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long-term toxicity

Method may involve a high
f uncertainty.

.DISADVANTAGES

May be applied to other effects in

the future.

Can only be used for carcinogenic
compounds with dose-response data.
Assumptions made, but provides

a more defensible value than the
class system.

Based on trends within a chemical

Needs multi-dose,

class.
level o

ADVANTAGES

TABLE 1

chemical which has not been
studied extensively for
provided data is available
for a chemically similar
compound .

measure of the toxicity of
many compounds.

Can relate a numerical
Provides a guideline for a
toxicological effects,

risk to a dose.
Gives a fairly reliable

assessment for an
acceptable daily intake

Provides a qualitative

Methods of Determining Risk

No-Observed-Adverse-Effect Levels

Cancer-Risk Calculations

Chemical Similarities
Class -Values

Method

EXECUTIVE SUMMARY

The manufacture and use of synthetic organic chemicals is widespread throughout

New York State, and as a result these chemicals have and are likely to continue to
The presence of these chemicals in public

| contaminate sources of drinking water.
An estimate of this

water supplies presents a risk to the health of the consumer.
risk can be obtained by using extrapolation procedures and scientific judgement to

interpret toxicological data from animal studies and epidemiological studies on work-
ing populations (Table 1). The data in Table 2 show that the magnitude of this risk

] is roughly comparable to many other common voluntary or involuntary risks.

| TABLE 2

Risk of Fatality by Various Causes

CHANCE PER LIFETIME

ACCIDENT TYPE

Hurricanes 2.8 x 107>
Lightning 3.5 x 1072
Air Travel 70.0 x 107>
Drowning 230.0 x 10:?
Motor Vehicles 1750.0 x 10_g
0.1.x 10

0.16 ug/L PCB in Drinking Water
11 ug/£ Vinyl Chloride in 5
Drinking Water

A variety of engineering methods including development of new uncontaminated
supplies, aeration and granular activated carbon treatment, can be used to control
the concentrations of synthetic organic chemicals in drinking water. The cost, prac-
ticality and efficiency of these engineering measures vary widely. (Table 3).

TABLE 3

Comparative Annual Treatment Costs in Dollars per Household*

GRANULAR

GROUNDWATER
PLANT SIZE DEVELOPMENT AERATION ACTIVATED CARBON
0.1 MGD $40 $29 $ ~-
1.0 MGD 12 12 133
10.0 MGD - 3 57
50.0 MGD - 3 31

*Assume three people per household

SR




A variety of regulatory postures could be ado

' ec : pted by New York State i
a ?as%s for controlling the level of synthetic organic chemicals in the sEthfOVlde
drinking water. The following are some examples of strategies which 1 -
stated or combined in a logical manner: ch could be used as

1. -Require all public water systems in the ' . ‘
st .
treatment technology. ate to install the best available
2. Require the larger public water i [NTRODUCTION
. systens s :
available treatment technology. Y in the state to install the best ' f

boog, 3. Require treatment t i mi i :

5 Require tre present: zsduce or ellmlngte contaminants in only those systems ; Organic chemicals are used extensively in our technological society. When

Determining an unacce taﬁgacieptable level of risk from organic compounds. % handled properly, organic chemicals enhance the quality of life, but when improp-
D e level of risk requires a public policy judgement . erly used or discarded, these chemicals will adversely effect human health.

ik 4. Advise i :
2 drinkin;h3a52£l;§d°:1f2§ ;ﬁg:liglgggig the risk associated with their y The purpose of this report is to provide background information related to the
unacceptable. e 1f the risk is acceptable or ; development of a policy to control the contamination of drinking water with organic
' chemicals. The report includes a summary of the Environmental Protection Agency's
i strategy to control synthetic organic chemicals in drinking water; a description of

5.. Attempt to control ‘tami : . :
contamination by restricting the use or by strictly j the meaning of risks; a proposed methodology to establish risks for organics; an
estimation of the problem in New York State; and finally, an assessment of the

regulating the manufacture, use and disposal of organic chemicals
coste for removing organics from drinking water. The New York State Department of

it 6. Adopt the Federal , -
s standards and/or regulations when they are promulgated. 2 Health welcomes comments and suggestions regarding this report from any interested
° party. These comments will be used to establish a policy for controlling organic

5!:1] Although the policy whi i .
#IL the selection of this golic;hilel iinally be'adopted requires scientific input, : chemicals in drinking water. Several possible implementation strategies and speci-
25? acceptable involuntary risk a aipai Ly a public decision involving a balancing of Cd fic issues on which the Health Department is requesting comments and guidance are

| gainst increased regulation and cost. Public comments : listed at the conclusion of the report.

. and suggesti ; :
i g9 ons are thus required before a final strategy for regulating synthetic

| or i i : I
n ganic chemicals in drinking water can be adopted. ,
‘ 3 Federal Control Procedures

|

i

*': i cals in drinking water, Congress passed the Safe Drinking Water Act (sDwa) in 1974.
5 One of the ultimate goals of this Act was to publish regulations establishing maxi-

P mum contaminant levels (MCL) for various compounds in drinking water. Carrying out

y‘f : 5 details of this Act is the jurisdiction of the Environmental Protection Agency

I . & (EPA). Congress also directed EPA to commission a study which would propose methods

H for establishing these regulations. This study was carried out by the National

Academy of Sciences. One hundred days after the National Academy of Sciences sub-

mitted its report, EPA was to propose drinking water regulations. The National

Academy of Sciences submitted its report entitled "Drinking Water and Health" on

June 20, 1977 and EPA proposed organic drinking water regulations on February 9,

1978 but has yet to promulgate these as regulations.

! .

i ~
| ’ ' 3 As a first step in controlling the risgks imposed on society by organic chemi=-
|

; While waiting for the completion of this study, EPA promulgated the National
Interim Primary Drinking Water Regulations (NIPDWR) for four chlorinated hydrocar-
bons and two chlorophenoxy acids. The Environmental Protection Agency also speci-
fied that surface source community water systems were to monitor distributed water
for these organic chemicals at three year intervals. Table 4 provides a list of
these chemicals with the associated maximum contaminant levels (MCL).

P SR B Ty

2y

|

| ,

‘ ? In 1978, EPA proposed amendments to the NIPDWR to expand its control over syn-

| £ thetic organic chemicals in drinking water and thereby demonstrate the preventive

[ philosophy underlying SDWA. EPA's position is that long term exposure to even low

‘ levels of organic chemicals poses a significant health risk and should be controlled.




TABLE 4

National Interim Primary
Drinking Water Regulations

ORGANIC CHEMICAL

MCL (mg/L)
Chlorinated hydrocarbons:
Endrin (1,2,3,4,10“Hexachloro»6,7—
epoxy-1,4,4a,5,6,7,8,8a~octa~
hydro-1,4-endo, endo-5,8~dimeth~
anonaphthalene 0.0002
Lindane (1,2,3,4,5,6~Hexachloro-
cyclohexane, gamma isomer) 0.004
Methoxychlor (l,l,lmTrichloro-
2,2nb1s(pumethoxyphenyl)ethane)‘ 0.1
Toxapheng (C10H10C18 = Technical
chlorinated camphene, 67-69%
chlorine) 0.005
Chlorophenoxys :
2,4=D (2,4—Dichlorophenoxyacetic acid). 0.1
2,4,5~TP Silvex (2,4,5-Trichloro-
phenoxypropionic acid) 0.01

gﬁgzugzzlgizg is complicatgd because certain trace contaminant

Dot Chlgzgnzhemlcgl.dlsinfegt%on wh%ch is practiced by community water sup-

G ooureing organic,suiet'ln the diginfection process, may react with haturally

eihalang © ubstances to produce other compounds. The compounds known as
anes are some of the most frequently formed by-products of chlorinat;on

s are formed as by-

The SDWA endeavors to protect

public h ishi i
ant Togeqo B et meoirote P ealth by establishing maximum contamin-

(100 microgr i i i
lcrogram/liter) and a monitoring requirement are feasible for total trihalo

methanes; however, similar ici
: ‘ policies are not realistic for t i i
organic chemicals used in our highly technical society he myriad of synthetic

E . i e ] s J : » ] . ] ] : ]

pal wastewater discharges, urban and rural

reac?fwater from industrial and munici
runo i ) infi
into surface waters, ground infiltration from landfills, defective sewe
r
The concentration of any

drinking water is likely to be very small;

lines and runoff f i

5 8 rom vegetation bleached with ¢ i
specific synthetic organic chemical in inki hemlca%s. i
however, consideration must be given to

the ingestion of perhaps several hundred compounds.

EPA's position is that the large number of potential synthetic organic chemical
contaminants in drinking water makes monitoring a water system for the presence of
each economically impractical. For this reason EPA is considering requiring a
treatment technique instead of establishing MCL's and monitoring requirements. The
presently preferred treatment technique is adsorption of contaminants by granular
activated carbon (GAC) which is’ the best broad spectrum treatment currently avail=
able for removing synthetic organic chemicals. This treatment requirement should
result in facilities which, when adequately designed and operated, will reduce the
public health risk from drinking water contaminated with synthetic organic chemicals.

State Health Department Concerns

The Federal organic chemical regulations published in the Federal Register in
February, 1978 will be reproposed by EPA. Indications are that the new proposed
regulations will apply principally to community water systems located along desig-
nated stretches of streams. These streams have either large numbers of point
source discharges from major industries and/or municipalities, or the streams are
shipping routes for industrial or agricultural chemicals. The State will also be
permitted to designate other stream reaches of special concern. As will be shown
in subsequent sections of this report, most of the community water systems which
are now known to be contaminated with synthetic organic chemicals are not located
along these streams. Public health protection may indicate that all users of
community water systems be subjected to regulations so that any significant risk
can be eliminated regardless of the community location or size.




CHARACTERIZATION OF ORGANIC CHEMICAL WATER
QUALITY PROBLEMS IN NEW YORK STATE

manufactured by industries in New York State. This survey did not quantify the
amounts of chemicals discharged., However, these data do show chemical usage by

county; and a correlation would be expected to exist between the use of organic com-
pounds and their disposal or discharge.

Appendix A contains seven maps of New
tion of seven classes of organic chemicals:
Organics (other than hydrocarbons), Pesticide
Aromatics (other than hydrocarbons and non-ha
Plastics. These data are further summarized
state that use more than ten million pounds o

As can be seen, large quantities of organic ¢
State.

York State showing the use and distribu-
Halogenated Hydrocarbons, Halogenated
8, Aromatic Hydrocarbons, Substituted
logenated), Ketones and Aldehydes and
in Table 5 which shows areas of the

f one or more compound class per county.
ompounds are used throughout New York

TABLE 5

Areas of the State Where More Than Ten Million

Pounds of a Class of Compound are Used, Manufactured or Stored
CLASS AREA
. o igl“m :
» : IR TR
I g g 8 a8y b
g Py ng 400 0 Ox0L 0
Wi e o Q0 @ 9 0 Rs
B 84 S§ g3% B 8% %
M OUAQ T > s &
Halogenated hydrocarbons X X X
Halogenated organics X
Pesticides X X X
Aromatic hydrocarbons X X X
Substituted aromatics X X X X
Ketones and Aldehydes X
Plastics X X X

Environmental Spills

umm i i 3 s
The 1978 spill s ary of oil and hazardous mater1al/tox1:‘zzbSEE:EZiozaof bure
i ental Conservation,
ted by the Department of Environm : o e
;::Z:Ely ;Zzgiedata Zhow that in 1978 2,032,697 ialéogg Zgogzziiggf Z;rzasoﬁine 2 e
: i tal o ’ s of
i i rate events. Of this, a Fo ‘ ‘ Tane VeT
splllede;naigsr:2§zled Table 6 lists counties in which more than 1,000 ga
recovexr .

gasoline were spilled.

TABLE 6

Counties in Which More than 1,000 Gallons
of Gasoline were Spilled in 1978

NUMBER OF VOLUME OF SPILLS VOLUME CLEAN?D Up
COUNTY SPILLS (Gallons) (Gallons
0
Albany 8 1,004 3 00
1 3,700 v
groome 3 12,050 9,508
ayuga oo
Chautauqua 2 ;,500 2. 500
Chemung 1 ’ o
Chenango g i:égé :
Du?chess . 5 o7 8
g;::x 1 2,000 0
3,000
Herkimer 1 4,902 ™
Jefferson 13 7:644 >
ﬁonr0§ 27 99,019 30,228
faga ' ' 4,140
. 7 ,
Niagara i~
Onogdaga 8 i,i;g 0
Ontario Z 8:110 0
grzggik 33 782,625 1,97g
u
Hosteh : 27005 20000
Westchester 15 . 067,146 :
New York City (all) 21 067,146
Total 202 2,027,178 50,370

°

i v
ble 7 liste the number of hazardous material/toxic substanceoipiiiicogze
o i orted to DEC in 1978. Some examples of the presid e Al
hara gasolmn: ?izl gpilled are sodium cyanide, acetone, chromic ac ;nd avy ne
e ga eirbon'waste, paint, pesticides, dry cleaning 801V§nt:bﬁained i
Sigggzéengigcdata regarding the spills of these materials can be

i iminated in a
Hazardous material/toxic substance spills cannot b? eai:ﬁiii Zéencies g i
highly technological society. In recognition of this, x:gr e e e anoure that
magntZin vigilant surveillance of the environment and wate .




TABLE 7

Counties Which Experienced Three or More Hazardous
Material/Toxic Substance Spills in 1978

NUMBER OF VOLUME OF SPILLS VOLUME C ;
- LEANED UP
COUNTY SPILLS (Gallons) (Gallons)
AlPany 7 - 11,255 255
Erie 9 1,712 5
Livingston 3 4,101
Monroe 10 4,274 452
Nassau 9 11,450 0
Niagaya 8 13,050 7,540
“Ontario 3 101 ’ 0
Orange 3 15,7
Schenectady 4 '325 ;
Steuben 4 60 T
Suffolk 6 3,704 ;8
Warren 3 100,055 0
Westchester 5 190
New York City (all) 25 24,081 g
Total 99 190,108 8,402

the public health is not subjected to significant risks,

Water Quality Data - Federal Surveys

Survesztzzezhigzzt:§gziQZ;' the U.S. Environmental Protection Agency conducted
¢ e organic 1emi i $ .
water systems. g > chemical contamination of the natlon'sﬂdrinking

Each of these systems uses surf
., - § ) ) a
Zggiggséhlggoigizzizn tg ;he t;lhaiomethanes (chloroform, bromodichlorom::h::zply
and bromoform) formed during chlorination. :
analyzed for the synthetic chemicals 1 i o and carbon teroabie was
12=-dichloroethane and carbon t
: . et
$Z:eresu1:s of thls Survey are contained in Appendix B. Each of the sZiggigriggi'
betw:ezy§4e:idwgieu§jznd t: ;ontain total trihalomethanes at concentratiéns rgngi;;
. r2-Dichloroethane was found in both ‘
. _ the raw
x:gezozfi:hiﬁebezﬁ attconcentrations of 3 and 2 ug/L, respectively; thi:ngozgzzzgd
ot € other two public water systems
identlfled in any of the samples collecZed. sempled.  Carbon Fetrachioride was not

I .

rous pﬂbiiz6w:22rlz77é EPA.conducted the National Organics Monitoring Survey (NOMS)

Syraciuptic water lys eéms 1n New York State were included: Poughkeepsie, Waterfordo
alo. These systems use surface Supply sources. Samples were ana—’

lyzed for 27 specific organic chemicals in addition to five general organic indica-
¢ : . : ¢ chemi
e:iiz::?fsrézzizi ;zgag;gisigbog, chemjcal oxygen demand and carbon chlgig:irm

4 vidual compounds w
these analyses are provided in Appendix C. 'Sf? %éss chan 1-8 ug/L.

