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1.0 INTRODUCTION

This document describes the protocol which will be followed in the preparation of the

human health and ecological risk assessment for the Iowa Army Ammunition Plant

(lAAP). This document was prepared in partial fulfillment of the requirements of

Contract No. DAAAI5-90-D-0006, Task Order No.2, for the U.S. Army Toxic and

Hazardous Materials Agency (USATHAMA). It is part of the Remedial

Investigation/Feasibility Study (RI/FS) being performed at IAAP in fulfillment of the

terms of the Federal Facility Agreement between the U.S. Department of the Army and

the U.S. Environmental Protection Agency (USEPA) in Region VII, Kansas City.

The IAAP is a government facility, owned by the U.S. Army and operated by a private

contractor, Mason & Hanger-Silas Mason, Co., Inc. The IAAP is located in the

southeastern part of Iowa, near the town of Middletown, in Des Moines County,

approximately 10 miles west of the Mississippi River. The IAAP consists of 19,127 acres

in a rural setting. Approximately 9,000 acres are used for the assembly of munitions and

other related activities. The remaining 10,000 acres are used for farming and as a

wildlife refuge. IAAP is surrounded on all sides by farmland and clusters of rural

population. The Skunk River is south of the site running west to east. Several

tributaries to the Skunk River run through the site.

The IAAP was initially developed in 1941, and has undergone modernization and

expansion since then. Production at the facility began in September 1941 and ended in

August 1945, producing munitions for World War II. Munition production was resumed

in 1949 and has continued to the present. In the 1960s and early 1970s, the IAAP

produced supplies for military activities in southeast Asia. During peacetime, activities

at the plant have continued, at reduced levels. Also, during a period from 1946 to 1950,

nitrogen fertilizer was produced at one IAAP production facility (line). From 1947

through 1973 the former Atomic Energy Commission operated facilities on the site,

which reverted to Army control in 1973.
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The IAAP is currently loading, assembling and packing (LAP) ammunition items,

including projectiles, mortar rounds, warheads, demolition charges, anti-tank mines, anti

personnel mines, and the components of these munitions, including primers, detonators,

fuses, and boosters. The LAP operations use explosive material and lead-based initiating

con1pounds. Only a few production lines are open. Approximately 1260 people are

employed at the IAAP.

Forty-three Solid Waste Management Units/Areas of Concern (SWMUs/AOC) have

been identified at IAAP. Several SWMUs were eliminated from consideration because

contamination was minimal; others were combined with each other because of close

proximity. Thirty SWMUs/AOCs are included in the RI/FS. Past studies of the site

have include an Endangerment Assessment of the Former Line 1 Impoundment and

Line 800 Pink Water Lagoon (Dames and Moore, July 1989). This study will be

evaluated and incorporated into the risk assessment.

1.1 PURPOSE OF THE PROTOCOL DOCUMENT

This protocol document has been prepared to provide an overview of the approaches

and assumptions the Contractor intends to use in assessing the potential human health

and ecological risks associated with IAAP.

The protocol is needed to define site-specific assumptions which are not standard in the

EPA guidance documents. For IAAP, this protocol document is essential because of the

size and complexity of the site. In addition, many of the assumptions are site-specific or

are based on disciplines that are evolving.

For exan1ple, the USEPA guidance for human health risk assessments is defined in a

quantitative manner (USEPA 1989a); while the guidance for ecological risk assessments

is much less defined and is not quantitative in nature (USEPA 1989c). There are several
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basic components which comprise most ecological risk assessments but there is no

standard design for perfornling them.

The Contractor will adhere to national risk assessment guidance as well as EPA Region

VII guidance in performing the risk assessment. The Contractor is, however, conlmitted

to using the most current and applicable approaches to situations encountered at IAAP.

For example, the Contractor will apply the most current approaches to:

o the human bioavailability and absorption of chemicals in various media by

different routes of exposure;

o bioaccumulation and bioconcentration factors in ecological food chains;

o intake rates for fish and game consumption by humans;

o toxicological indicators for plant, avian, fish and mammalian species;

o route to route extrapolation;

o toxicity values for compounds not listed in USEPA databases.

1.2 ORGANIZATION OF PROTOCOL DOCLIMENT

This document is presented in two sections:

o Section 2.0 - Procedures for Human Health Risk Assessment

o Section 3.0 - Procedures for Ecological Assessment
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2.0 PROCEDURES FOR HUMAN HEALTH RISK ASSESSMENT

The objective of the human health risk assessment is to evaluate the potential human

health risks that chemicals present at lAAP may have on human populations living,

working or visiting lAAP. The following sections discuss the various components of the

risk assessment:

0 2.1 scope of the risk assessment;

0 2.2 data evaluation issues;

0 2.3 approaches and methods which will be used in the exposure

assessment;

0 2.4 toxicity assessment;

0 2.5 risk characterization; and,

0 2.6 factors for evaluating uncertainties.

2.1 SCOPE OF HUMAN HEALTH RISK ASSESSMENT

The sampling scheme, sample locations and rationale are described in the RI/FS

Workplan for the IAAP dated June 1992. In accordance with the workplan, the

Contractor will perform basewide soil, sediment, surface water and groundwater

sampling as part of the RI/FS. In addition, biotoxicity tests will be performed on surface

water at 15 locations. The Contractor will review the analytical results and evaluate the

need for additional biological sampling (i.e., fish tissue and game species).

2.1.1 CONFORMANCE WITH USEPA APPROACH

The overall approach to the human health risk assessment will follow guidance provided

in "Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation

4
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Manual (Part A)", (USEPA 1989a). This document provides guidance on evaluating

available data and identifying chemicals of potential concern (COCs), developing

exposure scenarios which depict expected exposure conditions and intakes, assessing the

toxicity of COCs under expected exposure conditions, and cOITlbining this information to

estimate carcinogenic and noncarcinogenic (toxic) health risks. Subsequent supplemental

guidance that provides additional detail regarding standard default exposure factors for

several types of exposure scenarios will also be used (USEPA 1989b; USEPA 1991,

USEPA 1992).

2.2 DATA EVALUATION

The quality assurance/quality control (QA/OC) program is designed to assure that

appropriate and valid data are obtained from the environmental media sampled in order

to support the human health and ecological risk assessments. The Contractor will

examine historic data for use in the risk assessment, but will primarily use data collected

during the RI/FS for risk calculations. The Contractor will note where other data are

used in the text of the risk assessment.

The following criteria will be considered when evaluating data for use in the risk

assessment:

o appropriateness of analytical methods;

o adherence to QA/OC protocols regarding data qualifiers and field blanks;

and,

o comparison of site-related contamination with background samples.
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2.2.1 SELECTION OF CHEMICALS OF CONCERN (COCs)

The selection of COCs for the IAAP will be based upon data from previous studies and

the data from this RI. Compounds may be added or deleted depending on the results of

the RI sample analyses. Based on data collected to date, the preliminary list of potential

COCs identified for the IAAP are:

EXPLOSIVES

TNT (trinitrotoluene)

RDX (cyclotrimethlyemetrinitramine)

HMX (cyclotetramethylene tetranitramine)

PETN (pentaerythrite tetranitrate)

Boratol (Barium nitrate/TNT)

Boracitol (Boric acid/TNT)

Ammonium Nitrate

Amatol (Ammonium nitrate/TNT)

Black Powder (potassium nitrate, charcoal, sulfur)

PBX or PB-RDX (RDX/polystyrene/dioctyl phthalate)

Tetryl (2,4,6-Trinitrophenylmethylnitramine)

Composition A/Cyclotol (RDX)

Composition B (RDX/TNT)

1,3,5-TNB

Tetrazine

White Phosphorus

Red Phosphorus

Barium Nitrate

Mercury Fulminate

Antimony Sulfate

Lead Azide
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Lead Syphnate

METALS

Antimony

Barium

Beryllium

Cadmium

Chronlium

Chromic acid

Lead

Mercury

Selenium

Silver

Silver nitrate

Thallium

Zinc

SOLVENTS

Acetone

Ethyl ether

Xylene

Trichloroethylene (TCE)

Perchloroethylene (PCE)

1,1,1-Trichloroethane (TCA)

Toluene

Methyl ethyl ketone (MEK)

Benzene

Chloroform

Acetonitrile

7
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PESTICIDES

Lindane

Heptachlor

Heptachlor Epoxide

DDT

DDE

DDD

2,4-D

2,4,5-T

Strychnine

Trans-chlordane

Nonachlor

Dieldrin

RADIONUCLIDES

"Depleted Uranium"

Cesium 137

2.3 EXPOSURE ASSESSMENT METHODS

The exposure assessment is a key component of a risk assessment, providing an

evaluation of the type and magnitude of potential exposure to COCs. The selection of

exposure pathways for quantitative evaluation is based on the transport of chemicals,

their likely fate, pathways of exposure, and certain exposure assumptions. An exposure

pathway consists of a source of COCs, a transport/release mechanism, an exposure point,

potential receptors, and a viable route of exposure.

