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0il and gas drilling in the paleozoic formations in the state of Ohio
has been associated with the production of waste brines. Chemical
characterization of selected brine samples has only recently been
performed by the Underground Injection Control Section of the Division
of 01l and Gas at the Ohio Department of Natural Resources.
Preparatory to evaluating the potential impact of adverse brine
disposal on human resources such as drinking waters, is an evaluation
of the health-related standards for the individual chemical components
in brines.

This report represents a compilation of recent toxicological risk
assessment studies. Table 1 provides a list of published human health
and water quality standards for individual inorganic chemicals
identified in Ohio brines. Table 2 similarly provides a list of
published human health and water quality standards for individual
organic chemicals identified in Ohio brines and for several organic
chemical classes considered likely to be found in Ohio brines.

The full report has been divided into three sections:

SECTION 1.
] ; - 1 dards f ; ; ]
d c und i i i

Available summarized data concerning individual elements, for which
standards have been promulgated, are appended. Data are derived from
the Wisconsin Department of Health and Social Services (1985), "Public
Health Related Groundwater Standards - Summary of Scientific Support
Documentation for NR 140.10."

For each chemical, an abbreviated risk assessment summarizes the
following information:

1. general chemical information; 8. teratogenicity/reproductive
2. human exposure routes:; effects;
3. acute toxicity; 9. environmental fate;
4. chronic toxicity; - 10. risk assessment;
5. human health effects; 11. recommendations and
6. mutagenicity; conclusions;
7. carcinogenicity; 12. references.
SECTION 2.

1 i W litv ic

Available summarized data for these are appended. Data are derived
from the Wisconsin Department of Health and Social Services (1985 &
1986), and from the Harry G. Armstrong Aerospace Medical Research
Laboratory at Wright-Patterson Air Force Base, Ohio (1985), "The
Installation Restoration Program (IRP) Toxicology Guide."
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Polynuclear aromatic hydrocarbons and phenolic compounds are major
classes of organic chemicals which were examined in several Michigan
brine samples, and they can be expected to occur in Ohio brines.
Therefore, I have added the IRP summary environmental toxicology data
for naphthalene and dimethylphenocl, which contain generic information
on standards for polynuclear aromatics and phenolic compounds
respectively.

Again, for each organic chemical, an abbreviated risk assessment
summarizes the information outlined above for inorganic chemicals.
Additional comprehensive summary reports are appended for the organic
contaminants measured or suspected in Ohio brines. Each report
contains the following information:

1. Physicochemical Data;

2. Persistance in Soil-Water Systems;

3. Pathways of exposure;

4. Health Hazards Data;

5. Handling Precautions:

6. Emergency First Aid Treatment;

7. Environmental and Occupational Standards;

8. Chemical Usage;

9. Detailed Environmental Fate and Exposure Pathways;

10. Human Health Considerations; and,
11. Sampling and Analysis Considerations.

SECTION 3.
i bri i ta with s
c i wi i nc

A primary goal of this report has been to compare analyses of
chemical constituents in brine with existing regulatory status of
these chemical parameters. From this exercise, a subset of brine
chemicals which pose relatively greater environmental risks could be
identified.

Two brine contaminant reports from the Ohio Department of Natural
Resources (1986) and the Michigan Department of Natural Resources
(1984) are evaluated and criticized. Average and maximum
concentrations of selected contaminants are rated according to their
suggested standards for potential risk in surface and groundwater
contamination. Benzene, sodium and chloride are the contaminants
which would require the highest amount of dilution with
contaminant-free water to achieve drinking water quality.

Given the need to expand the sampling program for brine disposal
problems, yet mindful of funding limitations for chemical analyses, I
recommend that: :

A. Inorganic analyses be prioritized to focus sodium (Na) and
chloride (Cl). These chemicals represent by weight the most
important brine contaminants. Analytical techniques for
detecting and quaniifying these parameters in the range of
10% of the secondary .standards or health guidance levels
would provide a powerful tool for estimating brine disposal
impact upon drinking water supplies.

.=

G.POJE - EXECUTIVE SUMMARY BRINE REPORT - DECEMBER 17, 1986
X-2



BO

Organic analyses be prioritized to focus initially upon
benzene. Measurable quantities of benzene were found in all
Michigan Oilfield brines and other brine samples. Benzene
was detected in all Ohio brine samples. Benzene poses high
risks as a toxic substance, therefore drinking water quality
recommendations are very restrictive.

Benzene analytical procedures in brine needs to be thoroughly
examined and rigorously defined to insure that the sampling
protocol is a high contaminant potential sample. Limits of
benzene detection in various matrices need to be evaluated
for brine samples and for dilution series.

The recommended water quality standards for polynuclear
aromatic hydrocarbons and phenolic compounds warrents
investigation of these compound classes for identification
and quantification in brines. Analytical procedures similar
to those devised for benzene analysis need to be developed.
With answers to these analytical questions, polynuclear
aromatic hydrocarbons and phenolic compounds may need to be
added to benzene as standards monitoring parameters in brine
disposal problems.

-
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Table 1. Summary of Health and Water Quality Standards on Inorganic
Chemicals Identified in Ohio Brines.

Chemical Standard Source

Ag (Silver) 50 ug/1 WI (1985); U.S.EPA
As (Arsenic) 50 ug/1 WI (1985); U.S.EPA
B (Boron) No Federal Standard U.S.EPA (1986)

Ba (Barium) 1000 ug/1 WI (1985); U.S.EP2
Ca (Calcium) No Federal Standard U.S.EPA (1886)

Cd (Cadmium) 10 ug/1 WI (1985); U.S.EPA
Cl (Chlorine} No Primary Standard U.S.EPA (1986)

Secondary Standard:
250,000 ug/1

Co (Cobalt) No Federal Standard U.8.BPE (1986)
CO (Carbonate) No Federal Standard U.S.EPA (1586)
Cr (Chromium) 50 ug/1 WI (1985); U.S.EPA
Cu (Copper) No Federal Standard U.S.EPA (1986)

Proposed Maximum Contaminant
Level Goal: 1,300 ug/l

Fe (Iron) No Primary Standard U.S.EPA (18986)
Secondary Standard:
300 ug/1
HCO (Bicarbonate) No Federal Standard U.S.EPA (1986)
Hg (Mercury) 2 ug/1l WI (1985); U.S.EPA
I (Iodine) No Federal Standard U.S.EPA (1986)
K (Potassium) No Federal Standard U.S.EPA (1986)
Li (Lithium) No Federal Standard U.S.EPA (1986)

Standards reported as micrograms per liter (ug/l).

Sources: WI (1985); U.S.EPA: Standard established by the Wisconsin
Department of Health and Social Services and including an evaluation
of current and proposed U.S.EPA Drinking Water Standards either as
National Interim Primary Drinking Water Standards or as Maximum
Contaminant Levels. '

U.S.EPA (1986): evaluation of currently unregulated chemicals
as reported in personal communication with Ms. Jennifer Orme of the
U.S.EPA Office of Drinking Water October 31, 1986.

G.POJE - EXECUTIVE SUMMARY BRINE REPORT - DECEMBER 17, 1986
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Table 1. Continued.