The results of

I
il

Water Quality Data - Nassau and Suffolk Counties' Surveys

In 1976 synthetic organic chemicals were discovered in some public water supply
wells in Nassau County. As a result of these findings, State and County resources
were used to sample and analyze water from each well used as a source for community
water systems. Wells were tested for six synthetic organic chemicals: tetrachloro-

ethylene, 1,1,2-trichloroethylene, chloroform, 1,1,l-trichloroethane, carbon tetra-
The distribution of results by the sum of

chloride and trifluorotrichloroethane.
these contaminants is provided in Table 8.

TABLE 8

Number of Wells Found to Contain
Synthetic Organic Chemicals

Nassau County - 4/28/78

SUM OF CONTAMINANT

LEVELS (ug/4) NUMBER OF WELLS
<10 384
10 = <20 10
20 - <50 13
14

50<

The most commonly found contaminants in public water supply wells in Nassau

County are listed in Table 9.

These data show that tetrachloroethylene and 1,l,2-

trichloroethylene were found in 15 percent and 13 percent,; respectively, of the

sampled wells.
many other wells in upstate New York.

TABLE 9

Organic Chemicals Detected in
Community Water Supply Wells
Nassau County -~ 4/28/78

»

Asg will be shown subsequently, these contaminants were also found in

WELLS WELLS PERCENT MAXIMUM LEVEL

CONTAMINANT TESTED POSITIVE POSITIVE DETECTED (ug/ﬂ)
Tetrachloroethylene 372 57 15 375
1,1,2-Trichloroethylene 372 50 13 300
Chloroform 372 41 11 67
1,1,1-Trichlorxoethane 372 33 9 310
Carbon Tetrachloride 372 20 5 21
Trifluorotrichloroethane 372 4 1 135




A sampling program for organic chemicals in water supplies began in Suffolk

County during this same preriod. As of December 8, 1978 500 separate community water
supply wells in Suffolk County were analyzed for organic chemical contamination. As
was the case in Nassau County, trichloroethylene and tetrachloroethylene were fre-
quently found in these wells. Based on these data, 13 community water supply wells
in suffolk County and 23 community water supply wells in Nassau County were closed.
A list of these closures is provided in Appendix D.

Water Quality Data - State Health Department Surveys

In 1978 the State Health Department contracted with the United States Geological
Survey (USGS) to study groundwater supplies for 112 organic chemical contaminants.,
Thirty public water systems were sampled during the summer and fall of 1978. A sum~
mary of the results of this program is contained in Appendix E. A total of 47
samples from 39 wells were collected. Every well tested was found to contain some
synthetic organic chemical contamination. Table 10 shows the number of systems con-
taining synthetic organic chemicals as a function of the sum of the contamination.

TABLE 10

- Number of Systems Found to Contain
Synthetic Organic Chemicals
Upstate New York - 10/78

SUM OF CONTAMINANT

LEVELS (ug/L) NUMBER OF SYSTEMS

<10
10 - <20 1
20 - <50
50 -~ <150

150<

W waN W,

The ten most commonly found contaminants in public water supply wells in- this
study are shown in Table 11. These data show that bis(2-ethy1hexyl)phthalate,
tolu;ne and di (n-butyl)phthalate were found in 92, 85, and 54 percent of the wells
sampled.

State and local health departments respond to consumer reports of taste and
od?r problems in public and private water systems by investigating complaints, sam-
pling water, conducting sanitary surveys to determine the potential source or
sources of contamination and advising and informing consumers of available methods
to safeguard their health. In some cases, the legislature has appropriated funds to

correct the problem by extending nearby community water systems into the area of
contamination.

eight separate contamination incidents involving PCB's, trichloro-
tetrachloroethylene and 1,1,1-trichloroethane have been investigated by
Department outside Long Island. Additionally, up. to 150 separate

To date,
ethylene,
the Health
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TABLE 11

The Ten Most Commonly Found Organic Chemicals
Detected in Public Water System Wells - 10/78

WELLS WELLS PERCENT MAXIMUM LEVEL

CONTAMINANT TESTED POSITIVE POSITIVE DETECTED (ug/ﬁ)
Bis(2-ethylhexyl)phthalate 39 36 92 170.0
Toluene . 39 33 85 10.0
Di-n-butyl phthalate 39 21 54 470.0
Trichloroethylene 39 18 46 19.0
Ethylbenzene 39 17 44 40.0
Diethyl phthalate 39 13 33 4.6
Trichlorofluoromethane 39 11 28 13.0
Anthracene/Phenanthrene 39 7 18 21.0
Benzene 39 6 15 9.6.
Butyl benzyl phthalate 39 5 13 38.0

instances of gasoline contamination of public and private water supply wells have
occurred in New York. Appendix F contains a summary of these investigations.

During the fall of 1977, the State Health Department sampled distributed water
from 420 surface source community water systems for the six pesticides and herbi-
cides contained in the State and Federal drinking water regulations. In no instance
was a detectable concentration of these contaminants found. Tablel2 summarizes these

data.
TABLE 12
Community Water Systems Which Use
Surface Sources of Supply
October 1977
NUMBER OF
DETECTION MAXIMUM ANALYSES WITH

. NUMBER OF - LIMIT CONTAMINANT LEVEL MORE THAN THE
CONTAMINANT SAMPLES (ug/L) (ug/L) DETECTION LEVEL
Endrin 400 0.02 0.2 0
Lindane 400 0.04 4.0 0
Methoxychlor 400 1.0 100.0 0
Toxaphene 400 1.0 5.0 0 {
2,4-D 400 0.5 100.0 0
2,4,5-TP 400 0.1 10.0 0
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The finished water of Poughkeepsie and Waterford has been analyzed for a variety

of organic compounds during the last nine years.

Both of these communities obtain

their raw water from the Hudson River. The vast majority of the organic compounds
for which analyses were run were present at concentrations less tha 5 ug/f or were
not detected. The exceptions were chloroform (maximum 190 ug/f) and Bromodichloro-
methane (maximum - 18 ug/£ ), both probably by-products of chlorination. The results

of these studies are given in Appendix G.

The finished water of Niagara Falls has been analyzed for typical industrial
organic chemicals periodically during the past two years. Again, the contaminants
present at the highest concentrations were the trihalomethanes (maximum - chloroform
43 ug/L), by-products of chlorination. The remaining compounds for which analyses
were run were either not detected or present at low concentrations (maximum -
1,2,3,4~tetrachlorobenzene ~ 6.54 ug/f). The results of these studies are given in

- Appendix H.

Summary

Data from the Department of Environmental Conservation indicate that extremely
large quantities of synthetic organic chemicals are manufactured, used or stored
throughout New York State. DEC's spill summary for 1978 shows that many accidental
discharges of hazardous material and toxic chemicals occur in New York State each A

year.

The total impact of these events on drinking water quality is unknown. Avail-

able water quality surveys do indicate that:

1. Extensive groundwater quality studies on Long Island have documented the
contamination of numerous drinking water supply wells with organic

chemicals.

2. Water quality studies in upstate New York have documented organic chemical
contamination of many public and private water supply wells.

3. The pesticides and herbicides (endrin, 1indane,’methoxychlor,'toxaphene,
2,4-D and 2,4,5-TP Silvex) are generally not found in surface source

community water systems.

The attached Figure 1 shows the location of public and private water supply
wells which are contaminated with synthetic organic chemicals. These data show
that contamination is widespread and not restricted to a particular area of the’

State.
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DISCUSSION OF RELATIVE RISK

This section will provide an explanation of risk ratios, background on the
meaning of risk as applied to everyday life, and observations on the acceptability
of risk.” Risk ratios provide a quantitative description of the probability of a
hazard associated with a particular event or exposure and thereby provide society
with a measuring device for making decisions concerning the acceptability of an

event or exposure.

Risk Ratios

Throughout this report, the term risk or risk ratios will be used as the unit
of measure of the probability of a particular adverse effect occurring to an indi-
vidual over a lifetime. The average lifetime in New York State is assumed to be 70
years. Table 13 provides several examples of risk ratios and the associated number
of illnesses expected per year for a population of 18 million (approximately the
pPopulation of New York State) assuming an average lifetime of 70 years.

TABLE 13

Risk Ratios and the Corresponding Number of Illnesses
Per Year Per 18 Million People

RISK RATIO NUMBER OF ILLNESSES
PER YEAR PER
ENGLISH DECIMAL EXPONENTIAIL 18 MILLION PEOPLE
One per ten 0.1 10”1 25,000
One per hundred 0.01 1072 2,500
One per thousand 0.001 1073 250
One per ten thousand 0.0001 1074 25
One per hundred thousand  0.00001 1073 2.5
One per million 0.000001 10-6 .25

At first, a risk of one per million, one per hundred thousand or even one per
ten thousand appears small. Society would probably not even notice twenty~-five
additional cases of illness resulting from an exposure of 18 million people unless
they occurred in a cluster. However, these events certainly would be noticed by the

‘twenty-five directly affected, their friends, relatives and business associates.
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Table 14 shows the risk of death from the five leading causes in New York State

for the period 1974-~77. These lifetime risks are substantial, being two in one hun~
dred or greater with cardiovascular disease having the highest risk of approximately
0.27. ‘

TABLE 14

Leading Causes of Death
New York State

1974 - 1977

- NUMBER ESTIMATED RISK
CAUSE OF DEATH DEATHS/YEAR VLIFETIME RISK . RATIOS
Cardiovascular disease 70,413 - 27 in 100 0.27
Cancer 36,297 14 in 100 0.14
Stroke 13,700 5 in 100 0.05
Pneumonia 5,716 2 in 100 0.02
Accidents 5,592 2 in 100 0.02

Table 15 lists other causes of death with the approximate lifetime risks. ' In
comparison to cardiovascular disease, cancer, stroke, pneumonia and accidents, the
risk of death from these events is very small.

Voluntary and Involuntary Risks

Distinguishing between voluntary and involuntary risk is necessary in under-
standing risk and making judgments on the acceptability of risk. Governmental
representatives are unable to prevent individuals from voluntarily subjecting them-
‘selves to risks. A classic example of a voluntary acceptance of risk is cigarette
smoking. Numerous studies have shown that smoking dramatically increases an indiv-
idual's risk of contracting respiratory cancer or emphysema. Table 16cshows the 1ife-
time risk of death from respiratory cancer in smokers. These data show that as
little as one two-thousandths of a cigarette per day is equivalent to a 107° 1ife-
time risk of death from cancer. Additionally, smokers have a risk of approximately
0.075 to 0.2 for contracting emphysema.

Driving automobiles is an action undertaken by society and involves an accep-
tance of risk. 1In 1978, 2,551 people died and 266,442 people were injured in New
York State as a result of traffic accidents. Therefore, the lifetime risk of death
from vehicle traffic in New York State for 1978 was .0l and the accepted lifetime
risk of injury from vehicle traffic in New York State for 1978 was 1.04. The prob-
ability of anyone being injured in an automobile accident during his or her lifetime
is over 100 percent. Driving automobiles can be a voluntary acceptance of rigk
(pleasure driving) or involuntary (necessary means of transportation).

Clearly, people who smoke cigarettes or travel in automobiles accept the rela~-
tively high risks associated with these activities as a trade-off against certain
benefits.




TABLE 15

Estimated Life Time Risk of Death for Persons in

New York State
By Selected Events¥*

1 IN TEN THOUSAND
OR_10~%

1 IN ONE HUNDRED THOUSAND
OR 10-5

1 IN A MILLION
OR 1076
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New York State Dept. of Health

TABLE 16

Estimated Lifetime Risk of Mortality
from Respiratory Cancer in Smokers

NUMBER OF CIGARETTES

RISK PER DAY
1 in a million (1x107°) -5 1/2,000 or 0.0005
1 in a hundred thousand {1x10 ) 1/200 or 0.005
1 in ten thousand (lxlO“4) 1/20 or 0.05
2 in a thousand (2x10"3) 1 or 1
4 in a hundred (4x10"2) 20 or 1 pack

People are also subjected(to a number of involuntary risks associated with every
day life. For the purpose of this discussion, involuntary risk shall be defined as
an unavoidable risk to which the population or part of it is subjected. Examples of
involuntary risk are those associated with drinking contaminated ‘water, breathing
polluted air and being in hurricanes, tornadoes or lightning storms. In general,
individuals cannot control the quality of the water they drink or the air they
breathe because choices for reducing the risk inherent in drinking water or breathing
ambient air are either not available or impractical.

Acceptability of Risk

The development of a methodology to calculate the risk associated with a given
dose provided impetus to socliety and scientists to define a level of acceptable risk.
In 1961, Mantel and Bryanl defined "virtual safety" as being a risk of 1 in 100 mil~
lion for a lifetime. In addition, FDAZ believes that a risk of 1 in 1 million for a
lifetime can probably be considered an insignificant public health concern.

According to the New York Times% Baron Rothschild, a former Director of Britain's
Central Advisory Council for Science and Technology, has suggested that the acceptable
level of risk from any beneficial activity should be approximately equivalent to the
risk associated with death from a vehicular accident. If this were accepted for
drinking water in New York, approximately 2,500 deaths per year in the State would
occur from drinking contaminated water.

Comar? suggests that some guidelines could be established in dealing with
risks: s

1. Eliminate all voluntary or involuntary risks that have no benefit and are
avoided without great cost.

2. Eliminate any large risk, say 1074 or greater, that does not carry clearly
overriding benefits.

3. Ignore any small risk, say 10"5 or less, that does not fall under number 1
above.

17
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4, Actlve}y study.risks falling between these limits and do not proceed with
an action until the benefits and the risks of the action are cérefully‘

evaluated.

i

An additional illustration of the diffi 1ti i 1 of r
] y - the difficulties in determini g eve 1sk
: : ton of ; : > ning what 1
and to whom a risk is acceptable is given by William E. Burrowsb in a recent artici
] e

in the New York Times Magazine. Mr. Burrows states

"When a newscaster says that ‘the quality of air todav i
acceptable,' to whom is he or she referring? What iZ "
agceptable to the taxi driver who must earn a living wit
h%s automobile is not necessarily acceptaﬁle tontﬁegawikﬁ
tic breéthing the fumes ~= except at the moment when :1 .
:itgmgtlc'ﬁazing a seizure, needs the taxi iﬁ order tOISet
ospltal; then the taxi and its - i ”
become eminently acceptable to driverw:Eg gisggzézgsaziizrf

Determini . .
deCiSjgze;Eiglgg the level o? acceptable rigk is not a scientific decision
. st made by society or by public officials who are directly résp

to society.
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METHODS OF ESTIMATING RISKS FROM ORGANIC
CHEMICALS IN DRINKING WATER ’

The New York State Department of Health has generally followed the toxicologi-
cal procedures given by the National Academy of Sciences in the publication entitled
"Drinking Water and Health"® when calculating risks associated with contaminant lev-
els in drinking water. The following section provides a technical summary of that
methodology along with some additional procedures which have been developed within

the Department. More detailed information can be obtained from the publication

"Drinking Water and Health."®

General Considerations

One major obstacle in a discussion of risk stems from the difficulty in quanti-

To date, a predictive risk (as distinguished from an observed risk) has

fying risk.
Using cancer-risk extrapolation

been calculated only for carcinogenic compounds.
calculations, an exposure level for a compound can be associated with an excess life-

time cancer incidence. Numerous other toxic effects beside carcinogenic effects can
be produced by exposure to chemicals including teratogenic effects, mutagenic effects,
polyneuropathy, central nervous system disorders, liver damage, blood disorders, and
many others. So far, no numerical expression for risk has been developed which can

relate the probability of producing these types of adverse effects with a dose.

