February 7, 1984

UNITED STATES OF AMERICA v Al e
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD »

St

In the Matter of

CAROLINA POWER & LIGHT COMPANY
AND NORTH CAROLINA EASTERN
MUNICIPAL POWER AGENCY

Docket Nos. 50-400 OL
(Shearon Harris Nuclear Power Plant, 50-401 OL

Units 1 & 2)
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APPLICANTS' STATEMENT OF MATERIAL FACTS AS TO WHICH THERE IS NO
GENUINE ISSUE TO BE HEARD ON WELLS EDDLEMAN'S CONTENTICN 83/84B

Pursuant to 10 C.F.R. § 2.749(a), Applicants state, in support of their motion for
summary disposition of Wells Eddleman's Contention 83/84B in this proceeding, that
there is no genuine issue to be heard with respect to the following material facts:

1. The Atomic Safet\y and Licensing Board has characterized Eddleman Contention
83/84B as questioning whether the health effects of halogenated organic compounds that
are carcinogenic as a result of the chlorination of cooling waters in the Harris Plant have
been assessed. Memorandum and Order (Ruling on Motions for Summary Disposition of
Eddleman Contentions 29/30, 64(f), 75, 80 and 83/84), dated November 30, 1983.

2. On December 21, 1983, the Board of Directors of Carolina Power & Light
Company (CP&L) approved the cancellation of Unit 2 of the Shearon Harris Nuclear
Power Plant. Letter of E.E. Utley, Executive Vice President of CP&L, to Harold R.
Denton, Director of the Office of Nuclear Reactor Regulation for th: NRC, dated
December 21, 1983; Affidavit of William T. Hogarth ("Hogarth Affidavit") at 2.

3. The cancellation of Unit 2 means that the Cape Fear water intake structure has
also been cancelled because make-up water from the river will no longer be needed for

Harris plant operations. Hogarth Affidavit at 2.



4. Thus the only possible mixing of SHNPP discharges with Cape Fear River water
would oceur where Buckhorn Creek flows into and mixes with the Cape Fear downstream
of Buckhorn Dam. Hogarth Affidavit at 2.

5. It has been predicted by a study done by Lawler, Matusky & Skelly Engineers
(LMS) that no free available chlorine would be discharged to the Harris reservoir or the
Cape Fear River. Hogarth Affidavit at 3.

6. Models done by LMS conservatively estimated that total residual chlorine
concentrations in the Harris lake and the Cape Fear River would be extremely small.
Hogarth Affidavit at 3.

7. Studies performed on the discharges of other known ruclear power plants which
use a hyperbolic cooling tower indicate that the only chlorination by-products formed and
discharged which are regulated as known or suspect carcinogens are chloroform, other
halomethanes, and 2, 4, 6-trichlorophenol. ¢ ffidavit of Dr. James A. Fava and Mr. Hans
Plugge ("Fava Affidavit") at 6. |

8. Chloroform and other halomethanes are within the grouping of halogenated
organic compounds called haloforms. 2, 4, 6-Trichlorophenol falls within the subset of
halogenated organics known as halophenols. Chlorination dosages and discharge
concentrations of the haloforms and halophenols from the report of Dr. Roger M. Bean
and dilution calculations from the models done by LMS conservatively show that the
concentrations of these compounds which may be found in the Harris reservoir and in the
Cape Fear River at the confluence of Buck Horn Creek are extremely minimal. The
haloform concentrations in the 200-acre mixing zone allowed by the NPL LS permit was
0.009 ppb, and where Buckhorn Creek flows into the Cape Fear River, concentrations
were estimated at 0.00005 ppb. Halophenol concentrations in the same locations were

estimated to be 0.005 ppb, and 0.00003 ppb, respectively. Fava Affidavit at 8.



9. Comparisons of these estimated concentrations to bicaccumulation data and
Environmental Protection Agency water quality criteria for consumption of aquatic
organisms demonstrates concentrations of haloforms and halophenols even in a 5 acre
mixing zone in Harris reservoir would be at least 100 times lower than the EPA water
quality criteria for the applicable designated use of Harris reservoir waters. The
concentrations of those chemicals at the Cape Fear River wouid be 0.003 percent of EPA
criteria for surface water used for drinking purposes and 0.0004 percent of the criteria
for fish consumption only. Id. at 12.

10. Risk assessment analysis indicates the probability of incurring cancer as a
result of the incremental contribution by SHNPP to haloforms in drinking water from the
Cape Fear River would be 1 in 3,850,000,000 given 70 years of exposure. The risk for
halophenols is 1 in 40,000,000,000. Both risks are substantially bclow even the most
conservative risk estimates used by the EPA. Id. at 13.

11. Further comparison of the estimated concentrations of the SHNPP discharges
was made to trihalomethanes concentrations found in drinking waters of North
Carolina. The haloform concentration from SHNPP discharges calculated at the
confluence of Buckhorn Creek with the Cape Fear River averages 200,000 to often 1
million times lower than concentrations normally encountered in North Carolina
municipal drinking water supplies. Id. at 17.

12. There will be no measurable increase in health risks to those using Harris
reservoir for recreational purposes (including fish consumption) or those drinking, or
eating organisms from, Cape Fear River water downstream of SHNPP as -ontended. Id.
at 18.

13. Health effects which might be caused by the formation of halogenated organic
compounds that are carcinogenic as a result of the chlorination of the cooling waters in
the Harris plant have been adequately assessed and have been demonstrated to have no
adverse impact on the cost/benefit balance under NEPA.
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Unit 1)

.

AFFIDAVIT OF JAMES A. FAVA AND HANS PLUGGE
IN SUrPORT OF SUMMARY DISPOSITION OF
EDDLEMAN CONTENTION 83/84B (CHEMICAL DISCHARGES)
County of Baltimore )

)
State of Maryland )

James A. Fava and Hans Plugge, being duly sworn according tc law, deposes

and says as follows

l. We are Vice President and Senior Scientist, respectively, within the
Scientific Operations Division of Ecological Analysts, Inc., Sparks,
Maryland. We have personal knowledge of the matters set forth herein
and believe them to be true and correct to the best of our knowledge,
information, and belief. A statement of our professional

qualifications and experience is attached.

2. Eddleman Contention Issues

On 30 November 1983, the Atomic Safety and Licensing Board stated

that the affidavit of Dr. William T. Hogarth failed to address "the



effects on human health that might be caused by the formation of
halogenated organic compounds that are carcinogenic, as z result of
chlorination of the cooling waters in the Harris p.ant." This affi-

davit utilizes technical information to address these issues for the

Shearon Harris Nuclear Power Plant (SHNPP).

In this affidavit, we will first show which carcinogenic organic
chemicals may bz presant in discharges at SHNPP._ Then we will
analyze the most up-to-date report of chlorination and organic
by-product formation to determine which carcinogens are formed within
wuclear power plants. HNext, based on chemical testing at other
nuclear power plants, and mathematical modeling specifically for
SHNPP, concentrations of carcinogenic organic by-products are
conservatively estimated for both the reservoir and the Cape Fear
River. Then, to assess the potential human health effects of these
(suspected) carcinogens, exposure via both drinking water and the
consumption of contaminated aquatic organisms is evaluated by com-
paring reservoir and river concentrations to appropriate U.S. EPA

water guality criteria for the protection of human health.