Chemical | Standard Source
Mg (Magnesium) No Federal Standard U.S.EPA (1986)
Mn (Manganese) No Primary Standard U.S.EPA (1986)
: Secondary Standard:
50 ug/1
Mo (Molybdenum) No Federal Standard U.S.EPA (1986)
Na (Sodium) No Federal Standard U.S.EPA (1986)

Health Guidance Level:
20,000 ug/1

Ni (Nickel) No Federal Standard U.S.EPA (1986)
Health Guidance Level:
150 ug/1l
P (Phosphorous) No Federal Standard U.S.EPA (1986)
Pb (Lead) 50 ug/1 . WI (1985); U.S.EPA
Se (Selenium) 10 ug/l WI (1985); U.S.EPA

SO (Sulfate) No Federal Standard U.S.EPA (1986)
BHealth Guidance Level:
400,000 ug/1

Sr (Strontium) No Federal Standard U.S.EPA (1986)

Ti (Titanium) No Federal Standard U.S.EPA (1986)

U (Uranium) No Federal Standard WI (1985); U.S.EPA
Health Guidance Level:
10 pCi/l :

Vv (vVanadium) No Federal Standard U.S.EPA (1986)

Zn (Zinc) “.No'Primary“éEAhdard -~ “U.S.EPA (1986)
Secondary Standard:

5000 ug/1

Standards reported as micrograms per liter (ug/1l); Uranium reported as
picocurie units of radioactivity per liter (pCi/l):

Sources: WI (1985); U.S.EPA: Standard established by the Wisconsin
Department of Health and Social Services and including an evaluation
of current and proposed U.S.EPA Drinking Water Standards either as
National Interim Primary Drinking Water Standards or as Maximum
Contaminant Levels.

U.S.EPA (1986): evaluation of currently unregulated chemicals
as reported in personal communication with Ms. Jennifer Orme of the
U.S.EPA Office of Drinking Water October 31, 1986. .

X-5
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Table 2. Summary of Health and Water Quality Standards on Selected
Organic Chemicals.

a. Identified in Ohio Brines.

Chemical Standard Source

Benzene 0.67 ug/1 WI (1985); U.S.EPA
Ethylbenzene 1360 ug/1 WI (1986); U.S.EPA
Toluene 343 ug/1 WI (1985); U.S.EPA
Xylene 620 ug/1 WI (1985); U.S.EPA

b. Likely to Occur in Ohio Brine.

Chemical Class Standard Source

Polynuclear Aromatic 0.2 wg/l EEC Directive
Hydrocarbons (IRP Toxicology Guide)

Phenolic Compounds 0.5 ug/1l EEC Directive

(IRP Toxicology Guide)

Standards reported as micrograms per liter (ug/1).

Sources: WI (1985); U.S.EPA: Standard established by the Wisconsin
Department of Health and Social Services during 1985 and including an
evaluation of current and proposed U.S.EPA Drinking Water Standards
either as National Interim Primary Drinking Water Standards or as
Maximum Contaminant Levels. _

WI (1986); U.S.EPA: Similar Standards establishec by the
Wisconsin Department of Health and Solcial Services during 1986.

EEC Directive (IRP Toxicology Guide): Standard established by
the European Economic Community as maximum admissible concentrations
_relating to quality of water intended for human consumption. Reported
in "The Installation Restoration Program Toxicology Guide.™ Vol. 1
(1985) prepared by Arthur D. Little, Inc. for the Harry G. Armstrong
Medical Research Laboratory, Wright-Patterson AFB, OH 45433-6573.
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SECTION l: INORGANIC CHEMICAL STANDARDS AND EVALUATIONS
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The inorganic parameters reviewed for water quality standards were
selected from the list of inorganic chemicals reported in the appended
table to "Preliminary Analyses of Ohio Oilfield Produced Brines for
Selected Heavy Metals and Aromatic Hydrocarbons," (1986) by D.R.
Christ and G. Hudak of the Ohio Department of Natural Resources,
Division of 0il and Gas, Underground Injection Control Section. Table
1 summarizes the existing health and drinking water quality standards
on these inorganic contaminants.

For eight parameters (Ag, As, Ba, Cd, Cr, Hg, Pb, and Se), health
related primary drinking water standards have been promulgated at the
federal level by the U.S.EPA. These standards would apply nationally
to the guality of public drinking waters. For nine other parameters
(Cl, Cu, Fe, Mn, Na, Ni, SOy , U, and 2Zn), secondary standards related
to broader water use concerns or health guidance levels have been
suggested. Fourteen inorganic parameters assessed in Ohio brines (B,
ca, Co, COg , BCO3 , I, K, Li, Mg, Mo, P, SO4 , Sr, Ti, and V) have
not been investigated for impact on drinking water quality in a manner
that resulted in promulgation of water gquality standards.

The U.S.EPA has begun evaluation of several inorganic chemicals in
preparation for standard setting during the next three years.
Therefore, for future reference on Ohio brine contaminants, the
following parameters are currently under review for primary drinking
water standards: Br, Cu, I, Mn, Mo, Ni, Sr, V, and 2Zn.

Several inorganic chemicals in Ohio brines are essential constituents
of human genetic molecules, hormones, physiological fluids and
proteins. During development of quality guidelines, much more complex
' interactions of the chemical with human nutrition as well as tolerance
concentrations must be considered. Therefore, the U.S.EPA does pot
intend to establish standards over the next three years for the
following: Ca, CO3 , HCO; , K, Mg, and P.

The Wisconsin Department of Health and Social Services under that
state's groundwater protection law has been charged with the task of
establishing water quality standards for many existing and potential
groundwater contaminants. For each chemical, an abbreviated risk
assessment summarizes the following information:

1. general chemical information; 8. teratogenicity/reproductive
2. human exposure routes; effects;

3. acute toxicity; 9. environmental fate;

4. chronic toxicity; 10. risk assessment;

5. human health effects; 11. recommendations and

6. mutagenicity; conclusions;

7. carcinogenicity; 12. references.

Background information on the Wisconsin approach to these standards
are included prior to the individual chemical reports. A table of all
existing federal drinking water standards and reference to their full
documentation are also included prior to the individual chemical
reports.

I-1
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Table 1. Summary of Health and Water Quality Standards on Inorganic
Chemicals Identified in Ohio Brines.

Chemical Standard Source

Ag (Silver) 50 ug/1 - WI (1985); U.S.EPA
As (Arsenic) 50 ug/1 WI (1985); U.S.EPA
B (Boron) No Federal Standard U.S.EPA (1986)

Ba (Barium) 1000 ug/1 WI (1985); U.S.EPA
Ca (Calcium) No Federal Standard U.S.EPA (1986)

Cd (Cadmium) 10 ug/1 WI (1985); U.S.EPA
Cl (Chlorine) No Primary Standard U.S.EPA (1986)

Secondary Standard:
250,000 ug/1

Co (Cobalt) No Federal Standard U.S.EPA (1986)
CO; (Carbonate) No Federal Standard  U.S.EPA (1986)
Cr (Chromium) 50 ug/1 ~WI (1985); U.S.EPA
Cu (Copper) No Federal Standard  U.S.EPA (1986)

Proposed Maximum Contaminant
Level Goal: 1,300 ug/1

Fe (Iron) No Primary Standard U.S.EPA (1986)
Secondary Standard:
300 ug/1l '

HCO3 (Bicarbonate) - - - No-Federal -Standard———— U.S.EPA (1986) -

Hg (Mercury) s o a SelBe BT T === WI (1985); U.S.EPA
I (Iodine) No. Federal Standard U.S.EPA (1986)

K (Potassium) No Federal Standard U.S.EPA (1986)

Li (Lithium) No Federal Standard U.S.EPA (1986)

Standards reported as micrograms per liter (ug/1).