The Department has used four methods for determining risk and setting guidelines.
They are (1) dose-response extrapolations from animal studies for carcinogenic com-
pounds, (2) the use of no-observed-adverse—effect levels for non-carcinogens, (3)
chemical correlations, and (4) class values. The first two methods are established
procedures. The last two are used when very little toxicological data are available,
and these methods are not easily defined or characterized. Most of the methods rely
on animal experiments; however, epidemiological studies are considered whenever pos-
sible. Various concepts such as threshold levels, safety or uncertainty factors,

acceptable daily intake, etc., will be discussed.

Any method used to set a guideline should account for the possible lifetime ex-
Therefore, the difference between

posure of a diverse population to a substance.
Acute toxicity is defined as adverse

acute and chronic toxicity should be stressed.
effects occurring shortly after the administration of a single dose or multiple doses

of a substance. Many people consider death as a major or only consequence of acute
toxicity. However, other effects such as damaged skin from an acid burn would also
be considered an acute toxic effect. A chronic toxic effect is defined as an injury
that persists because it is irreversible or progressive or because the rate of injury
is greater than the rate of repair during a prolonged exposure period. Chronic expo-
sure is the freguent or continuous ingestion of a substance over a long time.
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Since drinking water standards must consider a lifetime exposure of the public
to a substance, the primary concern must be with possible chronic effects.
mal studies which are most relevant for determining chronic effect
for a lifetime or half-lifetime of a species. A 90~day study, sometimes termed a
sub-acute toxicity study and usually conducted on rodents, is a classical toxicolog~

ical test which approaches the shortest time period that is considered acceptable or
desirable.

The ani-

Subgroups of the population may be at a higher risk fr
The fetus, newborn, the ill, and those with some inborn
these groups. The fetus is in a develo
and metabolic processes may not be Ffunc

genetic error are some of
pmental stage and many of the liver, kidney

tioning at all or to the same degree as in
adults. Those with some genetic trait, e.g. sickle-cell anemia, may react more vio-

lently to a chemical. The toxicity of a chemical will even vary: with sex,
is more toxic to females than males probably as a result of hormonal differences.
The newborn in most mammalian species has different absorption characteristics than
the older members of the same species. With age, the membranes of the gastro-intes-
tinal tract develop some discriminatory ability which affects the amount of gome

substances entering the body by ingestion. In addition, the bacterial content of the
stomach and intestinal tract is not the gsame as found in

These characteristics may lead to major differences in ab
which could put them at a higher risk than the general po

Benzene

sorption for the newborn
pulation.

An individual is exposed to many chemicals a

t any given time from air, water and
food. When this happens, the combined action of

the chemicals can be

(a) independent - when the chemicals produce different
effects or have different modes of action;

(b) additive - when the magnitude of an effect or response
produced by two or more chemicals is numerically equal to the

sum of the effects or responses that the chemicals would produce
individually;

(c) more than additive - often called potentiation or
synergism;

(d) less than additive (antagonism, inhibition).

The results of these combinations cannot be disregarded.
possible interactions between n substances is,
the number of possible interactions between jus
over, these potentially synergistic mixtures ha

than individual chemicals. The possibility that this area will be studied thoroughly
within the near fyture is inconceivable, Therefore, we recognize that these effects
éo exist and that they do have potentially serious consequences. prefully, by tak-
1ng a conservative approach with cancer-risk calculations and uncertainty factors,
any synergistic effect will be minimized. For a given situation, the chemical inter-

actions are considered when possible; however, setting guidelines which consider all
possible situations and interactions is impracticable.

However, the number of
in general, 2B - n-1. For example,

t 5 different chemicals is 26. More-
ve been studied to a lesser degree
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s are those lasting

om a chemical than others.

older members of the species.

Epidemiological Studies

Epidemiological studies attempt to quantify risk by comparing twohpopuiizgzzz,
one of which has been exposed to a substance and one which has notéf Tte;iom ud
do supply the percentage of a group which.may gxpect‘to gee s?mele tegies on AN eie
exposure. However, major problems exist in using epidemiological stu
for a guideline. Some of these are:

1. Exposure levels are difficult to determine since contaminant livels ?Zzntal
have been extremely variable or may not have been measured because of the acc
nature of the exposure.

2. If the use of a substance is wideépread, a control group may not be readily
available.

3. A population that is exposed only to one sgbstance at ény glvin tl$§oliave
difficult to find. This is illustrated by the St?dles on.chromlum wgrteribtain >
a high incidence of lung and nasal cancer. Chromium ore is proceise . ; s
product; during this procedure, the workers are expose§ Fo.many c romlg Sompounas
and various impurities. Therefore, establ%shlng a definitive cause and e
lationship for a specific compound is difficult.

4 \Many epidemiological studies are conducted on working populat%ons compriigd,
for the most part, of healthy adult males. These results may not be directly appli
cable to a varied human population.

5 Epidemiology is mainly a diagnostic tool rather than a predictive one. .The
studies which are needed must be able to predict a safe level rather than determine
levels which are found to cause adverse effects.

Animal Studies

The appropriateness of applying animal studies to humans ?ap be questioned
because of the differences that exist between speciles. 'I?ladd;tlon, fZiea2§i;2is
i imals is usually very similar because
study the genetic pool of the anima ; . : . .
is i ulation. Differences in other pr
are inbred; this is not true for the human pop- . ox prov
i istribution, storage, excretion, reabsorp ’
cesses such as metabolism, exposure, dis . ‘
etc., exist; however, very little information is usually kngwn about these procesges,
and taking them into consideration is difficult.

lizations can be made concerning the differences in r}sk
betweznnZEﬁiglzfagznii;ans caused by the size differential.‘ Geéera}ly sieaﬁzzgéaEZe
iarger animal will have a lower metabolic iate and siiwegxi:itiiggﬁlzzyobecsuscepti_
> i . For a larger animal, more cells . SusC
;?ZozghzgzehggbzzzZerfect. In addition, for the same dose (expressei in m;ii;gram
per kilogram of body weight), human cells are e*posed to a substénceh oz :hown hat
longer time than those of smaller animals. Anticancer drug studies favt'Ve .
the dose effective in a human is approximately 1/12th of the dose ef ecf;ective o
mouse, 1/6 of the dose effective in a rat, and }/znto 1/3 of.the dogeh: o ligran
a dog or monkey. It must be emphasized that this %s_o? a weight/weig g
per kilogram) basis. These differences in susceptibility between spec S milligram
reduced if the dose is expressed in units of weight per body surface a;e Lamh
per square meter). These facts tend to indicate that a subsPance may be )
in smaller animals than in man.
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Despite these limitations, animal experiments do provide data from which a dose-
response relationship can be defined.
logical studies. Therefore, the National Academy of Sciences, the World Health
Origanization, the Food and Drug Administration and others have ugegd the results of
animal studies when providing health advisory statements.

Carcihogenesis ~ Statistical Methods

olds. Factors such as sex, age, race or Previous medical history can Separate human- .

Therefore, the brudent approach

from cancer Studies helps to increase the understanding of the procedures used today.
One was developed from the

. model of carcinogenesig (GLOBAL by Guess, Crump and Deal)ll; the

second is the log-probit method developed by Mantel ang Bryanl |, The history and

development of the first method will be traced.

. - Iversen and Arleylz'13 developed one of the first statistical models for car-
¢inogenicity.
to a cancer cell ig a linear function of the amount of carcinogen pregent
the initial event, the development of the tumor ig assumed to be independent of the

mddel, and the mathematical implicationsg are that the number of tumors within a

€xposure.

Nordleyl4 and Stocks15 added to this theory by introducing the concept that
more than one change may be necessary before 3 single cell ig transformed into a
cancer cell. The pProbabilities of each of thege changes are assumed equal and pro-
If the numbey of
dhadges which must occur is get equal to six or seven, then an age-specific, cancer-
incidence rate ig obtained which is broportional to the 6th or 7th power of age and
a cancer incidence is obtained which ig broportional to the 6th or 7th bower of the

studies.

Armitage and Do118/9/10 used this model byt allowed different brobabilities for
each transformation. Some of the transformationg would depend on the presence of
the carcinogen and some would not. Thig resulted in a mode] that wag cbnsistent with
tumor incidence and rates of formation foung in animal ang human studies,

22

This is almogt impossible to do using epidemio-

r i i i i ith a

wWith the advent of cancer-risk calculatiops which ass001atebiizizzn r;iklgzl’

i dose, a safe or an acceptable level of risk had to be eg a one éd ool
P tol and. 1, in developing their dose-response calculation, ellnﬂ [Virtual
Mantel"and BrYan ; risk of 1 in 100 million for a lifetime at a statistical a sura
safery” s ?eln?The chances of the true calculated dose being less than t?eggi o
e - 99?. e out of one hundred when a statistical assurance level o‘ onic
Lated dose l; ogDA criteria and procedures for evaluating assays foi carilnoieof .
usedo) gn Eh: recommended method for determining an acceptable residue z;gition
re51dues‘r. compound uses the Mantel-Bryan extrapolatiog procgduie. fIn ) 1ifetiée
CarClnog?nl? nerpof FDA believes that a risk level of 1 in 1 million for d Lot
o comml?siical assurance level of 99% can probably be considered as ag 125 gcrump
ot Stai%s health concern. The National Academy of Sciences used the uinié e
o PU? lctra olation procedure when recommending methodology for determ tagle
N e>'(nani levels in drinking water. The Academy did not set an dzcepof N
my:kcggtaized a confidence level of 95% in stating a risk for one ng/liter
ri

substance.

i rized by
The Department of Health uses the method of Armitage dnd Doil, c;mgzigs' e
Crump and Deal (GLOBAL), to set guidelines for carcinogenic compo
Guess,

4 4 : B » . ] E

. : vel of 95%. -
lifetime at a statistical assurance le Table 18 gives the results of cancer

i e data supplied by bioassays. 18 ¢ gan
f?rkanaiZEiZEizgs for some compounds and shows the drinking water concentratio
risk ca

€ Ia l l s on«-

million.

No-Observed-Adverse~Effect Level

- - erse-
B non-carcinogens a guideline can be calculated from a.do obsezzeg iizeShOld
ff toievel If this level is assumed to exist,.then the ex1s}1§<?n;edoec o e
! ei followé For a multidose experiment, the highest levgl W 12 o S;t S e
iezixic effect is the no-observed—adverse-eff:gt tezeleindt;: ziilowing [ o guder
i . ini -observed~adverse-effec evel,
line. 1In determining a no-o
should be usedl6,.
(a) Biochemical aspects, including th§ kine?ics df .
absorption, tissue distribution and excretion, biologica

half-life, effects on enzymes, metabolism, etc.

(b)vSpecial studies =~ carcinogenicity, mutagenidliz,
neurotoxicity, potentiation, reproductlon,.teratogenicl Y,

etc.

a

(c) Acute toxicity - LD 50's and other similar studlds,
mainly' involving single doses in several species of experi
mental animals.

(d) Short-term studies, which generally includedFZ:
classical sub~acute 90-day toxicity test. Thege studi

generally extend from weaning to sexual mdturity, us;ziizis‘
3 months in rodent species and 1-2 years in dogs or

23
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TABLE 17

Criteria for Data Selection from Bioassays to Set Contaminant ILevels of
‘ Chemical Carcinogens using Statistical Methods

Several sets of data, baged on species, sex,

be generated. Doses are extrapolated for each dat
rules are used to determine safe levels:

tumor and location, may
a set, and the following

1. Data from any one tumor cannot be duplicated; i.e., one data set
referring to leukemias while another set, for the same group of
experimental animals, referring to leukemias and lymphomas., If
this is the case, the most significant data is used,

2.

Compare extrapolated dose levels f£
group of experimental animals (i.e

than the lowest dose (most sensitive data set) by more than one order

of magnitude are discarded. The mean of all other doses within the
same experimental group is calculated.

or different data sets of the same
-+ male rats). Any values greater

3. Extrapolated doses must include both males and females,
and females of the same species are a

groups, the extrapolated doses must b
mean value of the male and female dosg

If males
nalyzed as separate experimental
e combined. After step 2, the

e levels is taken.

If more than one species has been tested,
If any species is less sensitive than the
one order of magnitude its data is not use
dose levels of the most sensitive species
¥egarded as the maximum contaminant level.

results should be compared.
most sensitive by more than
d. The mean value of the
is calculated, This is
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.26 .026

4-Aminobiphenyl

3-Amino-9-ethyl-

NCI, 1978 (#C03043)

.35

carbazole hydrochloride 35.0

l1-2mino-2-methyl-

anthraquinone

NCI, 1978 (#C01901)

1.05

10.5

105.0

4-pmino-2-nitro-

phenol

NCI, 1578 (#C03963)

4.10

41.0

410.0

2-Amino-5-nitro-

thiazole

NCI, 1978 (#C03065)

4.4 .44

44.0

o-Anisidine hydro-

chloride

NCI, 1978 (%C03747)

1.70

17.0

170.0

Auramine

Bouser, et al., Brit. J.

1.8 .18

18.0

Cancer 10, 653 (1956)

NCI, 1978 (#C00066)

1.2 .12

12.0

Azinphosmethyl
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y and 70 kilogram body weight

e dose

K=
i

imits on sa

<

*based on an intake of 2 liter/da

**lower confidence 1

(e) Long-term studies ~ usually 80 weeks in mice,
2 years in rats. Multi-generational studies may belong
in this category, depending on the duration of the treat-

ment received by each generation.

(f) Observations in man — mainly observations in
individuals having had occupational or accidental exposure;
this also includes studies with volunteexs under specific

conditions.
:
L

The no-observed-adverse-effect level is expressed as a dose in milligrams per
kilogram and decreased by a safety or uncertainty factor. This is multiplied by the
average weight of a man, 70 kilograms, to obtain an acceptable daily intake or ADI.

The use of safety factors or uncertainty factors in deriving an acceptable daily
intake for a chemical leads to some arbitrariness since there is no rigid set of ‘
rules for establishing the magnitude of this factor. Historically, a safety factor i
of 100 has been used by the FDA in connection with a no-effect level.

of these substances have been studied for toxicological effects to a greater extent
Other scientific groups have used safety factors

along with general guidelines for establishing their magnitude. The World Health ‘
Organization has set acceptable daily intakes for pesticides. The following ex- l
cerpt, taken from one of their publications~°, discusses the complexities involved

in determining a safety factor.

However, most

than the average organic chemical.

Once a no-effect level in one or several animal species
has been identified and agreed upon by the majority of the
experts, the problem of extrapolating from a safe level found
in animals to a safe level for human intake has to be accom-

This is generally done by the application of a safety

plished.
No hard and

factor to the no-effect level found in animals.
fast rule can be made with regard to the magnitude of this
safety factor, since many aspects have to be considered, such

as species differences, individual variations, incompleteness

of available data, and a number of other matters such as con-
siderations of the fact that pesticide residues may be ingested
by people of all ages throughout the whole lifespan, that they
are eaten by the sick as well as the healthy, and that there are

wide variations in individual dietary patterns.

Whatever the safety factor employed in extrapolating from
animals models to the human situation, the factors chosen will
necessarily always be arbitrary ones. This fact underlines the
complexity of assessing health hazards of chemicals, even when
the best available means are used, and it shows that a degree
of uncertainty always accompanies any toxicological decision.

In 1975 a list of WHO recommended acceptable daily intakes and their safety

factors was compiled. The safety factors ranged from 6 to 2,500 with a mean of
2584 and a median of 100. 1In the same article, five different cases distinguished

the quality and quantity of available toxicological data were presented:’.




k
|
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!

1. The no-effect level chosen and the experimental study from which
it has been selected ig clearly stated,

2. A no-effect level has been demonstrated in only one animal species.

3. A same-effect 'level has been demonstrated in more than one animal
species. In this case the safety factor con

strued. has been indicated in
all species for which the no-effect level has been shown.

4. No-effect levels have been demonstrated in more than one animal
species. 1In this case, it was taken that the no-

effect level that served
as a basis for the ADI has been the one demonstrated in the most sensitive
species. .