Because of the expanse and variation of the lAAP, exposure scenarios will be developed

8

II



for clusters of SWMUs based on similarity of COCs and geographic location. For

example, the area of the lAAP where Lines 1 through 3 are located will be evaluated

together, whereas, the burn areas will be evaluated separately. Thus, although this is a

basewide risk assessment, several individual risk assessments will make up the whole.

The current land use scenario will be based on residents and workers at the site, hunters,

fishermen, Boy Scouts, trespassers within the secured area, casual visitors allowed on site

and residents downgradient of the site who use groundwater as a source of drinking

water. These groups of people will be exposed to surface soils and fugitive dusts on site,

will swim/wade in the creeks and lake on-site, and will fish and hunt on the property.

Each location will be evaluated according to current land use. For exanlple, Boy Scouts

are permitted only in certain areas of the lAAP. Therefore, Boy Scouts' exposure to

COCs will be evaluated only in those areas. Trespassers, however, are not regulated,

and their exposure is less predictable. Therefore, trespasser exposure will be evaluated

in the areas where there is minimal security and trespassers are able to enter the IAAP.

For example, the trespasser scenario will not be evaluated in the Line areas because of

the additional security measures in place in these areas (additional fencing and guards).

Thus, the receptor populations include:

o 60 people who reside on the lAAP;

o 1260 employees at the site;

o hunters and fisherman who frequent the lAAP at certain times of the year;

o Boy Scouts who camp at the lAAP;

o trespassers; and,

o residents downgradient who may use groundwater as a source

of drinking water.

Restricted and non-restricted areas of the lAAP will be considered in the expos·ure

assessment. Based on evaluation of the various receptor pathways presented above,
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potential pathways include:

o inhalation of air;

o inhalation of particulates;

o incidental ingestion and dermal absorption of chemicals in soil/dust;

o incidental ingestion and dermal absorption from surface water and

sediments during swimming/wading; and,

o consumption of locally caught fish and game, cattle, and home grown crops;

and,

o groundwater ingestion, inhalation, and dermal absorption.

Child exposure to non-carcinogens will be based on the shortest time period that can be

considered chronic. Subchronic and/or acute exposures will be addressed quantitatively

where information (e.g. subchronic reference doses [RIDs] or acute criteria) exists, or

qualitatively where information is lacking. Several of the current COCs are obscure

compounds where chronic, subchronic, or acute criteria do not exist in the EPA

Integrated Risk Information System (IRIS). The Contractor will first consult with EPA

Region VII and the EPA Health Assessment Office in Cincinnati to determine if values

are available. If the values are not available through EPA, the Contractor will propose

criteria based on toxicity studies performed by the Department of the Army and studies

in the published literature. All values which are not in the EPA database or currently

under review will first be reviewed with EPA prior to use in the risk assessment.

The future land uses will assume a residential and worker scenario. In addition to the

adult residential and worker receptor populations, children will be considered as a

potentially sensitive subpopulation. While a military residential community exists at

lAAP, these residents do not have access to the entire installation. Therefore, their

exposures will not be assumed to come from the worst sites at lAAP. Risk calculations

for future use as residential will be performed for informational purposes, but for

remediation goals, the most likely future use scenario will be used (industrial or
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agricultural). In addition, since lAAP is a military residential community, residence time

is expected to be 3 or 4 years, not 30 years.

The future land use scenario will include the exposure routes discussed under current

land use scenario above, plus:

o ingestion of drinking water; and,

o inhalation of volatile contaminants in drinking water.

The Human Health Risk Assessment Variable Tables (Appendix A) provide exposure

equations to be used, proposed values for each variable in the exposure assessment

equation, and a source for each variable. Exposures that nlay not represent the

Reasonable Maximum Approach (RME) are not presented in Appendix A (i.e. ingestion

of home grown crops). Should data from this investigation indicate the likelihood of

these exposure routes, they will be included in the risk assessment. Development of

inhalation or oral absorption factors will depend upon an evaluation of the studies used

to develop the toxicity values for each chemical. Of particular importance is the fornl of

the chemical used in the research and the route or method of administration during

toxicity studies. When sufficient information is not available to calculate an appropriate

absorption factor, a value of 1.0 will be used.

The following sections provide more detail and discussion regarding the RME approach

as it relates to quantifying variables (2.3.1), exposure point concentrations (2.3.2), and

dermal absorption of contaminants in soil and surface water (2.3.3). As discussed

previously, exposure from ingestion of fish and game will be addressed following receipt

of analytical data from Phase I sanlpling of surface water, sediments, and soil.

11
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2.3.1 REASONABLE MAXIMUM EXPOSURE (RME) APPROACH

The RME is defined by VSEPA (1989a) as the highest exposure that is reasonably

expected to occur at a site. The intent of the RME is to estimate a conservative

exposure case (Le., well above the average case) that is still within range of possible

exposures.

2.3.2 EXPOSURE POINT CONCENTRATIONS

The use of the 95 percent upper confidence limit (VCL) of the arithmetic mean is

recommended by current USEPA guidance for estimating exposure point concentrations,

and is consistent with the RME approach (USEPA 1989a). When the data are normally

distributed, the arithmetic mean is used. For log normally distributed data it is

statistically more appropriate to use the geometric mean (Gilbert 1987).

For data with low variability, the 95 percent UCL will approach the mean value while

for data with high variability, the 95 percent UCL may exceed the maximum value.

When the 95 percent VCL exceeds the maximum value, USEPA recommends using the

maximum value as the exposure point concentration.

However, the statistics recommended by USEPA do not take averaging an area into

consideration. That is, the same exposure point concentration is calculated from 10

samples taken from 200 square nleters as fronl 10 samples taken from 2 square miles.

The confidence in the data is much greater in the former case, and may, in some

instances, allow deviation from strict application of the guidance. This is the case at the

lAAP. Therefore, the site will be divided into clusters based on similarity of COCs,

geographic location, and exposure scenario. USEPA Region VII will be consulted during

the development of exposure point concentrations to ensure that regulatory requirements

are met.

12
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2.3.3 DERMAL ABSORPTION OF CONTAMINANTS IN SOIL AND SURFACE

WATER

Exposure to contaminants present in soils and surface water n1ay result from direct

contact with and subsequent absorption through the skin. The extent of dermal exposure

is dependent on several factors including the contaminant concentration in soil or surface

water, the amount of exposed skin surface are and the chemical-specific dermal

absorption factor. Estimating the absorbed fraction of a contaminant is very complex

and depends on many factors. Research regarding absorption of contan1inants for the

dermal pathway is limited. If no specific data are available a conservative assumption

regarding dermal absorption is recommended (USEPA 1989b, USEPA 1992). The

assumption of complete dermal absorption would be the most conservative approach, but

is also unrealistic. Also, USEPA toxicity values are usually based on administered doses

of chemicals via inhalation or ingestion and do not consider the reduced absorption

which is likely to occur via dermal exposure. The following methodology will be used to

evaluate the health effects resulting from dermal exposure to contaminants.