Sources: WI (1985); U.S.EPA: Standard established by the Wisconsin
Department of Health and Social Services and including an evaluation
of current and proposed U.S.EPA Drinking Water Standards either as
National Interim Primary Drinking Water Standards or as Maximum
Contaminant Levels.

U.S.EPA (1986): evaluation of currently unregulated chemicals -
as reported in personal communication with Ms. Jennifer Orme of the '
U.S.EPA Office of Drinking Water October 31, 1986.-

I-2



Table 1. Continued.

Chemical Standard Source

Mg (Magnesium) No Federal Standard U.S.EPA (1986)

Mn (Manganese) No Primary Standard U.S.EPA (1986)
Secondary Standard: 50 ug/1

Mo (Molybdenum) No Federal Standard U.S.EPA (1986)

Na (Sodium) No Federal Standard U.S.EPA (1986)

Health Guidance Level:
20,000 ug/1

Ni (Nickel) No Federal Standard U.S.EPA (1986)
Health Guidance Level: 150 ug/l

P (Phosphorous) No Federal Standard U.S.EPA (1986)

Pb (Lead) 50 ug/1 WI (1985); U.S.EPA

Se (Selenium) 10 ug/1 WI (1985); U.S.EPA

SOy (Sulfate) No Federal Standard U.S.EPA (1986)

Health Guidance Level:
400,000 ug/1

Sr (Strontium) No Federal Standard U.S.EPA (1986)
Ti (Titanium) No Federal Standard U.S.EPA (1986)
U (Uranium) No Federal Standard WI (1985); U.S.EPA
Health Guidance Level: 10 pCi/l
v (vVanadium) No Federal Standard U.S.EPA (1986)
zn (Zinc) No Primary Standard U.S.EPA (1986)
Secondary Standard:
5000 ug/1

Standards reported as micrograms per liter (ug/l); Uranium reported as
picocurie units of radioactivity per liter (pCi/1)

Sources: WI (1985); U.S.EPA: standard established by the Wisconsin
Department of Health and Social Services and including an evaluation
of current and proposed JU.S.EPA Drinking Water Standards either as
National Interim Primary Drinking Water Standards or as Maximum
Contaminant Levels.

U.S.EPA (1986): evaluation of currently unregulated chemicals
as reported in personal communication with Ms. Jennifer Orme of the
U.S.EPA Office of Drinking Water October 31, 1986.
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BACKXGROUND

Groundwater contamination by organic and inorganic chemicals, radionuclides,
metals and/or microorganisams has occurred throughout the United States and 1is
being detected with increased frequency. For many years the land surface and
subsurface were considered safe areas for couvenient disposal of waste and
non-wvaste products. Recent evidence shows that soils containing disposal
wastes possess limited capacities to metabolize contaminants into harmless
products. Many toxic chemicals, rather than being changed into harmless
compounds through nmatural soil processes, percolate unchanged through the soil
and into aquifers. Although detailed quantitative estimates of the extent of
groundwater contamination are unavailable, the presence of these chemicals in
the nation's groundwater warrants national attention. Groundwater
contaminants, especially organic chemicals, are associated with adverse
social, environmental, economic, and health impacts.

Groundwater Contamination and Its Impacts

Groundwater is an important natural resource in the United States upon which
Americans rely for about 50% of their drinking water supplies, 80% of rural
domestic and livestock meeds, about 40% of irrigation needs, numerous
commercial activities, and almost 25% of self-supplied industrial needs (other
than thermoelectric power). Groundwater is also used for stream flow
maintenance, as a barrier to salt-water {ntrusion and is an intentional and
unintentional depository for both waste and non-waste products.

The reliance of states and regions on groundwater supplies varies
significantly in the United States. Groundwater used for public water
supplies varies from 11% in the Great Lakes region to. 754 in the Rio Grande
region, for rural uses from 12%Z in Upper Colorado to 100Z in New England, and
for irrigation from 1% in the Upper Colorado to more than 90%Z in the Upper
Mississippi. :

Scientists believe that only-a very .small percentage of groundwater supplies
are actually contaminated. However, contaminated aquifers are of gignificant
public health concern because of their location under population centers and
communities' reliance upon groundwater for drinking wacter.

Public concern due to groundwater pollution has focused upon the potential for
causing adverse human effects.-—Lacking comprehensive estimates of groundwater
quality in the United States of Wisconmsin, it is impossible to accurately
assess the magnitude and exact nature of the public health impacts of toxicant
exposures from groundwater usage. Estimation of the potential human health
impacts from exposure to {ndividual contaminants is performed through the
process of risk assessment. Risk assessment uses models of animal and human
biological systems to estimate the likelihood of potential illnesses resulting
from contaminant exposure. Informatiom used in models to estimate human
health impacts and propose health risk reduction regulatory limits on
pollution levels include: adverse effects of a given compound (acute,
chronic, carcinogenic, mutagenic, and teratogenic); the toxicity of a compound
in terms of dosage level regquired to elicit an adverse health effect; exposure
routes; the frequency the compound is found in groundwater; and the number of
potentially exposed individuals. While data exists to perform some level of



risk analysis for most compounds, the information frequencly lacks the
precision needed to perform quantitative human health impact assessaent.

Human exposure data is usually non-existent and risk assessments must rely on
extrapolating from high dose animal experiments to low dose human exposure.
Data on individual human exposure to toxic substances in groundwater is almost
totally lacking. Nearly insurmountable problems exist to conducting valid
epidemiological investigations to detect incontrovertable human health impacts
of groundwater pollutiom. It would be necessary to know, om an individual
toxicant basis, the amount of exposure from groundwater alome (as opposed to
exposure from air, food, and surface water), the number of persons exposad to
various toxicant concentrations, and the health effects of multiple pollutant
interactions when more than one toxicant is found in an aquifer.

While it is difficult to measure the lifetime health impacts of groundwater
contamination, the nature of the contamination is known. Over 200 substances
have been detected analytically in groundwater. Many of the chemicals are
commonly used commercial, industrial and household products. Limited
toxicological data is available for some of these compounds, including their
adverse effects on animals and humans, toxicity levels, and ranges of
contaminant concentrations in groundwater. However, a review of toxicological
data from studies on laboratory animals, acute exposures to humans,
quantitative human health studies conducted at the site of groundwater
contamination, data on human health impacts of specific chemicals, and
anecdotal Iinformation suggests that the consumption of chemically contaminated
groundwater can result in acute, subchronic, and chronic human health
impacts.

Substances found in groundwater are known to affect all organ systems but most
commonly affect the central nervous system, liver, kidney, cause eye and skin
irritation, and result in malignancies. The paramount factor determining
whether damage could occur is the dose (amount) of the toxic agent present.
The Office of Technology Assessment (OTA) lists the following chemicals as
being assoclated with adverse health effects:

1. Liver, kidney, and central nervous system toxicants include: ethylbenzene
and toluene (alkyl-substituted benzenes); carbon tetrachloride, chloroform
and TCE (halogenated aliphatic hydrocarbons); bromobenzene, PBBs, and PCBs
(halogenated aromatic hydrocarbons); chlordane, DDT, and toxaphene
(chlorinated hydrocarbon pesticides); and some heavy metals.

2. Xnown or suspected carcinogens which have been found in groundwater
include several aromatic hydrocarbons (benzene, benzidene, and MOCA),
hydrocarbons with specific elements such as N,P,S,Cl,Br,I,F (aldrin,
carbon tetrachloride, dichlorobenzidene, DDT, 1,2-Dichloroethane,
1,1~dichloroethylene, dieldrin, dioxins, Bis-2-ethylhexylphthalate,
heptachlor, hexachloroethane, PCBs, simazine, tetrachloroethanes,
1,1,2-trichlorocethylene, and vinyl chloride), and metals (antimony,
barium, cadmium, chromium, and nickel).

