, if no relative response
value can be determined for a particular food group, then the highest value of
the other known food groups should be used, We recommend that an uptake value
for a food group most similar to the food group for which data are not available
be used when gsubstitution becomes necessary.

t. Pages 4=44, 4=45: 1In Step C, a value for the reference
risgue concentration for sm index food group, mot an index food crop, is beins
determined. _ _ B

1, Pape 4=46: The document states that it is highlv unlikely
that a person could be exposed, vear after year, to crops grown immediately
after a first sludge application. There ia no need to use data from crops
groum immediately afrer a first sludee application, because provisions have
been made in the document for substitutions of similar food groups.

o v. Pape 4=49, Table 4-R: It I8 not clear what the difference is

between colums labeled "»6.0 and/or <6.0" and "<6.0 only" in the first colum
heading, It would seem that the "no pH requirement" for the Reference Sludge
Concentration (RSC) based upon its determination from studies with pH <6 may
not be adequate to insure that the tissue concemtration will he less than the
tissue concentration not be be exceeded (RIC), For example, if the studies on
which the RSC were based were made at pH 5.5 and the sludge application caused
the pH to drop to 4.5, the FIC very well could be exceeded,

w. Page 4-5N: The basis for an amual contaminant limit of 0.1
ke/ha should be provided. Also, if an application of 10 Mg/ha over several
vears did not cause the RIC to be exceeded, it should not then be necessary to
limit a sinple application to 10 Mg/ha (and possibly lower than the amounts
needed to supply N or P),

%. Page 4=52: Step B should provide data te justify that
relative uptake response values are sufficiently uniform to be used in a risk
assessment methodology approach. Uith reference to Step E, pot studies provide
information mot representative of field studies, and should not be used in the
methodology.

v. Page 4-54: A concentration in a crop above which crop
procuction is virtually eliminated (TL) cannot be determined with any depree of
certainty, Concentrations of metals in crops are very much dependent upon both
the synergistic and antagonistic effects of metals in soils. The interactive
effects of metals on the metal in question will influence the concentration in
the crop associated with phytotaxicitv,

z, Page 4=57: With reference to Step B, can uptake response
slope for food groups bhe established from the data for slopes from food crops?

aa, Page 4-59: With reference to Step D. Reference application
rates of sludge for phytotoxic effects of trace elements cannot be determined and

are not availahle, at this time,
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bb., Pages 4=61 to 4-kh: The data presented in Table 4-12 (page

4-62) on the fraction of the human diet originating from sludge-treated soils

is incorrect for both agricultural and home parden use. The data given is for
a worst-case scenario which could never occur., For agricultural use, we
recommend that the fraction of the human diet originating from sludpe utilization
be the produet of the fraction of the total land in the United states that is
sludge amended (0.02) ard the fraction of sludpe-prown crops estimated to be
-marketed for human consumption (less than 0.10), The document states that home-
grown foods constitute about six percent of the food consumed in all households
in the United States, That fraction (0.06) times the fraction of sludee-amended
lands in the United States (0.02) should be used as the fraction of the humman
diet from sludge-amended home gardens; f.e., 0.06 x 0,02 = 0,001,

cc, Pape 4=63: The value of 5% of the food in the diet derived
from sludged lands is too high, We recommend that an analvsis of current and
projected practices be conducted and a more realistic value obtained and used.
Likewise, values for FC for home gardeners of 0.60 for vegetables, 0.45 for
potatces, and 0.17 for dried- legumes seem high. .Some foods (e.g. potatoes)
constitute a major part of the U.S. diet, and it may be advisable to instruct
home gardeners not to raise potatoes on lands that have received sludge,

dd. Pages 4-75 to 4-84: The fraction of the meat food group
assumed to he derived from sludge-amended feedstuffs in Table 4-18 is too high,
We recommend that this number be the product of the fraction of the population
growing their owm (0.06), the fraction of sludge-amended land in the United
States (0,02), and the fraction of the meat food group given in Table 4-18
(1,23 to 0.48). Range (0.06 x 0.02)(0.34) to (0,06)(0,02)(0.48) = 0.0004 to
0.0006.

ee. Page 4-78: 1f equation 4,30 applies to all animal feed,
this should be stated in the text.

ff. Page 4=84: Threshold feed concentrations (TAs) may he
reasonably well knowm for domestic farm animals, but values for wildlife mav be
difficult to come hy. Also, TAs usually are determined by total diet,

gg. Page 4-85: The TP phytoxicity threshold may be difficulr to
determine because of interactive effects, Selection of most sensitive plant
species may be inappropriate since the species may not grow in the area in
question,

hh. Pages 4-86 to 4-89: The exposure pathway for soil hiota and
their predators is not demonstrated in the document, There are meager data
given to assess this pathvmy, It is unreasonable to limit sewage sludge
application Gacause of possible predator taticity without further evidence, We
recomuend that-the validity of this pathway he reassessed throvgh a more thorough
examination of the scientific literature, If further evidence of the significance
of this pathway cannot be found, it should be eliminated.

ii. Page 4-8h: The soil biota texicity as a pathway may not be
a valid approach, Reduction in soil microbial activity and diversity as an
adverse effect is not a logical procedure to follow.

j). Page 4-BR: liptake response curves for soil biota (UR) are
scarce. likewise, (TA) threshold concentrations for the predators and (BB) background
concentrations in soil biota are mot well established, '
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kk. Page 4-90: Although the calculations presented in Section
4.8 are examples of model output, when testing the sensitivity of the methodolegy,
actual data (from as comprehensive sources as are available) should be used in
the example calculations.

11. Page 4-93: With reference to Steps D and E, rathber than
using hypothetical data for the determination of plateau values for the index
crop, actugl data from the literature should be used, Fxample calculations are
presented for first-year data, while the methodology recommends against using
first-vear. We recommend that first-year data not he used in example calculations.

ym. Page 4-97: Fquation 4-24 is quite gengitive to the value
chogen for TLi (maximum concentration) of crop "i" above which erop production
is virtuallv eliminated by phytotoxicity. As mentioned previously, values for
TLj probably vary substantially for different sludees and soils. Adjustments
for phvtotoxicity (eq. 4-25), therefore, are probably not possible.

00. Page 7-11: The document indicates that the applicant can
spike sewage sludge with increasing levels of a contaminant s0 as to determine
maximm solubility levels for leaching, This procedure of artificial spiking
is similar to previous attempts to add metal salts to sludges so as to agsess

_the crop response to higher metal concentrations. This has been shown to lead
to an over prediction of crop metal response as compared to actual field
conditions because the metal salts were more goluble and available for crop
uptake, The arrificial spiking of sewage sludge also will result in an over
prediction of the leaching response. We recommend that application of the
methodology based on artificial spiking of gewage sludges be eliminated.

pp. Pages 8-1 to 8-6: The document describes a method for
caleculating vapor emissions of volatile orpanics from sludge-applied land.
However, this methodology makes no provision for soil sorption or biocdegradation
of the volatile organics, two important reactions that contribute substantiallv
ro lower emission rates. The equations for tier two and three should be revised
to reflect these important factors.

qq. Page A4-18 (Appendix associated with Chapter 6): The symbol
"I {s uged hoth for watershed dilution and the dispersion coefficient. This
is confusing. Also, it is surprising that the dispersion coefficient does not
appear in Fqs. AL-28 and A=31, since dispersion spreads out the storm pulse,
as indicated in Figure A4-5.