A unitless factor called the relative effectiveness (RE) will be used to standardize effects

of exposure by one route to the effects of exposure by another route. Effectiveness is

the manifestation of the same inherent toxicity (same toxic endpoint) by the different

routes of exposure. An RE is an experimentally determined value relating doses that

produced similar toxicity. Therefore, RE can be used to express the dose of one

exposure route in terms of an equivalent dose of another route. In the case of dermal

exposure, RE refers to the effectiveness of the absorbed dermal dose relative to an

ingested dose. This is necessary because the chronic daily intake (CDI) via the dermal

route is an estimate of an absorbed dose, whereas the oral Rill is typically based on

ingested dose. The dermal CDI can, however, be transformed to an equivalent oral COl

by multiplying the dermal COl by the RE or the ratio of the dermally absorbed dose to

the orally absorbed dose as follows:
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where: CDIe =chronic daily intake (oral equivalent)(mg/kg/day)

COld =dermal chronic daily intake (mg/kg/day)

RE = reciprocal of the absorption fraction for ingested chemical

The equivalent COl (COle) will then be compared with the oral RID and/or multiplied

by the Cancer Potency Factor (see Section 2.5)

Chemical-specific dermal absorption factors will be developed for the COCs as

appropriate based on the most current EPA guidance. Because inorganic compounds are

expected to be absorbed through the skin to a significantly lesser extent than n10st

organic con1pounds and therefore, would not present measurable exposure via dermal

absorption relative to dermal absorption of organic compounds; dermal exposure to only

organic COCs found in soils, sediment, and surface water will be quantified.

Assumptions of dermal absorption of chemicals from a soil matrix will be based on

observations by McKone (1989) when chemical specific absorption factors are not

available in the literature. McKone observed that dermal uptake is influenced by the

Kow (partition coefficient of the chemical concentration in octonol to its concentration in

water at equilibrium and the Kh [a dimensionless form of Henry's Law Constant]). The

generalizations made by McKone from his observations are as follows:

o For Kh <0.01 and Kow < 106 assume 100% uptake over 12 hours;

o For Kh > 0.1 assun1e no more than 30/0 uptake over 12 hours; and

o For Kh between 0.01 and 0.1 assume no more than 40% uptake in 12

hours with uptake likely to be much lower when Kow is greater than 10.

For compounds not listed in the above defaults, assume 100% uptake if no other data

are available. Assumptions of dermal absorption of chemicals from water will be based

on information provided in EPA 1992, Dermal Exposure Assessment Document.

14
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2.4 TOXICITY INFORMATION

Attachment 1 of this docun1ent provides preliminary toxicity information from the IRIS

database (USEPA 1992a) for the list of potential COCs. In addition to this toxicity

information, the Contractor will consider information on the toxicity of unique

compounds which are not included in the USEPA database but which were provided by

USATHAMA.

2.5 RISK CHARACTERIZATION

Risk characterization involves combining toxicity values (cancer and non-cancer) for each

chemical with exposure estimates for each receptor to derive estimates of total risks

(cancer and non-cancer). Toxicity values for use in quantifying risk have been developed

by USEPA for several of the COCs, but there are several COCs for which EPA has not

developed toxicity values. As previously noted, the Contractor will confer with EPA

about the toxicity values which will be used for these compounds. The potential additive

effects of chemicals with similar toxicological endpoints are grouped by summing the

risks from these chemicals to obtain overall risk estimates. The following sections

address methods used to characterize carcinogenic risks (2.5.1), noncarcinogenic risks

(2.5.2), and risks from chemical mixtures (2.5.3).

2.5.1 CANCER RISKS

Cancer risks are estimated by combining chemical-specific cancer potency/slope factors

(SFs) developed by USEPA with estimated exposures to the chemicals (doses) developed

during the exposure assessment. Estimated exposure (chronic daily intake [COl]) is

expressed in terms of milligrams of chemical per kilogram of body weight per day
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(mg/kg-day). Carcinogenic risk is calculated as follows:

Risk = CDI x SF

Where: Risk = a unitless probability (e.g., 2x10 -5) of an individual

developing cancer in excess of background probability;

CDI = chronic daily intake averaged over 70 years (mg/kg-day);and,

SF = slope factor, expressed in (mg/kg-day) -1

Cancer risks associated with exposures to all carcinogenic chemicals will be summed to

estimate total excess lifetime cancer risk.

2.5.2 NONCANCER RISKS

Exposures to noncarcinogenic chemicals and to carcinogenic chemicals which also have

toxic effects will be summed and compared to the RIDs for each chemical. The

comparison is performed by dividing the summed value by the RID. This ratio is called

the chemical-specific hazard quotient. The hazard quotient is calculated as follows:

Noncancer Hazard Quotient = E/RID

Where: E =exposure level (or intake) expressed in mg/kg-day; and,

RID = reference dose expressed in mg/kg-day.

2.5.3 EXPOSURE TO CHEMICAL MIXTURES

Because there are several chemicals at the site, the potential health effects due to

exposure to more than one chemical is important. The Contractor will follow EPA's

16



(1986a) guidance for estimating risks from chemical mixtures. However, there is very

little information on the risks associated with chemical mixtures. The Contractor will use

the following approach in its assessment of risks from chemical mixtures:

For carcinogens, a separate chemical total cancer risk for each pathway will be estimated

by summing the chemical specific cancer risks. For noncarcinogens, a hazard index (HI)

will be developed based on EPA's (1986a) guidance. This approach assumes that

simultaneous exposures to several chemicals could result in an adverse effect. It also

assumes that the magnitude of the adverse effect will be proportional to the sum of the

hazard quotients, where the hazard quotient is the exposure level to the toxicant divided

by the reference dose for the toxicant. If the hazard index is greater than one as a result

of summing several hazard quotients of similar value, it is appropriate to segregate the

compounds by effect and mechanism of action and to derive separate hazard indices for

each group. Segregation of hazard indices by effect is complex and requires

identification of all the major effects and target organs for each chemical and further

classification of chemicals according to target organ and mechanism of action. Major

effect categories include neurotoxicity, developmental toxicity, reproductive toxicity,

immunotoxicity, and adverse effects by target organ.

2.6 EVALUATION OF UNCERTAINTIES

A discussion and understanding of the uncertainties associated with risk assessment is

critical to the evaluation of the results of a risk assessment. The Contractor will prepare

a detailed qualitative discussion of uncertainties concerning the risk assessment for the

IAAP. Likely areas of discussion are:

o Appropriateness of exposure scenarios/pathways/assumptions;

o Extrapolation of toxicity information from experimental studies to the

conditions at the IAAP;
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o Sunlmarizing carcinogenic risks for chemicals when toxicity information has

different weights of evidence or different tumor sites;

o Route to route extrapolation of toxicity values; and,

o Potential contributions from exposure pathways not quantified.

18
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3.0 PROCEDURES FOR ECOLOGICAL RISK ASSESSMENT

The ecological risk assessment (ERA) will evaluate the potential ecological risks

associated with the historical waste handling and disposal operations at IAAP,

particularly those relevant to the sites included in the RI/FS. The overall

approach to be used in the ecological risk assessment will follow the guidance

provided in "Risk Assessment Guidance for Superfund, Volume II, Environmental

Evaluation Manual" (USEPA 1989c). Although the ecological risk assessment will

be largely qualitative, where there is sufficient supporting literature and site

specific data for biota, a semi-quantitative approach will be employed.

The following sections address the specific elements of the ecological risk

assessmen1.

3.1 SITE CHARACTERIZATION

3.1.1 PHYSICAL SETIING

The Contractor will describe the general physical features of the facility and its

surroundings, and the specific physical features of each site targeted in the RI as

they relate to the specific habitat types, communities, and species that may be

expected in and around each site. These physical features include topography,

hydrology, meteorological conditions and other features of ecological interest such

as soil types and disturbance history.
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3.1.2 FIELD SURVEYS AND DATA COLLECTION

The Contractor will identify the biological resources at IAAP via a multi-phase

process. The first phase will consist of a search of available information and data

pertinent to the facility. This information will include biological surveys

previously conducted at IAAP, such as wetland delineations, creel surveys and

deer population surveys, as well as applicable information available from

published literature for the region, and communications with U.S. Fish and

Wildlife Service (FWS), Iowa Department of Natural Resources personnel, and

with other knowledgeable individuals. Also included in the first phase is a site

reconnaissance. During the reconnaissance the Contractor will complete a

preliminary identification of habitat types and become familiar with the physical

setting of each of the areas of concern at the facility and the potentially affected

habitats associated with each site. This information will be utilized to complete a

preliminary identification of habitat types and species likely to be present at

IAAP, including threatened and endangered species and critical habitats, to

identify potential ecological exposure pathways, and to identify potential receptor

specIes.