5. A no~effect level has been demonstr
species and significant data on human

strated. In this case it was taken th

ated in one or more animal
safe levels have also been demon-
at the no~effect level in the most

safety factor commonly applied to
animal no-effect levels.
The NAS study used 3 different safety or uncertainty factors. Their guidelines
are as follows®:
1.

Valid experimental result

5 from studies on brolonged ingestion
by man, with no indication of carc

inogenicity.
Uncertainty Factor = 10

2. Experimental results of studies of human ingestion not available
or scanty (e.g., acute exposure only).

Valid results of long-term feeding
studies on experimental animals or in the absence of human studies, valid
animal studies on one or more species. No indication of carcinogenicity.

Uncertainty Factor = 100

3.

No long~term or acute human data.
animals.

Scanty results on experimental
No indication of carcinogenicity.

Uncertainty Factor = 1000

The range in uncertainty factor
with a mean of 713 and a median
in over half of the cases.

of the NAS when establishing

s for 39 substances studied by the NAS is 10 to 1000
of 1000; i.e.,

an uncertainty factor of 1000 is used
The Health Departme

nt has been following the standards
safety factors for compounds .

An example of an acceptable daily intake calculation is
lines for acceptable contaminan

bercentages of ADI's are given in Ta
intake coiild come from air,

given in Table 20.
Guide

t levels in drinking water for two different

ble 21. fThe remaining percentage of the daily
food, or skin absorption.

34

Reference
18
18

Measured

Slight liver
change in animals
Distinct liver
change in 6 months

Bffect

Highest No-Adverse-
Effect ILevel or Lowest—
Minimal~Effect Level

TABLE 20
Toxicity of Toxaphene*

Dosage Levels and
&6f Animals Pexr

Group

50 ppm (12 animals)

No.
200 ppm {12 animals)

Duration
of sStudy
9 months
9 months

Species

Rat
Rat

M
a -
by )
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Z

No adverse effect
liver change

c,d
0.0088 mg/liter
1977.

f Sciences, Washington, D.C. p.602.

0.02 kg.

at =

Y
e National Research Council.

25 ppm {1.25 mg/kg)}

1 was calculated.

2 liters, and that 20 percent of total intake is from water.
= it 7

isl

ily food consumption of

t

: b
1 0.00125 x 70% x 0.1
0.00125 mg/kg/day (ADI},O0.

400 ppm

25 ppm. 100 ppm. and

(National Academy O

1.25
1000

0.4 kg and average da

2 yr
m Safe Drinking Water Committee of

as folliows:

s 4

Rat

i —adverse—effect leve
Cyalue from which the suggested no-ad

bAssume average daily intake of water for man
dassume weight of rat

2agsume. average weight of human adult = 70 kg.

Drinking Water and Health,
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Maximum Contaminant
Acceptable Daily

CompouND
Alachlor
Aldicarpb
Amiben

Atrazine
Benefin
Bromacil
Butachlor
Captan

Carbary]

2,4~p

Diazinon
Dicambg
Disulfoten
Ferbam

Folpet
Hexachlorophene
Malathion

Maneb

MCpa
Methoxychlor
Methyy Methacrylate
Methy1 Parathion

Nitralin

TABLE 21

Levels (MCL)
Intake (ADI), and No

20% OF apr
MCL ug/L1TRR
M

700.0
7.0
1750.0
150.0
700.0
88.0
70.0
350.0

574.0

36

1% OF apy

MCrL, Mg/LITER
M-*

35.0

18.0

29.0

4.4

0.44

0.035

4.4

56.0

0.35

UNCERTAINTY
FACTOR

1000

100

1000

1000

1000

1000

1000

1000

100

1000

10

1000

100

1000

1000

1000

10

1000

1000

100

1000

10

1000

New York State Dept. of Health

COMPOUND.
Paraquat
Pentachlorophenol
Phorate
Propachlor
Propanil
Propazine
Simazine
2,4,5~m
TCDD
Thiram
Toxaphene
2,4,5~-TpP
Trifluralin
Zineb

Ziram

*Assumed intake of 2 liters per day and a 70 kilogram

Partially taken from Drinkin

20% OF ADT
MCL ug/LITER

60.0
21.0
0.7
700.0
140.0
325,0
1505.0
700.0

7 x 1075
35.0

8.8

700.0
35.0

88.0

1% or ADpI
MCL ug/LiTER

3.0
1.1
0.035

35.0

0.44

\ .

Washington, D.C., 1977.

UNCERTAINTY

e EACTOR |
1000 jff
1000

100
1000
1000
1000
1000

100
100

1000

1000

1000

100
1000

1000

body weight

g Water and Health, National Academy of Sciences,

New York State Dept. of Health




The Use of Chemical Similarities in a Toxicological Evaluation

From the above descriptions, obviously,
guideline are the methods. 6f choice; however, they require a substantial amount of
toxicological data. For many compounds, adequate toxicological data cannot be
found, and even the most common measurement of toxicity, the oral-rat LD 50 has not
been determined. Two methods which will be discussed in this and the following
section have been developed to apply to those compounds. Because of the very nature
of their derivation, these methods involve a number of assumptions, and therefore
many doubts can be expressed about tha appropriateness of their use.
these methods were not used, the only other choice would be.
either completely eliminate human intake of these chemicals through water or allow
unlimited intake. The last alternatives seem equally undesirable and less accept-
able than using a method which is based on the best, although incomplete,knowledge
(available today)} to arrive at some decision.

the first two methods for setting a

However, if
to give no answer and

One example of using chemical similarity involves the phosphonate compounds
which are widely used in industrial formulations for preventing boiler scale accumu-
lation. HEPD, (l-hydroxyethylidene) bisphosphonic acid, is an organic phosphonate
compound also used in the treatment of Paget's disease and in bone scanning tech~
nigques. Because HEDP hag been prescribed for the treatment of a disease, some
human, chronic, toxicological data is available that can be used to set a guideline.
A guideline for another, similar compound, TePMEDA or N,N—tetraphosphonomethylethyl—
enediamine, was needed. This compound has been tested for use in bone scanning
techniques but has not been administered to humans over a long period. However, a
£ deposition
Since these processes are similar for both
compounds, the same guideline was suggested by the Department for each. This

technique is only usefiil if there ‘are two chemically, very similar compounds, one

of which has been studied at least to the extent that some level of acceptable
chronic exposure can be established.

A second example of thig type of analysis was used to answer the question
"Should vinyl fluoride be considered a carcinogen?". TIf the literature is searched
for data concerning the carcinogenic potential of vinyl fluoride in animals or man,
very little information is found. However, much more data are available for vinyl
chloride and vinyl bromide. Several specific literature references can be used to
develop a reagonable response to this question.

One studYZl has shown that vinyl bromide and vinyl chloride give positive
results in a mutagenetic study involving a bacteria strain. This study also demon-
strated the formation of an epoxide metabolic intermediate with both chemicals by
trapping it with a trapping agent, 4*nitro(4-benzyl)pyridine.

liver to chloroethylene oxide which is further oxidized to
finally to chloxdacetic acid.

A study22 in rats compared the acute toxicities of ethane,
fluoride, vinyl chloride/, and vinyl bromide at four dose levels.
tests were measured: serum alanine-g-ketoglutarate transaminase
protein sulfhydryl expréssed as glutathione sulfide (GSH) .
a dose dependent increase for all

ethene, vinyl

Two liver function
(SAKT) and liver non-
The SAKT values showed
compounds measured except ethane implying that
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he
liver damage is dose dependent. The GSH values were all elevated eerﬁtGggriz
easurements involving ethane. Other metabolic studies have shown t 3 o rollows.
?nitially depleted during vinyl chloride metabolism and that a.riboun 1iy o
' d when a radical species is formed which usua
The GSH levels are lowere xe : : P mounds was
i i i . liver pathology of these
epoxide formation. In addition, the . '
duzlngimﬁlar. The authors concluded that the double bond was more 1mportan?t12nt
Zin{ributjng to the toxic effects of these compounds than the halogen substitu .

After considering the above studies, the conclusion was reached that vinyl

fluoride has a high probability of being carcinogenic. This has got been proven
experimentally, but the available evidence supports this hypothesis.

Formation of Class Values

Millions of organic compounds exist. Vgry few of these compognds ?ivihZeizstS
studied thoroughly, if at all, forx toxicologl?al effects. Perf?rmlng id be very
ich are deemed necessary for a complete tox1cologlca} eyaluatlon wou
e i¥ nd time consuming. For example, 1.5 to 3 million dollars and.3 years
expenSlvedat omplete an adequate carcinogenic study on 2 species of.anlmals for
e o do cCoﬁducting all the tests on each of the existing organlc'compounds
22605325022 éstablish’a guideline is econamically and physically impossible.

The Departmeﬁt has begun to establish a system for ?egulgtipg compounds.u81gg
hemical roperties. The compounds that had been found 1? drinking water prior o
Eh:m3umme§ of 1977 were examined for available toxicologlcai dati an? wereAiirth

i i 1 groups present in the molecules.
i lasses depending on the functiona -
QEEZ ihat couldpbe found in secondary sources for any c:migugg 1n132§ ogrzgiiig
i ded were oral-ra va ’
s were assembled. The data inclu . ;
gii:iestandards developed by the World Health Organlzat%on or a?y other ;oggtzzéu
and Threshold Limit Values proposed by OSHA or thgdAmerlcag gznizz:ggii:m Sovern-
i ieni ther general ideas suc 3
tal and Industrial Hygienists. O ‘ e
gi:sible biocaccumulation in man of a class of compoundg were also ;ons1§e§igss
guideline for drinking water was based on the more tﬁxi; meszstZreegiven Sep;rate
ic than the majority o e cla
Compounds shown to be more toxic . jor . fere glvel oF
i i i ] btaining a first approxi
i nes. This approach is useful in o . ‘ on

ggiiiiiy of a particular compound and seems reasonable when very little or no tox
ological information is available for a compound.

The derivation and possgible scilentific validatiog of the class viluetf;g 5
aliphatic alcohols will be given as an example. InLFigureb2ést?§ zi: mz?eCUle he
i i g total carbo ; . .
for aliphatic alcohols are plotted versu . . . .
ZgiZiiedotrendpmay be related to the physical-~chemical properties of the compounds
The explanati&% for the variation may involve the absorption and ;xgrgtlzﬁe
characteristics of these compounds. For example, thg per§en:§geaiziggleinciea8es
i i s the total carbons in the ses .,
gastrointestinal tract may decrease a ' e o coundn with
i y i ble route of excretion;
lso exhalation by the lungs is a possi e : L
ﬁigh vapor pressures, corresponding to those alcoholg w1yh fewerhcazbzii,pﬁizesses
exhaled rapidly without being metabolized. The combination ofht iz vemer éressure
may explain the observed trend in oral-rat LD 50 v§lges. Grap ie absorpéion sed
and log (octanol/water) partition COeffic;e§ts, which maz'meangle 55 erven the
excretion properties, are also presented (Figures 3 and 4). T
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N tom——

eleven classes of compounds which have been analyzed in this manner and their
corresponding recommended drinking water levels.

A second example of the use of this procedure involves four compounds which are
derivatives of hexachlorocyclopentadiene. None of the compounds had enough toxico-
logical information to set a guideline on the basis of cancer-risk calculations or
no-observed-adverse~effect levels. One compound had been implicated as a metabolite
of heptachlor or dilor (two pesticides which are hexachlorocyclopentadiene deriva-
tives). For another, some information Ffrom acute toxicity studies and from a few
limited, chronic toxicity studies was available. The other two compounds were chem-
ically similar to hexachlorocyclopentadiene and other common diene pesticides which
have been studied extensively. A guideline was set for these compounds by examining
the standards that had been set for other halogenated diene pesticides and using the
more restrictive members of the group. The diene pesticide standards used were
based on no-observed-adverse-effect levels.
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FIGURE 2
LD50 OF ALIPHATIC ALCOHOLS BASED ON NUMBER OF CARBONS
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FIGURE 3
6
TOTAL NUMBER CARBONS IN ALCOHOL
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CONTROL OF SYNTHETIC ORGANIC CHEMICAL CONTAMINATION
AT PUBLIC WATER SYSTEMS

This section of the report addresses two alternatives t? water suppliers for
controlling synthetic organic chemical contamination of public water systems:

1. Control of contaminants at their source.

2 Development of alternate sources or treatment of water from existing sources
before distribution to the public.

Source Control

Water suppliers should seek out the best avalilable water sourcei fir izzuiiese
i i ition to exercise some control o
development. Suppliers should be in a p?s% eXer ' o
sourcez to ensure the continued availablility of drinking water in adequate quantity

and quality to their customers.

Section 1100 of the Public Health Law provides thi i?atutiry bzizitfzzuizis s
tershed Rules and Regulations TO PY :
Department of Health to adopt Wa Rul ' . ° S olasione
i i i Traditionally, Watershed Rules
water supplies from contamination. . R . BlaAtions e
inki lies from conventional source
have been used to protect drinking water supp s
i The statutory base has sufficl
ination such as inadequately treated sewage. ' . pholent
i ther land use practices such as s g
breadth to allow suppliers to control o . et S e Y Land
‘ i i i lication of pesticides or hexbl ,
toxic chemicals, terrestrial or aquatic app . .
use practices wﬂich may deleteriously affect water quality and so}ld wastgdztoiigznce
areas The Health Department is reviewing these procedures and WLlleiov;hengules
to water suppliers in developing proposals for improved, up-to-date Water

and Regulations.

The Department of Environmental Conservation has Fegponglbll1tze;nizrp§2ieitatie
Pollution Discharge Elimination System and Water Classification S¥i e O e
water resources of the state for their best use. All waters of t z S einking
ified, -and nonsaline groundwater ig congidered to be the ?est souri ot
water. 1In 1978 the Department of Environmental Conservation promt g oot ground-
groundwater quality and effluent 1limitation standards (Part 703) to p

water.

The widespread manufacture, transport and use of synthetic Orgag;zrg?62222iiques
make 100% effective source control unlikely. In some c§ses zourgioﬁndwatér e mmally
cannot be applied because groundwater is already.contamlnat?d. o conturios
moves very slowly through aquifers. Once oontamlnated, deca i§ o wgthout sty
will pass before the water can once again be used for consumption
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Surface sources of supply usually are not affected for long periods of time from
a single contamination incident because the flow in the river or stream and even in
most lakes is rapid enough for the contaminated water to move past an intake. How-
ever, surface source systems in general are stressed more frequently than ground
source systems. Accidental spills, illegal discharges, in-place toxic site releases
and other nonpoint discharges from rural and urban aXeas may, on a regular basis,
degrade the quality of surface sources of supply.

If the source or sources of contamination cannot be identified and/or eliminated,
the supplier of water has two remaining options. These options are to abandon the

source and obtain a new source of supply or to treat the water so that it does not
pose an unacceptable risk to health.

Groundwater Development

Appendix I provides an assessment of the cost of developing replacement ground-
water supply sources. Data for this Appendix were obtained using project submission
reports available in the Health Department's files. Costs were not adjusted for
inflation. However, all of the data were from wells developed in 1974 or later.
Additionally, a site specific cost of 0 to 25% was added to account for extenuating
circumstances such as streams and road crossings or inordinately long transmission
lines. Standby power was an added cost for the two largest wells. The inclusion of
these costs increased the price of the 0.9 MGD sources by 0.6 cents per 1,000 gallons
produced. Table23 summarizes this assessment. For comparative purposes costs fo

- each project were reduced to cents per 1,000 gallons produced. ‘

TABLE 23
Cost of Groundwater Source Development

CosTS

WELL YIELD (MGD) (CENTS PER 1000 GAL. TREATED)

0.1 20.0
0.5 6.15
0.7 4.59
0.9% 5.54
1.0%* 6.02

*Includes 0.6 cents per 1000 gal. treated for standby power

These costs for development of new supply sources assume that nearby sources

are avallable. If nearby sources are not available, the cost of source development
can escalate drastically.
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Aeration

Henry's Law states that the equilibrium concentration of a solute ig air is
directly proportional to the concentration of the solute in wgter at a given tempef
ature. This law, therefore, controls the relative concentration of a volatile sub

stance in water and air as follows:

cair = k cwater
= ion in air
re c ., concentrati
where, air
o) = concentration in water
water
k = Henry's Law constant (temperature dependent) .