In order to assess which carcinogens may be present in the discharge
from SHNPP we first listed all chemicals expected to be p-esent in
the SHNPP discharges and then evaluated their carcinogenicity. The
presence of chemicals in the discharge was based on the most compre-
hensive and up-to-date report of the formation of chemicals in cool-
ing waters as a result of chlorination (Bean 1983). This report

surveyed chlorination by-product formation at eight nuclear power



plants. Given the variety of power plant designs and their influence
on chlorination by-product formation, it was felt that data for
installations using natural draft cooling were the most representa-
tive with regard to predicting the chemicals expected to be formed

as a result of SHNPP operation. SHNPP will use natural draft hyper-
bolic cooling towers. The Bean (1983) report evaluated three plants

with similar systems:

- Arkansas Nuclear One, Unit #2, Russelville, Arkansas
- Beaver Valley Power Statiom, Unit #1, Shippingport,
Pennsylvania

- Trojan Nuclear Plant, Rainier, Oregon

Furthermore, like SHNPP, each of these facilities discharges to

freshwater.

Exhibit A details the chemicals found by Bean (1983) in discharge and
intake waters of these three nuclear power plants. As evidenced by
the fact that the analytical detection limits reported by Bean (1983)
are one to three orders of magnitude lower than standard U.S. EPA
priority pollutant analysis methodology (EPA 1982), the results pre-
sented by Bean (1983) are the best and most sensitive dar . presentlv

available.



The determination of which of these chemicals found in the discharge
are carcinogens or suspected carcinogens was based on careful reviews
of U.S. EPA water qualitv criteria documents and the cancer research

databases listed below:

« RTECS--Registry of Toxic Effects of Chemical Substances.

Produced by the Natiomal Institute of Occupa.ional Safety
and Health (NIOSH) with the on-line data file maintained
by the Natiomal Library of Medicine. Updated quarterly,

RTECS contains data for approximately 53,000 substances.

PHS-149--U.S, Department of Health, Education and
Welfare”s Survey of Compounds Which Have Been Tested

for Carcinogenic Activity.

. CANCERLINE--Sponsored by the International Cancer Research
Data Bank Program of the National Cancer Institute, this
database contains over 260,000 citaticons pertaining to all
aspects of cancer. It is updated monthly with approxi-

mately 4,000 citations.

. NCI BIQASSAY--Natiomal Cancer Institute reviews and

summary of NCI carcinogenicity tests.

. IARC Review--Monographs by the International Agency for

Research on Cancer which address the carcinogenic risks

of numerous chemicals to humans.



Exhibit A includes the following suspect carcinogens which were
determined to be present in cooling water discharges evaluated in

the Bean (1983) report:

Volatiles = carbon tetrachloride

= chloroform

- 1,l-dichloroethylene

- 1,2-dichloropropane

- methylene chloride

- (tri)halomethanes
(bromodichloromethane, chlorodibromomethane,
tribromomethane)

- tetrachloroethylene

= trichloroethylene

Phenols - 2,4 ,6-trichlorophenci

Base-Neutral

dichlorobenzene

It should be noted here that, although 2-chlorophenol has been
reported to cause skin papillomas following topical applications,
U.S. EPA currently deems the scientific evidence inadequate to
regulate 2-chlorophenol as a carcincgen (see also Section #7 of

this affidavit and Exhibit D).

Although these carcinogens were determined to be present in dis-
charges, the majority of them were not produced as a result of
chlorination but were instead already present in intake waters

(see Section #4 below).



4.

Following the identification ol carcincgens which may be present

in the discharge from SHNPP, one needs to determine which of these
chemicals are actually forwed as a result of chlorination of the
cooling water. ExbiDit B presents an extenvive discussion of the
results of Bean”s report (1933) as well as personal communications
with Dr. Roger M. Bean (19%4). Based un this discussion and the
results presented in Sectionm #3 of this af{idavit, only the followirg
chemicals will be comsidered in our discussion of health effects of

carcinogens present in Cape Fesr River and SHNPP reservoir waters:

Chloroform
Halomethanes (the sum of bromodichloromethane,
chlorodibromomethane, and tribromomethane)

2,4,6=Trichlorophenol

Please note that chloroform and 2,4,6-trichlorophenol are the only
two identified carcinogens formed in the plant as a result of chlo-
rination and discha.zed. The trihalomethanes are regulated by U.S.
EPA as suspect carcinogens hased on their structural similarity to
chloroform but without sufficient data to indicate their actual
carcinogenic potency, if any. Also note that all of these carcino-
gens are present in intake water, albeit at lLower concent-ations

(Exhibit A).

Concenirations of chlorine and chlorination by-products expected to
result from operaticn of SHNPP were addressed by Lawler, Matusky and

Skelly Engineers (LMS). This LMS study is included as an exhibdbit in



Dr. W.T. Hogarth’s affidavit. Based on the LMS study, we calculated
the following equations which mathematically describe the dilution
processes occurring between end-of-pipe discharge, two different
mixing zomes in the reservoir (5~ and 200-acre) and the contributiou/

dilution to the Cape Fear River. These equations are as follows:

Equation 5.1

Chemical Concentration (ppb) in 5 acre mixing zone
= chemical flux (1b/day) at end-of-pipe x 0.42

Equation 5.2
Chemical Concentration (ppb) im 200 acre fully mixed mixing zone
= chemical concentration (ppb) inm 5 acre fully mixed mixing zonme
x 0.025
Equation 5.3
Chemical concentration (ppb) discharged to Cape Fear
= chemical concentration (ppb) in 200 acre fully mixed mixing zone
x 0.57
Equation 5.4
Average incremental contribution from SHNPP for chemical to Cape

Fear (ppb)
= chemical conceantration (ppb) discharged to Cape Fear x 0.01

As an estimate of the quantity of discharged by-products that were
created by thec chlorination of nuclear power facilities, power plant
specific chemical data presented in Bean (1983) were utilized to
calculate the formation rates of haloforms and halophenol: which
might be expected from SHNPP chlorinatiom practices. Exhibit C
presents estimated daily discharges of haloforms and halogenated

phenols by the three operating nuclear power plants studied by Bean



(1983) which use natural draft hyperbolic cooling towers and dis-
charge jnto freshwater. Exhibit C iadicates that a maximum level of
0.12 percent of the initial chlorine dose is recovered at end-of-pipe
as haloforms in the cooling water discharge plume. Similarly, a
maximum of 0.07 percent of the initial chlorine dose is recovered at
end-of-pipe as halophenols in the discharge. Thus, using a maximum
total chlorine dose of 725 pounds/day at SHNPP, !célozical Analysts
(EA) computed a maximum haloform discharge of 0.87 pounds/day. Using
the equations above, this discharge is diluted to 0.36 ppb over a
5-acre mixing zone (Equation 5.1) and to 0.009 ppb over the NPDES
permitted 200-acre uixin; zone (Equation 5.2). The average incre-
mental total haloform input to the Cape Fear River is estimated to

be only 0.00005 ppb (Equations 5.3 and 5.4). Using EA”s estimate of
0.07 percent of the chlorine dose forming halogenated phenols, the
total halogenatea phenol levels would be approximately hLalf of the
total haloform inputs computed above. Thus, over the NPDES permitted
200-acre mixing zonme, the concentration of halogenated phenols is
estimated to be 0.005 ppb and the incremental halogenated phenol dose
to the Cape Fear River would be 0.00003 ppb, a very small contribu-

tion (Exhibit E).

Although not accounted for in this assessment, the already low
halogenated organic concentrations that are predicted in both the
reservoir and the river would be reduced further as a result of
evaporative transport, especially at the reservoir spillway into

Buckhorn Creek, during the 2.5-mile transit down Buckhorn Creek and



the 15 miles of the Cape Fear River prior to the water’s first com-
sumptive use at Lillington. It is noteworthy that the Final
Environmental Statement and the LMS exhibit (see Hogarth affidavit)
indicate that no free chlcrine will be released into the reservoir
thereby precluding the formation of chlorinated compounds in the

reservoir itself or in the Cape Fear River.