The second phase of the biological surveys will consist of the completion of field

surveys at each of the areas of concern, as well as at selected reference habitat

locations on the facility. The selection of reference habitat locations will be based

on the known historical uses of the various areas at the facility, a review of

available aerial imagery, results of background sampling data (i.e., analytical

confirmation that reference areas have not been affected by site activities), and

comparability with target habitat types (Le., similar soil types, hydrology,

microclimate, successional stage, etc.).
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The field surveys at each site and reference location will consist of the selection

of a minimum of two transects through the site and representative portions of

each of the habitats present at each site and the performance of a qualitative

survey / identification of the terrestrial flora and fauna. The relative dominance

of each species noted to be present will be qualitatively assessed and compared

with the appropriate reference locations as a means of identifying potentially

negatively impacted habitats. The data collected during this phase of the

biological surveys will also be utilized to further define potential receptor species.

Based on the findings of the terrestrial biological surveys and the analytical data

collected during Phase I of the RI, potentially affected areas will be targeted for

further study. The additional studies may include biotoxicity testing and biological

sampling and tissue analysis. The need and scope of additional studies, as well as

the specific protocols of the studies, will be selected upon evaluation of the data

resulting fron1 the Phase I RI.

The potential impact of facility activities on biota of the lAAP receiving waters

will initially be assessed via the implementation of a basewide surface water and

sediment sampling program. This program is presented in its entirety in the

RI/FS Work Plan dated June 1992. In general, this plan provides for the

collection of surface water and sediment sampling for chemical constituents

throughout the facility and the collection of samples for biotoxicity testing at

fifteen key sample locations. At these locations samples will be collected for 7

day and 14-day toxicity testing utilizing Ceriodaphinia sp. and fathead minnows

(Pimephales promelas) as test species. Based on the data collected during this

effort, potentially affected reaches of on-site surface waters will be targeted for

further study. The additional studies will include a detailed habitat assessment of

potentially affected reaches and appropriate reference areas. Additional field

surveys of the targeted reaches will also be conducted. The surveys will be

conducted in accordance with the guidance provided in "Rapid Bioassessment
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Protocols for Use in Streams and Rivers" (USEPA 198ge). Specific protocols will

be selected upon evaluation of the data resulting from the surface water and

sediment sampling program.

Based on the data resulting from both the basewide surface water and sediment

sampling effort and the site-specific sampling activities, the Contractor will also

assess the need for the biological sanlpling and tissue analysis. Should such

sampling be required, a detailed sampling plan will be developed which will

specify the proposed sample locations, target species, sample collection and

preparation methods, analytical protocols, as well as any quantitative population

data which will also be collected at the selected sampling locations and reference

areas.

In addition, wherever applicable, the Contractor will identify and qualitatively

describe stressors other than chemical which might impact local flora and fauna.

Such stresses may include factors such as alterations in water temperature in the

receiving waters as a result of discharges from NPDES outfalls or the effects

timber harvesting on adjacent habitats and communities. The Contractor will

attempt to determine if the on-site comnlunity is already significantly stressed

even without the potential influence of anyon-site chemicals of concern.

The Contractor will evaluate site information pertaining to contaminant sources,

release mechanisms, fate and transport data for the chemicals of concern, and

exposure pathways and media to establish probable and potential future exposure

points for biological receptors. This analysis will result in the development of a

simplified foodweb for the aquatic and terrestrial ecosystems onsite and a site

conceptual model showing contaminant sources, release mechanisms, exposure

pathways, and target receptors.
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3.1.3 DESCRIPTION OF KNOWN OR OBSERVED EFFECfS

Any known or observed effects of site-related COCs to biota, such as reported fish

kills or other obvious impacts, will be described and evaluated.

3.2 DATA EVALUATION

The Contractor will reevaluate the list of COCs based on the findings of the field

investigations, bioassay results, and measurements of contaminant tissue levels.

Chemicals may be either added to or deleted from the preliminary list depending

on the nature of the field and laboratory results. For example, a chemical might

be deleted from COCs in soil if it was found in low concentrations in very few

samples, is not toxic, persistent, or bioaccunlulative, and biologic sampling

revealed no measurable increases in tissue concentrations over "background"

estimates. As a result of this analysis, the final list of COCs will be addressed in

the ERA.

The Contractor will also reevaluate ecologic receptors based on the results of the

field surveys, and review of general and/or site specific information obtained from

other sources (e.g local fish and wildlife officials). Again, receptors may be either

added to or deleted from the preliminary list based on the data. For example, if

general information suggests that a certain species of game fish might be present

in the surface waters in the region, but the site data indicate that this species is

not present in reference areas, this receptor may be dropped from consideration.

Again, the Contractor will refine its list of potential ecologic receptors to make

them site specific.
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3.2.1 SELECTION OF CHEMICALS OF CONCERN (COCs)

As previously noted, the selection of COCs for the IAAP will be based upon data

from previous studies, the data from this RI, and on data gathered from similar

munitions plants. Compounds may be added or deleted depending on the results

of the RI sample analyses. Based on data collected to date, the preliminary list of

potential COCs identified for the IAAP are:

EXPLOSIVES

TNT (trinitrotoluene)

RDX (cyclotrimethlyemetrinitramine)

HMX (cyclotetramethylene tetranitran1ine)

PETN (pentaerythrite tetranitrate)

Boratol (Barium nitrate/TNT)

Boracitol (Boric acid/TNT)

Ammonium Nitrate

Amatol (Ammonium nitrate/TNT)

Black Powder (potassium nitrate, charcoal, sulfur)

PBX or PB-RDX (RDX/polystyrene/dioctyl phthalate)

Tetryl (2,4,6-Trinitrophenylmethylnitramine)

Composition A/Cyclotol (RDX)

Composition B (RDX/TNT)

1,3,5-TNB

Tetrazine

White Phosphorus

Red Phosphorus

Barium Nitrate

Mercury Fulminate

Antimony Sulfate
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Lead Azide

Lead Syphnate

METALS

Antimony

Barium

Beryllium

Cadmium

Chromium

Chromic acid

Lead

Mercury

Selenium

Silver

Silver nitrate

Thallium

Zinc

SOLVENTS

Acetone

Ethyl ether

Xylene

Trichloroethylene (TCE)

Perchloroethylene (PCE)

1,1, I-Trichloroethane (TCA)

Toluene

Methyl ethyl ketone (MEK)

Benzene

Chloroform

Acetonitrile
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PESTICIDES

Lindane

Heptachlor

Heptachlor Epoxide

DDT

DDE

DDD

2,4-D

2,4,5-T

Strychnine

Trans-chlordane

Nonachlor

Dieldrin

RADIONUCLIDES

"Depleted Uranium"

Cesium 137

For the ERA, particular emphasis will be placed on contaminants that may be

more toxic to wildlife, especially threatened or endangered species, than to

humans, and to chemicals known to bioaccumulate in food chains. The initial

assessn1ent of COCs will be based on information gathered during the site

characterization, literature-based information on contaminant fate and toxicity,

available criteria and standards (e.g. Ambient Water Quality Criteria), ARARs,

and available computer databases (such as HSDB). Based on this information,

the list of COCs will be developed.
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3.2.2 NATURE AND EXTENT OF CONTAMINATION

The Contractor will describe and assess the nature and extent of contamination by

medium and contaminant type. This description will include an analysis of site~

specific conditions pertinent to the evaluation of fate and transport processes so

that potential future contamination can be qualitatively assessed. The Contractor

will also incorporate information from the physical site description to develop the

site conceptual model for ecological exposures through sources of contamination,

potential release mechanisms, important transport processes, potential exposure

pathways, and target receptors.