The Henry's Law constant is a measure of the solubility_of-the ?on?aminanthin.water
and its volatility. If a continuous supply of upcontamlpated air is broug . in .
contact with water containing a volatile synthetic orgénlc chem%cal, the su sta:c
will be removed from the aqueous phase in accordance with Hgnry s Law. The ra i
at which a volatile compound is removed from water by aeration depends on severa
kinetic factors:

(a) the air to water ratio
(b) the contact time
(¢) the temperature of the water and the air.

Increases in a, b, and ¢ will increase the efficiency of removal. In Ylew.ofN23th
kinetic and solubility considerations, aeration is likely to be effect;yehlg v
York State for removing synthetic organic chemicalsbfrom groundwat;r \% ;gteraduring
i : imately 50°F and from surface

relatively constant temperature of approxima : :

i rface source systems in
the warmer seasons. This method may n9t be efgzgglve for su
winter when ambient water temperature is near .

|

Aeration has been used by the water industry for many.years to Fed$ie taz:isizd
odor problems and to remove dissolved gases. Aeration equ%pmentth$;:3 d{fgisers s
' tion basing using subm
of spray aerators, stepped aerators and aera
surfgceyaerators., Recently,stripping towers have been used by the wastewater industry

to remove ammonia.

‘The aeration towers at the Orange County Water Dis?rict (Cal}foin;a)aigZEnzid
wastewater treatment plant are reported to be as effective as.actlzaBEOO?l.are aoolied,
removing synthetic organic contaminants when air to.water ratlis o} carbén tetra;

The Environmental Protection Agency reports that trichloroethy egg; penon tewr
chloride and tetrachloroethylene were~reduced in'bench test§ by % gnder e o
water ratios of 8:1 were applied for a contact time of l? mlnﬁ?es:mf Tmation Seme s
conditions, chloroform concentrations were reduced by §06. This in zration L ugge
that aeration may be a cost effective method foF reduc}ng thg an?ei. on o

the health risk associated with synthetic organic chemicals in drin ing .
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to water ratios of 22.5 to 1. Higher
air to water ratios can be achieved by increasing the size of the fan and/or the
bower supply for the fan and would result in higher operating costs. Table 24
summarizes this cost assessment; for comparative burposes, costs for each project
were reduced to cents ber 1000 gallons treated. As in the case of groundwater source
development costs, a site specific cost of 0-25% was added.

TABLE 24

Cost of Construction, Operation and Maintenance of Aeration Towers

cosTS
TREATMENT CAPACITY (MGD) (CENTS PER 1000 GAL. TREATED)
0.1 14.5
0.5 9.7
1.0 5.9
10.0 1.7
50.0 1.3

Granular Activated Carbon Treatment

The two major types of interactions that bind a dissolved impurity (adsorbate)
to an adsorbing surface (adsorbent) are Van der Waal's forces (also known as physical
adsorption) and chemical adsorption. The adsorbate ig capable of moving within the
adsorbent when Physical adsorption takes place. On the other hand, in chemical
adsorption the organic compound is often irreversibly bound to a specific site on

the adsorbent. 1In general, the bond between the adsorbent and the adsorbate is
greater with chemical adsorption.

Removal of trace organic impurities from water by activated carbon adsorption
is thought to involve a three step mechanism. The first step is transportation
through a surface film to the exterior of the adsorbent. The second step is pore
diffusion involving movement within the pores of the adsorbent. The third step is

diffusion ig usually the rate-limiting mechanism. In the design of GAC post con-~
tactors, the empty bed contact time is the most important factor in determining
removal effectiveness for a particular compound.

Seven general rules which affect the adsorption of organic compounds are:

1. As the adsorbent surface area increases, the rate of adsorption increases.

2. As the concentration of adsorbate increases, the rate of adsorption
increases.
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3. Adsorption from solution increases with decreasing solubility.

4. Adsorption increases within a homologous series of compounds as molecular
weight increases.

5. Adsorption increases with decreasing pH.

6. As the temperature of water increases, the rate of adsorption increases.

7. As the temperature of water increases, the effiqiency of adsorption decreases.

Powdered activated carbon has been used in New York for.téste and odor ?oanglr
for many yeérs. The water industry and state r?gulator¥ offlc}als are 1es§ famlf}gent
with the use of GAC as an adsorbent for synthetic Q;ganlc ghemlcals. EPA is co? i
that GAC is the best broad spectrum synthetic organic chemical adsorber presently

available.

EPA suggests that two methods are available for in§talling GAC in Publlil cac
water systems: (a) replace existing sand filte? beds with GAC and (b) insta o
post contactors. In recent years the trend to increase flow rates ?hroggh griv%.z
filters has significantly reduced the available empty bed §ontact t}me %f rep aced.
ment is used. Other factors such as operational proplems in replacing the GAC ?elia
in gravity filters and abrasion of the GAC media during backwash reduce the ugg g
ness of this treatment method. In conclusion, GAC treatment can best be provide

with GAC post contactors.

Appendix K is a cost assessment of synthetic organic chemical rem9val using
GAC post contactors. Pressure carbon contactors are used for plantg with flow
rates up to 20 MGD. The costs of the 50 and 100 MGD plants are .estimated for

gravity carbon contactors.

The following design criteria were used for both the gravity and pressure
contachors:

Construction - steel
Hydraulic loading rate - 5 GPM/ft2
Operation - downflow
Empty bed contact time - 18 min.
Backwash pumping rate - 12 GPM/f'f:2

Each type of contactor is enclosed in a suitable building. Energy iz?ti fﬁ: e
operation and maintenance of the building, contactors, pumps.and multip i a .
furnace area are included in the estimates. Table 25 summarizes the cos afgggsmen .
For comparative purposes, costs for each project were reduced t9 cents Pir »
gallons treated. As with the other alternative treatment techniques, site spegl ic
costs of O to 25% were added. Selection of this treatment @e?hod should be Ta ed
only after pilot studies are performed to determine the efficiency of removal an
precise cost estimates are calculated.
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TABLE 25

Cost of Construction, Operation and Maintenance
of GAC Post Contactors

COSTs
TREATMENT CAPACITY (MGD) (CENTS PER 1000 GAL. TREATED)
1 67.1
10 28.5
20 22.5
50 15.4
100 13.7

Summary

The decision to seek a new source of supply or install one of several treatment
methods is complex and depends on a variety of factors. These factors include the
size of the system, the nature and extent of the contamination, the availability of

other sources, and fiscal constraints. Rapidly changing technologies further compli-
cate the issues.

Appendix L provides a list of synthetic organic chemicals which can be removed
from water using aeration, and a list of synthetic organic chemicals which have been
reported in the literature to be absorbed on granular activated carbon. These lists
are provided for guidance only. Before a treatment method is selected, site specific

pilot studies must be performed to determine the suitability of the treatment method
and the design criteria.

Figure 5 ig a graph of the cost of controlling the sythetic organic chemical
problem in cents per 1000 gallons vs. flow in million gallons per day. These data
show that aeration is the least expensive treatment technique for systems larger
than 1 MGD and less than 0.15 MGD. For systems that are between 0.15 and 1.0 MGD,
the development of a new groundwater source may be more economical. TIf the contam-~

inant cannot be removed by aeration, then the higher cost GAC treatment may have to
be used.
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FIGURES
COMPARISON OF COSTS FOR SOURCE DEVELOPMENT OR TREATMENT
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FLOW IN MILLIONS OF GALLONS PER DAY

BENEFIT OF REDUCING RISK

In 1978 the National Academy of Sciences Prepared an economic analysis of re-
moving chloroform from drinking water. In making this analysis, the "cost of risk"
had to be established. Despite justifiable moral and philosophical objections, this
dilemma must be confronted if economic assessments are to be made. In practice,
implicit judgements about the value of life are very often made by individuals and

governments at all levels. These judgements are necessary so that the greatest
benefit is obtained from limited resources.

Table 26 describes four concepts and pPrinciples used in estimating the value of
reducing the probability of death. The basis for each method and some of its weak-
messes are provided. None of these methods provide an exact scientific basis for
establishing an economic value of reducing the probability of death, but they are
valuable in establishing boundary conditions on which decisions can be made.

Table 27 provides six empirical estimates of the value of reducing the probability
of death. Estimates range from $49,226 to $1,000,000 with most of the values between

$200,Q00 and $300,000. Some of these will be used later to describe one method of
evaluating the benefit of reducing the risk of death.

Benefit Formula

An estimate of the benc it in reducing the risk from organic chemicals in
drinking water can be obtained from the following formula:

B = (x;/70) x (v)

where, B

per capita benefit in dollars per year

¥, = per capita lifetime risk estimate
v = assumed economic value of preventing a death
70 = average life expectancy
and,
r = .8CxVxr

=
=y
(0]
2}
(0]
®
(82
It

the assumed efficiency of treatment

C = 1initial concentration of the organic chemical
in drinking water (ug/L)
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daily per capita intake of water (£/day)

lifetime risk for anioral dose of 1 ug/day

K
[}

Assumptions for the above calculations were:

(1) The result of exposure to the organic compound is death;
curable illness is not considered.

(2) Risk is constant for any age throughout life.

(3) The average life expectancy is 70 years.

(4) Constant lifetime consumption of water is 1.95 liters per day.
(5) Treatment efficiency is 85%.

(6) Values of preventing one death range from $100,000 to $1 million.

Cost Benefit Relationship

Applying the preceding equation to chloroform and tetrachloroethy}ene yields
Figures 6 and 7 for various levels of contamination and assumed economic va}ues of
preventing death. Also plotted on these figures is the cost of treat@ent, including
source replacement, aeration and GAC, from the previous section of th%s report. For
concentrations to the right of the intersection of the cost and benefit curves,
treatment is economical. For concentrations to the left of the intersection of the
cost and benefit curves, treatment is not economical. For example, these data
(Figure 6) support a decision to institute aeration treatment for systems larger
than 10 MGD whenever chloroform is present in concentrations greater than about
50 ug/f 1if the economic value of life is assumed to be $500,000. Similarly, the
data in Figure 7 support a decision to institute aeration treatment for gystems
larger than 50 MGD whenever tetrachloroethylene is present in concentrations greater
than 160 ug/f if an economic value of life is assumed to be $l,OO0,000.. Treatmgn?
of smaller systems cannot be justified based on these data. An innovative, efficient
technology which can be applied to synthetic organic chemical removal from small
systems needs to be developed.

If both tetrachloroethylene and 1,1,2-trichloroethane are present in the water
supply and can be removed by the same treatment process, then the bgn?flt woul§ be
at least additive. The dashed plot on Figure 7 represents this additive benefit.

So far, only the increased risk from drinking the water has been in?orporated
in the benefit curve. Chloroform and tetrachloroethylene are both volatile compounds
and will be released into the indoor air which people will breathe. These compoupds
will contribute to the total body burden by ingestion and inhalation. The following
assumptions were made in calculating the amount of chloroform inhaled per day from
this source by an individual: (1) a family of four, (2) each person uses 50 gallons
of water per day, (3) the air space in the house is 350 m3 (v12,400 cu. ft.), (4) 5
air changes per day in the house, (5) 50% of the compound enters the Yapor stage,
(6) 15 m~ is the average daily respiratory volume, and (7) 70% of an 1nh§led dose
is retained. The benefit curve in Figure 8 is calculated for both the air and
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water contributions of chloroform to the total body burden.
imately double that for water ingestion only.
aeration treatment for systems larger than 10 M
is present in concentrations greater than about
life is assumed to be $500,000.

The benefit is approx~-
For example, a decision to institute
GD is supported whenever chloroform
25 pg/L if the economic value of

Summary

This method is provided to promote discussion and to provide some options for
the boundary conditions available in making treatment decisions.

Several points
are worthy of emphasis:

1. The water quality surveillance studies conducted to date indicate that if
a water supply is contaminated, it is usually contaminated with more than
one synthetic organic chemical.

2.

The assumption that the total risk from the chemicals in the water supply
would be at least equal to the sum of the independent risks seems reasonable;

however, one treatment method may not always deal effectively with all of
them.

The above analysis is also limited by a variety of factors such as rapidly
changing technologies, changing economic and social values, variations in actual
cost from site to site, lack of scientifically precise data and inability of the
simplified models to reflect actual conditions. Because of these factors, this
procedure must not be construed as a brecise methodology for arriving at a final

decision but rather as providing some additional insight into the problem of
gelecting an optimum regulatory strategy.
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FIGURE 8
ANNUAL PER CAPITA COSTS AND BENEFITS
FOR REMOVING CHLOROFORM FROM DRINKING WATER
ASSUMING EXPOSURE THROUGH INGESTION AND INHALATION

$ 1,000,000 *

TREATMENT

GAC — 20.0 MGD

$ 500,000*

GROUNDWATER SOURCE DEVELOPMENT — 0.30 MGD
GROUNDWATER SOURCE DEVELOPMENT — 1.0 MGD

GROUND WATER SOURCE DEVELOPMENT — 0.15 MGD
AERATION — 1.0 MGD

GAC — 50.0 MGD
AERATION — 0.1 MGD
AERATION — 0.5 MGD

$100,000 *

AERATION - 10.0 MGD

*

VALUE OF PRE-
VENTING ONE DEATH.

ASSUMED ECCNOMIC

15',0 200

100
INITIAL CONCENTRATION (MICROGRAMS/LITER)

AERATION — 50.0 MGD

IN DOLLARS
18
17
16

15

1
<
-

4
3

1 1 !
C:O oN - o 2] © r~ © 0
L L = -

\4
LNIWLVIHL HILVYM HO4 81S0D VL1IdVYD H3d TVNNN

60

KEY:

1

|
|
|
K

STRATEGIES FOR MANAGING

SYNTHETIC ORGANIC CHEMICALS TN DRINKING WATER

Ultimately, the Stat

will be required to establish g Strategy
regarding organic chemicals in drinking water, This Strategy will require regula-

tions and Standards which brescribe conditiong under which a contaminated or a
ated water system may be used. The reduction or elimination of

d in three general ways:

CARBCN

GAC — GRANULAR ACTIVATED

regular basis.

Historically, the state's ov
taminated source

of water, when available, i

PER DAY

Mandated Minimum Treatment - a1l Systems

MGD — MILLION GALLONS

chemicals are unkno
hants is extremely limited, and th
is widespreadq throughout the state. rpor these reasons,

technology could be required in all bublic water systems
would require the inst

activated carbon,
largest or most vu

wn, the capacity
€ use of organic chemicals
the best available treatment
in New York State. Thig

This strategy: while serving as the ulti
brehibitively expensive in certain water supplies in the state.
the nature of the source, the watershed Protection or the absence
J contamination makes this Strategy difficult to justify;
| difficult to obtain. Nevertheless, such a requirement

local health agencies, as well as the water supplie

for the myriad of botential toxic organic substance
any water supply.

mate in brevention, would likely be

For some supplies,
of substantial
pbublic acceptance would be

would relieve the state andg
rs, of the burden of

===  ANNUAL PER CAPITA BENEFIT
FOR PREVENTING DEATH
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Mandated Minimum Treatment - Larger Water Systems

Another similar alternative would require, as a minimum,.the best available
treatment at all public water systems serving a large populaﬁlog (e.g., 75,909 or
greater) . This strategy would not only protect the vast majority of ?he.CLtlzens
of New York State by eliminating organics from the prep?nderance of drinking watg;l
consumed each day, but it would also apply to the supplies that are most suscegﬁll elt
to contamination, either because they obtain their.water from very large and difficu
to control surface watersheds er from high prdduction, extremely vulnerable ground-
water sources. Additionally, the cost of providing treatmegt per useF would be .
considerably reduced by the economies of scale. The operétlon a?d maintenance t
the treatment process at large supplies would be more reliable since larger systems
normally have better operating talent.