3. Cbrrectim
a. Page 1-1, Line 12: Insért nadverse” hetween "for" and “health.”
b, Page 1-1, Line 24: Change "humans" to "target organism.”

c. Page 1-3, Line 14: After "nman health" insert "and the
environment."”

d. Page 3-6, Line 15: Grains are not considered to he row
CIODS.
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Page 4-6,

Page 4=7:

Page 4-8,

Page 4-9,
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Line 9 (and elsewhere): There is no need to specify
base to rthe natural logaritim to six significant
figures.

For clarity may be desirable to change symbols
for either 1€y or LCy'.

Equation 4=11: e_ should be on same line as D.
1t appears as a subscript in eq. 4-11.

Section 4.1.1.3.2: The symbol "n" is used to designate
time (years) as well as mumber of amual application
rates. The symbols n, t, and T appear to be used
interchangesbly., This section is confusing and

should be clarified.

Page 4-10, Section 4.1.1.3.4: Nitric-perchloric acid will

only approximate total metal concentration.

Page 4-36, Line 11: After "ecompounds” insert "of elements.”

Page 4-45: Under Step D, Line 13, "paste” should read

Ilsllspmsim’"

Page 4-56, Table 4-10: We believe that ">6.0 and/or <6.0"

should read ">f.,0 and <6.0."

Page Ab-h (Appendix associated with Chapter 6): In the last

line of Section A4.2 replace "low"' with "high."
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D. Incineration

Incineration represents one means of disposal that many cities have adopted
in practice, The method reduces sludee organic content substantially, but at
the same time concentrates certain metals in scrubber water or bottom ash. The
method also introduces a potential for exposure to air pollution from gaseous
and particulate combustion residues.

1. General Comments on the Methodology

The document, "Development of Risk Assessment Methodology for Municipal
Sludge Incineration,” is a major step toward providing a guideline methodology
for health risks associated with the current practiqg of incineration.

The doctment, howewer, assumes that the solid (ash) and liquid side streams
from the incineration process are treated, The efficacy of treatment should be
explicity discussed, For example, rhe recycling of contaminated scrubber liquor
is part of normal operations. 1f the ash is hazardous, it could be disposed of
under RCRA regulations, The disposal, however, has an accompanying risk that

~ should be incorporated in the discussions.

Allowing the use of site-specific, local data in place of national standards
makes for more rationmal permitting considerations and should be encouraged.
The Science Advisorv Roard Fnvirommental Fngineering Comnittee has advocated
such an approach in several past reviews (25).

2. Specific Comments

a. The discussion or overview for the guidelines to prepare & comparative
snalyvsis for estimating risks from different disposal techniques for solid and
liquid waste streams is not garisfactorv for the following reasons:

1. The groundwater pathways snd POTW pathvmys for the scrubber
water, discussed in “Chapter 3, 1dentification of Key Pathways," are not as
detailed as comparable discussions in the other municipal sludge Tisk assessment
methodology veports. Thus there is inconsistency in scope among the methodologies.
Chapter 3 does not discuss the pround water pathsmy even though it is indicated
to be a key component of the pathways described in Figure 3-1, It is assumed
rhat most incinerator ash will be nonhazardous under RCRA criteria. This may
not always be the case using new toxicity characteristic leaching procedure
(TCLP); however, a recent studv by Fnviromment Canada (26) does suggest that
ash from sewage sludge incinerators is "benien," with most of the metals speciated
into insoluble oxides and silicates.

Scrihber water (pe 3-7) is assumed to be diluted or well dispersed when
recveled to the front end of a POTW. Such recycling igs common but does not
guarantee that dilution of the acrubber liquor will yield no adverse impact on
POTY sludge qualitv or on POTW performance. The document is unclear on such
possibilities.

Ue suggest that a review of National Pollution Discharge Flimination Svstem
(NPDES) permits for existing treatment plants with and without incinerators
using scrubbers would be helpful in clearing up the question of scruhber liquor

discharges.
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2). The evaluation of incineration risks also excludes without
justification other releases including tramsportation accidents and spills, and
fupitive emissions, The document must justifv excluding these sources, or must
evaluate them explicity.

7)., The Most Exposed Individual (MEL) concept needs to he examined
as applied to incineration, Are short-term exposures important to comsider?
Does the maximum annual ground incineration exposure occur due to downwash
very close to the incinerator where people do not reside? The resulatory
considerations of "fence-line" limitarion should applv here.

The use of MEI will onlv estimate effects on one hvpothetical human
individual; and the effects over groups of individuals or over generations of
individuals cannot be determined. The use of the proposed MEL concept (focusing
on humans) perhaps erroneously tends to skew the end results toward options
where direct human exposure is minimal. Te illustrate the problem with the
proposed MEL concept, one chould carry the risk agsessment evaluation one step
further to evaluate risks to the human MFI from imcineration of sludge at sea.
Although costlv and not presently practiced, incineration at sea may be the
safest alterative if the present (human) MEL criteria are to be met. However,
the proposed MEI approach does not account for acute exposure Lo bumans or to
other biota exposure, thus oversimplifying the risk expected. The present
approach is not acceptable. .

The selection of the MEI as a chronic effect over a 70-vear event mav not
be typical of those most in need of immediate relief from air contamination.
Sensitive individuals such as infants mav be exposed to lead or mercury in
short=-term transients. The assumption that the MEI is exposed outdoors for 70
vears needs to he examined in the light of potential short-term exposure.

The cumulative probability of the MEI exposure should be developed. In
particular, multiplicative probabilitv needs formulation to account for a)
scrubber and sludee metal concentration, b) air emissions, and ¢) multimedia
transport and assumed exposure for the specified duration. Without considering
such a cumilative probability, the risk model camnot apply to estimating long-
term insults to the environment.

4). ‘There is no discussion of other aspects of envirommental exposure
included in the methodology (e.g. materials, vegetation, or wildlife). This
{s needed to permit a comparative study with other disposal/reuse options.

b, Alr Bmiasions,

The crux of the risk assessment deperds on knowledge of air emissions from
incinerators. These do not appear to be well characterized in past studies
available for this report, especially for non-steadv operating conditions. A
range of emissions of metals and gases or ormanic vapors has heen sumarized in
a recent report (?7), The document should reference this report and give
critical comments on the emission data limitations. The significance of non-
steady or upset conditions should be discussed, The authors may want to add
caveats ahout on-going research in this area. At a minimm, a sample of
incinerator records should be examined to determine a frequency of occurrence
of upset conditions, From such data, an estimate of the significance of such
conditions, with accompanving emissions variabilitv, should emerge.
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There is a lack of reliable data with respect to organic and inorganic
emissions From sewage sludge incinerators. This matter should be addressed.