3.3 EXPOSURE ASSESSMENT

3.3.1 PATHWAYS ANALYSIS

The Contractor will evaluate COC sources and exposure pathways qualitatively or

semi-quantitatively to assess potential impact on ecological receptors, including

any threatened or endangered species that are known to occur on-site. This will

entail the development of a simplified food web and site conceptual model (SCM)

for aquatic and terrestrial ecosystems. The SCM will illustrate site-related sources

of contamination, release mechanisms, exposure pathways, and potential

ecological receptors. Target receptors will then be selected for evaluation in this

ERA based on trophic level, importance in the ecosystem, and threatened and

endangered status. These organisms can then be evaluated for potential exposure

through direct contact with and ingestion of contan1inated media or indirect

exposure through ingestion of contaminated prey species.
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3.3.2 CURRENT AND FUTURE EXPOSURE POINT CONCENTRATIONS

The Contractor will first assess potential exposure parameters for ecologic

receptors including evaluation of home ranges and migratory patterns, feeding

habits, trophic levels, status as "key" species in on-site communities and other

information, such as estimates for daily soils and/or water ingestion rates, that are

available. The Contractor will use this information as a basis for the assessment

current impacts at both the species and community levels.

Assessments of potential exposure parameters will also consider the quality and

quantity of data. Where representative tissue data are available, they will be used

directly as a measure of exposure. Where tissue data is available from species at

a lower trophic level (e.g. mice or voles), they will be used as an estimate for

dietary contaminant levels for habits and home range. The Contractor does not

foresee, however, using a complete food web model to assess the site. Effects at

trophic levels several steps higher than that at which tissue concentrations were

measured will be assessed qualitatively, based on available literature information.

3.4 TOXICITY ASSESSMENT

The Contractor will assess the toxicity of all COCs, with an emphasis on data

which can be used to generate toxicity criteria for ecological receptors on the site.

The toxicity assessment will be divided into three phases.

To evaluate ecological risks associated with site specific COCs, it is necessary to

know dietary or tissue concentrations at which adverse effects are not expected to

occur. To obtain this information, the Contractor will evaluate literature for

possible "benchmarks" for direct comparison with exposure estimates in an

approach similar to the generation of hazard indices in a human health
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assessment. These benchmarks may take several forms. For example, dietary or

dose concentrations are generally referred to as no observed effects levels

(NOELs), no observed adverse effects levels (NOAELs), lowest observed effects

level (LOELs), and lowest observed adverse effects levels (LOAELs). Acceptable

tissue concentrations are generally referred to as maximum allowable tissue

concentrations (MATCs). Again, it is likely that extrapolation from common

experimental animals or plants may be necessary to represent ecological receptors

identified for the site. The Contractor will concentrate on establishing

benchmarks for chronic effects in target receptors likely to spend most or all of

their time on-site.

Second, the Contractor will evaluate bioassay data. Depending on the data

obtained, it may be possible to establish site-specific NOELs and LOELs in

various media (water sediments). Although it may not be possible to assign

toxicity to specific chemicals, it is possible that a more general index of

contamination could be generated. For example, ratios of COCs in a specific

medium may not vary greatly over the site, or concentrations of one or more

COCs may be so low that significant contribution to overall toxicity is expected to

be minimal.

Where direct toxicity data are available, the Contractor will use the data, if

possible, to establish a NOAEL or a LOAEL for measurable species level effects

in the appropriate medium. Literature on the species which show direct toxicity

can then be used to qualitatively examine the potential community level impact of

site-related contamination. For example, species which rely heavily on

earthworms as a food source may be adversely effected or be excluded from the

site if significant toxicity to earthworms is seen.

Third, the Contractor will evaluate bioconcentration factors, bioaccumulation

factors, as well as possible partition coefficients for specific chemicals for uptake
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into plants, or transfer among plants and animals at higher trophic levels.

Because chronic effects will be stressed, the Contractor will seek equilibrium

partition coefficients and assunle that receptors in the area stay on-site long

enough for an equilibrium to be established. These transfer coefficients will be

used to evaluate secondary exposure routes involving ingestion of contaminated

food and prey items.

Finally, the Contractor will provide an analysis of uncertainties in the toxicity

assessment. This will include an assessment of gaps in current understanding of

toxicity of COCs to site-specific ecological receptors, an analysis of uncertainties

in interspecies extrapolation, an evaluation of representativeness of bioassay

results, a discussion of uncertainties in the generation of benchmark values in

experimental animals, and an assessment of combined effects of chemicals when

exposure occurs to a complex mixture.

3.5 RISK CHARACfERIZATION

The Contractor will assess risks, first based on "hazard index-like" calculations for

target species, and then on a more qualitative basis for community level effects.

Effects on specific ecological receptors will be based on ratios of exposure

estimates to benchmark values established in the toxicity assessment. Again, these

may take several forms. If tissue levels for contaminants are known for small

rodents on site, the appropriate comparison would be to tissue concentrations

measured in experimental animals (preferably rodents) that were not associated

with adverse effects (i.e., MATCs). On the other hand, if estimates for plant

concentrations have been made, or risks to raptors are assessed, the appropriate

comparison would be to dietary levels (chronic) not associated with adverse

effects (Le., NOELs, NOAELs, LOAELs).

30



Where toxicity is seen in bioassays, no risk calculations will be carried out, but the

results of the toxicity test will be discussed. The presence of toxicity will be taken

as direct evidence of ecological risks. The significance of the findings will be

discussed qualitatively in terms of the size of the contaminated area, the

significance of the laboratory findings in reference to the species likely to be

found on site, the home ranges of ecological receptors, the nature and areal

extent of various habitats and comnlunities associated with the site, and the

possible influence of other, non-chemical stressors.

The risk characterization will address community level effects qualitatively,

starting with an evaluation of the impact of site contaminants on "key" species.

For example, if toxicity to small rodents is expected, community effects will be

evaluated on the basis of expected effects of reduced small rodent populations.

3.6 EVALUATION OF UNCERTAINTIES

Finally, the risk characterization will discuss overall uncertainties in the ERA,

combining and discussing uncertainties in all other sections. This analysis will

seek a qualitative understanding of the conservativeness of the ERA by discussing

such issues as the relative importance of different sources of uncertainty, potential

effects of physical stressors, or non-site-related stressors, on ecological receptors

and communities on site, and possible changes in ecological impacts over time.
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VARIABLE TABLE 1

HUMAN HEALTH RISK ASSESSMENT

MODEL NAME:

SOURCES:

Variables Common to All Exposure Equations. The following variables will used in all exposure
calculations and will be the same for most equations.

USEPA 1989a. Risk Assessment Guidance for Superfund. Volume I.
Human Health Evaluation Manual (Part A). Interim Final EPA/54011 -891002.

USEPA 1989b. Exposure Factors Handbook. EPA/600!8-89!043.

USEPA 1991. Human Health Evaluation Manual, Supplemental Guidance:
Standard Default Exposure Factors, OSWER Directive 9285.6-03.

USEPA 1992. Dermal Exposur. As....m.nt: Principl.s and Applications.
Interim Report. EPA/600!8-91/011 B.

Variables Common to all Exposure (COl) Equations

Variable
Symbol

BW

AT

EO

Variable Variable Values Variable Value
Definition That Could be Selected!

Selected Percentile

Body Weight 1 to 80 kg Average
Adult 67 to 72 kg 70 kg

Child (1 to 6 years) 12 to 18 kg 15 kg
Adolesc.nt (6 to 18 years) 18 to 65 kg 43 kg

Averaging Time Not Applicable
Carcinogens 350 days x 70 years

Noncarcinogens Varies with exposure Exposur. time and
time and duration duration for population

Exposur. Duration o to 70 year. 70 y.ar.
Adult (a> 30 year.

Adol..cent Sto18y.ar. 12 year.
Child 1 to 6 years 5 years

Reason for
Variable

Selection

Recommended by USEPA
Recommended by USEPA
Recommended by USEPA
Recommended by USEPA

R.commended by USEPA
Recommended by USEPA

Recomm.nd.d by USEPA

Reference

USEPA 1989a, 1991a
USEPA1989b,pg.5-7
USEPA1989b,pg.5-6
USEPA1989b,pg.5-6

USEPA 1991, pg. 5
USEPA 1989a, pg. 6-23

USEPA 1991, pg. 5

Comments

USEPA 1991, pg. 2
USEPA 1989a, pg. 6-19

(a) Evaluation of an adult assumes the adult is a resident.