Treatment of Contaminated Water Systems

The most traditional strategy is requiring treatment o? su?plies known to be
contaminated or known to have a strong potential for contamination based on the o
evaluation of the water source. For as long as health departments @ave.been requiring
treatment processes, water supplies have been required to remove objectl?nable cgn—
stituents from water. This approach could simply be expanded to synthetic organic
contaminants by the development of a series of finishgd watgr standards'for organlc
chemicals. Because some risk is associated with the ingestion of organlc.chemlcals,
such a policy requires an implicit or explicit acceptance of a level of rlsg. An .
accepted level of involuntary risk must be decided upon before such standards can be

calculated.

A major weakness of this requirement is that each water supplieF in the-state
would have to continuously monitor ifs water sources for all synthetic organlc-
chemicals which could potentially contaminate the supply. The number of organlc
chemicals of concern seems to grow with each succeeding week. The.technology fir
measuring these compounds at low levels is, in many cages, not aval%able agd,lw grel
available, is extremely expensive. A second weakness 1S that changing toxicologlca
information will necessitate changes in standards.

A practical variation of this strategy would be to allow t@e water'suppllér L
to select one option from a number of alternatives when sygthetlc'organlc chgmlgi s
are found in unacceptable concentrations. some of the options Whlch are avall§ i a
include: (1) developing a new uncontaminated source, (2) blending an uncontaminate
source with the regular source to dilute the contamigant_concentratlon to ant_l .
acceptable level, (3) permitting the temporary inactivation of the supgly unti X e-
source of contamination can be found, stopped and removed_through pumping ?F ?og am
inant recovery, (4) activating a strong interconnectio? w1t? an appr?ved §d301n%22
public water system. The most cost effective alternatlves.ln many situations wi
probably be a combination of two or more of these alternatives.
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Risk Advisory

The presence of low levels of organic contaminants normally increases the risk
of illness only slightly. Most water used in a typical household is not ingested and
probably does not impose a significant threat to one's health. Therefore, at certain
levels of contamination, the consumer could be advised of the risk, water ingestion
could be restricted, or another source, such as bottled water, could be used. This,
in effect, would be changing one's exposure from involuntary to voluntary.

Controlling Contaminants

Although the awareness of exposure to organic contaminants has increased during
the past several years, probably some level of exposure has existed among some of
our population. for a number of years. Obviously, the number and quantity of chemicals
to which the consumer of drinking water is potentially exposed is growing at a rapid
rate. A strategy for the long—term reduction in exposure is the identification and
risk assessment of all harmful chemicals and either the ultimate elimination of their

use or the "cradle to grave" control of these chemicals to the point that they will
be eliminated as a threat to our water supply.

Recent federal and state regulatory strategies are rapidly moving in this
direction. However, because of the widespread transport and use of synthetic organic

chemicals, their presence will probably not be completely eliminated from water
supplies by source control.

N

Follow Federal Standards

EPA plans to develop some standards for organic chemicals in drinking water
within the next year. National contaminant levels for specific chemicals may be
established or treatment may be required when a serious contamination is present.
Although statements have been made that such regulations would be promulgated during
the early fall of 1979, this goal may not be reached. The easiest role for the

state as a regulator would be to wait for EPA to mandate a standard and follow their
lead.

The degree of control established by EPA would probably be based on a nation-
wide need to reduce the exposure of the public at large to organic chemicals. We,
in New York State, produce, consume and dispose dof much greater quantities of syn-
thetic organic chemicals than the national average; therefore, our exposure is greater,
and the need for more stringent regulations may be indicated. In addition, popula-
tion densities in®such areas as Long Island and the Niagara Frontier, where very
great volumes of chemicals are produced, used and disposed of, may have exposures
which are manyfold greater than the national average. The degree of control imposed

by EPA which would meet some national health goals may not be acceptable in New York
State.
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ISSUES ON WHICH THE HEALTH DEPARTMENT IS REQUESTING COMMENT

Any interested party is encouraged to provide comments on this report to assist
the Health Department in developing a control strategy for organic chemicals. This
control strategy must adequately protect the public health while taking into account
technological and scientific limitations. Comments should be sent to:

Peter J. Smith, P.E.

New York State Department of Health

Bureau of Public Water Supply

Tower Building, Room 482

Governor Nelson A. Rockefeller Empire State Plaza
Albany, New York 12237

The Health Department is particularly interested in comments on the following
areas but will welcome comments on any issue:

1. What regulatory strategy should the Department of Health adopt to
control the level of synthetic organic chemicals in drinking water?

2. Considering that the exposure is involuntary, what should be the definition
of unacceptable, acceptable and insignificant risk from drinking water?

3. Are the methods presented here for establishing risks associated with
drinking water acceptable? Should there be limitations for their use,
modifications or additions? What is an appropriate magnitude of the safety
or uncertainty factor? What percentage of the acceptable daily intake
should be allowed in drinking water?

4. Based on these methods of risk assessment, should the Department adopt
enforceable drinking water standards at specific levels of acceptable risk
for all organic compounds known to be carcinogenic or toxic?

5. What criteria can be used to identify and segregate chemicals into groups:
ta) for which standards need to be adopted,
(b} for which guidelines will suffice, and
(c) for which no regulation is needed?

6. If toxicological data are not available for a compound, is the concept of

using classes of compounds or extrapolating data from one specific compound
to another reasonable?

7. Should regulatory agencies concentrate their efforts on controlling organic
chemicals at the point of discharge or at the point of water withdrawal? Both?
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8. Are the cost estimates for groundwater source development, aeration and
GAC treatment reasonably accurate?

9. Are there any other existing or developing technologies that might signif-

icantly change the cost and efficiency of removing organics from drinking
water?

10. If standards are adopted, should they only apply to large community water
systems or to all water systems?

11. Should the Health Department undertake research to evaluate application
of treatment technology to remove synthetic organic chemicals from drinking
water or defer this effort to the Federal Government or the water industry?

12. should society as a whole pay for the additional cost of water treatment
or should the cost of treatment be borne by the operators (and therefore
the customers)?

Comments on these and any other matters regarding this subject will be
accepted until February 29, '1980.
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APPENDIX A

New York State Department of Environmental Conservation

Industrial Chemical Survey

This Appendix contains maps showing a county by county

distribution of the amount of seven classes of organic

chemicals used, stored or manufactured in New York.

These data do not show the locations of organic chemical

discharges to the environment.
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APPENDIX A«l

Industrial Chemical Survey
Classes of Compounds

- Pesticides (Includes herbicides,
algaecides, blocides, slimicides

and mildewcides)

Aldrin/Dieldrin
Chlordane and metabolites
DDT and metabolites
Endosulfan/Thiodan & metabolites
Endrin and metabolites
Heptachlor and metabolites
Malathion

Methoxychlor

Parathion

Toxaphene

Sevin

Kelthane

Diazinon

Dithane

Carbaryl

Silvex

Dithiocarbamates

Maneb

Dioxathion
Tandex/Karbutilate
Carbofurans

Pentac

Folpet

Dichlone

Rotenone

Lindane/Isotox

Simazine

Methoprene

Pesticides not specified above

~ Aromatic Hydrocarbons

Benzene
Toluene

Xylene

Biphenyl

Naphthalene

Ethylbenzene

Styrene

Acenaphthene

Pluoranthene

Aromatic hydrocarbons not specified abov

- Halogenated Hydrocarbons

Methyl chloride
Methylene chloride
Chloroform
carbon tetrachloride
Freon/Genatron
Other halomethanes
1,1,1-Trichlorethane
Other haloethanes
vinyl fluoride
Vinyl chloride
Dichloroethylene
Trichloroethylene
petrachloroethylene
Chlorinated propane
Chlorinated propene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Chlorinated benzene
Chlorinated toluene
Fluorinated toluene
Polychlorinated naphthalene
Dechloprane (CyoClyg)
Hexachlorocyolohexane (BHC)
Halogenated hydrocarbons
not specified above

- Halogenated Organics (other than hydrocarbons)

Phosgene

Methyl chloromethyle ether

Bis(chloromethyl) ether

Other chloralkyl ehtexrs

Benzoyl chloride

Chlorothymol

Chlorinated phenol

Chlorinated cresols oy xylenols

Chlorendic acid

Chloroaryl ethers

Dichlorophene or hexachlorophene

Chlorinated aniline (including methylene bis
(2-chloraniline))

Dichlorobenzidine

Chlorinated diphenyl oxide

Chlorinated toluidine

Kepone (C 0Cl 0)

Dichlorovinyl sulfonyl pyridine

Chloropicrin

Trichloromethyl thio-phthalimide

Trichloro-propylsulfonyl pyridine

Tetrachloro-methylsulfonyl pyridine

Tetrachloro-igophthalonitrile

Halogenated organics not specified above

- Ketones and Aldehydes

Acetone

Methyl Ethyl Ketone (MEK)
Formaldehyde

Methyl Isobutyl Ketone (MIBK)
Acetaldehyde

Benzaldehyde

Not Specified Above

-~ Substituted Aromatics (other than
hydrocarbons_and non-halogenated)

Phenol, cresol, or xylenol

Catechol, resorcinol, or hydroquinpne
Nitrophenols

Nitrobenzenes

Nitrotoluenes

Aniline

Toluidines

Nitroanilines

Nitroanisole

Toluene diisocyanate
Dimethylaminoazobenzene

Benzoic Acid (and Benzoate salts)
phthalic, isophthalic or terephthalic acid
Phthalic anhydride

Phthalate esters

Phenoxyacetic acid

Phenylphenols

Nitrobiphenyls

Aminobiphenyls (including benzidine)
Diphenylhydrazine

Naphthylamines

Carbazole

Acetylaminofluorene

Dyes and organic pigments

pPyridine

Substituted aromatics not specified above

- Plastics
Poly Vinyl Chloride

Poly Styrene
Not specified .
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APPENDIX B

U.S. Environmental Protection Agency

National Organics Reconnaissance Survey for

Halogenated Organics in Drinking Water

Water Quality Data for Systems Sampled in New York State
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APPENDIX B -1

U.S. Environmental Protection Agency
National Organics Reconnaissance Survey for Halogenated Organics in Drinking Water

Water Quality Data for Systems Sampled in New York State
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APPENDIX C-l

U.S. Environmental Protection Agency
National Organics Monitoring Survey

Poughkeepsie (C), Hudson River

Parameter i 1 ) 2 3
Sampling Period 3/76-4/76 5/76-7/76 5/76-7/76
Sampling Characteristic ICED Terminal Quenched
Chloroform 50. 73. NA
Bromodichloromethane 10.8 18. NA
Dibromochloromethane 1.2 2.2 NA
Bromoform ND5000 ND300 NA
Dichloroiodomethane ' "NA present NA
1,2-Dichloroethane ND2000 1.8 NA
Carbon Tetrachloride ND2000 .25 NA
Methylene Chloride ND2000 NA NA
Vinyl Chloride NA ND100 NA
1,1,2-Trichloroethane ND2000 .06 NA
Tetrachloroethylene NA NA NA
1,1,1-Trichloroethane NA present NA
Bis(2-chloro Ethyl) Ether ND5000 ND1O NA
Bis(2~chloro Isopropyl) Ether - NA ND1O NA
Benzene NA ND200 NA
P-Dichlorobenzene ND1000 ND5 NA
M-Dichlorobenzene : NA ND5 NA
0-Dichlorobenzene NA ND5 NA
1,2,4-Trichlorobenzene ND1000 ND5 NA
2,4-Dichlorophenol NA NA NA
Pentachlorophenol NA NA NA
PCB's NA NDL0OO NA
Fluoranthene NA NA NA
3,4-Benzofluoranthene NA NA NA
1,12-Benzoperylene NA NA NA
3,4-Benzopyrene NA NA NA
Indeno(l,2,3-CD) Pyrene NA NA NA
Carbon Chloroform Extract iy 1.2 NA
Nonpurgeable TOC .9 3.37 NA
Ccop 4 NA NA
Ultraviolet Absorbance NA 0.032 NA
Emission Fluorescence Scan 3.0 11.5 NA
82

4
11/76-1/77
Terminal

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
1.21
NA
NA
NA
NA

5
11/76-1/77
Quenched

NA
NA
NA
NA
NA
NA
NA
" NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
1.
NA
NA
NA
NA

APPENDIX C-2

U.S. Environmental Protection Agency
National Organics Monitoring Survey

Waterford, Hudson R.

Parameter 1 2 3 4
Sampling Period 3/76-4/76  5/76-7/76  5/76-7/76  11/76-1/717
Sampling Characteristic ICED Terminal Quenched Terminal
Chloroform 48, 86. NA 120.
Bromodichloromethane ND1000 3.7 NA 5.0
Dibromochloromethane 13. .31 NA : 0.30
Bromoform ND5000 ND300 NA ND600
Dichloroiodomethane NA present NA ND
1,2-Dichloroethane ND2000 ND1000 NA ND2000
Carbon Tetrachloride ND3000 ND200 NA ND40O
Methylene Chloride ND3000 NA NA NA
Vinyl Chloride NA .10 NA NA
1,1,2-Trichloroethane ND100O0 .34 NA 0.20
Tetrachloroethylene NA present NA 0.49
1,1,1-Trichloroethane NA present ‘NA ND40O
Bis(2-chloro Ethyl) Ether ND5000 ND10O NA NDL1O
Bis(2-chloro Isopropyl) Ether NA ND10 NA ~ NDlO
Benzene ND800 1.8 NA 1.0
P-Dichlorobenzene ND1000 .007 NA ND5
M-Dichlorobenzene NA ND5 ~NA ND5
0-Dichlorobenzene NA ND5 NA ND5
1,2,4-Trichlorobenzene ND100O0 ND5 NA ND5
2,4-Dichlorophenol .04 NA NA NA
Pentachlorophenol .04 NA NA NA
PCB's 1.4 0.2 NA 0.20
Fluoranthene .01 NA NA NA
3,4-Benzofluorantheae ND30 RA NA ' NA
1,12-Benzoperylene ND50 NA NA NA
3,4-Benzopyrene ND30 NA NA NA
Indeno(l,2,3-CD) Pyrene ND50 NA NA NA
Carbon Chloroform Extract .7 0.9 NA 1.4
Nonpurgeable TOC 1.8 3.54 NA 3.6
COD NR NA NA NA
Ultraviolet Absorbance NA 0.043 NA - NA
Emission Fluorescence Scan 4.2 12 NA NA