As aquatic species have been demonstrated to bicaccumulate many
chemicals, there is a potential that consumption of contaminated
organisms could adversely affect human health. The protection of
human health from contaminated aquatic organisms is carefully con-
sidered by the U.S. EPA”s water quality criteria. Thus the criteria
for chloroform, halomethanes, trichloroethylene, tetra... jroethylene,
2,4,6-trichlorophencl, and dichlorobenzene include specific termi=-
nology which limit the concentrations of these chemicals in water
from which aquatic organisms are consumed (see the column titled

"At 10=5 Consumption Omly" inm Exhibit D),

For the halogenated carcinogens found in the power plant as a result
of chlorination (see Section #4 above), U.S. EPA’s water quality cri-
teria documents report the following biocaccumulation data which indi-

cate that biocaccumulation potentials for these chemicals are low:



Chloroform - The bioconcentration factor (ECF) was determined
to be 6 in 14 Aays (EPA 1980a p. B-2). This means that in
14 days, concentratioas of chloroform measured in tissues
vere only six times higher than the concentration in the

exposure water.

Halomethanes - "no residue data for freshwater fish are
available for halomethanes other than for chloroform and
carbon tetrachloride, for which bioconcentration factors

were 6 and 30 respectively." (EPA 1980b p. B-3)

2,4,6-Trichloropiencl - "no measured steady-state BCF is
available for trichlorophenols, but the equation “Log BCF =
(0.85 Log P)=0.70" can be used to estimate the steady state

BCF for aquatic organisms." (EPA 1980c¢ p. C-53).

It is noteworthy that Bean (1983) performed a limited study of
bicaccumulation and concluded that "no halogenated material

vas found to be biocaccumulated in mussels [the only organisms
evaluated] exposed to the chlorinated discharge of a marine power

station (Millstone)."

Under con* ‘act to the U.S. Nuclear Regulatory Commission,
Anderson and Lusty (1980) researched the bicaccumulation and
depuration of chloroform by four freshwater fish species:

rainbow trout (Salmo gairdneri), bluegill (Lepomis macrochirus),
largemouth tas2 (Micropterus salmoides), and channel catfish

10



(Ictalurus punctatus). The authors concluded that "in all

species tested, the bicaccumulation of chloroform from the
concentration in the water [1.0 to 1.5 ppm] was less than one
order of magnitude" (Anderson and Lusty 1980, p. 11.) Depuration

rates were also experimentally shown to be rapid.

The potential for human health effects from the consumption of
contaminated aquatic species and/or drinking water for these
three carcinogens can be assessed by direct comparisom with
appropriate water quality criteria (see Exhibit D). Unlike water
quality standards, criteria are not enforceable numbers. Rather,
they utilize the most complete database available to indicate
concentrations that will protect human populations from adverse
health effects which might result from continuous lifetime expo-
sures. Thus, when states establish enforceable water quality
standards, the published U.S. EPA criteria are used as guidance,
and the resulting standards are almost always higher (less
stringeat) than the criteria on which they are ultimately based.
Chloroform represents a classic example of this, as the water
quality criterion for drinking water is 1.9 ppb whereas the
enforceable primary drinking water standard is 100.0 ppb (Exhibit
D). Using the bicaccumulation potential data discussed in
Section #6 above, U.S. EPA calculated the following water quality
criteria which are specifically designed to protect human health

from the consumption of aquatic organisms living in a waterbody:

11
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(i.e., {.9 ppb for chloroform in water) which need to be consumed for
70 years to result in an upper limit likelihood (highest chance) of
coutracting one additional case of cancer in a populaticn of 100,000,
Note that the number does not imply that 1 in 100,000 will get can-
cer, but that the highest possible chance (at 95 percent confidence
upper limit) will be 1 in 100,000. These models highly overestimate
risk, and the "average" risk is normally ! to &4 orders of magnitude
lower than the "upper limit" risk used in the criteria (Rodricks and
Taylor 1983). The incremental contribution of SHNPP discharges to
total halophenols in the Cape Fear River is expected to be at most
0.00004 ppb or 0.0005 percent of the U.S. EPA water quality criteria

for drinking water for 2,4,6-trichlorophenols (Exhibit E).

The actual "risk levels" associated with the haloforms and

halophenols are as follows:

Halophenols Haloforms

200~-acre dilution zone
Fish consumption 1.4 x 10-9 5.7 x 10-10

Cape Fear River
Drinking water %
8.3

.6 x 10-10
Fish consumption i %

2
10-12 P 10-12
What this means is that the probability of incurring carc:r as a
result of SHNPP contribution to haloforms in drinking water from the

Cape Fear River would be 2.6 x 10-10 or 1 in 3,850,000,000 given 70

years of exposure to the 0.00005 ppb in Cape Fear River water. These
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levels are far below even the uoust strict (conservative) estimates of
1 in 10,000,000 (10=7) provided by U.S. EPA in their water quality

criteria.

Such calculations, as made above, inherently incorporate some very

conservative assumptions:

. all haloforms are carcinogenic (not proven)

. all haloforms are as potent as chloroferm (not proven)

« the methodology used to calculate the cancer risk
estimate is very conservative and uses upper 95 percent
confidence limits rather than mean values resulting in
overestimation of risk by several orders of magnitude
(Ruckelshaus 1983)

. assumes that all of the haloforms and halophenols
present in the dischavges are formed in the plants,
whereas much of the concentration discharged was already
present in the intake waters of the facility (see
Exhibits A and B)

+ all halophencls are carcinogenic (not proven)

. all halophenols are as toxic as 2,4,6-trichlorophenol
(not proven)

« DO evaporative transport, metabolism, or binding to
organic material occurs between the discharge point and
the Cape Fear River

+ there is no dilution beyond the 200-acre mixing zone in

a 4,000~acre reservoir

14







discharge concentrations at nuclear power gemeration facilities
studied by Bean (1983) which utilize natural draft cooling towers,
total haloform levels in the reservoir (200-acre mixing zome) are
expected to be approximately 0.009 ppb. The nearest downstream com=
munity that withdraws water from the Cape Fear River for consumptive
purposes is Lillington (Harnmett County). Therefore, prior to human
consumption, these already low THM concentrations will be reduced v.a
simple dilution and volatiiization during transit down 2.5 miles of
Buckhorn Creek and an additional 15 miles down the Cape Fear River

before reaching the Lillington water treatment plant.