VARIABLE TABLE 2

HUMAN HEALTH RISK ASSESSMENT

MODEL NAME:

SOURCES:

Inhalation of Ajr

USEPA 198Qa. Risk Assessment Guidance for Superfund. Volume I.
HLmIln Health Evaluation Manual (part A). Interim Final EPA/54011-8Q1002.

USEPA 1989b. Exposure Factora Handbook. EPA/600/8-8Q~.

USEPA 1gg1. Human Health Evahation Manual, Supplemental Guidance:
Standard Default Exposure Factora, OSWER Directive Q285.8-03.

USEPA 11M12. Dermal Exposure Assessment: Principles and Applications.
Interim Report. EPA/600/8-Q1/011B.

COl (mg/kg-day) CA X IR X ET X EF X ED
BWxAT

Variable
Symbol

CA

IR

ET

Variable
Definition

Estimated Contaminant
Concentration in air

Inhalation Rate (a)
Adult (worker)(d)
Adult (resident)

Adult (trespasser)
Child (b)

Adolescent (b)

Exposure Time
Adult (worker)

Adult (resident)
Child (resident)

Adult (trespasser)
Child" Adolescent (c) (trespasser)

Exposure Frequency
Adult (worker)

Adult (resident)
Adult (trespasser) (e)

Child (resident)
Child" Adolescent (c) (trespasser)

Variable Values
That Could be

Selected

Q.8 - .w rrr/day
5.8 - 38 rrr/day
12 - 30 rrr/day
Q.8 - .w rrr/day
Q.8 - 20 rrr/day
Q.8 - 30 rrr/day

Ot024
hours/day

Oto 3B5
daya/year

Variable Value
Selected!
Percentile

Average
20 rrr/day
20 rrr/day
20 rrr/day
18 rrr/day
20 rrr/day

8 hours/day
24 hours/day
24 hours/day
8 hours/day
8 hours/day

250 daya/year
350 daya/year
104 daya/year
350 daya/year
160 daya/year

Reason for
Variable
Selection

Consistent with RME appraoch

Consistent with RME approach

Reference

USEPA 1Q8Qb, pg. 3-4
USEPA 1Q8Qe., pg. 8-....
USEPA1989b,pg.3-4
USEPA 1Q8Qa, pg. 3-4
USEPA 1989b, pg. 3-4
U8EPA1989b,pg.3-4

USEPA 1Q8Qa, pg. 8-1 Q

USEPA 1gg1a, pg. 5

Comments

CA Contaminant Concentration
in Air

(a) 30 rrr/day is considered a reasorableworat-caae inhalation rate by EPA (1Q8Qa), pg. 8-.... and EPA (1989b), pg. 3-8
(b) Child inhalation rates are blued on 18 hours at light activity and 8 hours at resting activity levels. see Appendix B.
(c) Adolescent (treapaaaer) lI8Iected 'or the current land LBe scenario 160 days assumes a daily site visit while on

summer Vlllcation and twice w-'dy site visits dwing the school year.
(d) Baaed on male resting-heavy activtty, 8 hours/day; average VIIIlue based on modenlte activtty.
(e) Adun (treapasaer) 104 days ...umee 2 days per week during the y_r.



VARIABLE TABLE 3

HUMAN HEALTH RISK ASSESSM ENT

MOOEl NAME:

SOURCES:

Ingestion of SoillOust

USEPA 198Qa. Risk Ass_sment Guidance for Superfund. Volume I.
Human Health Evaluation Manual (part A). Interim Final EPA/54011-891002.

USEPA 198Gb. Exposure Factors Handbook. EPAI6OOI8-89/043.

USEPA 1~1. Human Heelth Evaluation Manual, Supplemental Guidance:
Standard Default Expoaure Factors, OSWER Directive 9285.8-03.

USEPA 1992. Dermal Expa.ure Ass_sment: Principles and Applications.
Interim Report. EPAJ8OOI8-91/011B.

CDI (mg/kg-day) = Cs X IR X EF X ED X FI X CF
BWxAT

Variable
Symbol

Cs

IR

EF

FI

CF

Variable
Definition

Contaminant Concentration
In Soils (mgJkg)

Ingestion Rate (soli and duat)
Adult (18 - 70 years)

Child (1 - 8 years)
Ado_cent (8 - 18 years)

Adult (18 - 70 years) (wortler)

Expoaure Freq~
Adult (worket')

Adult (r.ldant)
Adult (tr.p.ser)(b)

Child (r.ldent)
Ado_cent (a)

Fraction Ingested that Is
considered contaminated

(Adults, Child, Adolescent)

Convet'S1on Factor

Variable Val~
That Could be

Selected

Minimum to
Maximum

0-500 mglday
o to 1,000 mglday
o to 500 mg/day

50 mgfday

0-385
days/year

o to 100~

Variable Value
Selected!
Percentile

95~ upper
confidence limit

01 the mean

100 mg/dlly (a)
200 mg/day
100 mg/day
50 mglday

250 days/year
350 days/year
104 days/year
350 days/yeru
180 days/yeru

100~

10-· kglmg

Re_onfor
Variable
Selection

Follows methodology
recommended by USEPA

Recommeded by USEPA
Reoommeded by USEPA
Reoommeded by USEPA

Consistent with RME approach

Reference

USEPA 19GOa, pg. 802

USEPA 1~1a, pg. 8
USEPA 1~1a, pg. 8
USEPA 1~1a, pg. 8

USEPA 1989a, pg. 8-19

USEPA 198Qa. pg. 6-40

Comments

(a) A~centwas selected _ a representative of the current land use tr.p_ser scenario.
(b) Adult (tr_~set') 104 days assumes 2 days per week during the w_k.



VARIABLE TABLE 4

HUMAN HEALTH RISK ASSESSMENT

MOOELNAME:

SOlflCES:

Dermal Exposure to Contaminants in Soil and Su1ace WlIIIer

USEPA 1989a. Risk Assessment Guidan:e for Supetfund. Volume I.
Human Heelh Evalualion Manual (part A). Interim Final EPA/54011-891002.

USEPA 1989b. Exposure Factors Handbook. EPAJ800/8-89/043

USEPA 1991. Human Healh EvalUlllIon Manuel. Sl4Jplernenal Guidanc.e:
Standard Defaul EllPosure Factors. OS\l\ER Directive 9285.6-03.

USEPA 1992. Dermal EllPosure Assessmenl: Principles and Applications.
Interim Report. EPA/600(8-91~11B.

COl (mg/kg-day) Cs X SA X AF X EF X ED X CF X ABS
BWxAT

Variable Variable Variable Values
Symbol Definition That Could be

Selected

Cs Contaminant Concentration in Otol~

Soil (rngJkg) or Water (mg/L)

SA Skin Surface ._ Available Otol~

for ConIa:t (em'/day)

Exposwe to Soil

AduMs

Addescent

ChIld

~ureto Surf~eWater_

Aduls 17.000 - 23,000 crri

Adolescent

Child

AF Adherence Factor (~rri) 0.2to 1.5
(soils)

CF Conversion Fa:tor

Variable Value
Selectedl
PelCentile

95"" confidence
level 01 the mean

95"" percentile
values for males

and females

5,800crri

4.000crri

2,OOOcrri

23.ooocrri

16.ooocrri

8.000crri

l~rri

10·< kg/mg

Reason for
Variable
Selection

RM: appr08Ch

Recommended by USEPA

Hands, forearms

Hands, forearms, legs

Hands, forearms. legs

Entire Body

Entire Body

Entire Body

Recommended by USEPA 1991
Lepow 1975

Reference

USEPA 1989a, pg. 6-19

USEPA 1992. pg. 8-10

USEPA 1992,pg. 8-10

USEPA 1992. pg. 8-12

USEPA 1992,pg. 8-12

USEPA 1992. pg. 8-10

USEPA 1992. pg. 8-12

USEPA 1992. pg. 8-12

USEPA 1992 pg. 8-17

USEPA 19898, pg. 6-41

Commenls



HUMAN HEALTH RISK ASSESSMENT

'VARIABLE TABLE 4 (cont.)