3
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5
11/76-1/77
Quenched

48.
2.6
ND200
ND600
NA
ND100O
ND40O0
NA
NA
0.30
0.66
ND400
NA

NA
NA
NA
NA

NA

NA

NA

NA

NA
NA

NA
NA

NA

NA

NA

NA

NA

NA

NA
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APPENDIX C-3 APPENDIX Ced i
il
| U.S. Environmental Protection Agency U.S. Environmental Protection Agency !‘
on National Organics Monitoring Survey National Organics Monitoring Survey :
ol Buffalo (C), Lake Erie {;
e Syracuse (C) . |
FA i
b Parameter 1 2 3 4 5 '
1 parameter 1 2 3 4 5 Sampling Period 3/76-4/76 5/76-7/76  5/76-7/76  11/76-1/77 11/76-1/77
14" sampling Period 3/76-4/76  5/76-7/76  5/76~7/76  11/76-1/77 11/76-1/77 , Sampling Characteristic ICED Terminal Quenched Terminal Quenched i
Sampling Characteristic ICED Terminal Quenched Terminal Quenched , _
1. cChloroform NA 16. 3.5 16.0 2.9 B
Chloroform 8.6 22, NA 15, 1.6 2. Bromodichloromethane NA 9.5 1.6 10.0 0.74 k-
Bromodichloromethane 8.6 7. NA 5.5 0.28 3. Dibromochloromethane NA 6.3 1.3 7.0 1.4 i
Dibromochloromethane ND1000 2.9 NA 2.1 ND200 4. BI‘TOmOfOI'I}l _ NA .57 ND300 ND600 ND600 gy
Bromoform ND5000 ND300 NA ND600 ND600O 5. Dich 1?r01odome thane NA NA NA ND NA ;
Dichloroiodomethane " NA present NA ND NA 6. 1,2~D1chloroethan§ NA ND500 NA ND1000 ND100
1,2-Dichloroethane ND1000 ND500 NA ND1000 ND100 7. Carbon Tetravchlc‘)rlde NA ND200 NA ND400 ND400 ;
i Carbon Tetrachloride ND1000 ND200 NA ND400 ND400 i g Methylene Chloride NA NA NA NA : NA
Tt + Vinyl Chloride NA ND100 NA NA NA
Iy Methylene Chloride ND1000 NA NA NA A ] 10. 1,1,2-Trichloroethane NA ND30 NA ND200 ND300
I ]l Vinyl Chloride NA ND100 NA NA NA 11. Tetrachloroethylenc NA NA NA ND200 ND200
Wil 1,1, 2-Trichloroethane ND1000 ND30 NA ND200 © ND300 12 11 eTriipinyien n na A D200 D200
i Tetrachloroethylene NA NA NA ND200 ND200 : 2T oethane N N D
bl 400 13. Bis(2-chloro ethyl) Ether ND500 ND1O NA ND10 NA
i 1,1,1-Trichloroethane NA NA NA ND400 ND , 14. Bis(2-chloro Tsopropyl) Ether NA ND1O NA NDLO NA
Al'lli Bis(2-chloro ethyl)Ether ND5000 ND10 NA ND10 NA 15. Benzene ND1100 ND100 NA NA XA
i Bis(2-chloro Isopropyl)Ether NA ND10 NA ND10 NA 16, P-Dichlorobenzene NA ND5 NA ND5 NA
Benzene ND2200 ND100 NA NA NA 17. M-Dichlorobenzene NA ND5 NA ND5 NA
P-Dichlorobenzene ND1000 ND5 NA 0.01 NA 18. o0-Dichlorobenzene NA ND5 NA ND5 NA
M-Dichlorobenzene NA ND5 NA ND5 NA 19. 1,2,4-Trichlorobenzene ND1000 ND10O NA ND5 NA
0-Dichlorobenzene NA ND5 NA ND5 NA 20. 2,4-Dichlorophenol ND10 NA NA NA NA
1,2,4-Trichlorobenzene ND1000 ND5 NA ND5 NA 21, Pentachlorophenol .09 NA NA NA NA
2,4-Dichlorophenol ND10 NA NA NA NA 22. PCB's ND12Q ND200 NA ND100 NA
4t Pentachlorophenol . .12 NA NA NA NA | 23. Fluoranthene ND10- NA NA NA NA
sl PCB's ND120 ND100 NA ND100 NA 24. 3,4-Benzofluoranthene ND30 NA NA NA NA
Il Fluoranthene ND10 NAY NA NA NA 25. 1,12-Benzoperylene ND50 NA NA NA NA
" 3,4-Benzofluoranthene ND30 NA NA NA NA 26. 3,4-Benzopyrene ND30 NA NA NA NA
1,12-Benzoperylene ND50 NA NA NA NA 27. Indeno(1,2,3-CD) Pyrene ND50 NA NA NA NA
3,4-Benzopyrene ND30 NA NA © NA NA 28. Carbon Chloroform Extract .6 0.8 NA 0.9 NA -
Indeno(1,2,3-CD)Pyrene ND50 NA NA NA NA 29. Nompurgeable TOC 1.9 2.0 NA 2.3 NA
Carbon Chloroform Extract .5 1.5 NA 0.5 NA 30. cop 4 NA NA NA NA
3l. Ultraviolet Absorbance NA 0.035 NA NA NA
Nonpurgeable TOC 2,8 1.3 NA 1.3 NA -
coD 7 NA NA NA NA 32. Emission Fluorescence Scan 3.2 6.5 NA NA NA
Ultraviolet Absorbance NA 0.019 NA NA NA
Emission Fluorescence Scan 1.0 2.5 NA NA NA »
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APPENDIX D

Community Water Supply Wells Closed

Due to Synthetic Organic Chemical Contamination

in

Nassau and Suffolk Counties
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APPENDIX D-1 APDENDIX E
public Water Supply Wells - Nassau County
Closed as of 3/22/79 due to synthetic Organic Contamination
Population Contaminants New Yor
Supply Name Well No. Location Sexved Detected k State Department of Health
Bethpage W.D. 6-1, 9 Bethpage 32,000 1,1,2 Trichloroethylene and
Tetrachloroethylene
Hicksville W.D, - 3-1, 5-1 Hicksville 57,000 Vinyl chloride United States G
1,1,1 Trichloroethane eological Survey
(V) Farmingdale 2-1 Farmingdale 8,000 1,1,2 Trichloroethylene Joint Stud
oln udy
Plainview W.D. 3-1 Plainview 40,000 1,1,2 Trichloroethylene
1,1,1 Trichloroethane
So. Farmingdale W.D. 1-1 Plainedge 49,200 1,1,1 Trichloroethane
6-1, 6-2 Massapequa 1,1,2'Trich10roethylene
Jericho W.D. 10 Jericho 55,000 1,1,1 Trichloroethane
L.I. Water Corp. 1.15 Roosevelt 259,000 1,1,1 Trichloroethane
City of Glen Cove 21, 20, 22, Glen Cove 28,000 1,1,2 Trichloroethylene
. ls, 2s Tetrachloroethylene .
Manhasset-Lakeville W.D. 12 Lake Success 43,000 1,1,2 Trichloroethylene . Reconnaissance of Organic Contamination
Tetrachloroethylene
Garden City Park W.D. 5 Garden City Park 24,000 Tetrachloroethylene of New York State Aquifers
(V) Hempstead 6 Hempstead 42,000 1,1,2 Trichloroethylene
Jamaica W.S. 28 Elmont 127,000 1,1,2 Trichloroethylene
16 New Hyde Park Tetrachloroethylene
New York Water Supply Corp. 2s No. Wantagh 169,000 1,1,1 Trichloroethane
. Dibromochloroethane Selected Water Sampli . :
Roosevelt Field W.D. 3 Garden City Est. - 1,1,2 Trichloroethylene ampling Sites Outside Long Island

Public Water Supply Wells - ‘guffolk County

Closed as of 3/15/79 due to Synthetic Organic Contamination June 1978 - October 1978
Population

Supply Name Well Field Well No. = Location Served

Suffolk County Albany Ave. 1,2,3 Amityville 900,000

Water Authority Meade Dr. 1,2 Center Port
Locust Ave. 2,3 Bohemia
Oval Dr. 1,2 Central Islip .
Lincoln Ave. 1 - Islip

E. Farmingdale W.D. 2-1 L. Farmingdale 7,000

S. Huntington W.D. 2 E. Huntington 51,000

University Garden Apts. 1 Nesconset Unknown

1,1,1-Trichloroethane, Trichloroethylene and/or Tetrachloroethylene
were detected in these wells at 50 ug/l or greater.
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APPENDIX E=-1

New York State Department of Health

and

United States Geological Survey
Cooperative Agreement

tist of Contaminants for which Each Sample was Analyzed

1. Volatile Organics

Chloxromethane
Dichlorodifluoromethane
Bromomethane

vinyl chloride
Chloroethane

Methylene chloride
Trichlorofluoromethane
1,1-Dichloroethylene
1,1~Dichloxoethane
Trans-1,2~Dichloroethylene
Chloroform
1,2-Dichloroethane
1,1,l~Trichloroethane
Carbon tetrachloride
Bromodichloromethane

Bisg (chloromethyl) ether
1,2~Dichloropropane
Trans-L1,3-Dichloropropene
Trichloroethylene
Dibromochloromethane
Big-1,3~Dichloropropene
1,1,2~Trichlorocethane
Benzene
2-Chloroethylvinyl ether
Bromoform
1,1,2,2-Tetrachloroethane
Toluene

Chlorobenzene
Ethylbenzene

2. Acids

2-Chlorophenol

Phenol
2,4~Dichlorophenol
2-Nitrophenol
P-chloro-m-cresol
2,4,6-Dimethylphenol
2,4~Dinitro-o-cresol
4-Nitrophenol
Pentachlorophenol

2,4 ,6-Trichlorophenol

3. Base Neutrals

1, 3-Dichlorobenzene
1,4-Dichlorobenzene
Hexachloroethane
1,2~-Dichlorobenzene

Bis (2-Chloroisopropyl)ether
Hexachloxobutadiene
1,2,4~Trichlorobenzene
Naphthalene

Bis (2-chloroethoxy)methane
2=Chloronaphthalene

Acenaphthylene

Acenaphthene
Isophorone

Fluorene
2,6-Dinitrotoluene
1,2=Diphenylhydrazine
2,4~Dinitrotoluene
N-nitrosodiphenylamine
Hexachlorobenzene
4-Bromophenyl phenyl ethex
Phenanthrene
Anthracene
pi-n~octylphthalate

2,3,7,8~Tetrachlorodibenzo—p—dioxin

Dimethyl phthalate
Diethyl phthalate
Fluoranthene
Pyrene
pDi-n~butyl phthalate
Benzidine
Butyl benzyl phthalate
Chrysene
Bis (2~ethylhexyl)phthalate
Benzo (a) anthracene
Benzo (b) fluoranthene
Benzo (k) fluoranthene
Benzo {a)pyrene
Indeno(l,2,3~cd)pyrene
Dibenzo (a,h) anthracene
Benzo (g,h,1i)perylene
N-nitrosodimethylamine
N-nitrosodi~n-propylamine
4-Chlorophenyl phenyl ether
3, 3'~Dichlorobenzidine
Aldrin
Dieldrin
Chlordane (tech. mixture)
4,4' - DDT
4,4' - DDE (p,p'-DDE)
4,4' - DDD (p,p' = TDE)
Alpha-endosulfan
Beta-endosulfan
Endosulfan sulfate
Endrin
Endrin aldehyde
Heptachlor
Heptachlor epoxide

. Alpha-BHC
Beta~BHC
Gamma~BHC (lindane)
Delta=-BHC
PCB~1242 (Aroclor 1242)
PCB-1254 (aroclor 1254)
PCRB-1221 (Aroclor 1221)
PCR~1232 (Aroclor 1232)
PCB-1248 (Arocloxr 1248)
PCB~1260 (Aroclor 1260)
PCB-1016 (Aroclor 1016)
Toxaphene
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County

APPENDIX E-2

Reconnaissance of QOrganic Contamination of

Selected Water Sampling Sites

Supply Name

New York State Aquifers

Contaminant

Sum of
Concentration

of

Contaminants

ug/L

Albany

Albany

Albany

Allegany

Allegany

Cattaraugus

Clinton

Cortland

(V) Green Island

(T) Guilderland
Guilderland Water
Department

Latham Water
District

(V) Bolivar

(V) Cuba

Felmont 0il Co.

(T) Plattsburgh
Salmon River

‘ Water District

(C) Cortland

Bis (2~ethylhexyl)phthalate
Di-n-butyl phthalate

Ethyl benzene

Toluene

Trichloroethylene

Bis (2-ethylhexyl)phthalate
Toluene

Bis (2=-ethylhexyl)phthalate
Toluene
Trichloroethylene

Toluene

Bls (2-ethylhexyl)phthalate
Di-n=-butyl phthalate
Butylbenzyl phthalate
Diethyl phthalate
Anthracene/phenanthrene

Toluene

Bis (2~ethylhexyl)phthalate
Butylbenzyl phthalate
Diethyl phthalate
Anthracene/phenanthrene

Toluene

Trichloroethylene

Bis (2~ethylhexyl)phthalate
Di-n~butyl phthalate
Anthracene

1,1,l-Trichloroethane
Toluene

Ethylbenzene

Bis (2=ethylhexyl)phthalate

Benzene

Big (2~ethylhexyl)phthalate
Diethyl phthalate
Di-n=butyl phthalate

Ethyl bhenzene

Phenanthrene

Toluene

Trichloroethylene

91

20

10

12

16

le

16

10

39

Population



County

APPENDIX E-3

Reconnaissance of Organic Contamination of

New York State Aquifeis

Selected Watexr sampling Sites

Supply Name

Sum of
Concentration

of
Contaminants

Contaminant ___no/t

Population
Served

Cortland

Cortland

Brie

Exie

Erie

Genesee

(T) Cortlandville

(V) Homer

Newton Water Works

(V) Alden

(V) No. Collins

(v) springville

(C) Batavia

Anthracene 56
Bis(2—ethylhexyl)phthalate

Diethyl phthalate

Di-n~butyl phthalate

Ethyl benzene

Toluene

Trichlorcethylene

Anthracene 164
Bis (2-ethylhexyl)phthalate

Diethyl phthalate

Di~-n-butyl phthalate

Ethyl benzene

Trichloroethylene

Toluene 14
Bis(2-ethylhexyl)phthalate
Di~n-butyl phthalate

Butylbenzyl phthalate

piethyl phthalate

Di-n~octyl phthalate
Anthracene/phenanthrene

Anthracene

Toluene 28
Bis(z-ethylhexyl)phthatate
pi-n-butyl phthalate

Diethyl phthalate

Di-n~octyl phthalate
Anthracene/phenanthrene

Toluene 222
Trichlorofluoromethane

Bis (2-ethylhexyl)phthalate
Di~n-butyl phthalate

Butylbenzyl phthalate

Diethyl phthalate

Di-n-octyl phthalate
Anthracene/phenanthrene

Toluene 12
Trichlorofluoromethane
Bis(2~ethylhexyl)phthalate
Di-n~pbutyl phthalate

Diethyl phthalate
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2,700

4,242

3,000

1,675

5,000

17,800

County

APPENDIX E-4

Reconnaissance of Organic Contamination of

Supply Name

New York State Aquifers
Selected Water Sampling Sites

Contaminant

Sum of
Concentration

of
Contaminants

ug/L

Population
Served

Jefferson

Madison

Onondaga

Oswego

Oswego

Putnam

Putnam

Saratoga

Schenectady

Fort Drum

(V) Cazenovia

(V) Baldwinsville

(C) Fulton

(V) Phoenix

(V) Brewster

(T) Carmel

Shenendehowa
Central School

(C) Schenectady

Ethyl benzene
Toluene
Trichloroethylene

Trichlorofluoromethane
Big (2~ethylhexyl)phthalate
Di-n-butyl phthalate

Toluene
Big (2~ethylhexyl)phthalate

Benzene

Bis (2~ethylhexyl)phthalate
Di-n~butyl phthalate
Toluene

Trichloroethylene
Trichlorofluoromethane

Carbon tetrachloride
Bis (2=-ethylhexyl)phthalate

Benzene

Bisg (2~ethylhexyl)phthalate
Di~-n-butyl phthalate

Ethyl benzene
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
Trans~1,2=-dichloroethylene
Trichlorcethylene