3. Compounds found in groundwater which can damage the reproductive systea or
cause birth defects include DBCP, vinyl chloride, EDB, benzene, toluene,
xylene, some chlorinated ethanes and phthalate esters, PCBs, and dioxins.



4. Some compounds found in groundwater might be expected to cause skin and
eye irritation, particularly during bathing and showering. Available data
suggests that these eifects are reversible after cessation of exposure.

Some of the more recently {dentified contaminants of groundwater have not yet
been fully investigated for their toxicity to animals and/or humans. Thus,
roxicologists have been asked to develop guidelines determining the health and
environmental effects of these toxicants to which humans may be currently
exposed. In addition to the paucity of {nformation on single toxicants,
knowledge of possible {nteractions of combinations of groundwater contaminants
is only now beginning to be studied in the laboratory. Groundwater
contamination by several chemicals is a common occurrence. While
toxicologists may be able to perform a valid health risk estimation when one
chemical is present in groundwater, the presence of several compounds makes
such estimations more complicated because the current levels of toxicological
knowledge do not provide the information necessary to know if the interactions
of several chemicals will cause an additive increase in toxicity (sum of the
risks associated with each compound to obtain a total risk level), a
synergistic effect (a toxic effect greater than the sum of the risks), an
antagonistic effect (a toxic effect less than the sum of the risks), or no
effect on the toxicity of a given compound.

The symergistic effects of several groundwater contaminants and alcohol
ingestion have been documented. The liver toxicity of carbon tetrachloride,
TCE and l,l,l-trichloroethane is greatly increased in the presence of alcohol.
The liver toxicity of TCE and PCE is also affected by Arochlor 1254, a PCB
product. :

Increasing the toxicological knowledge base for chemical pollutants is a
pational priority. While a great deal is known about many chemicals, there is
always a need for additional, more precise and extensive studies. Until a
data base is complete, the currently utilized risk assessment techniques
guidelines are cautious. -The dynamic-nature of the growth in toxicological
understanding means guidelines and standards will change to reflect the more
precise data.

The Wisconsin Experience

The State of Wisconsin, with the passing of 1983 Wisconsin 410, has recognized
the importance of groundwater protection and has mandated the Departments of
Natural Resources and Health and Social Services to set groundwater toxicant
enforcement standards. Groundwater provides mnearly 70% of Wisconsin's
drinking water and 1is the major source of water for industry and agriculture.
Pesticides and YVolatile Organic Chemicals (VOCs) are the two largest groups of

man-made pollutants that have been found to contaminate groundwater.

Pesticides, applied to agricultural fields, can percolate down through the
soil and enter groundwater as the original toxic pesticide or as toxic or
non-toxic pesticide metabolites. The DNR's Groundwater Pesticide Sampling
Program Summary for July 23, 1983 to June 25, 1984 reported aldicarb (Temik)
as the predominant contaminant of Wisconsin groundwater with atrazine (Aacrex)
a far second. Pesticides occasionally found in groundwater include metribuzin -

(Sencor), carbofuran (Furadan), chloramben (Amiben), dacthal metabolites,
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dinoseb (Dinitro), metolachlor (Dual), butylate (Sutan+), alachlor (Lasso),
and ethylenedibromide (EDB).

Volatile Organic Chemicals (VOCs) are common industrial and household
chemicals which are being found in surface and groundwater. VOCs include
metal degreasers, solvents, cleansers, and dry cleaning agents and have been
used by gas stations, painting operatioms, metal fabricators and finishers,
electronics firms and many other businesses.

Groundwater contamination by organic and inorganic chemicals, radionuclides,
metals and/or microorganisms is occurring with increasing frequency throughou:
the United States. Whereas the disposal of chemicals in or on soils was once
thought to result in the destruction or detoxification of these compounds,
recent experience indicates that many toxic chemicals percolate through the
s0il and enter the groundwater unchanged or metabolized to products of equal
or greater toxicity. Growing interest and awareness of the potential hazards
associated with widespread groundwater contamination has resulted in the
passing of legislation throughout the United States to control groundwater
pollution. In Wiscomsin, public recognition of the potential human and
enviroumental health problems resulting from toxicant intrusion into
groundwater used for purposes including drinking and food processing, led to
the formulation of comprehensive groundwater protection legislation, 1983
Wisconsin Act 410, the so-called "Groundwater B3ill.”

Chapter 160 of the Groundwater Bill (Groundwater Protection Standards)
requires Wisconsin regulatory agencies to submit to the Wisconsin DWNR

“_ . . a list of those substances which are related to facilities, activircies,
and practices within its authority to regulate and which are detected in or
have a reasonable probability of entering the groundwater of the state.” The

bill provides that substances can be placed in ome of three categories:
Category 1, if the substance is detected in groundwater in concentratioms in
excess of a federal number for that substance; Category 2, if the substance is
detected in groundwater and is of public health or welfare concern but is not
detected in concentrations in excess of a federal number or for which there is
no federal number; and Category 3, if the substance has a reasonable
probability of being detected in groundwater and is of public health or
wvelfare concern. The bill also provides guidance for ranking the substances
within each category. The DNR is instructed to give the highest rankings to
those substances which pose the greatest risks to the health or welfare of
persons in the state taking into consideration, among other things, the
substances carcinogenicity, teratogenicity, mutagenicity, and interactive
effects. The DNR may revise, as necessary, the ranking of substances within
categories to include additional substances as they are reported, to reflect a
change in the status of a substance which requires that it be moved either
within or between categories, or to remove those substances from the list
which are not shown to involve public health or welfare concerms or which de
not have a reasonable probability of entering the groundwater.

The NR 140 approach to groundwater contaminant listing and evaluation provides
state agencies with a solid management tool which is highly flexible yet
provides firm guidelines for the categorization of contaminants of concern.
Flexibility is of great importance due to the dynamic nature of the
toxicological literature and the finding of new contaminants in the



groundwater from time to time. Without the flexibility to add, subtrict o
move a contaminant within or between categories, it would be difficulc for
state agencies to respood to changing technical knowledge and field experience
within a reasonable time frame. Additiomally, the ability to move a
contaminant within a category permits agency staff to prioritize and review
the toxicology of a compound on .a schedule which responds to the needs of the
public for information and guidance in evaluating the potential human health
and environmental effects a substance.

Protecting the groundwater from contamination is of great concern because of
the serious social, econmomic, enviroanmental and human health implications
should substance concentrations reach unacceptable levels. The State of
Wisconsin is expanding groundwater monitoring for chemical contaminants and 1s
evaluating the potential human health effects of groundwater contamination.
DNR, with the toxicological assistance of DHSS, has established enforcement
standards as required by 1983 Wisconsin 410 for the 36 compounds which follow.
A brief toxicological summary as well as the rationale for each proposed
standard is provided for each substance.