Incinerator air emissions (particulate) are selected as the critiecal
pathway for human health exposure, This is consistent with the findings from
the other incineration studies (municipal and industrial wastes). In discussing
efficiencv of the various pollution control devices, the report correctlv points
out that "Recause the particle size distribution and total loading is so variable
hetween different plants ... the pattemns in the data become confused." In
too many studies, particle size distribution has been ienored. Particle size
distribution is as important or more important rthan ash loading in the design
and evaluation of pollution control devices., Combustion tends to penerate
sub-micrometer particles which are difficult to control.

The Agencv should provide a technical rationale for application of the
particulare emission limit. This is especiallv a concern for sub-micrometer
particles since they are verv difficult to remove.

The existence (or absence) of afterburners in multiple hearth incinerators
seems to he a critical aspect of anv design standard or testing proeram; the
report states onlv that "some" have afterbumers. The Radian report (27
relates emissions to various control devices, hut not to particle size
distribution. Also, the tvpe of afterburner needs to be specified, e.g., is it
a converted top hearth, or a specifically desiened unit?

Carbon monoxide (CO) should be added to the array of continuous operating
monitors. It reportedly is a good monitor of operating efficiency and of orpanic
destruction efficiency when the temperature is high (above 12009 C) and the CO
is low (100-400 ppm). Incidentallv, the converse is not always true, as hisher
CO concentrations (especially spikes) can give false negatives,

Although stack heights are presently at the level of structures in the
area, there is nothing to preclude building high stacks and using air dispersion,
just as water dispersion is considered as am answer to the scrubber water
problem. Test cases using onlv present dav comhustion evstems, stack height,
and exit gas velocity may be inadequate. Therefore an expression to take tall
stack dispersion into account should also be introduced into the risk model to
evaluate alternatives, since the results of dispersion modeling are sensitive
to the height=exit velocity-pgas temperature parameters,

c. Modeling Methods.

The methods used for modeling dispersion of pollutants are standard
approaches endorsed by the Office of Air (uality Planning & Standards. More
sophisticated approaches do not seem warranted in the stated approach.

Publication of models to assess risks from alternative technologies should
be accompanied by strong cautionary language which points out that the models
have not been fullv verified in the field. Indeed, representative field data
are mot available for testing and applving the models, especially for such
variable fiel technologies as incineration,

The review of the methodology for the air emissions pathway indicates that
the modeling assumes that the incinerators were operating under steady-state,
good performance conditions, Important envirormental concerns arise when the
incinerators are not operated properly and during start up and shut down.



47

lnder these conditions air emissions can he greater, ash qualitv is not as good
(i.e., mav contain incompletely combusted constituents), and scrubber water mav
have more contaminants, The Agencv should perform and present at least a crude
sensitivity analyvsis to determine the sionificance of non-steady-state conditions.
(EPA advises the Committee that such work is in progress, and will address

acute conditions.)

Most ambient impact studias have dealt with the combination of coal and
oil (fossil fuels) for whieb health effects mormally result from long term
exposure, as contrasted to toxic suhstances, where a high emission rate could
result in a significant health problem from a single off-design operation. The
risk assessment methodology for incineration is primarily hased upon a uniform
feed vare and a steady state operationm, therefore, a response for off-desien
operations or svstem failures related to normal emission rates should be
considered. This same concerm was expressed hy the SAR in its report on
hazardous waste incineration (28).

The concentrations of key species which comprise the sewage sludge input
to the incinerator are not contimiouslv monitored, Thus, it is possible that
compourxls which would ordinarily be included in the development of emissions
rates may not be detected if they are derived from intermittent, rather than
continuous feeds, The potential for this type of situation to oceur is
considerably increased if industrial waste water is included in the sewage.
The document does not adequately address these concems,

Assmiming that the steady state condition is adequate, Industrial Source
Complex-Long Term (LSCLT) Model is probably the best available Gaussian model
for simple terrain locations. It is generally believed to be conservative,

The SAR is concerned that LWGZ excessively overpredicts concentrations at
receptor locations above atack height, and its use in certain situations, such
as in rough terrain, should be reevaluated.

COMPLEX T is listed in the "EPA Guideline on Air Quality Models™ (29) as
a screening model. The guideline states there is no acceptable model for
complex terrain, COMPLEX 1I, which is very similar to COMPLEX 1, has substantiallvy
overpredicted levels measured by monitoring devices. COMPLEX 1 is probably the
best screening model presemtly available for complex terrain. However, ORD
research should lead to major model improvements in the near future for roueh
rerrain applications, Tbe ro h terrain modeling potentially is an important

area for industrial operations, so that improvements over COMPTEX 1 and 1T
should be considered as soon ag thev are available.
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E. Ocean Disposal

This methodology is directed to the specific analysis of the 106-Mile site
used hy the New York metropolitan area. The methodology should be applicable,
however, to other deep-water sites. The analysis presented consists of a
caleulation of the spatial distribution of a potential toxic substance in the
curface laver of the ocean, the potential for aquatic toxicity, and a risk
assessment for humans based on consumption of fish contaminated hv passage
through the zone affected by the shadee discharge.

1, General Comments on the Methodology

a. The spatial distribution of the toxic substances at the discharpe site
ig determined in two steps:

1). The determination of concentration in the immediate mixing zone
of the discharpged sludge serves as a houndary condition for the far-field
ealeulation, The mixing zone is limited to the surface laver, hounded by a
pycnocline in the vertical, of an order of a few hundred meters in the horizontal
plane,

2). The far-field caleculation is hased on a two-dimensional
advective/dispersive model, which is vertically intesgrated. Settling is not
included and thus, the entire mass is contained in the surface laver. Steadv-
state contours of concentrations are thereby determined, which provides the
hasis for the contamination hv passage of fish throush the field.

h., The framework of analvsis is logicallv structured and the procedure
and sequence of steps are sound. Realistic values of mass inputs are kmown, as
well as the geophvsical characteristics of the discharpe site. Limited field
measyrements of velocities and trajectories permit at least an order of
magmitude assigrment of advective and dispersive coefficients for the transport
component of the medel, The kinetic and transfer elements are not included,
which vields conservative results.

A maior difficulty facing the authors of the document is the minimal data
availahle, and the lack of calibration and validation of such models, As
indicated in the document, in the context of these limitations the approach
used by EPA is a preliminarv approximation which should provide some basis for
analysis. Research underway may provide for more realistic and accurate analvsis
in the future.

c. No evaluations are made of the potential impacts on humans or aquatic
organisms due to spills or releases during loading and transport of sludee on
barmes. Because this transport occurs through some of the busiest shipping
laneg in the U, 8,, and in an area with bighlv variable weather conditicns, the
potential for spills must be realistically evaluated.