Bis(2-ethylhexyl)phthalate
Diethyl phthalate
Di-n-butyl phthalate

BEthyl benzene

Phenol

Tetrachloroethylene
Toluene

Trichloroethylene
2,4,6~Trichlorophenol

Big (2—~ethylhexyl)phthalate
Toluene

Trichloroethylene
Trichlorofluoromethane

Bis (2=ethylhexyl)phthalate

Toluene
Trichloroethylene

93

2

15

16

290

12

21

46

Unknown

2,700

6,000

15,000

2,600

2,000

1,500

9,000

86,000




County

Reconnailssance of Organic Contami
New York State Aquifers
Selected Water sampling Sites

Supply Name

Schenectady

gullivan

sullivan

Ulster

Ulstexr

Ulster

Wyoming

APPENDIX E-5

Contaminant

nation of

Sum of
Concentration
of ) .
Contaminants Population
wg/L served

(T) Rotterdam

(T) Tusten
Narrowsburgh
Water District

(T) Liberty
White Sulfur
Springs Water
Dpistrict

(V) Ellenville

Kingsvale Water
(near city of
Kingston)

(T) Ulster

(V) Arcade

Ethyl benzene
Phenol

Toluene
7richloroethylene

Ethylbenzene
Bis(2—ethylhexyl)phthalate

Bis(2—ethylhexyl)phthalate

Bis(2~ethylhexyl)phthalate
Bromodichloromethane
Chloroform

Ethyl benzene

Toluene

mrichloroethylene
Trichlorofluoromethane

Bis (2-ethylhexyl)phthalate
Chloroform

Ethyl benzene

Phenol

Tetrachloroethylene
Toluene

Trichloroethylene
Trichlorofluoromethane

Bis(Z—ethylhexyl)phthalate
BEthyl benzene

‘Phenol

Toluene

mrichloroethylene
Trichlorofluoromethane

Toluene
Bis(z—ethylhexyl)phthalate
Di-n-butyl phthalate
Diethyl phthalate
Anthracene/phenanthrene

94

4 24,000

33 1,100

1 500

21 5,000

9l 250

16 6,000

14 1,980

APPENDIX F

State and Local Health Department Response

to Consumer Complaints Outside Long Island

Public and Private Wells with Detectable Levels

of Synthetic Organic Contaminants




public and Privat

APPENDIX F-1

with Detectable Levels of
synthetic Organic Contaminants

(Outside Long Island)

e Water Supply Wells

96

Sum of
Concentrations
of
Contaminants Population
County Supply Name Contaminant ug/L Served
Cattaraugus (V) Allegany PCB - 2,200
lLivingston (V) caledonia Gasoline 200 2,k00
Benzene
Toluene
Xylene
Putnam (V) Brewster Tetrachloroethylene 200 2,000
Trichloroethylene
Putnam (v) Mahopac Tetrachloroethylene 160 Unknown
Rockland (v) Suffern 1,1,1 Trichloroethane 170 9,500
Rockland (T) West Nyack Trichloroethylene 3,000 to
20,000
Statewide Individual wells Benzene 20 to 3,000 Unknown
150 estimated Toluene
incidents Xylene
Westchester (T) No. Castle Tetrachloroethylene 100 to 2,800 Unknown
Hamlet of Armonk Trichloroethylene
westchester Bedford W.D. #1 Tetrachloroethylene 100 8,000

APPENDIX G

Finished Water Quality Data

for Poughkeepsie and Waterford

This Appendix gives the concentrations of some organic
com] i i inki
pounds in finished drinking water for two cities which obtain

their raw water from the Hudson River.
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APPENDIX H

FPinished Water Quality Data

for the City of Niagara Falls

This Appendix gives the concentrations of some organic
compounds in finished drinking water for Niagara Falls which

obtains its raw water from the Niagara River.
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APPENDIX H-1
APPEND:FX H~2
Finished Water Analysis
Niagara Falls (C)
Pinished Water Analysis
Niagara Falls (C)
: iagara River (West Branch) '
Source: Niag Source: Niagara River (West Branch)
Geol {cal survey Data: New York State Department of Health
Data: U.S. Geologlc '
/1't v All data in pg/liter
All Data in ug/lite
4/72 6/74 9/74 Plant Dist.
Compound 11/70 7/71 10/71 - Compound 9/77  1/78 __ 4/26/79 _ 12/12/78  12/12/78  8/25/78
0 0 0 0 0 0 Trichlorobenzenes NA NA NA NA NA NA
Aldrin 0 0 0
A 0 0 1,2-Dichlorob NA NA NA NA A
Chlordane 1; 0 0 0 0 0 chlorobenzene NA N
DDD o 0 0 0 0 0 1,4-Dichlorobenzene NA NA NA NA NA NA
DDE 0 :
—- 0 -0 0 0 (()) 0 Hexachlorocyclopentadiene NA NA NA NA NA NA
; . 0 0 0 0
Dieldrin 0 0 0 0 0 0 Monochlorotoluenes NA NA LT 1.0 NA NA NA
Endrin 0 0
Heptachlor 0 0 8 (C)) 0 0 Tetrachlorobenzenes NA NA NA NA NA NA
: NA 0
Heptachlor Epoxide 0 0 0 0 0 0 | Lindane LT 0.04 NA LT 0.05 NA NA NA
Lindane 0 0 0 0 0 :
Toxaphene NA o 0 0 0 0 Hexachlorobutadiene NA NA NA NA NA NA
NA
Methoxychlor NA 0 0 0 0 0 2,3,5-Trichlorophenol NA NA NA NA NA NA
Diazinon o 0 0 0 0
Ethion Y o 0 0 0 0 Hexachlorobenzenes NA NA LT 0.05 NA NA NA
. 0
Malathion ) 0 0 0 0 Y 0 Mirex LT 0.01 NA LT 0.0l NA NA NA
Methyl Parathion 0 0 0 0 0 _
Methyl Trithion I(\)]A 5 o 0 0 0 Chloroform NA 43 NA 30 22 32
parathion 0 0 0 0 0 0 Bromoform NA LTS NA LTS LT5 LT5
Trithion 0 0 0 0 0
2,4-D g 0 0 0 0 0 Bromodichloromethane NA 21 NA 13 14 17
2( ‘11-' 5-T 0 0 0 0 0 g Chlorodibromomethane NA LT2 NA 5 5 6
ilvex 0 0
NA NA NA
' 0 Carbontetrachloride NA LTS NA LTS LT5 LT5
PCE-S NA NA NA NA °
PCN's 1,1,1-Trichloroethane NA LTS NA LT5 LT5 LTS
Trichloroethylene NA LTS NA LTS5 LTS LT5
Tetrachloroethylene NA 2 NA LT2 LT2 L2
Monochlorobenzene NA NA LT 1.0 NA NA NA
Methoxychlor LT 1.0 NA NA NA NA NA
Endrin LT 0.02 NA NA NA _ NA NA
2,4-D LT 0.5 NA NA NA NA NA
Toxaphene LT 1.0  NA NA NA NA NA
silvex LT 0.1  NA NA NA NA NA
Total PCB NA NA NA NA NA LT 0.05
104
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APPENDIX H-5 -

APPENDIX I

Finished Watex Analysis
Niagara Falls (C)

- Cost Estimate for the Development of It
Source: Niagara River o T ‘
1
Data: Recra Research, Inc. ”H
c d ' L/11/79 L/18/79
ompoun |
|
‘ 0.18 0.51 %
Octachlorocyclopentene | . ]
. ' LT 0.01 LT 0,01 This Appendix includes capital cost estimates for the development
1,2-dichlorobenzene . : , -
LT 0.0 | LT 0.0l of replacement groundwater supply sources. The estimates are based on
1,4-dichlorobenzene . 0.
-~ LT 0,01 : LT 0.01 the worth of the dollar in the year designated and adjustments for
hexachlorocyclopentadiene _ : : .
. - 0.57 : 0.39 inflation are necessary. An allowance for site specific costs ranging
hexachlorobenzene ~
- 0.03 - : LT 0.01 from 0-25% is made. These cost estimates should be used only in making
Mirex . : - , v
KE 1.66 preliminary approximations of the actual costs.
Lindane |
‘ 0.8 LT 0.0
1,2,k-trichlorobenzene 9 6
0.38 0.2
1,2,3-trichlorobenzene 3 |
| 0.01 0.76
1,3,5-trichlorobenzene LT
1.5 6.54 References:
1,2,3,4-tetrachlorobenzene .
0.68 LT 0.01 1. Gummerman, R.C., et al. "Estimating Costs for Water Treatment
1,2,4,5-tetrachlorobenzene : . - N Efficiency," US EPA, EPA-600/12-78/182, August, 1978.
' ' LT 0,01
]’2,3’S—tetraChlorObenzene i ' 2. New York State Department of Health, Bureau of Public Water
| ' | 0.20 | LT 0.01 Supply, files.
hexachlorocyclobutene n
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APPENDIX J

Cost Assessment of Aeration Stripping Towers

This Appendix includes capital and operating cost estimates of
aeration stripping towers for five plant sizes ranging from 0.1 MGD
to 50 MGD. These cost estimates should only be used in making

preliminary first approximations of the actual costs.

References:

1. Gummerman, R.C., et al. Unpublished additions to
"Estimating Costs for Water Treatment as a Function of
Size and Treatment Efficiency," US EPA-600/12-78/182, August, 1978.

2. Culp, R.L. and Culp, G.L., Advanced Wastewater Treatment,
New York: Van Nostrand Reinhold Company, 1971.

3. Process Manual for Nitrogen Control, US EPA Technology
Transfer, October, 1975.

4. Argo, D.G., Control of Organic Chemical Contaminants in
Drinking Water, Presented at Seminar: Control of Organic
Chemical Contaminants in Drinking Water, Philadelphia, PA,
January, 1979.

5. Unpublished correspondence with Robert M. Clark, Chief of
Economic Analysis Activities, US EPA, Cincinnati, Ohio.
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APPENDIX L
Organic Chemicals Removed by
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The first is a list of those organic compounds which are likely to

compounds which have been reported in the literature as being
to select the most suitable treatment and to establish des
must be conducted for each proposed use of these methods.

absorbed on granular activated carbon.

be removed using aeration.

syuRUTWRIUo) OFuRbI0 UO SUOT

iygm -s°Q ,fXSIRM BuTUTAQ UT

*gL6T ‘S AL
b wWwoxy S93eWT3Se poreTodeIiXis

qernbey pesodoad IO sTSATRUY qoedul OTWOUODH DISTASH.
*059'661°LT - ‘ozL?6SL TC s3sop Teatded 1B30L

%5Z2-0 S3ISOD otFyToeds 931TS

) . *0£6°6E7’S
*0ZL'6SL 1T 150D TeaTded Te3OL
*000°0ST’T UOT3ONIISUOD DBUTAND ISBISIUL
*000'06 -upy ‘Teostd ‘Tebel

ea02qnS
*0ZL'6TS 6T T

putIOvUTHUR
x.omm.whh~a - %0T @

~0ZS S¥LLT Te303qus
) “002'S97' 1T J130Ig I010RIFUCD TBRISUSD
*000‘08Z°91 $3S0) UOTIONIASUOD TBIOL
Tamog Aqpuels %
° -
0 SUOT3RISPTSUCO S0BIIMSINS

Te303dns
. ° ! ‘e -000‘082°91
* 1 ° ‘000791 0087560°8 "000°80S
00z’ 1% 000°080°T 000°00 . o
w| “000°050°T -= - - i
: uoTyRISUSHIY UOqIED
4 ° ‘T ‘80T *000'008°9
° *000°000‘¥9T 000°029‘T "000
00Z‘0¢€ 000°‘0¢€ e
*008‘1T2¥’'9 - £°0007082°1 purdumd ysems
- o -0007005°2 ebIeyD UOGTRD
SI030'3U0D
‘LT *000°%S *000‘007 € *000°00L‘S
0008 “000 |
sgeooxa  burpiTnd $ ceo002z 270
Ik /xy x0qel xK/$ TRTIOABH . HMMWMMMZ e coTaonaasoD
SO s T . Abxouq TeOoTIIORTH

asog xoF o3ewrisd IS0D

1 - SI8CIOSPY UOqIeD uo12eI3TTd

DOW
aueld GOW 00 ~ weta

L= XIQNHJIIY




APPENDIX L-1 APPENDIX L-2

Synthetic Organic Compounds Likely | Organic Compounds that have been Reportgd in the Literature
to be removed by Aeration i to be Adsorbable on Granular Activated Carbon

: Aromatic A-camphanone Dibrom
I Acetone Dibromobenzene
e Benzene Acetophenone Dibromochloromethane
/i Toluene Acetylene dichloride Dichlorobenzene
it Naphthalene Aldrin 1,2-Dichloroethane
11 Biphenyl Acrylonitrile Dichloroethyl ether
il Benzo(a)pyrene Baygon Dieldrin
HiAEE Dibenzanthracene Benzene Di(2-ethylhexyl) phthalate
Rl 20-Methylcholanthrene Benzocaine Di-~isobutyl carbinol
g A Benzoic acid Dimethoxy benzene
Il Alkene Derivatives «L-BHC Dimethoate
i Big-(2~chloroethyl) ether Dimethyl sulfoxide
i Acrolein Bis-(2~-chloroisopropyl) ether Di(n-butyl) phthalate
{EER Acrylonitrile Bromobenzene m-Dinitrobenzere
I Allyl alcohol Bromochlorobenzene E,4~Dinitrophenol
i Cyclopentadiene Bromodichloromethane 2,6-Dinitrotoluene
L1 ' Bromoform Diquat
il 1 v Bromophenyl phenyl ether Diuon
AR Small Halogenated Hydrocarbons Butyl benzene Docosane
alll - Carbon tetrachloride Eicosane |
i Bromoform Chlorobenzene Endo-2-camphanol- |
§ 1 Methyl bromide Chloro ethyl ether Endosulfan ‘M
A Carbon tetrachloride Chloroform : Endrin I
Il Chloroform Chlorohydroxybenz ophenone 2,4,5-T (ester) ]
it Dibromochloromethane Chloronitrobenzene Ethyl benzene 3
A Bromodichloromethane Chloropyridine 2~Ethylhexanol i
it ji Methylene chloride 2,4 D Exo~2-camphanol f
i1 Freon 11 DDT l
i Freon 12 |
i Ethylene dibromide ' v !
1 Trichloroethane
i Dichloroethane
bt Trifluorotrichloroethane | "
s DBCP 2 |
il Tetrachloroethylene !
i Trichloroethylene | .
i Dichloroethylene ! ;
It Vinylidene chloride ? ,
i f‘ Vinyl chloride E
i Sodium fluoroacetate ;
b !l;f i
\ll {
Al f
\? !
) t }
il 130 . ' 131
\1}\; : |
;.%‘ i




Gasoline
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Hexachloroethane
Hexadecane

APPENDIX L-3

1-Isobromobenyl-4-isopropyl benzene

(1,2 isomer)
Isocyanic acid
Isophorone
Juglone
Kerosene
Lindane
Linuron
Malathion
£~Menthw1men~8~01
o-Methoxy phenol
«l-methyl benzyl alcohol
Methyl biphenyl
Methyl chloride
2-Methyl-5-ethyl pyridine
Methoxychlor
MS-222
Naphthalene
Nitrobenzene
p-Nitrophenol
Octadecane
0il (fuel)

132

Paraquat

Parathion

PCB
Pentachlorobiphenyl
Phenols
Phenylacetic acid
Phenyl ether

Phenyl methyl carbinol
Propionic acid
Propyl benzene
Pyridine

Rotenone

Sevin

Simazine

Strychnine

Styrene

Telodrin
Tetrachlorobenzene
Tetrachlorobiphenyl
Tetrachloroethylene
Tetraline

Toluene

Toxaphene

Triazine
Trichlorobiphenyl
1,1,2-Trichloroethane

3-Trifluoromethyl-4-nitrophenol (TFM)

Xylene

e e e . =