Like most municipal water treatment plants, Lillington utillzes
chlorination to disiafect water supplies to protect public health.
As in power plant applications, THMs are an unavoidable by-product
of municipal drinking water chlorination. Based on conversations
with Lassiter (1984 personal communication) measured total THM
concentrations for the four municipalities of the Harmett County

Utilities system for the las: Laiee quarters of 1983 are presented

below.
Summer Spring Winter
(August 1983) (May 1983) (February 1983)
Community (ppb) (ppb) (ppb>
Lillington 134 116 61
Buies Creek 210 158 89
Coats 186 155 120
Angier 195 135 87

16
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EXMIBIT A. COMPOUNDS IDENTIFIED IN SAMPLFS FROM NUCLEAR POWER PLANTS
(A1l Concentrutions in Parts-Per-Billion)

Arkansas Nuclear One Beaver Valley Power
Unit #2 Station, Unit #1 Trojan Nuclear Plant
Intake  Discharge Intake  Discharge Intske  Discharge
Volatiles
1,1-Dichloroethylene tr 0.1
l,1-Dichloroethane 0.01
1,2-Dichloropropane ' 0.2 0.2
1,3-Dichloropropane,
(cis + tvans)
Methylene Chloride 0.1 0.4 5.9 2.9
Bromodichloromethane 0.7 0.02 0.06 tr
Chloroform 0.2 0.7 0.3 0.5 0.2 0.3
1,1,2,2-Tetrachloroethane
1,2-Dichloroethylene 0.1
1,2-Dichloroethane 0.02
Chlorobenzene
1,1, 1-Trichloroethane 0.1
Carbon Tetrachloride tr
Chlorodibromomethane 0.8 0.3 0.1
Trichloroethylene 0.2 0.2 0.03 0.0}
Tetrachloroethylene 3.1 2.5 0,1 0.01 0.02
Bromoform 6.2 tr tr

Note: MS = Identified by GC/MS analysis of XAD-2 extracts, but not found by electron capture analysis
of l-liter extracts.
tr = Concentrations detected by electron capture detectors but were below 0.1 ppb.

Source: Bean (1983).




auegyjamoj OJOWMoOIqI (]
“:_....:...—..-:ﬂ; 1 -—.
...._.—\:..;:_._—.— u-:

Ui Inag-asey

—\_"_._._.,.,v_;_
:___:_.____ ;..
7 .._ | «_f..:i _.____ 1 8 | _::;:

s _>__ 12WO 30 [T pOwo 1y

%00 Z§ ©or10y20mo1qi(

t0°0 [§ or0[Y20WOXqI(]
1Aq1ag-9-omo1qrg-y*

MQ O1j1nomno gy

14 ©111uOomOny

:_._:.._:_.—_:_

1 Ay yowy pomol

z0°0 —>___L::_:._:—:,:_
90°0 1 4 01021 poOwWOLY
1°0 10°0 [§ ©10[Y21pomory
3 omorq1q-%'7

owmotqiq-9°7

011100

Z0°0 oroaI111-9°' %7

010 [~ -OMOI]-Y

010 |Y)-Yy-OmOIg -7

1] 010 20mO 1y

10°0 : oxoYya21q ¢‘g 10
[0°0 012 Y21(-9°Z
owmo 1y
A pramosoy)
__—..—a—.v

Biouai]

adiwid91Q ajejug adi1eyssiq ajviu] adieyoeiq ueug
jildjg dvajony ueloa] 18 17U ‘uorivig Zg v
1amog Aapiep 219Avay 3l deo|ouy essuBNiIy

(FIN0D) V Liuinxd




EXHIBIT B FORMATION OF (SUSPECT) CARCINOGENS IN COOLING WATERS
OF NUCLEAR POWER PLANTS FOLLOWING CHLORINATION FOR

BIOFCULING CONTROL

This exhibit discusses in detail the formation of three classes of
chlorinated chemicals--volatiles, phenols, and base-neutrals as a
result of chlorination of cooling waters inm nuclear power plants.

These three classes are defined as follows:

yolatiles-a group of chemicals which volatilize (go into
the gaseous state) easily at room temperature, and are
analyzed by purging (bubbling air through a vessel) the

volatiles out of a water sample into a trap.

phenols-a group of chemicals having the basic structure
of a benzene group with a hydroxyl substitution. They
are analyzed following extraction from an acidified water

sample, and are thus often called acid-phenols.

base-neutrals-a group of chemicals which is nonvolatile and
nonphenolic. They are analyzed following extraction from
either a basic or neutral water sample and are thus known

as base-neutrals.

Exb vit A identifies the specific chemicals found in operating
nuclear power plant intakes and discharges for each of these three

chemical groupings. Conclusions regarding which chemicals are formed



in nuclear power plant cooling waters are based on the data presented

in Bean (1983) for the three operatiomal nuclear facilities mentioned
in Section #3 of this affidavit, as well as personal communications

vith Dr. Roger M. Bean (January 1984).
Volatiles

For the volatiles at the Arkansas Nuclear One, Unit #2, the data
presented in Bean (1983) indicate that chloroform is the only identi-
fied carcinogen of the volatiles group formed in the plant, although
the other trihalomethanes (bromodichloromethane, chlorodibromo-
methane, and bromoform = tribromcmethane) are regulated by U.S. EPA
(45 Federal Register 79318) as suspect carcinogens under the assump-
tion they have the same potency a; chloroform based on structure-
activity relationships. 1,2-Dichloropropane and tetrachloroethylene
are not formed in the cooling water but are instead present in the
intake water (Exhibit A). Because these volatiles were not created
by the operation of the plant, they are not of concern regarding this

contention.

At the Beaver Valley Power Station, Unit #1, the only identified
carcinogen formed is chloroform, while a single trihalomethane
(bromodichloromethane) is also formed. 1,2-Dichloroethylene,
methylene chloride, l,l-dichloroethane, 1,2-dichlorocethane,
1,1,1-trichloroethane, chlorodibromomethane, trichloroethylene,

and tetrachloroethylene are not formed in the plant. The conclusion

regarding the non-formation of methylene chloride is based on its
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EXHIBIT C., ESTIMATED DAILY DISCHARGE OF HALOFORMS AND HALOGENATED PHENOLS BY NUCLEAR POWER PLANTS

Chlorine Haloforms Percent Halophenols Percent
Dose (a) Dischargefb) of Dose that Dicchargefb) of Dose that
Facility pounds/day grams/day is Haloforms grams/day is _Halophenols
Arkansas
Unit #2 125 70 0.12 17 0.03
Beaver Valley
Unit #1 250 67 0.06 22 0.02
Trojan 250 120 0.11 75 0.97

(a) Source - Table 2 of Bean (1983).
(b) Source - Table 22 of Bean (1983).



EXHIBIT D, U.S. EPA CRITERiA FOR THE PROTECTION OF HUMAN HEALTH

Max imum At 10-5 Drinking At 1075
Concentration Organoleptic Health and Consumption Consumption Only
(ppb) (ppb)_ (ppb) (ppb) (ppb)
Applicable U.S. EPA Priority Pollutants, 28 NOV 80 (45 Fed Reg 19318)

Volatiles

Carbon tetrachloride 4.0 69.4

Chloroform 1.9 157.0

Haloethers No data

Halomethanes 1.9 157.0

Pentachlorophenol 30.0 1,010.0

Trichloroethylene 27.0 807.0

Tetrachloroethylene 8.0 88.5
Chlorinated Phenols

2-chlorophenol 0.1

3-chlorophencl 0.1

4-chlorophenol 0.1

2,3-dichlorophenol 0.04

2,4-dichlorophenol 0.3 3,900.0

2,5-dichlorophenol 0.5

2,6-dichlorophenol 0.2

3.4-dichlorophenol 0.3

2,3,4,6-tetrachloropheno! 1.0

2,4,5-trichlorophenol 1.0 2,600.0

2,4,6-trichlorophenol 2.0 12.0 36.0

2-methyl-4 chlorophenol 1,800.0

J-methyl-6 chlorophenol 20.0
Base Neutrals

Dichlorobenzene 400.0 2,600.0

Applicable U.S, EPA Primary Drinking Water Standards

Total Trihalomethanes 100



EXHIBIT E. COMPARISON OF PREDICTED CONCENTRATIONS WITH U.S. EPA WATER
UALITY CRITERIA (All va i i1li i

Halovhenols Haloforms
10=5 Consumption Criteria(a) 36.0(b) 157.0(c)
S-acre concentration 0.21 0.36
200-acre conccntr;tion 0.005 0.009
10-3 Drinking and Consumption Criteriala) 12.0(b) 1.9(c)
200-acre concentration 0.005 0.009
Cape Fear River contribution ; 0.00003 0.00005

(a) U.S. EPA Water Quality Criteria published 28 November 1980
(45 Federal Register 79318).