7. Specific Comments
a. Modeling and Assumptions
1). A more realistic analvsis of the initcial mixing =zone

should he made, A tvpe of modeling framework is presently availahle (see, for
example, reference 30) and may be modified to perform this analvsis.
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2). Wbile the use of the two-dimensional advecrive-dispersive
approach for the far field caleulation is reasonable, a hvdrodynamic model of
thig coastal zone bas heen developed (31) which would provide a hetter basis
for the transport field. Investigation of its appropriateness to this problem
should be initiated.

3). The present methodologv assumes that the entire mass
behaves as if it is in the dissolved form., This conservative assumption may be
sufficient for a preliminarv evaluation. The more realistic condition of
partitioning into the dissolved and particulate components should he used,
however. Sufficient information and data are presentlvy available with respect to
partitioning coefficients, and could readilv be used in hoth the existinge
modeling framework, as well as the recommended one,

4). The methodology for evaluating short-term impacts
deals only with plumes from individual barges, snd makes no attempt to address
the problem of mass loading (see page 3-3). Caleulating a meaningful dilution
factor for individual harges for the 106-Mile site also presents a mumber of
problems. As pointed out in section 2.1.1, dispersion in the upper water colum
is highlv variahble, This variability is poorlv understood and could substantially
affect calculations of an appropriate dilution factor and subsequent estimates
of exposure and toxicity.

9. It is difficult to accept the assumption of no settling
of the sludge particles. The experimental data, on which the assumption was
originallv hased, are for the digested sludees of the Tos Angeles Countv
Ranitation Nistrict, sludges that are known to settle poorly in the sludee
digestor, Other, more recent measurements made on sludges from Mew York City
treatment plants have serious experimental inconsistencies. Tue to its probable
significance, the issue should receive further consideration. At this time, an
alternative examination of enviromental effects when settling is included in
the analvsis, should he performed,

b, Potential for Toxicitv to Aquatic Life

Fxposure pathway | examines the potemtial impact of sludge contaminants
on aquatic organisms (Section 4.1). Sludge criteria are calculated for each
potential contaminant in the sludge. These sludge criteria are in turn derived
from ambient water qualitv eriteria (AMQC) after correctine for an "appropriate
dilution factor." This approach is consistent with FPA's use of AWQC for the
regulation of point-source discharges., The specific approach presented in this
document, however, suffers from a number of limitations which should be
addressed.

1). The approach focuses exclusivelv on the impact of
sludges on pelagic orpanisms. The assumptrion is made that no significant
accumlation of particulates on the ocean bottom will occur for decades (see p.
3.2); however, assumptions reparding no settling of sludee related particles
may not he valid. Thus it is inappropriate to ipnore the potential impact of
sludge on the henthos, This issue is addressed under future research needs of
the methodolopv dociment., Uithout Zmowing the degree to which settled sludee
contributes to the total impact, it is difficult to make a precise comparison
of this approach to other sludge disposal options.

2). Another Ifmhlan deals with the use of the AUQC to
determine potential toxicity of sludee at the 10h-mile site. The discussion of
the AWQC (section 4.1,3,2.) is somewhat ambiguous, particularly relating to the
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use of chronic vs. acute criteria (both are apparently to be applied) and the
particular version of the chronic criteria (Final Chronic Value, FOV wvs, Final
Plant Value, FPV vs. Final Residue Value, FRV). Moreover, AWQC for salt water
organisms are only available for a limited number of contaminants and are
most often based on organisms which are mot indigenous to the site in questlon.
Finallv, AUQC deal only with individual contaminants, and may not provide an
accurate estimate of the toxicity of a complex mixture. Although consistent
with other FPA procedures, the use of AW may not be the most appropriate
method of estimating sludge toxicity. These problems can be dealt with by
using a site=-specific approach to developing criteria for the 106-Mile site
and/or making vse of water column amd suspended particulate hicassavs,

In summary, each of the above 1imitations add a degree of uncertaintv to
the predictions generated bv these models. Sensitivity analyses do not include
these issues in estimates of the total error inherent in the combined calculations
of a sludge criterion. Without these factors included in estimates of error,
comparisons of the utilitv of ocean disposal of sludge with other options is
diffienlt,

3). Another issue which was not considered in the risk
assessment methodologv is the effects of sludge nutrients on phvtoplankton
populations in the vicinity of the disposal site. (hanges in the number and
tvpes of phytoplantton can not only modify the total biolopical commumnitv, but
may change the compartmentalization and transport of contaminants. While this
may not turn out to be & major issue, initial estimates of impact should be
made for an appropriate range of dilutions (e.g, 1/5,000-1/500,000)y, If anv
sign of impact is found, then this problem should he addressed in a more detailed
faghion to determine its potential for impact at the population and community
level. If no impact is observed in the initial evaluation there mavy be no need
to go further, 1f it is impossible to estimate impacts from current data,
rhen the data paps should he addressed and dealt with so that preliminary
estimates of impact can he made, Finally, with the uncertainties associated
with the ghove predictions, the ongoing monitoring program should include a
component which addresses the potential impact of nutrients on phytoplankton,

c. TImpacts on Human Health

The major issues in Section 3.7 deal with exposure to aquatic crganisms,
hioconcentration factors of contaminants for exposed ormanisms, and dietarv
intake of contaminated organisms hy humans. The calculations of transport and
fate of contaminants, which provides a hasis for estimating exposure, are dealt
with in earlier sections of this report. These calculations use bioconcentration
factors (BCFe) for estimating human exposure potential.

1y. 1In peneral the discussion of bioconcentration factors
(R(Fs) is well dome. Several approaches for deriving BCFs are reviewed including
phvsical/chemical (e.e., octanol-water partition coefficents, Kryy) and
empirical blological studies. The dociment uses a geometric mean of available
hiological data to calculate a final RCF. This is consistent with the approach
raken with the AWQC and appears to be as appropriate as any approach available
rodav. RCFs, however, are quite variable, and for chlordane a vange of reported
R(Fs of 4 orders of magnitude are used to calculate a gecmetric mean RCF.
Appropriately the effects of this variability on the SC are exanined in the
sensitivity analysis section and are found to he gsignificanr, MNo RCFs are

available for the sgecies of interest at the 104-Mile dump site. Recause of
the variabhilitv in BCFs the document recommends that specific BCF values
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generated for orpanisms of concern in the dump site area. While this mav not
be possible for all of the species present ar the site (e.z. swordfish), it
mav provide a better estimate of the potential BCFs and thus a more realistic
estimate of exposure potential for humans.