Two public hearings were held om January 14 and 16, 1985, in Madison and
Stevens Point, respectively, concerning the creationm of ch. NR 140, Wis. Adm.
Code, relating to the development and implementation of groundwater quality
standards. An additional hearing was held on February 14, 1985, in Madison,
to respond to questions on ‘how ‘the -standards were developed and to make
further comments on the proposed standards. The effective date of NR 140, the
rules establishing the standards, is October 1, 1985. These rules are
authorized by s. 144.025(2) and ch. 160 Stats. A .continuing program of toxic
substance evaluation by DHSS and DNR will-result in ‘the subsequent
establishment of groundwater pollutant enforcement standards for additional
chemicals. The public hearing draft of ch. NR 140, Wis. Adm. Code, proposed
the establishment of enforcement standards and preventive action limits for
radioactive substaaces and for trihalomethanes. Following the public
hearings, the Department of Natural Resources did not proceed with the
adoption of an enforcement standard and a preventive action limit for
trihalomethanes because that was a class of substances rather than a single
substance. As of this writing, the enforcement standards and preventive
action limits for radioactive substances (beta particle and photon
radioactivity; radium 226 and 228; uranium) have not been published in NR 140.
" The Department of Health and Social Servictes is proceeding first with the -——-
adoption of groundwater standards for radioactive substances pursuant to

s. 140.56(2), Wisconsin Statutes. -The information on radioactive substances
contained in the background document prepared for the public hearings is
contained in Appendix V.

References:

Protecting the Nation's Groundwater from Contamination.
(Washington, D.C.: U.S. Congress, Office of Techmology Assessment,
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SILVER

Inzroduccion:

Silver is a white, ductile meral occurrircg caturally ic its pure form ard iz
ores, most commonly argercite. It is prirccipally used as arn electiroconducsor,
in photographic materials, electroplacing, dercal alloys, solder and brazing
paterials, paizts, jewelry, silverware, colnage and mirrzors. Silver nitrace,
1-2% silver by weight, is used medicinally im the prophylaxis of ophthalmia
peocatorum. Silver has been used to purify water acd is found irn fresh wacer
at average cotcencratioms of 0.2 pg/lizer. Sume U.S. surface wacers had
concern=raciorns of silver from 0.1 to 38 ug/lizer. Finished water iz U.S.
cities had trace levels of silver to 7 ug/liter (mear of 2.3 ug/liter). Ore
study found silver in tap water from public water supplies as high as

26 ug/liter. No silver has beer detected in Wisconsin Community wacer
systems.

Humar Exposure Routes:

Silver may erter the human body via ingestion of corntamizated wacter and ood,
through ichalation, or dermally. Estimaced intake of silver irc food is
approximately 70 ug/day. Silver is a very minor constitutert of ambient
aerosols. Dermal corntac: gecerally results from the applicaciozn of silver-
coczaining medicacion.

Acute Toxicity:

The following values were found in the literature:
*Incraperitoneal LDsg (mice): 13.9 mg/kg (silver nitrate)

Acute toxic effects of silver in animals is usually associated with
intvavenous adminiscration of silver nitrace which causes symptoms including
pulmonary edema, weakness, rigidity, coomtractures in the legs, loss of
volurcary movements, and irterference with cardiac blood supply.

Chrornic Toxicity:

No datca were available for review.

Humar Health Effects:

Metallic silver is not regarded as a toxic compourd, whereas most of its salts
are toxiec o numerous orgacisms. These salts can combine with certaiz
biological molecules to cause toxicity. Izgestion of silver results iz the
additive deposition of silver in the skiz and mucous membraces. Gezeralized
or localized argyria, primarily involvicg the eyes, is the most common
coticeable effecc of chrocic and subacute human exposure to silver or silver
compourds. Argyria is most commonly caused by medicinal applicacions of
silver compounds and industrial exposure. The mirimum accumulation of silver
thought to presest a risk of argyria is 1 gm.



Muzagezicitv:

Silver was zot fourd =0 be mutagez=ic in the Ames test, or irn Micrococcus
aureus. —_—

Carcicogezicity:

Studies involvizg implacted foils, disks, or injected suspezsiors or metallic
silver have produced tumors or hyperplasia, but the izcerprecaciocs of these
studies has beez questiored. No defizite links between human caccer ard
silver as the causative ageczc have beez established.

Teracogezicit v/Reproductive EZffects:

Few assoclations becwee= silver and birth defects have bee:x reporzed in the
literacture.

Environmenzal Fate:

Sorpciorn ard precipitation processes reduce the coccencration of dissolved
silver ard result ic higher concerntrations of the element it bed sedimer=s
chan in the overlying waters. Some silver may be biocaccumulated.

Risk Assessme=nt:

Silver compourds have cot beez fourd to be mutagenic, carcinoge=ic or
teracogenic. EPA regulaces silver as parc of the Natioral Ircerim Dricking
Wacer Regulacions. The EPA MCL is .05 mg/l.

Recommendat ions and Conclusions:

Urtil furcher informatior on chrornic animal feedizg studies, which would allow
the decerminacion of a reliable NOEL, and the subsequent developmes: of a
stacdard based upor the procedures outlized iz ss 160.07(4) acd 160.13, the
Deparzmezz of Health and Social Services recommezds adoptizg the EPA MCL as
the g:oundwacer-enfor:emen:,:handard_i,nigggilﬂgr_iﬁ,ugll).

Recommended Ezforcemens Starndard: - 50 ug/liter (50 ppb)
Recommerded Prevencive -Accion Limiz factor: 20%

Referecces:

Gemeral: USEPA, 1980. Ambiert Water Quality Criteria for Silver.
Office of Water Regulaciors and Stacdards, Criteria and
St andards Divisiorn. Springfield, VA

Federal Register, 40, 1975 (December 24) page 59570
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ARSENIC

Inzroducciorn:

The three types of arsenical compourds formed from elemercal arsenic are
irorganic arseric, orgaric arsenic, and arsire gas.l Commor. arsenic cowmpourds
ipclude arsenic pentoxide, arsernic trioxide, sodium arsenace, and sodium
areserite, all of which are soluble ir wacer. The source of approximately 977%
of all arsecic products is arsenic trioxide or white arsenic. Percavalernc
orgaric arsecicals are used for arimal medicatiomns. Elemercal arsenic and
arsenic compourds are used in pesticides, glass ceramics, paincs, dyes and
hide preservatioc. About 70 millior pourds of arsenic and inorganic arsenic
compourds are produced in the U.S. arzually with over 95Z of the arsenic
produced as a byproducc of copper oOr lead smelting.

Arsenic as a free element can be ermcourtered in natural waters, with the

t hermodyramically more stable inorgarnic arsenate perdominacing over arsecnite
in water. The low toxicity of elemercal arsenic is actributed to its relative
{rsolubility irn water or in body fluids. Arsenic is commorly found i U.S.
waters ircluding surface waters where concert racions ranged from less than 10
to 1,100 ug/licer (median <10 ug/liter). Arsernic copcencrations in U.S. ziver
wacers averaged less thar 10 ug/liter with 22% of the samples havirg
corcercrations of 10-20 ug/liter. Lassen Courty, California reported arsenic
concercrat iocs in well water racging from 0.1 mg/liter or less to

1.4 mg/licer. Arsenic has been detected in 11 Wiscomsin community water
system samples ac concertrations of 11-29 ppb during the period from 1981 -
1984.3 Natural sources, such as the erosior of surface rocks, probably
account for a significant portion of arseric found in surface ard groundwater.
Arsenic is found in the earch's crust at corncentratiocs averaging 2 ppm and is
concerrrated in shales, clays, phosphorites, coals, sedimencary irorn ore arnd
manganese Ores.