Varillble Varieble Varillble Values Varleble Value Reesonlor Reference Comme....
Symbol Deflnlion ThaI Could be Selctedl Varillble

Sek£ted Peteenlile Selction

ASS AbsorptIonFctor Chernk:al Speclllc Value USEPA 19898, pg. 6-41

FI FrBCtlon ConIamlnllted (soils Ot01~ 1~ Consistenl wlh RM:
and surtBc.....)

EF EJlPQa". Frwquency

Expoa... to Sol

AduI. o to 385 d..,a/y••, 40 daysIyear Consistenl wlh RM:

AdoIeE.... o to 385 d..,a/y••, 120 days"... Consist.... wlh RM:

ChIld o to 385 d..,.,.,••, 120days/y.. Consillenl wlh RM:

Expoa... to Surtec. Water

Muls (a) o to '30 d..,a/y••, 27 daysIyear Reasonable _Imale baaed on
cilmlllological data

AdoleE.... (b) o to '30 d..,a/y••, 81 days/year RealIOn8ble _Imale baaed on
cilmlllological data

ChIld (b) o to '30 d..,a/y.., 81 days/year RealIOn8ble _lmaI. baaed on
cilmlllological data

(a) AsslJIIIM an 8dul mey ..tm onc. per~ tor 20 weeks durfng the sum~
(b) Assumes 8doIecenls andchldren m., swim three tm- per .... for 2 ....

d..1ng the summer monIhs (Apr•• May, June, July, August, and s.ptember)



VARIABLE TABLE 5

HUMAN HEALTH RISK ASSESSMENT

MODaNAME:

SOlflCES:

Dermal Expos...e to Ground Water While Showering

USEPA 1989a. Risk Assessment Guidance for S'4>erfund. Volume I.
Humtn Health Evaluation ManlBl fJart A). Interim Final EPA/54011-891002.

USIPA 1989b. Expos...e Factors Handbook. EPA/600/8-89/043.

USIPA 1991. Human Health Evak.&tion Man..I, S'4>plemental Guidance:
Standard Default Expos...e Factors, OSWER Directive 9285.8-03.

USIPA 1992. Dermal Ellpos..e Assessment: Princ,,1es and Applications.
Interim Report. EPA/800/8-91/011 B.

COl (mg/kg-day) CW X PC X SA X EF X ET X ED X CF
---_ .. -------- - ---- ------- --------_._-- - -- -_._----------

BWxAT

Variable
SyriJol

Variable
Definition

Variable Values
"That Could be

Selected

Variable Value
Selected/
Percentile

Reason for
Variable

Selection

Reference Comments

CW Contaminant Concentration Site Specific Value Recommended by USIPA USEPA 1989b, pg. 11:1-35
Factor for Water (mg/cm')

PC Dermal P.meBbility Constant Chemical Specific Value Recommended by USEPA USEPA 1989b, pg.II:1-35
for Conlammnt (cm/hr)

EF Expos..e Frequency 350 days/yeal 350 daysJve- Recommended by USEPA USEPA 1992, pg. 8-7

ET EJlpos..e Time (hrsIday) 2 to 20 minlday 10 to 15 min/day x (1180 mirVhr) Recommended by USEPA USEPA 1992, pg. 8-7

CF Volumetric Conversion 1 U1ooocm' Recommended by USEPA USEPA 1989a, pg. 8-37
Factor for .-tar

SA Skin Surface Area Availab Ie
for Contact (cnr/day)

Adult 17,000 - 23,000 cnr 23,ooocm1 Entire Body USEPA 1992, pg. 8-10

Adolescent 18,ooocm1 Entire Body USEPA 1992, pg. 8-12

Child 8,000 crrr Entire Body USEPA 1992, pg. 8-12



VARIABLE TABLE 6

HUMAN HEALTH RISK ASSESSMENT

MODB. NAME:

SOlflCES:

Ingestion of Ground Water as Drinking Wat. Sowce

USEPA 1989a. Risk Assessment Guidance tor S~erfund. Volume l.
Human Healh Evaluation Mam_ f»arI A). Interim Final EPN54011-891002.

USEPA 1989b. Bcposure Factors Handbook. EPNfJOO/8-89/043.

USEPA 1991. Hunan Health Eva_lion Manual, S~plementalGuidance:
Standard Oefaun Exposure Factors, oswm Directive 9285.6-03.

USEPA 1992. Dermal Expos... Assessment: Princ.,1es and Applications.
Intefim Report. EPN600/8-91/011B.

COl (mg/kg -day) = CW x IR x EF x ED
BWxAT

V.,illble V.,illble V.,illble V.h.... V.,illble Value Reaaonfor
SYn'Doi Definition Th8t Could be SelectedI Variable

Selected Percentile Selection

CW Chemical Concentration Site Specific Meesured Recommended by USEPA
In Wat. (rnglliter) or Modeled Value

Il Ingestion Rate 1.4 to 21iters/day 2.0 lIday - Adult 90th Percentile Recommended by USEPA
Adult 2 LJday
Child 1 LJday

EF Expos... Frequency Pathway Specific Value For Residents Daily Recommended by USEPA
(350 days/year)

R....nee

USEPA 1989&, pg. 6-35

USEPA 1989&, pg. 6-35
USEPA 1989b, pg. 2-1

USEPA 1989a, pg. 6-35



VARIABLE TABLE 7

HUMAN HEALTH RISK ASSESSMENT

MODEl.. NAME:

SOlllCES:

Inhalation of COCs in Ground Wat. while Showering

USEPA 1989a. Risk Assessment Guidance for SLf)erfund. Volume I.
Human Haiti Evaluation Mantal f»aIt A). Interim Final EPAl54011-891002.

USEPA 1989b. Elcposw. Factors Handbook. EPAl600/8-89/043.

USEPA 1991. Human Health Evallation Manual, SLf)plementai Guidance:
Standard Default Elcposwe Factors, OSWER Directive 9285.6-03.

USEPA 1992. Dermal EJlPoswe Assessment: Principles and Applications.
In8im Report. EPAl600/8-91/011B.

COl (mg/kg-day) IR X CA X ET X EF X ED
------------~-_._-------

BWxAT

Variable Variable Variable VaJues
Sy""ol Definition That Could be

Selected

~ Inhalation Rate 15m'/day x 1/24 tws/day

CA ConcenIration Contaminant
inM

ET Elcposwe Time (hrsIday) 2 to 20 min/day

Ef Elcposwe Frequency

Variable VaJue
Selected/
Percentile

0.6~~

Site Specific Value

10 to 15 min/day x (1/60 minlhr)

350 days/yeel

Reason for
Variable

Selection

Recommended by USEPA

Recommended by USEPA

Recommended by USEPA

Recommended by USEPA

Reference

USEPA 1991, pg. 7

USEPA 1989b, pg.II:1-26

USEPA 1992, pg. 8-7

USEPA 1992, pg. 8-7



Attachment 1



Compound

CHLORDANE

(x)

DIELDRIN

(x)

URANIUM (natural)

2, 4, 6-TRINITROTOLUERE
(TNT>

(x)

HHX

(x)

ETHYL ETHER

TOLUENE

(x)

Exposure

0, 1, 5, and 25 ppm for 130
weeks in the diet
NOEL: 1ppm (.055 mg/kg/day)
LEL: 5ppm (.273 mg/kg/day)

2 years at dietary conc. of 0,
.1, 1.0, or 10.0ppm
NOAEL: .1 ppm (.005 mg/kg/day)
LOAEL: 1.0 ppm (.05 ms!kg/day)

NO

In the diet for 26 weeks at 0,
.5, 2, 8, or 32 mg!kg/day
LOAEL : . 5 mgfkg/day

13-week rat study at 0, 50, 115,
150, 270, 450, 620, 1350, 1500,
and 4000 mgfkg/day
NOAEL: 50 mg/kg/day
LOAEL: 150 mg/kg/day

13-week rat gavage study at 0,
500, 2000, and 3500 ma/kg/day
NOAEL: 500 mg/kg/day
LOAEL: 2000 mg/kg/day

13-week rat gavage study at 0,
312, 625, 1250, 2500, 5000 ms!kg
for 5 days/week
NOAEL: 312 ma/kg converted to
223 mgfkg/day
LOAEL: 625 mg/kg converted to
446 mg/kg/day

Species

Rats

Rats

NO

Beagle dogs

Rats

Rats

Rats

Effect

Regional liver
hypertrophy in females

Liver lesions

NO

Liver effects 
hepatic swelling and
heptocytomegally
observed at all doses
but more so at high
dose. Hemosiderosis.