2). A point that is not dealt with in the methodologv is
the potential for contaminant biomagnification., The use of BCFs is limited to
the direct accumilation of contaminants from the water column and does not
deal with potential magnification through the food chain, This potential
should also he evaluated and, if found sipnificant, should b»e included in the
final methodology.

d. Miscellaneous

1y, pe 3.3 and 4.3 - The document should include a list
of the AWQC that are available so that the users of the metbodology and any
reviewers can ascertain whether adequate criteria are available for vse in the
methodolosy.

2). pg 3.3 (bottom) and 3.4 (top) - Fuman contact by
bathers at the nearest heaches 1s considered to be trivial and is not comsidered
an important risk pathway needing attention, This may be true, but the
methodology provides no logiec to justify such an assumption. Therefore this
assumption appears to be made in an arbitrarv and capricious manner. Any
assumptions presented without reasonable logic to justify them reduce the
overall credibility of the dociment,

3). Figure 4.1 - On this and related fipures, the dilution
factors are stated in a lesend, However, there is no information to indicate
which factor is related to which contour. More explicit designation should he
made on such figures to avoid confusion and error.

LYy, Table 4=13 - On page 4-2, a consumption value of 52.7
gprams/day is stated as the value that should be used in the methodelogy. PRased
on the data in Table 4-13 this seems to he protective of all individuals except
thage over 50 and orientals, More detailed information is needed to justity
the comsumption value of 52.7 grams/day and to maintain the credibilitv of this
part of the methodology.

3). pe 4=48 - The last sentence in the section on human
body weight indicates that values for toddlers or infants should be used where
children are knewm to he a gpecial risk, While the statement smmds reasonable,
it is inconsistent with previous sections in which the fish consumption of an
over 50 oriental or consumption at the 95 percentile (52.7 grams/day) are
assumed, Clearly the human body weight used should be that representative of
the fish consmuption rate that is used or assumed. One doubts that toddlers

or infants consume 52,7 grams/day of fish., The discussion of human body weight
should be rewritten ro he more consistent with other assurmptions in the document.
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APPFNDIX R

Favirormmental Fngireering Commitree
Science Advisory Board
1.8, Fravirommental Protection Agerev

REVIFYT (OF TFOHMTCAT, MATFRIAT. SUPPORTING REVISIONS O
QLIIDGE, DISPNSAL/REUSE REGITATIONS

Charge to the Committee

To review and advise (AR5 on chemical-by=chemical methodologies
for various disposal options, including:

A,

B.

C.

Their scientific validitv.

Their consistencv of approach and assumptions, both within
each methodology, and among the various methodologies.

The identification of modeling and data needs.
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.f’ n % UMITED STATES ENVIRONMENTAL PROTECTICN AGENCY
1) 2
%M; WASHINGTON, D T 20480
ﬁ"tmm*’&
Octoker 17, 1986
MEMCRANLLT!
QUBITOT: Sommars = AL Runin's Pespense to 10/6 Mero Tn TuoTuER :C Eluige TiE:
ASSEESTINTE

FROM: Eric Males Z /27
TO: EEC (Slucdge Subcommities)

As I mentioned to you in my last memo, Al Rubin suggested responding orally
to the 10/6 memo at the October 9 meeting in Cincinnati. This memo summarizes
for you his camments,

1. The initial purpose of the methodologies is to evaluate the MEU risks of
sludge management practices to support the calculation of national criteria.
These criteria are typically expacted to be numeric constituent concentrations
which may differ by practice. The national criteria will be single numbers, assuming
"reasonable worst case" corditions and “typical” engineering practices. Such
practices may also became part of the national criteria., In essence, these criteria
are expected to make each practice (under "reasonable worst case" conditions)
equally risky (to MEUs).

EPA, howewer, also expects to apply these methods to individual sites, using
site—specific data. Such calculations will oroduce site-specific criteria that
may differ from the national criteria.

2. The purpese of documents under review is to comunicate the rethodologies
and assurptions to EPA (the initial users) and to commenters on the proposed national
criteria. EPA will be the only user of the methodologies, initially. Eventually,
howevar, state and local decisionmakers, as well as regulated facilities, will
conduct site-specific runs. EPA expects to dewelop a user manual document to
assist future users, particularly Federal and State permit writers.

3. Thus, the assessments are expected to eventually support several levels of
deciziors, namely, establishing national criteria and deweloping morz local or

sitz—zrmoific critaria.

. Tetiedolagies provide the tool to, in essencs, backealeulat2 the
criteriz, Cl2arlv, facilities will also use othar factors to make thelr sludge
mansgement Jecisicns.

&, T

5. 21 ubin's office, the Wastewatar Solids Criteria Branch wiziin the Office
0% tiatar Tesulations and Standards, will maxe decisions on the natlntzl criterla,
suistao- =3 Agency raview and public corments.
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§ &A% UNITED STATES ENVIRCNMENTAL PRCTECTION AGENCY
% ¥ WASHINGTGN, D C. 20383
S
L T
O0CT 2 186
MEMORANDUM
OFE\CE D5
. . . - - . . THEL ASAA I NETR2A™ o
SUBJECT: Clarification of Purpcse ¢f Sludge RisK Assessments : ?
FoOM: Eric Males, Peecutive Secrsscirv ZIT
Sciencs Advisory Deoard {(2-1017)
TERU: Terry Yecsie, Dirscter
Science Advisory Beard (a-101)
T0: Alan Fubin, Chief

Waste Water Solics Criteriz Branch .
Office of Water Requlaticns and Standards (WH-583)

As you know, the Envirormentzl Engineering Committee of the Science Advisory
Board is in the midst of raviewing the risk assessment methodolegies for sludge
menacement prepared by CRD/ECRO for your office. Befors completing its review,
the committes neads you to clarify the intended purpose and applications of these
assesaments. Please briefly respond to the following questions.

1. What is the intended purpose of these assessments?

Who is the intended audience for these documents?® Who are the intended
users of these methodologies?

What decisions will thece sssessments surcort (e.g., establishing
naticnal criteria, making lecal sludce management decisions)?

Hew will information frem these assessments be a part of those decisions?

5. Who will make these decisions?

Please respond to these questions within the rext two weeks. If possible, we
would arereciate your respense by CCB Wednesday Cetcber §. Pleasa czll if you
have any cuestions (382-2532).

cc: Rav Leehr, Chmn. EEC
Larrs Fradkin, ECRO

N
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FXAMPLE COMPARISON MATRIX OF ASSIMPTIONS AND MFTRODS

This appendix has been prepared to illustrate how a review of the consistency
of the methodologies across the four disposal options could be structured, The
basic component of the review could be a comparison matrix as shown in the
example, Diagram D=1, The disposal options appear ag colums, Methedological
elements (or dimensions) appear as rows. (Diagram D=2 shows the relationships
of these elements or dimensions, as understood by the Committee.) The cells
within the example matrix are coded according to the letters that appear in
this second diagram, The mumbers in the matrix correspond to disposal options.
Fxamples of key hiphlights of information are displaved in bullet format,
following the diagrams. This information should be expanded and refined by EPA
in conjunction with the preparation of the recommended synthesis document.