Bumar. Exposure Routes:

Industrial workers can be exposed to arsenic and its compounrids during
manufaccure and processing operations. Approximat ely 545,000 workers are
potezrially exposed to arsernic, with higher than average worker exposure
occurring in the smelting of arsenic containing ores ard duricg pesticide
application. Food consumption may provide an inr ake of about 0.02 mg/day/
person of arseric compounds. Trace levels of arseric have been fourd ir
cissues of livestock treated with arsenical medications and feed additives.
Arseric exposure can also occur through the corsumption of cort aminat ed
drinking water. Air emissiorns of arsenical compounds from pesticide
manufaccuricg facilicries, cottoo girs, glass marufaccuricg operations, and
other sources can expose the general populacion to these materials. EPA
estimates total envirormertal emissions ar 9,000 poucds a year.

"

Acute Toxicity:

”

Typical systemic manifescations of arsenic poisorizng due to ingestior include
gas::oin:es:inal disturbacces with the inrermsity of effeccs due to Tthe type
ard quantity of arserical ingested. Acute poisoring ofter begins wizh a
feeling of throat discomforz which is followed by difficulty in swallowizg,
epigastcric discomfor: ard violernz abdominal pain accomparied by vomitirg ard

-
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diarzhea. Ocher symptoms are ipr ense zhirst, muscle cramps, ard systemic
collapse which may result ic cardiac failure. Subacute symptoms are less
irzense.

Chrornic Toxicicy:

Long—< erm exposure to arsenic via ingestiorn of food, water oT medicatior have
resulted in vague abdominal sympcoms such as diarrhea or constipation, flushing
of the skir, pigmencaciorn, and hyperkeratosis. Chronic exposure to arsenic has
been reported to cause various maligrnarcies, gastroi::escinal distcess,
paresthesis, dermat ological problems, vascular disorders, ard death.

Humar Health Effects:

Severe toxicosis car result in humans who ingest arsenic-corczamirated food or
drick. The symptoms of severe arsecic poisonizg are profourd gastroincestinal
damage ard cardiac abrormalizies. Other health problems associated with
arsenic exposure include vomiting, diarrthea, corjunccivitis, rhinicis,
laryngitits, bronchicis, skin eruptiorns, abnormal skin pigmentaciorn,
hoarseress, hyperesthesias, paresthesias, ceuralgias, muscle zenderness, motor
weakness of all degrees, congestive heart failure, and nail charges.

Mu:agenicitz:

Chromosomal breaks ir human leukocyze cultures have been reported after short
term in vitro ard long term ir vivo exposures CO arsenical compounds. Arsecic
compounds have beer showr to cause chromosome breakage in numerous biological
systems. Phytohemagglutinin-stimula:ed lymphocyte cultures were prepared for
psoriasis patierts who received arseric treatments at oOre time during theis
therapy. The incidernce of chromosomal aberratiocs was remarkably greater in
the cultures of patierts who were exposed to arseric than the control group.
Aralysis of short-—term cultured leukocytes from arsenic exposed mine woTrKers
showed that chromosomal aberrar ion among these workers was significarcly higheZ
than control groups.

Carcirogenicity:

Information or the carcirogericity of arsenic and arsenic compounds iz
experimencal arimals is cornsidered inadequate for evaluacion. Sufficient
evidence exists that skin cancer ir humans is causally associated with
exposure to irorganic arseric compourds in drugs, drirking water, and
occupat ioral envirormerts. IARC concluded thac while inadequace eviderce for
the carcinogenilcity of arsenic compourds in arimals exists, there is
sufficiert eviderce that irorganic arsenic compournds are skirn ard lurg
carcivogens irc humars.? Lung cancer risks ir cercain smelter workers who
irhaled high levels of arsenic trioxide showed a 4-12 fold ircrease over
por-exposed individuals. Case reports have suggested an associaz ion between
arsenic compoucd exposure ard blood dyscrasias acd liver tumors.

Teratogenicit y/Reproductive Effects:

Several scudies show that sodium arsenate induces developmercal malformacion
ir hamsters, rats and mice. Pregrarc golden hamsters irjected with sodium
arsenace at 15 to 25 mg/kg b.w. produced offsprirg wich malformaciors
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ircluding arencephaly, reral ageneSLS. rib malformactior, ard cleft lip ard
palace. Ircraperitoreal injeczions of sodium arsenate in pregrart mice
produced ac increase in feral resorptions, a significant decrease in feral
weights, ard malformations including exercephaly, shortering of the jaws with
consequent protrusion of the torngue, exophthalmos, missing pinca, clef: lip,
hydrocephalus, umbilical hernia, eczrodaczyly, micromelia, and shor-ered or
twisced tail, 1limb, or both.

Environmental Fate:

No data were available for review.

Risk Assessment:

Arserical compounds have been determired to be mutagezs, carcicogezns a=
teractogens. The Natioral Irterim Primary Drirking Water Regulations for
arseric are .05 mg/1l.° However, this did not fully corsider the carcinogezic
propercies of arsenic. A carcinogen risk assessment was performed by the
EPA-CAG ard they decermined that the lifetime cancer risk at 10~% occurred ac
a water concertration of .000002 mg/l (2 ppt).

Recommendat ions and Corclusions:

During the public comment period, DNR ard DHSS received from the USEPA a

current staff review of the existing incerim arseric MCL which is beix g used
in the preparation of EPAs proposed RMCLs./ Urlike the 1976 Irterim Primary
Dricking Water Regulations, the current review recogrnizes the carcirogernicity
of arsecic. The review concludes that the existing MCL of 50 pg/l provides
adequate protection and allows for the possibility that arseric may be arn
essertial elemenc ac very low levels.

Based on this new irformation, it appears unlikely that the firal EPA RMCL
will be substartially lower than the existing MCL. Givez this irformatior,
DHSS now feels that it is appropriate to utilize the 1976 MCL as the federal
number upon which Wiscorsin groundwater standards should be based.

Because arseric--is-a-human-carcinegen,-and-5s5.,—160 does not stipulate that
classification as a carcinogen only pertains to carcinogericity via the water
route, DHSS recommends that the PAL factor remair ac 10%. S

Revised Recommerded Enforcemernt Standard: 50 ug/l (50 ppb)
Recommended Prevercive Action Limit factor: 10%

References:
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7. USEPA, 1984. Proposed RMCLs: Irorgaric and Synthetic Orgaric
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Office of Water Regularions arnd Starndards, Criteria and
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PUBLIC COMMENTS FROM NR 140 HEARINGS AND AGENCY RESPONSES:

COMMENT: The proposed 2 micrograms/liter enforcement stardard for
arsenic and 30 micrograms/liter for cadmium are unreasonable anrd
impractical. Settirg the proposed enforcemert standard for chromium at
half the currerc EPA standard for chromium is urwarracced. (Source:
WAMC, Merlin Horz, PW&L)

RESPONSE: During the public comment period for ch. NR 140, DNR ard DHSS
received from the USEPA a currert staff review updating the existing
iprerim maximum cont aminart level (MCL) for arsenic, which is being used
iz the preparatior of EPAs proposed RMCLs. Urlike the 1976 Interim
Primary Drinking Water Regulacions, the currert review recognized the
carcirogenicity of arsenic.