(b) Most restrictive (lowest) of the health related criteria for any
chlorinated phenol (2,4,6-trichlorophenol).

(c) Same criteria for chloroform and halomethanes.
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and developing specific technical sessicns at the last two Water
Chlorication Conferences.

OCEANOGRAPHIC EVALUATI(N: Activities iccluded the collection of
water quality and plankton samples, bottom cores, and varicus
cceancgraphic research efforts while aboarc NCAA"s U.S. Research
Ship Oceanographer during its year-long global cruise. Additicnal
assessments relate to the biclogical, chemical, and toxicological
evaluations of materials released--directly or dumped=--into the
marine environment. These efforts involved the integration of
diverse scientific data and information into multidisciplinary
assessments associated with predicting or measuring the impacts

of man“s activities in the oceans.

LECISLATIVE ASSISTANCE: During reauthorizaticn ic 1962 and 1983

of the Marine Protecticn, Research and Sanctuaries Act of 1977,
actively proviced technical assistamce to New York City”s Washizngton
P.C. office to support its efforts relevant to the Ccean Lumping Act
Amendment of 1982, Activities inc’uded (1) discussions with various
Congressional staff, (2) preparati.u of techmical testimomy to
support Mayor Koch’s testimeny before Congressicnal hearings, and
(3) a presentaticn befcre the entire staff of the Merchant Marige
and Fisheries Committee of the Bouse of Representatives concerning
the adequacy of the existing Ocean Dumping Act and Regulaticms to
allow for a comprehensive assessment of ocean dumping, includicg
site designaticn rulemaking and special permit applicaticn.

SOLID/BAZARDOUS WASTE DISPOSAL: Evaluated the environmental effects
of ocean dumped materials (e.g., sewage sludge in the New Ycrk
Bight) and participated in a comparative multimecia assessment cof
the impacts of sewage sludge disposal by composting, incineraticm,
and ocean disposal.

PHYSIOLOGY/TOXICOLOGY: Extensive research conducted om the physio-

logical effects of chemical, thermal, and complex mixtures ca
oumercus marine, estuaripe, and freshwater fish species. Effects
examined include preference/avecidance, lethal, sublethal, bic-
accumulation, and acute responses. Additional research evaluated
the acute toxicity of chlcrine and ammonia and the interactive
effects of chemical pollutants and temperature on the behavicr of
several estuarine organisms.

EMVIRONMENTAL IMPACT ASSESSMENiI: Evaluated the potential impacts
of point-source discharges relating to sewage treatmeunt plant and
industry operaticn. These efforts included water quality amalysis,
fielc biological zssessments, effluent evaluaticns, literature
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reviews, bicassays, biostatistics, and preparation of expert
testimeony.

=QOF-THE- 8: Directed and participated in the prep-
araticn of morographs on cyamnice, ammonia, and chromium that
evaluated the scurces, chemistry, environmental fate, and aquatic
effects of these compounds. These efforts required the interacticn
of scientists from several cdisciplines.

CRITICAL REVIEW: Referee for techmical papecss submitted to the
Transactions of the American Fisheries Society, Journal of The
Fisheries Research Board of Canida, and Water Chlcrination Confer-
ences. Reviewed and critically examipced the fechmical validity and
appropriateness of various -proposed federal and state enviroonmental
regulations as to protestion of the aquatic envirooment. KRecent
activities included the critical evaluation of proposecd onsite
effluent toxicity testing protocols relevant to the second round cf
NPDES permits. These efforts included conceptual ciscussions with
leadicg scientists, regulatory authorities, and attorneys relevant
to the technical cirecticm of the critiques.

CONFERENCE PLANNING: Organized and participated in the develcopment
of technical programs associated with scientific conferences,
including the National American Fisheries Society’s meeting, and the
Third and Fourth Water Chlorination Conferences. As part of these
activities, informal and formal discussion sessicns were organized
to grovide increased exchange of informaticn ameng scientists from
various disciplines.

SFACILITIES DEVELOFMEN1: Designed, constructed, and directed the

research programs of freshwater and estuarine laboratories.
Facilities have featured static and flow-through capabilities
designed for studies of acute toxicity, temperature preference,
avoicance, thermal toxicity, and other chromic effects.

EJUCATION:

Ph.D. (behavioral toxicology), University of Maryland,
College Park, Maryland 1975

M.S. (fisberies biclogy), University of Maryland,
College Park, Marvland 1973

B.S5. (zoolegy), University of Maryland,
College Park, Maryland 1970
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EREVIOUS EXPERIENCE:
ECOLOGICAL ANALYSTS, INC., Baltimore, Md.
Manager, Eoviroomental Toxicology Serviges 1960-19bl1

ECOLOGICAL ANALYSTS, INC., Baltimore, Md.
Scientist, Eaviroomental Toxicology and

Chemistry Group 1977-1980
ICATHYOLOGICAL ASSOCIATES, INC., Middletown, Del.
Senior Research Bioclogist 1975-1%77

UNIVERSITY OF MARYLAND CENTER FOR ENVIRONMENTAL
AND ESTUARINE STUDIES, College Park, Md.
Faculty Research Assistant and Research

Graduate Assistant 1970-1%75
TRIDENT ENGINEERINC ASSOCIATES, INC.
Research Associate 1973=-1v74
NATIONAL OCEANIC AND ATMUSPEERIC ADMINISTRATION
Assistant Survey Technician 1967-1%60
EROFESSIONAL ACTIVITIES:

Society of Envirommental Toxicology and Chemistry
American Asscociation for the Advancement of Science
Tke American Fisheries Society

American Society for Testicg and Materials

Atlantic Estuarine Research Society

Vater Pollution Control Federaticm

Phi Sigma Society

COMMITTEES:

Society of Enviroomental Toxicology and Chemistry =
Publicaticn Committee

EUBLICATIONS AND PRESENTATIONS:

Gitt, J.J., J.A. Fava, A.F. Maciorowski, and W.L. McCulloch. 1983.
The use and implication of sewage sludge toxicity tests 1in
ocean disposal management aivisions. Ocean Waste Management:
Policy and Strategies. 2-6 May 1983. \University of Rhode

Island.

Gife, J.J., J.A. Fava, A.F. Maciorowski, and W.L. McCulloch. 1983.
Marine organism sewage sludge toxicity tests and their use it
making ocean disposal management decisions. Presented at the
Fourth Internaticnal Cceam Disposal Sympesium. Plymouth,
England. April 1983.
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Cumbie, P.M., J.A. Fava, P.D. Mowery, and G. Seegert. 1983.
Some limitations of the naticnal guidelires final acute
value calcularion. Presented at thc Seventh ASTM Symposium
on Aquatic Torlicology. Milwaukee, Wis. 17-1Y Aoril.

Fava, J.A., G. Seegert, and P.M. Cumbie. 19Y53. Assessment of aata
quality used to derive nationmal criier:a with suggested data
evalvation criteria. Preserted at the Sevanth ASTM Syoposium
on Aquatic Tomicology. Milwaukee. Wis. 17-i¥ april.

Seegert, G., J.A. Fava, and P.M. Cumbie. 1983. Anualyses of
the underlying distribution of the hational catabase. Pre-
sented at the Seventh ASTM Symposium on Aquatic Toxicology.
Milwaukee, Wis., 17-19 April.