The example matrix also contains a colum identifving common considerations
across the four disposal options, and a row identifying data needs and
uncertainties in the methodologies. Information on these cells also appears in
the bulletted text followinm the diagrams.

Finally, it is stressed that the comparison matrix in Diagram D-1 is only
an example. It needs to be completed and improved by EPA as part of the proposed
synthesis document,



Diagram D-1: Comparison Matrix

Dispcsal Cptions (Practices)

Items or Ocean | Land- [Inciner- [Land Appli-|| Cverarching
Dimensions i1l ation cation Cznsiderations
1 2 3 4 5
Source Al AZ A3 Ad AS
(A) | ,
Pathways Bl B2 B3 B4 BS
(8
Receptors Cl Cz C3 C4 cs
() "
Exposure D1 D2 D3 D4 D5
(D) '
(Models)
{Receptors)
Criteria El EZ E3 E4 ES
(E)
Scientific Revision Fl Fz F3 Fd F5
of Management
Practice (Source)
(F)
%ﬂ@ ——— T T T T
Data/Uncertainty ] X1 X2 3 xa X5
{(X) ?
|
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Al

A3

Al

A5

—5A=

well-characterized and specific on barges, barge sizes, etc.
transport to site amd transportation accidents not considered
"loading” not addressed (frequency and rate of application)
release of constituents within water column is assumed
unlined landfill is assumed

transport to landfill not considered

well-characterized by data on current practices

applicability of TOLP to sludge is questionable

there is lack of anissions data (D2), except for particulates
transport risks not considered for all options

start-up and unsteadv state operation of incinerator emissions are
not characterized

wet, scrubbers are assimed to he in place

residual side streams are not addressed

"loading" not addressed (frequency and rate of application)
questionable approach on vapor emissions

there is tremendous variability of land application practices,
application rates, and sludpe tvpes (wet or drv)

transport to site not considered
many organic compounds are not measured or referred teo; in addition, the

metabolites or incomplete combustion products of many organics are either
not known or not referred to

R1

R2

73

sludge deposition not considered

no consideration of ground water to surface water pathway and subsequent
or other implications for wildlife and food chain

direct ingestion of ground water addressed

vapor pathwav also considered in adequate manner

inhalation pathwavs considered onlv with respect to particnlates
no deposition patbwavs considered

need to corsider residusls pathwavs (e.g., ash to landfilling),
as=sumes with scrubber water recveled into headend of PUIW
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need for ash leachate testing (TCIP?)
13 pathwavys described (most comprehensive)

need svstematic approach for identifying and selecting/eliminating pathwavs
based on quantitative approach

o1

2

c3

Ci

C5

no henthos identified

pelagic and twmans identified (human fish eater)

human receptors used (breathe and drink)

no ecosystem MElls

foctis on humans living in proximity

person drinks 2 1 per day for lifetime

human receptors used {breathe)

no secondarv (indirect) human exposure

no ecosvstem (MFlls)

person breathes 20 m3/day everv dav of hig/her 70 vear life
human receptors used (eating food and dire)

man (breathing) -- sludge applicator as a receptor

mman receptors used (drinking water)

MRlls (plants, biota, etc.) considered

need to use concept of Most Fxposed finit (MFTI) rather than MEI
ecosystemic effects are inconsistently considered

need to consider pattem of risk distributien

D1

n2

simple mixing model used for calculating concentration to aquatic life in
4 br period -- this is more empiricallv based and adequate

long-term dilution control models (using stare-of-art for applied ocean
dilution models); assumes total conservation on chemicals; need to have
particulate and dissolved phase not just all dissolved phase

unknowns exist on bio-availabiliry of chemicals due to changes in saline
environment

nitrogen kinetics mav not he appropriate
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rhis is based on determining the assimilative capacitv of the environmental
gvstem: this can be a verv difficult task

change rate of discharge for short term (this is a change of a management

siting decisions can he based on approach

methodology does not include evaluation of lirers

siting decisions can be based on approach
air pollution control devices could be considered (afterburner)

decrease feed rate to incinerator

siting decisions can he based on approach
imcreased stack height should he considered
giting decisions can be hased on approach (minimm requirements on slope

decrease loading rate and place over wider area

need to be sure the methodologies can incorporate the evaluation of the
wrange of management practices" in current existence; need to consider
hoth structural and non-structural alternatives

release of chemicals (i.e., bio-availability)

M
practice)
decrease mass/dav
have pretreatment for toxics
W)
have pretreatment for toxics
F3
have pretreatment for toxics
¥4 - have pretreatment for toxics
and hvdrogeologv)
impose waiting periods
control soil pH
incorporate into soil
restrict public access
F5
X1
X2 - rate constants

X3

1ack of emigsions data
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¥4 - ecosvstemic linkapes

%5 - there is a need for sensitivity analvsis




-61- APPENDIX E

SENSITIVITY ANALYSTS OF CROP UPTAKE MODEL USED IN LAND APPLICATION METHODOLOGY

The Agency, in Chapter Four of the risk assessment document, has developed
2 mathematical model which will be used to select regulatory limits designed
to protect the human diet against adverse increases in metal intake. The
mathematical mdel is camplex but basically attempts to predict what impact
crops grown on lands where POTW sludge has been applied will have on the
daily dietary metal intake of humans.

The mathematical model is composed of several theoretical aspects
which are as follows:

1. As sludge is applied to a soil, trace element adsorption sites
on the soil progressively become saturated so that the equ ilibr jum
concentration approaches that of the sludge. Additional sludge
application will result in little, if any, increase in eguilibrium
concentration.

5. If the eguilibrium concentration due to© sludge application is
less than that which will result in "excess ive" concentrations
in plant tissue {or damage to the plant itself), there is no need
to limit the sludge application rate based upon the guantity of
metal added to soil fram sludge.

3. If the equilibrium metal concentration, due to sludge application,
is high encugh to causeé "axcess ive" concentrations in plant tissue
(or plant damage). 1imiting the sludge application rate will be
required.

4. Plant availability of sludge-borne metals does not increase

(stays the same Or decreases) with time following termination of
sludge application.

In developing the mathematical model, the document correctly dismisses
concepts previously proposed which are no longer valid. These are:

1. The use of sludges spiked with metal salts is not representative
of municipal sludges, and data from studies using such spiked
sludges should not pe used for regulatory pULpPOSES «

2, Greenhouse or pot studies are not indicative of plant metal uptake
in the field and over predict uptake under field conditions.

3. Food consumption by the teenage male is not representative of
the United States population.

4., The use of scenarics where sludge-amended crops make up the entire
diet of an individual is not realistic.