The review corcludes that the existing MCL of .05 mg/l for arsenic
provides adequace protectcion ard allows for the possibility that arseric
may be ar essertial element at very low levels. Based on this new
informazion, it appears urlikely that the final EPA RMCL will be
substancially lower thar the existing MCL. Therefore, DHSS now feels
that it is appropriate to utilize the 1976 MCL as the federal number upor
which Wiscomsir groundwater stacdards should be based. Because arsenic
is a human carcinogen, and ch. 160, Stacs., does not stipulate that
classificat ior as a carcirogen ornly pertains to carcirogeznicity via the
warer route, DHSS recommernds that the PAL be ser ac 10%.
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BARIUM

Irtroducziorn:

Barium is abundarc ir the envirormert and accourncs for 0.04% of the earth's
crust. The chief sources of barium are the mirerals barite (barium sulphate)
acd witherite (barium carbonace). Barium mezal is produced in limited
quarcities by aluminum reduction of barium oxide ir a recort ard is litzle
used by indus:ry.l Barium occurs naturally in almost all (99.4%) surface
water examired at concertrations of 2-340 ug/liter with an average of

43 yg/liter. Lowest concertrations of barium are in the wescer— Greaz Lakes
(15 pg/liter) and highest ir the southwestera drairage basins of the lower
Mississippi Valley (90 ug/licer). Barium has beex detecced iz 6 Wiscorsin
community waler system samples at conceztrations of 500-1,400 ppb during the
period from 1982 to 1984.2 Finished water of public systems frequenzly
cortains barium rarging from 1-172 ug/liter (mean=28.6 pg/liter). The 100
largest U.S. cities had mediar cotcertrations of 43 ug/liter. Drirking wacer
at the tap exceeded the interim stardard ir orly 2 of 2,595 samples.

Human Exposure Routes:

Human exposure occurs through ingestion of drinking water, by irhalazion of
barium dusts, and by accidencal irgestion.

Acute Toxicity:

No data were available for review,

Chrorcic Toxicity:

Male ard female wearling rats were giver 5 mg/liter barium acetace in drizking
water over their lifetimes. No toxicity was observed in terms of survival
times or effecz on growth rate.  Minor changes were seer in fasting serum
glucose and cholesterol values and an increase in proteiruria ir males was
reported. Rats giver barium chloride in drinkirg water at corncercratiors
ranging from 0-250 mg/liter for 4, 8 ard 13 weeks orly developed a slight
decrease irn adrenal-gland-—weights:d———

Humar Health Effects: - -—

Barium metal has limi:ed'usage.and_;s mairly an explosion hazard. The soluble
compourds of barium (chloride, ritrate, ard hydroxide) are highly toxic.
Inhalation of the insoluble sulphate compourds may give rise to
pneumoconiosis. Mary of the barium compourds, including the sulphide, oxide,
ard carbonate may cause local irritacior to the eyes, cose, throat, and skin.l
Acute barium poisoning exercs a strong, prolonged stimularz accion on all
muscles including the cardiac ard smooth muscle of the gastroincestirnal trae:
ard bladder. Barium is also capable of ,causing rerve blockage, ard in small
or moderate doses carn produce a trarsient increase in blood pressure by
vasoconstriction. No determinatior has been made or. the chronic effeccs of
barium admirnistered fepeatedly over locg periods of time iz either food or
drinking water.4 Studies on the effects of elevated barium levels ir drizking
water fourd male deaths from cardiovascular disease ard female deachs from all
causes sigrificarcly higher thar control groups.

-y

I-17




Mut ageznicity:

No data were available for review.

Carcirogenicity:

No data were available for review.

Teratogenicity/Reproduczive Effects:

No data were avallable for review.

Envirormental Fate:

No data were available for review.

Risk Assessmernt:

Insufficient data was found to assess the potential of barium for

mut agenicity, carcicogenicity, or teratogenicity. The EPA has regulated
barium in drirking water through the Natiornal Interim Primary Drinking Water
Regulations.> After review of the toxicologic (arimal ard humar) daca, EPA
escablished an MCL of 1 mg/l for barium.

Recommendat ions and Conclusions:

Until additional information becomes available, the Departmerc of Health ard
Social Services recommends adopting the EPA MCL for barium of 1 mg/l as the
groundwater enforcemert stacdard.

Recommended Groundwater Enforcemert Standard: 1 mg/l (1 ppm)
Recommended Preventive Action Limit factor: 20%

References:
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CADMIUM

Inc roduczion:

Cadmium is a silvery-vhite mecal thac is used priceipally by imdustIy i=
eleccroplacing, ir the manufacture of pigmencs, as a plasticizer, irn
bac-eries, acd iz eleccrical conductors. While cot aburdacz, cadmium is fournd
wherever zizc is found iz nacure. Cadmium in the emvironmerc comes from
{ndustzial sources. Unpolluted fresh wacer concains coccercrations of cadmium
at aroucnd 1 ug/liter.l Cadmium has been detecced iz 52 Wiscornsic commurnity
warer system samples at coccer=raciors of 0.3-1.5 ppb duricg the period from
1981 to 1984.2

Humar Exposure Routes:

While cadmium may be cornsumed in dricking wacer, the major source of cadmium
for the gemeral populace is iz the diec. Average daily ircakes racge from 50
to 150 ug/day with water accourting for 5% or less. Cigarecte smoke corzains
about 1 ppm cadmium, so those who smoke ore pack of cigarettes daily are
exposed to 2 to 4 ug of cadmium per day. Occupatiocal exposures zo cadmium
are cocsiderable, averaging around 0.02 o 0.05 mg/m3. Ambiens air is not a
significart source of cadmium exposure for the majority of the U.S.
populacior.l ST T e .

Acute Toxicity:

The following values have bee= repor=ed iz The lizerature:

*0ral LDsg (racs): 175-225 mg/kg

#0ral LDsg (racs): 72 mg/kg (oxide)

*Qral LDsg (racs): 88 ng/kg (chloride)

x0ral LD50 (racs): 100 mg/kg (fluorosilicace)

HBigh doses of cadmium in test animals caused testicular necrosis, stTuccural
ard funccional changesninq;herigxgngggkplag damage ir the kidreys, acd

hemorrhagic lesions of sensory ganglfa?XEVﬁhé"Cen:ral nervous system.

Chrornic Toxicity: =

Male rats exposed to cadaium concent rar ions rarging from 10-100 mg/licer for
24 weeks showed remal injury at the 30 and 100 mg/liter dosage levels. Male
rats fed cadmium in their dricking wacer at 250 mg/liter for 2 or 8 weeks had
alteraciors iz hepatic acd reral cytochrome P=450 levels.3 Immunosuppressiorn,
moderace acemia, ard hypertersior have been reported ino experimencal arimals
treaced with cadmium.

Bumar Health Effects: ’

Cadmium is a very toxic elément, exposure to which car cause acute or chrocic
toxicicy iz humacs. The ingestion of cadmium-conc amiraced foods arnd £luids
can produce acute toxic effeccs macifested as gastroircestiral disturbarces
such as nausea, vomitizg, paizm, diarrhea ard tecesmus. Acute effects of
irduszzial exposure aTe papifesced as lung damage with sympt omat ology

-

-

I-19



ipcludizg chest pain ard pulmorary edema, which may resul:t ic deach. Chrocnic
occupaciocal cadmium exposure causes obscruc ive lurg disease acd recal
dysfurc ion. _Chronic cadmium exposure may ac as a predisposing factor iz
hyperzecsioc.

Mut agenicitv:

Litzle izformacior exists or Che mut agecicity of cadmium. Mice exposed to
cadmium were reported to have ac {rcrease irn the izciderce of domizarc lezhal
mucacioes. Io two studies of human lyaphocyce cultures exposed to cadmium,
one reporz noted chromosome damage wnile the other did rpot.

Carcinogenicity:

Evidence for the carcizogezcity of cadmium acd cerzaic cadmium compourds iz
experimezzal arimals is sufficierc, while such eviderce iz humarns 1is limized.
Cadmium chloride, oxide, sulfate, ard sulfide given subcuc aceously to rats
caused local sarcomas. Local sarcomas were seen in racs following
intramuscular icjection with cadmium powder acd cadmium sulfide. Testicular
tumors were produced iz rats and mice followizg subcutaceous adminiscratior of
cadmium chloride and cadmium sulfate. Occupacional exposure studies have
suggested that cadpium iz some form (possibly the oxide) izcreases the risk of
proscace, respiratory, ard genitourinary Cancers iz humars.