Fava, J.A., J.J. Gift, A.F. Macicrowski, W.L. McCulloch, and
B.J. Reisinger, II1. 1983. An integrated comparison of
total and liquid phase sewage sludge chemical constituency
and maripe organisms acute toxicity. Presented at the
Seventh ASTM Syvposium on Aquatic Tcxicology. Milwaukee, Wis.
ii-1Y April 1383.

Maciorowski, A.F., J.A. Fava, and W.L. McCulloch. 193. An
approach to sewage sludge biocaccumulation potential tests.
Presented at the Seventa ASTM Syuposium on Aquatic Tcilcology.
Milwaukee, Wis. 17-19 April 1983.

Mowery, P.D.. J.A. Fava. and L.W. Claflin. 1983. A statisticsl
test procedure for erfluent toxicity screening. Preserted at
the Seven:b ASTh Symposium on Aquatic Toxicology. Milwaukee,
Wis. 17-19 April )983.

Fava, J.A. and G. Seegert. 1983. Factcrs to be comsidered in the
cesign of chlerine toxicological research, jn Proceedicgs of
the Fourth Water Chlorinatica Conferences, Asilomar Conference
Center, 18-22 October 1Ybl.

Davis, W.I. and J.A, Fava. 1983. Interacticn of aquartic ecosystem
components with chleorinaticn: An overview, in Yroceedirngs of
the Fourth Water Chlcrination Conference, Asilcmar Conference
Center, 18=23 October 19&l.
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Fava, J.A. 1982. Biomonitoring: Practical Considerations Relevant
to NPDiS Fermits. Presented at the NPDES Workshop Spenscred
by the Utility Water Act Group (WAG), Atlanta, 23-24 June.

Gife, J.J., J.A. Fava, G.J. Lauer, H. Plugge, and W.J. Rue. 19b62.
Briefing on Present Status of Ocean Dis,.osal cf Sewage Sludge -
Site Designation Rulemaking and Special Permit Application =~
for the City of New York. Presented at meeting of the U.S.
House of Representatives Committee of Merchant hMarine and
Fisheries, Washiogtonm, D.C., 2 April.

Fava, J.A., J.J. Gift, W.J. Rue, and H. Plugge. 1952. Oceun
Dumping Assessment Issues. Presented at Meaningful Measures
of Marine Polluticn Effecis, Pensacola, Fla., 26-29 April.

Fava, J.A., W.J. Rue, Jr., and R.M. Kapp. 1982. Factors necessary
to establish site-specific water quality stacdards, ip
Proceedicgs of The Fertilizer Institute’s Envircomental
Symposiuw 82, San Antomio, Tex.

Fava, J.A., R.M. Kapp, J.J. Gift, C.R. Flyon, and J.A. DelPup.
1982. A biological risk assessment approach to establish
water quality-based effluent limits, in Aquatic Toxicology
and Bazard Assessment (J.G. Pearson, R.B. Foster, and
W.E. Bishop, eds.), pp. 34l-355. Presented at the Fifth
Conference, ASTM STF 766, American Society for Testing and
Materials.

Fava, J.A., R.M. Kapp, and W.J. Rue. 196l. Comprehensive Evalu-
ation of Ammonia Texicity in Site-Specific Enviroomental
Assessments. Presented at Internaticmal Society of Petroleum
Industry Biclogists Fourth Annual Meeting, 22-15 Septemter.

Rue, W.J., Jr. and J.A. Fava. 198l. The relative contributicn
of poirt socurces of ammenia tc surface waters, in Industrial
Waste--Proceedings of the l3th Mid-Atlantic Conference
(C.P. Buang, ed.), pp. 608-617.

Brungs, W.A., W.P. Davis, J.A. Fava, D.H. Hamilton, J.S. Mattice,
R.J. Ruape, and R.B. Samworth. 1Y%50. Reaction products and
ecological effects of aquecus chlerinaticn. Chapter 97, in
Proceedicgs, Third Conference on Water Chleripaticn: Environ-
mental Impact and Health Effects. Ann Arbor Science, Ann
Arbor, hich.
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Fava, J. 1l980. Enviroomental Descriptors Data Base. Presented at
Electric Power Kesearch Imstitute Workshop entitled "Engineer-
ing and Eaviroomental Data Bases for the Electric Utility
Industry: What We Bave and How to Use It," Washimgtom, D.C.,
14-15 October 198V.

Fava, J.A., R.M. Kapp, L. Claflin, J.J. Gift, S. Fullertonm,
L. Milask, K. Bewitt, and V. Spence. 1950. Development of
EPR1“s Cooling Water Data Base and Analysis System. Presented
at Poster Session, Fifth Natiomal Workshop on Entraicment and
Izmpingement, San Francisco, 5-7 May 19b0.

Fava, J.A., R.M. Kapp, and J.A. DelPup. 190. Enviroomental fac-
tors affecting the toxicity of free cyanide to fish. Presented
at Meeting of the Northeast Divisiocn of The American Fisheries
Society, Ellenville, N.Y., 27-30 April 1980. (Abstract).

Fava, J.A., R.M. Kapp, and J.A. DeiPup. 1980. An approach to
improve water quality criteria, in Froceedirgs of the AMSA
Conference on Water Quality Criteria.

Gray, R. and J. Fava. 1Y60. Can Studies of Organism Behavicr
Provide Useiul Data for Environmental Assessment. FPresented at
Nat. Am. Fish. Soc. meeting, Louisville, Ky., September 1980.
(Abstract). ’

DeGrseve, G.M., W.J. Blogoslawski, W.A. Brungs, J.A. Fava,
B.J. Finlayson, J.P. Frost, T.M. Krischan, J.W. Meldrim,
D.T. Michaud, R.E. “akatani, and G.L. Seegert. 197%.
Chlerine, in A Review of the EPA Red Book: Quality Criteria
for Water (R.V. Thurston, R.C, Russo, C.M. Fetterolf, Jr.,
T.A. Edsall, and Y.M. barker, Jr., eds.), pp. 67-75, Water
Quality Section. American Fisheries Society, Bethesda, Md.

Fava, J. 197%. Developing an Expanded Cooling System Data Base to
Include Environmental Descriptors. EPRI RP 148%5-1. Proceed-
ings of Aavisory Workshop om Aquatic Cooling System Effects.
Airle House, Va.

Fava, J. 1Y79. Behavioral toxicology: Its use in hazardous
substacce evaluatico, in Pioceedings of the 197% Natiomal
Conference on Hazardous Material Risk Assessmert, Disposal
and Mapagement, pp. 65-72. Miami Eeach, Fla.
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Williogham, W.T., J.E. Colt, J.A. Fava, B.A. Hillaby, C.L. Ho,
M. Katz, R.C. Russo, D.L. Swanson, and R.V. Thurstom. 1979.
Ammonia, ip A Review of the EPA Red Book: Quality Criteria
for Water (R.V. Thurstonm, R.C. Russo, C.M. Fetterolf, Jr.,
T.A. Edsall, and Y.M. Barker, Jr., eds.), pp. 6-18, Water
Quality Secticn. Americac Fisheries Society, Bethesda, Md.

Fava, J., B. Bougart, and J. Tompkins. 197&. Will the birds retuzn
Maryland Conservatiomist 54(1):24-27.

Fava, J. and D. Thomas. 1978. Use of chlorine to control OTEC
biofouling. Ocean Eng. 5:269-288.