5. Soil cation exchange capacity (CEC) is not a basis for determining
requlatory metal application limits.

6. Crop response during the first year of sludge application is higher
than that observed if applications are repeated anrually.
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TARLE E-1

EFFECT OF VARYING PARAMETFRE IN THE
1.5, BEWIRONMFNTAL PROTECTION AGENCY (EFA)
RISK ARRESSMENT METHODOLOGY FOR
TAND AFPLICATION OF SLITGE
SHOWN IN CHAPTER FOUR

Model Parameters

Increased Allowahle Reference Tigsue  Maximm Ioading
Nailvy Intake of Fraction Concentratiom of of Cadmium
Cadmiwm (g /dav) of Niet Cadmium (ue/g) (ke Ma)

(RIA) (FC) (RT™ (RPY
30 EPA* 9,27 15.3
&n FPA 17.9 29.h
an FPA 26,6 4.0

0.1 &40 72.7
0.2 3R,R fil, 1
0.3 4R 57.5
N,4 31.5 52.1
120 FPA 35.2 58.2
240 ‘ EPA 9.9 1164

3RO FPA 104.5 173

*Ualues from Table 4-12 of FPA Risk Assessment Nocument



A

Pufus Chanev and James Rvan, in their paper "Rasis For Risk Reference Nose

Yor NMetarvy Cadmium Intake" (page 4), quote that average food intake of Cd

in the UISA is 3R pg/dav and water contributes 4 pg/dav, Thus, in the computer
runs shown in Table E-1, a background dailv cadmium input of 42 peg Cd/dav was
suhtracted from all RfD values,

Tt can be seen that for all other variables heing constant, changing
the RIA from 30 to 3A0 pg/dav (using the same FC values in Table 4-12)
results in an eleven~-fold increase in the allowable sludge loading rate.
Thus, the sludge loading rate is directly influenced by the RIA values
in a one to one ratio. Altermatively, for all other variables being constant,
decreasing the FC value from N4 to 0.1 results in a 40 percent increase
in allowable sludege application rate. 1t hecomes obvious that the model
will he extremely sensitive to changes in the values of FU and RfD, More
directly, the selection of a resulatorv limit for sludee application will,
in large measure, depend upon the values of RfD and FC ultimately selected
hy the FPA.

The sticcess of the mathematical model in Chapter Four depends upon
the ahbility of the FPA to find sufficient data to select valid plateau
values, A research study must include sufficient sludee loading rates so
that a platesu value can he found,

The scientific literarure was searched and as was suspected, many
studies include only two sludee application rates and most do not last
for more than two or three vears, In addition, few studies include the
srowing of more than one crop tvpe on the same soil, thus, not zllowing
the direct measurement of a relative uptake value,

Tahle F=? contains plateau values pertaining to ten crops and the
associated RTC values computed from equation given in the risk assessment
mathadnloey dooiment (4-21), The data are ecollected from siv studies
conducted bv five investigators, In verbal discussions with FPA (Mr.
Randv Pruins), these studies include data which mav he used by FPA
for selecting regulatorv limits,

The plateau values were chtained by exaninine the adequacv of fit
of seven nonlinear models which are frequentlv emploved in growth studies.
Appendix F-1 contains the various models considered and the criteria used
for examining the adequacvy of fit of a model to the data. From Tables
Al and A2 of the appendix, it can be seen that the lopistic model

ot
y=1T+ exppﬁ-ix)

stands out as the curvilinear model that fits most adequatelv to each of
the ten data sets, Therefore, the estimate of the parameter is used
as the plateau value in Table E-2.

Table F-2 summarizes the pertinent model parameters determined for each
studv, The RTC values shown are for the indicated crop studied in each
experiment. Lettuce from the Nowdv and Tarson (1975) studv was used as
the index crop in each case, and the RT( for each indicated crop was calculated
nsing equation 4-21 from the risk assessment document, In all cases, an
RIA of 22 ng Od/dav was used, assuming an RfD of A4 pe Cd/dav and TRI of
42 pm Cd/dav.
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THE METROPOLITAN SANITARY DISTRICI OF GREATER CHLCAGO
TABLE F=3

COMPLETE REFERENCES F(R STUDIES SHOMN IN TABLE E-2

Reference Muher : Complete Reference

1 Webher, L. R,, and E., G. Besuchamp,
1979, Cadmium concentration and
digtribution in corn (Zea Mavs L.)
grown on a calcareous soil for three
vearg after three annual sludge applica-
tions. J. Environ. Sci. Health, R14(5):
459-474,

2 Metropolitan Sanitary District of
Greater Chicago (MSDGC), Research and
Development Department, Corn Grown at the
Fulton County Tand Reclamation Site
Nlsine Sludge as Fertilizer, 1973 through
1983,

3 Hinesly, T. D,, University of Illinois,
Department of Agronomy, Corm Grown on
Blount 5ilt Loam Ulsing Sludge as VFer-
tilizer, 1970 throush 1981.

4 Chang, A. €. and A, L. Page, 1985.
University of California ar Riverside,
Vegetables Growm on Ramma Sandy Loam
Using Sludee as Fertilizer, 1976 through

19R5,
5 Ibid,
f Metropolitan Sanitarv District of

Greater (hicago, Regearch and Develop-
ment: Department , Vegetables Grown in
TlIrban Soil Using Sludge as Fertilizer,
1977 through 1979,




The data from the exarple calculation on page 4-97 of the risk assessment
document was used to determine the sum of RU + DC + FC, In the case of
wheat and corn grain which is not included in this example caleculation,

PNC values were obtained from Table 4-2 of the risk assessment document
for 25430 vear old males, and FC values of 0.1 were assumed, Varying F(
for corn grain and wheat from (0,1 to 0.6, the highest value used in the
risk assessment document example, does not suhstantially change the total
RU + DG + FC sum,

me critical value in the calculations is the Rl factor. In the studies
presented in Table F-2, RU was calculated using equation 4-18, of the risk
agsessment document, the alternative procedure to equation 4-17 of the document,
which uses limear response slopes to determine RU, Fguation 4-18 is used
when the index crop and orher crop are erown on two different soils. Fquation
L=12 is recommended when the slope of the linear equation cannot be calculated,
1f the slopes can be calculated from the data, then use of equation 4-17 is
recomended, The formulas are valid onlv if thev vield equivalent results
when emploved on the same data sets. Fquatlﬂn b= 18 as given, does not take
into consideration the contaminant loadings in the two experiments. When
thia deficiency is accounted for, egnation 4=18 vields resnlts similar to
equation 4-17,

A revised formila for equation 4-18 could correct the deficiencies
in the existing formula, Let Ay and As denote the uptake bv crop A
corresponding to a contaminant loading of #y and x9, respectively, in one
experiment, Similarly, let Iy and Iy denote the uptake by the index crop
due to a corresporviing contaminant loading of y1 and vy, respectively, in
another experiment. Then the relative uptake is caleulated as follows:

Riap = (A9 = A7) - (Tr =Ty
Ty = %17 T Tvg - Y

v =) = At)