Te:a:oge:icitylkeoroduc:ive_Effec:s:

Parecterally injected cadmium induces teratogeric effeczs in laboratory Tats,
mice, acd hamsters {ncludizg dose-zalated iccreases ir fecal deaths, decceases
in feral weight, {pcreased race of aromalles such as microgmathils, cleit
palace, club foot, small lurgs, eccephaly, spima bifida, absex=ce of tail, ard
malformacions of the ribs, skull, and ver:zebrae.

Exvironmental Fate:

Cadmium has beez fourd to bioconcentrace in ‘uman food itcems iz aquatic food
chaizs.

Risk Assessment:

Cadmium has demornstrated mut agezic, carcisogezic, ard ceratogenic aczivity.
The EPA included cadmium in the Nac ioral Iccerim Primary Drizking Wacer
Regulations but the calculaced MCL did mot include evaluaciorm of
carcinogenicity.s The EPA did complete a carcicogez si1sk assessmert which
determiced the water concerszarion which would result i a 1076 lifecime
cancer risk. The 10-6 cadmium ir wacer concentratlon was .00003 =g/1l.

Recommendatiorns ard Corclusiors:

Durircg the public commerZ period, DNR ard DHSS received from the USEPA a
currecc staff review updacizg the exiscirg 1976 cadmium Izzerim MCL wnich is
beizng used in che preparacion of EPAS proposed RMCLs. Uzlike the 1976 Inzeriz
Primary Drizking Water Regulations, the curtert review recognizes the
carcinogezicity of cadmium. The proposed RMCLs discussed iz the USEPA
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documenz are closer to the existing MCL thar zo the 1980 Ambiern= Wacer
Criteria Documenc carcitogez risk assessmernc produced by EPA upor which DHSS
had based its recommended enforcemenc standard. Should the EPA fizmal RMCL for
cadmium differ substarcially from the exiscicg MCL which DHSS will pow utilize
as the most appropriace federal aumber for this recommended enforcemert
starndard, DHSS will review Zhe EPA RMCL and evaluate whether to accept this
pew number as its groundwater standard.

Sirce the USEPA will shortly complete its review ard development of a proposed
RMCL for cadmium, DHSS now feels thac it is most appropriate to utilize the
1976 MCL of .0l mg/l as the federal number upon which Wiscorsiz groundwacer
standards should be based.

Because cadmium is ar acimal carciroge=z, ard ss. 160 does not stipulate that
classificaciorn as a carcizogez orly pertzains to carcinogernicity via the wacer
isgestion route, DHSS recommezds that the PAL factor remaiz at 10%.

Revised Recoumerded Exforcemernt Standard: 10 wg/l (10 ppdb)
Recommended Preventive Acciorn Limit faccor: 10%
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PUBLIC COMMENTS FROM NR 140 HEARINGS AND AGENCY RESPONSES:

COMMENT: The proposed 2 micrograms/liter ecforcemect standard for
arsecic acd 30 micrograms/liter for cadmium are unreasocable ard
impraczical. Seczing the proposed exzforcemers stacdard for chromium ac
half the currert EPA stardard for chromium is unwarrarnced. (Souzce:
WAMC; Merlin Horm, PW&L)

RESPONSE: Durizg the public -~ mmer= period for ch. NR 140, DNR arnd DHSS
received from the USEPA a currerc staff review updating the existizg
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ar erim maxizmum cocsamizars level (MCL) for cadmium, which is being used
i= the preparacior. of EPAs proposed RMCLs. Uzlike the 1976 Izterin
Primary Drizking Water Regulaciocs, the currerc review recogzized the
carcinoge=icity of cadmium.

The proposed RMCL discussed iz the USEPA documerz for cadmium 1is closer
to the existicrg MCL thar to the carcicoge:= risk assessmenc presezzed by
EPA iz 1980 Ambiernt Water Criteria Documert arnd upon which DESS based 1its
Recommernded Enforcemert Stardard. Should the EPA firal RMCL for cadamium
substarcially from the existing MCL which DESS now proposes ucilizizg as
che most appropriace federal number for the recommended eciorcemezc
scardards, DHSS will review the EP! RMCL and evaluare whether to adopt
this cew mumber as its grourdwacer standard. Sicce the EPA will shorzly
complece its review arcd developmenc of the proposed RMCLs for cadmiuz,
DHSS feels “hat it is appropriace to ucilize the 1976 MCLs of .01 mg/l
for cadmium as the enforcemerc stardards. Because cadmium is az animal
carcizogezn, DHSS recommezds that the PAL faczor be 10% for cadmium.



TOTAL CHROMIUM

Introduccion:

Chromium is a metallic elemenr, commonly fourd in low coccertratiocs in the
ecvironmersz , which may exist iz several valecce staces. Iro the aquatic
ecvironmerc it is usually found in the +3 or +6 valence state, and 1t 1is the
trivalerc acd hexavalert chromium compourds which are of biological arnd
envirocmerzal concern. Hexavalert chromium is very soluble in water acd is
relacively stable in most natural water. Iz a 1975 paper, it was coted that,
due to the possibilities for oxidation of chrumium III and the reductior of
chromium VI, water quality standards should be based on total chromium rather
thar on hexavalert chromium. Large amourcs of hexavalect chromium are
produced and utilized by industry (primarily as chromates acd dichromates),
ard it is therefore expeczed that traces such water-soluble compourds should
be fourd in patural waters. Iz 1972 approximately 320,000 metric tors of the
mecal were used by U.S. industry. Although fourd irn the contirerntal crust at
125 mg/kg, chromium is rarely fournd in natural water. Several studies of
chromium in dricking water fourd mearn concencrations of 9.7 ard 7.5 ug/liter
ard a median concertraciorn of 0.43 ug/liter.l Chromium has been deteczed ir
43 Wisconsin community wacer systcem samples at corcercrations of 5-37 ppb
during the period from Jazuary to September of 1984.2

Human Exposure Routes:

Total diecary intake of chromium is estimaced at 50-100 wg/day. Chromium may
be inhaled from urban, norurbar, or industrial air. Cutareous exposure 1is
primarily a problem of the workplace.

Acute Toxiecity:

The following values have been reported in the literature:
*Intraverous LDsg (ro animal designated): 10 mg/kg

Chrornic Toxicity:

Chromium in the form of KyCr0O4, administered to dogs for four years at

0.45 mg/liter in drirking water, showed no pathology. Chromium compourds fed
to laboratory animals have beer reported to cause rough and dirty coac,
sterility, ard gereral sub-cormal conditions ir rats, as well as
dose—deperdenc decreases ir liver and spleer weights. Available data
indicates that few systemic changes would be expected to result from eve:
moderately elevated oral chromium exposures. However, high corcentrations of
chromium injeczed izzo animals has caused recal damage.

Humar Health Effeccs:

Acute ard chrocic toxicity ir humans is a problem associated with indusczial
envirocments or areas polluced by industrial sources. Adverse health effects
caused by human exposure to chromium include systemic actiors and primary
lesions of the skin, respiratory passages, and the lurngs. High concentrations
of chromium cause reral damage, including tubular cecrosis. Besides
ulcerative skin changes due to contact exposure to various compournds, persons

.
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