Fava, J. and C, Tsai. 1978. Delayed behavicral repsonses of the

blacknose dace, Rhipichthys atratulus, to chlcoramires and free
chlcrine. Comp. Biochem. Physiol. 60(2):123.

Fava, J. and J. Melérim. 1977. Avoidance and tolerance of Atlanmtic
silverside and white perch to chlerine. Presented at the hat.
Amer. Fish. Soc. Meeting, Vancouver, B.C., 16 Septemter 1977,

Fava, J. and J.W. Melarim. 1977. Responses and tolerance of
Atlantic silversice to c¢alcrine. Presented at the Northeast
Fish and Wildlife Conference, Boston, Mass., 3-6 April 1977.

Fava, J. and D. Thomas. 1977. Use of chleorine for antifouling on
Ocean Thermal Energy Conversicn (OTEC) power plants, in Pro-
ceedirgs of Ccean Thermal Energy Conversion (OTEC) Eiofouling
and Corrosicn Symposium (R.H. Gray, ed.), pp. 107-125.
Seattle.

Fava, J.A. and D.L. Thomas. 1977. Use of Cblcrine for Antifouling
cn Ocean Thermal Energy Conversion (OTEC) Power Plants.
Subtask Order 202-3. 45 pp.

Melcerim, J.W. and J. Fava. 1Y77. Behavicral respomses ¢f estuarige
fishes to chlerine. Chesapeake Sci. 18(1):134-137.

Fava, J. and C. Tsai. 1976. Tuberculation of the pearl dace,
Semotalus margipata (Cope). Copeia 2:370-374.

Fava, J. and C. Tsai. 1976. Immeciate behavicral reacticns of

blacknose dace, Rhipichchbys atratulus (Hermann), to domestic

sewage and its toxic comstituents. Trans. Am. Fish. Soc.
105(3):430-441 .
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Meldrim, J. and J. Fava. 1976. Behavicral avcidance responses
of estuarine fishes to chlorine. Presented at the Chlorire
Workshop, Chesapeake Biological Laboratory, Univ. Maryland,
Solomons, Md., 25-28& March 1976.

Fava, J. 1Y75. The behavicral responses of blacknose dace
Rbipichthvs atratulus (Hermann) to domestic sewage effluents

and their toxic constituents. Ph.D. dissertation. Umiv. Md.,
College Park.

Tsai, C. and J. Fava. 19Y75. Chlorinated Sewage Effluents and
Avoidance Reaction of Stream Fish. Technical Report No. 35.
dater Resources Research Center. 359 pp.

Fava, J. and C. Tsai. 1974. The life history of the pearl dace,
Sewotilus marginata, in Maryland. Chesapeake Sci.
15(3):159-162.

Tsai, C. and J. Fava. 1974, The response of blacknose dace to
chlerinated sewage effluents. Presented at the 1Y%74 Northeast
Fish and Wildlife Conference, McAfee, N.J., 20-18 February
1974,

Tsai, C. and J. Fava. 1974. Chlorinated Sewage Effluents and
Avoidance Reacticn of Stream Fish. Tenth Annual Report.
Water Resources Research Center. Univ. Md., College Park.

Fava, J. 1973. The habitat, distributicn and life history of the

pearl cace, Semotilus marginata (Cope), in Maryland and adja-
cent states. Master s thesis. Univ. Md., Coll:gc Park.

Tsai, C. and J. Fava. 1Y73. Chlcrinated Sewage Effluents and
Avoidance Reactionm of Stream Fish. MNinth Annual Report.
Water Resources Research Center. Unmiv. Md., College Park.

Tsai, C. and J. Fava. 1972. Chlcrinated Sewage Effluents and
Avoidance Reaction of Stream Fish. Eighth Annual Kepor-.
Water Resources Research Center. Univ. Md., College Pars.

Macicrowski, A.F., W.L. McCulloch, and J.A. Fava. A comparative
evaluation of LC50 estimaticn procedures with marine organisa
sewage sludge and deference toxicant tests. Submitted for
consideration of presemtation at the Fourth Annual keeting
of the Society of Enviroomental Toxicology and Chemistry,
Arlipgton, Va.
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Fava, J.A., A.F. Maciorowski, W.L. McCulloch, J.J. Gift,
8.J. Reisinger, J. Edicger, and E. Buchak. A multidisci-
plinary approach to sewage sludge ocean disposal assessment.
Accepted for presentaticn at the Fourth Annual Meeting of
the Society of Environmental Toxicology
and Chemistry, Arlipgtonm, Va.

Cl : G IENCE:
. . -

. Analyzed the literature on the scurce, chemistry, fate,
toxicity (aquatic and human health), and detecticn of
ammonia in surface waters.

. Prepared a critique of the literature on the scurce, chem-
istry, fate, toxicity, and detecticn of chromium ic surface
waters.

. Conducted a survey and analysis of the existing and proposed
biomonitoring test procedures relevant to the petroleum
industry.

. Evaluated the appropriateness of proposed effluent toxicity
testing procedures relevant to their use with the petroleum
industry.

. Evaluated an approach to comnduct use attainability analyses
for surface waters relevant to proposed water quality
standard regulations.

. Assisted in the development of technical comments on
protocols to derive site-specific water quality criteria.

. Provided technical support on the use of biomenitoring
includirg effluent toxicity tests and ecological surveys for
use ir wasteload allocation and total caily maxisum  cads.

. Participated in a survey of national znd state groundwater
quality standards and aquifer classificaticn systems.

. Directed technical literature reviews cn the source,
chemistry, toxicity (aquatic, human heal®h) of cadmium and
vanadium.
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« Evaluated Draft Ambient Water Quality Criteria document omn
chlerine, including assessment of completeness, adequacy,
and appropriateness of toxicological data for use irn setting
water quality criteria.

« Critiqued an approach to derive site-specific water quality
criteria relevant to the proposed water quality standarc
regulations.

. Performed a sensitivity analysis on the use of procedures to
calculate the water quality criterion’s Firal Acute Value
(FAV). This was part of an evaluaticn of the usefulness of
the “National Guidelines for deriving water quality criteria
for the protection of aquatic life" -o derive site-specific
criteria.

. Reviewed internal daraft versions of EPA"s 1Y83 criteria
documents for arsenic, cadmium, chronium, copper, cyarice,
lead, and mercury.

« Directed an effort to address variability issues asscciated
with EPA“s naticnal acute toxicity databases for 23 chemi-
cals with the goal of developing a method to calculate the
fipal acute values.

Wagter Resources Research Cepter--Studied the behavioral responses of

freshwater fish to domestic sewage effluents and their toxic
constituents~--free chlcrine, chlcramices, and acmcnia.
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ECCLOGICAL ANALYSTS. INC.