= (x9 « x1) T_g -1

To illustrate the deficiency of equation 4-18, Rilpa7 values were computed
using rthe Swiss chard data of Chang and Page (Experiment 1), and lettnce
data of Larsm and Dowdv (Txperiment II). Relow are the relevant values
for this computation.
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Fxperiment I Fxperiment 1T
Cr @ Swiss Chard Lettuce
Mean Tissue Concentration (pg/g) 4.5532 (A9) 1.86  (Ip)
(Computed from treated
plots)
Control Tissue Concentra- (ug/g) 0.6295 (A) 0,61 (I1)
tion
Linear Response Slope 0,1821 (Ry) N,A05 (Rgyd
(ne/efke/hal=1)
Mean (d Loading (kg /ha) 19,881 (X9) 1.94 (Y9)
for Treated Plots
Mean Cd Toading (kg /ha) n,n (x1) N (Y
for Control Plots
Using Equation &4-17 Rlay = 0,.1821 = 0.3009
(Using ratio of slopes) 0,605
Using Fquation 4-1A RUAT = 4,5532-N,6295 = 3.9237 _ 3 neS3
T. 80N, A1 T.78

R1T47 computed from eqation 4-1R is ten times higher than that computed
from equation 4=17, Such a discrepancv in Rla7 values vanish if we compare
the increments in tissue concentration corresponding to the same sludge
loading or unit sludge loading, That is, an increment of 3.9237 (ug/g)
in Swiss chard was caused by an increased leading of 19,8841 ke/ha or 0.1973
(ne/g) per ke/ha of loadine, A corresponding mmber for lettuce, emploving
a similar computation is 0,6597. Now,

Riap = 0.1973 = 0,299
LR507

b

which ig almost the same as that obrained uwsing equation 4-17,

Vithout reference to P values, the relative masnitude of RTCs (after
adiusting for backeroumd concentration) is proportional to the respective
linear slopes. That is,

(RTCT = RCp) = A7
(RTCg - Blg X

Thus, the linear slope 2 for each crop has to be estimated with high precision,
asA's enter the computation of RTC via RN, If the uptake curve is indeed
curvilinear, exhibiting a plateau, a linear fit to the data gives an imprecise
4 (with low R-square values), and such a fit will be inadequare. The Rls,
which are expected to provide measures of equivalent tissue concentration of

a crop in terms of index crop, either vield underestimates or overestimates
hut never unbiased estimates. In this case, RTC, in tum, will provide

hiased estimates for the trne (imknown) reference tissvwe ccncentration,
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tme of the otwvious conclusions that one reaches after using the
mathematical model in Chapter Four is that the model results depend,
in great part, upon the curve which is chosen for selecting a plateau
value. Curve fitting by those who wish to obtain conservative repulatory
lirmits may differ. from those wishing to obtain more realistic ones,

In conclusion, this studv has found that the mathematical medel
in Chapter Four of the FPA risk assessment methodologv for Land Application
and Nistribution and Marketing of Municipal Sludee incorporates some
valid scientific principles, The FPA is to be comended for discarding
those past concepts which have heen proven invalid. The model has been
found to be quite sensitive to selection of values of RIA (daily allowable
Cd dietarv intake in ug/day from sludee-fertilized crops) and ¥C (fraction
of diet from sludge-fertilized crops), and be greatly dependent upon
the curve fit selected to obtain P (tissue concentration plateau) values.
Thus, it is important that realistic, reasonable values for these parameters

he ngsed when the model is used for regulatorv purposes.
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APPENDIX E-1

ESTIMATION OF PLATEAU VALUES

The uptake (Y) of Cd by crops is assumed to attain a plateau for larsme
cumalative Cd loadings (x) on soil, Several parametric functions can be
considered to describe such a plateau effect, However, we consider only
those models that have been employed, frequently, in fitting growth curves,
Further, we assume that the plateau value is the value of the uptake, Y,
whem the loading x is very very larme; that is, when x is infinitvy. For
each model we consider here, such a plateau value is measured by a parameter
wof the model, which is estimated from the data except in equat:.on (3.

In the case of equation (3), the plateau is measured by the ratio of two
parameters Sand ¥ of the model.

The first two models are characterized as sigmoidal growth curves and
are often emploved in growth studies:

logistic model: Y = o + & (M
1+expﬁ—3x)
Gompertz model: Y =X exp(--exp?ﬁ—cyx))+ £ (2)

The third one, Langmuir type model, is given by

= 3
o c

1+0

Y =

For this model, /,l»/f measures the plateau effect,
The fourth model describes Mitscherlich's law hy
Y =gy %+ £ (4)
and has been frequentlv employed to study the effect of fertilizer on yield
in agricultural experiments,
The fifth model is given by
Y =ox exp(-A/ (x+¥))+ & (5)
and is often used in prowth studies,

The sixth and seventh models are variations of the model (&)
above, and are employed to study growth phenomencn,

Y =ed (1 -8 exp(=Tx))+ £ (A}

Y =o(—,¢5&xp(-fx)+£ (7)

We included these two models in this studv to exhibit the sensitivity of
the parameters to nonlinear estimation.
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All seven models are nonlinear repression models with additive error.
The parameters are estimated by least squares criterion emploving iterative
methods, The seven models are fitted to each of the ten data sets, The
estimates of the parameters %, £, and §” are given in Table Al. The mean
residual sum of squares is given bv ~%,

The poodness or adequacy of the fit of a linear regression is assessed,
usnallv, by R-square. There is no corresponding measure of adequacy of
fit in nonlinear repression. Such an assessment is carried out bv examining
four statistics: (1) the percent bias, (2) the intrinsic effect eurvature
(IMY, (3) the parameter effect curvature (PE), and (4) the usual t-statistics.
These quantities, for each fit of a model, are presented in Table A2, The
t-statistiec values are indicated in parenthesis, A good fit is the one
for which: (1) the percent biases are small, (2) the curvarure effects, IN
and PF, are small, and (3) the t-values are large.

Using these criteria, we see that the logistic model provides the hest
fit to each of the data sets. Therefore, we use the computed values of
o, from the logistic model, as the estimates of plateau for each data set.
Such plateau values are compared to the RTC values in Table F-2.

From these data sets we find, nsing the criteria for selecting an
appropriate nonlinear madel, the logistic model best fits the data. This
can be verified nsing the data from other studies, If the same conclusion
holds, then it can he said that the plateau values can be best estimated by
the parameter « of the logistic model, Sueh a result provides a standardization
of estimation of plateau value.

The statistical theorv of nonlinear regression estimation, the criteria
of assessing the adequacy of a fit and the computer program written jn FORTRAN
to compute several of the quantities are given in a recentlv published hook
bv Ratkowskv: Ratkowskv, David A, (1983), Nonlinear Resression Modelline -

A nified Practical Approach, Marcel Dekker, Inec,, New York.
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