Hans Plugge/page $

S _EXPERIZNCE:

ECOLOGICAL ANALYSTS, INC., Sparks, Marvland,

Scientist, Eavirommental Toxicology 1981-1983
JRB ASSOCIATES, INC., MclLean, Virginia,

Staff Toxicelogist 1979~1981
HOWARD UNIVERSITY, Dept. of Human Nutrition

and Food, Washington, D.C., Guest Lecturer Fall 1980, 1981
HARVARD UNIVERSITY MEDICAL SCHOOL, Laboratory

of Psychobiology, Bostom, Mass.,

Senior Research Assistant 1978-1979
HARVARD UNIVERSITY, Cambridge, Mass.,

Guest Lecturer Spring 1978, 1979

HARVARD UNIVERSITY SCHOCL OF PUBLIC HEALTH,
Laboratory of Toxicology, Bostom, Mass.,

Researcn Assistant 1977-1978
UNIVERSITY CF GUELPH, Department of Chemistry,

Guelph, Ontario, Canada,

Research Assistant 1975-1977

Teaching Assistant 1975=-1977

PROFESSIONAL ACTIVITIZS:

Air Pollutiom Control Associationm

American Association for the Advancement of Science

American Chemical Society

American College of Toxicology

New York Academy of Sciences

Society for Risk Anmalysis

Society of Eavironmental Toxicology and Chemistry

3oard ‘ember of Chesapeake-Potomac Chapter of the Society
of Envirommental Toxicology and Chemistry

Conferences /Jorkshops:

Symposium on Ocean Waste Management:
Policies and Strategies, University of Rhode

Island, 2-6 Mav 1983
Fourth Interzationmal Oceam Disposal Svmposium,

Plymouth, Devon, England, l1-15 April 1983
Workshop on Low Probability/High Comsequence

Events, Rossvin, VA, June 1982
Meanizgful Measuves of Marine Pollution Effects,

Pensacola, Fla., 25-19 april 1982
Design of Sewage Sludge Incineration Svstems,

The Continuing Zducatiomn Iastitute,

Columbia, Md., 22-23 April 1982
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International Workshop on the Analysis of Actual

vs. Perceived Risks, Natiomal Academy of

Sciences, Washington, U.C., l=3 Jun~r 1981
Malformations in Develcpmental 3iology, FAES

Graduate School, Natiocnal Iastitutes of

Health, Bethesda, Marvland 1980~-1981
Ultrastructural Pathology, FAES Graduate School,

National Iastitutes of Health, Bethesda, Md. 1980-198!
First Annual Conference on Genetic Toxicology

and Cytogenetics, Brookhaven National

Laboratory, Upton, New York, 25-29 February 1980
Chemical Carcinogenics--Occupational aad

Eavironmental, Mt. Sinai School of Medicine,

New York, N¥.Y., 21-23 June 1978
Health Effects of Halogemat:d Aromatic Hydro-

carbons, New York Academy of Sciences,

New York, N.Y., 24-27 June 1978

PUBLICATIONS AND PRESENTATIONS:

Plugge, B. 1983. Comparative Risk Assessment. Presented at Tair,
Land, and Sea: Which is the bdest for the disposal of sewage
sludge " 28 July 1983. SCCWRP Laboratories, Long 3each,
Calif.

HBamner, 5. and H. Plugge. 1983. An automated integrated capillary/
packaged chromatographic system for mobile ambient air momi-
toring of volatile orgamics. Presented at cthe Third Annual
National Symposium on Recent Advances in the Measurement of
Pollutants from Ambient Air and Stationary Sources. Researczh
Triangle Park, 3-5 May.

lugge, H., 3. Rubin, and J.J. Gift. 1983, Multimedia risk
assessment of sewage sludge disposal altermatives I Gemeric
Methodology. Presented at svmposium cn Ocean Waste Management:
Policies and Strategies. University of Rhode Island, 2-- Mav,

lugge, H., P.A. Cruse, C. Beisser, J. Paull, and B. Rubin.
1983. Multimedia Risk Assessment of sewage sludge disposal
alternatives II. Ocean disposal versus incineratiom -
Quantitative Risk Estimates. 2Presented at Symposium on Ocean
Waste Management: Policies and Strategies, Uoiversity of Rhode
Island, 2-5 May.



al

3~ vy

Cumming,

‘
Ly
b

n, D

1Ty morns
cawaun L

a




)

‘lﬂ!iﬁ" ECOLCGICAL ANALYSTS. INC.

Hans Plugge/page 8

Plugge, H. and G. Petrazzuolo. 198l. Issues in Human Risk

Assessment II. Presented at the Annual Meeting of the Society

of Eavironmental Toxicology and Chemistry, Arlington, Va.,
22-25 November.

Plugge, H. 198l. Issues in Human Risk Assessment. Presented at

Fourth Conference on Water Chlorination, Pacific Grove, Calif.,
18-23 October.

Jaeger, R.J., H. Plugge, and S. Szabo. 1980. Acute bladder toxi-
city of a polyurethame foam catalyst, NIAX catalyst ESN,

containing dimethylaminoproprionitrile. J. Eav. Path. Tox.
4:555-562.

Plugge, H. and G. Petrazzuolo. 1980. Nasal Oncorens--A Review.

Prepared for Comsumer Product Safety Comm.ssion under contract
CPsSC-C-79-1052.

Plugge, 5. and R.J. Jaeger. 1979. Toxicology of 2-chloro-l,3-
butadiene (chloroprenme): acute effects in liver and lung

following inhalation exposures in rats. Tox. Appl. Pharm.
50:565-572.

Plugge, 3. and R.J. Jaeger. .379,. Toxicology of 2-chloro-l,
J-butadiene (chloroprene): acute effects in liver and lung
following inhalation exposures in rats. Presented at Meeting
of the Society of Toxicology in New Orleams, La., March 197

Plugge, H. 1977. Viayl chloride: 1Its biological effects.

A review. Master”s thesis. University of Guelph.
Guelph, Ontario, Canada.

Plugge, H. and S.H. Safe. 1977. Viayl chloride metabolism:
A review. Chemosphere 6:309-325.

Safe, 5.3., H. Plugge, 3. Chittim, and J.F.S. Crocker. 1977.
Analysis of adjuncts used in formulaticns for the application
of organophosphorus pesticides, inm Proceedings of :the Symposium
on Femitrothion: The Long-Term Effects of Its Use in Forest
Ecosystems (J.R. Roberts, R. Greenhalgh, and W.¥. Marshall,
eds.). NRCCICNRC No. 16073:51-76., Naticnal Research Council
of Canada.

Safe, S.3. and H. 2lugge. 1977. Analysis of an aromatic solveat
used in a forest spray program. Chemospnere 5:841-551,
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CTED REPOR ONSULTING EXPERIENCE:
American Petroleum Ianstitute--Reviewed the human health section

of the chromium momograph. Revised State of Michigan’s Rule 57
cn establishment of water quality criteria. Contributed to
cadmium and vanadium monographs.

City of New York--Developed methodologies for the quantitative
assessment of human health risks in order to compare the
differential risk associated with multimedia disposal of
municipal sludge. Performed a multimedia risk assessment of
municipal sludge disposal. Briefed congressional staff on
issues associated with sewage sludge disposal.

Confidential Clients--Designed ctatiomary air monitoring system for
a hazardous waste disposal facility. Prepared an assessment of
remedial actiom for and hazard assessment of PAH contamimation
soil in a already settled area. Prepared safety plams and
monitoring for several hazardous waste sampling activities.
Recommended safety plans for excavation of nonsecure landfill
cells.

Consumer Product Safetv Commission--Managed and developed a review
of nasal ocncogens cased on an extensive review of the world”s
literature. Disproved the widespread conviction that nasal
problems result solely from inhalation of substances.

Elecctric Power Research Iastitute--Managed the development of a

cost-benefit risk assessment methodology for biofouling control
alternatives,

EXXON--Revieved SNARLs for benzeme, toluene, and xylenes. Prepared
and delivered expert testimony on health effect of benzene,
toluene, and xylenes in ground water.

ines, lundberzh and Whaler--Developed a nazard assessment of the
health hazards associated with development of PAH contamisation
ex-industrial site.

¥arvland Departaent of Health and Memral Hvgienme--Managed the
design, engineering, and comstruction of an automated mobile
air monitoriang system including automatic calibration, packed/
capillary gas choratography, dual detectors (FID/elec:ro-
chemical) for eacha effluent as well as a computerized data
system,
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