Hepatic lesions, toxic
liver effects, and
toxic renal effects

Depressed body
weights. Marked
toxicity at high
dosages including
mortality, decreased
food intake, and body
weight loss

Changes in liver and
kidney weights. At the
high doses toxic
effects included
prostration,
hypoactivity, ataxia.
piloerection,
lacrimation, excessive
salivation and body
tremors

RfD"

6 E-5

5 E-5

NO

5 E-4

5 E-2

5 E-1

2 E-1

Uncty
Factor

1000

100

NO

1000

1000

1000

1000

Reference

Velsicol
Chemical Co.
1983a

Walker et
a1., 1969

NO

US DOD, 1983 ;
US EPA, 1988

US DOD, 1985a

US EPA, 1986

Nat'l
Toxicology
Program, 1989

C

•

•

•

N

N



Compound

RDX

WHITE PHOSPHORUS

CBRClUl!H VI

(x)

C8RClUUH III

(x)

METHYL ETHYL KETONE

ZINC AND CeJofPOUNDS

BENZ.ENE

(x)

CHLOROFORM

(x)

Exposure

Fed doses of 0, 0.3, 1.5, 8.0,
and 40.0 ma/ks/day for 24
months?
NOEL: .3 ma/ks/day
LOAEL: 1.5 malkg/day

Rat savase using 0, .005, .015,
and .075 ma/kg/day beginning at
80 days before mating and
continuing throush weaning and
two complete reproductive cycles
NOAEL: .015 ma/kg/day
LOAEL: .075 malks/day

Drinking water containing 0-11
ppn for 1 year
NOAEL: 25 ma/l (converted to 2.4
mg Cr!kg/day)

Rat feedins study (chronic)
NOEL: 5% Cr203 in diet 5
days/week for 600 feedinss (1800
g/kg bw avg. total dose)

29% HEX solution to skin twice a
week for 1 year

Inhalation - occupational
exposure
Inhalation - 300 ppm 6hrs/day 
5days/week - 488 days
Oral - drinking water,
occupational exposure
Oral - 0, 50, 250, and 500 mg/kg
bw for life

. 5 ml!kg/day 6daya/we.k for 7.5
years - l' or 30 malks/day
LOAEL: 12.9 ma/ks/day

Species

Rats

Rats

Rats

Rats

Hice

Rats/Mice/Fowl
studies

Human

Hice

Human

Rats

Beagle dogs

Effect

Inflanrnation of
prostate

Parturition,
mortality, forelimb
hair loss

No effects reported

No effects reported

Produced 1 skin tumor
in 1 of 10 mice

Inconsistent increases
in intratesticular
tumors, anemia, and
hepatomas

Increased incidence of
nonlymphocytic
leukemia from
occupational exposure.
Increased incidences
of neoplasia in rats
and mice exposed by
inhalation and gavage.

Fatty cyst formation
in the liver

RfD"

3 E-3

2 E-5

5 E-3

1 E+O

Oral
5 E-2

Oral
2 E-1

#

1 E-2

Uncty
Factor

100

1000

500

100

1000

10

1000

Reference

US DOD, 1983

Condray, 1985

MacKenzie et
al, 1958

Ivankovic and
Preussmann,
1975

Horton et
a1., 1965

Guthrie,
1964; Aughey,
1977

Rinsky et al,
1981; Ott et
al, 1978;
Wong et al,
1983; NTP,
1986; Snyder
et al 1981;
Maltoni et al
(1983) ;
Maltoni and
Scarmato
(1979) .

Heywood et
al, 1979;
NCI, 1976.

C

N

N

N

C

*



ACETONITRILE

LIJDAI!

(x)

HEPTACHLOR

(x)

DDT

(x)

DOE

DDD

2,4-D

Expo.ure

0, 25, 50, 100, 200, or 400 ppm
of acetonitrile vapor 6hour./day
for 6' day. durina a 92 day
experim.ntal period
JOAEL: 100 ppm (19.3 maika/day)
LOAEL: 200 ppm (38.6 maika/day)

0, .2, .a, 4, 20, or 100 ppm
w.r. admini.t.r.d in the di.t
NOAEL: 4 ppII (.33 IIlIlka/day)
f ..al••
LOAEL: 20 ppm (1.55 malks/day)
lDal••

0, 1.', 3, 5, 7, 10 ppm for 2
y.ar. in the di.t
NOEL: 3 ppm (.15 mslks/day)
LEL: 5 ppm (.25 malks/d.y)

F.d comm.rcial DDT (81% P,P
i.om.r and 19% O.P i.om.r) at
l.vel. of O. I, 5. 10, or 50 ppm
for 15 - 27 w••k.
NOEL: 1 ppm (.05 ma/ks bw/day)
LOAEL: 5 ppm

Studi.. rans. from 145 ppm to
1000 PID

Studi.. rans. from 250 ppm to
3249 ppm in diet

O. 1. 5, 1'. or 4' .,/ks/day tor
91 da,..
NOAEL: 1.0 ma/ks/day
LOA!L: '.0 ../ks/day

SpecU.

Rat./mic.

Rat.

Rat.

Rats

Hic./Ham.t.ra/Rat.

Hic./R.t.

Rat.

Effect

D.cr••••d RBC counts
and h.matocrit .nd
h.patic l •• ions

Liv.r and kidn.y
toxicity

Liver w.isht incr••s.s
in mal•• only. L.aions
on the liv.r were
limit.d to 7 ppm .nd
.bov•.

Liv.r l.sions

incr••••d incidence of
liv.r tumors includinS
carcinom•• (mice .nd
ham.t.rs) .nd of
thyroid tumors (rat.)

incr••s.d incidence of
luns tumor. in m.le
and female mic•. liv.r
tumor. in mal. mice.
and thyroid tumors in
18.1. rats

H...toloSic. h.patic
and r.nal toxicity

Rroo

6 E-3

3 E-4

5 E-4

5 E-4

1 E-2

Uncty
Factor

3000

1000

300

100

100

Reference

NTP, 1983

Zo.con Corp. ,
1983

Velaicol
Chemic.l.
1955.

L.uS et .1.,
1950

NCI. 1978;
Tomatis et
.1., 1974;
Roasi .t .1 ..
1983

Tomatis et
.1., 1974;
NCI. 1978

Dow Chemical
Co .• 1983

c

•

•

•

•



Compound Expo.ure Specie. Etfect Rm· Uncty Reference e
Factor

2,4,5-r 0, 3, 10, or 30 malka bw/day tor Rata Increased urinary 1 E-2 300 Smith et a1., -
2 year. coproporphyrins, 1981; Kociba
NOAEL: 3 maika/day reduced neonatal et a1., 1979
LOA!L: 10 maika/day aurvi"al

8TRYCBlfIlfE 0-10 maika/day for 28 days Rat. ToXicity/ 3 E-4 10,000 Seidl and -
LOA!LIFEL: 2.5 maika/day histopatholoaY Zbinden,

(x) 1982;

• - Oral RfD at. qlka/day
• - Probable Human Carcinoaen
N - Not. Cla•• ified a. t.o Carcinoaenicit.y
C - Cla••ified a. a Human Carclnoaen
- - Not Given
NO - Not. Det.e~ined

, - Benzene Inhalat.ion Unit. Risk: 8.3 E-6 per us/m l

Drlnkins Wat.er Unit. Ri.k: 8.3 £-7 us/l
ex) - Chemical i. De.cribed Furt.her on t.he Follow1na Paaes



FURTHER CHEMICAL DESCRIPTIONS

CHLORDANE: Probable Human Carcinogen - Sufficient evidence in studies in which
benign and malignant liver tumors were induced in four strains of mice of both
sexes and in F344 male rats; structurally related to other liver carcinogens.

Human studies are inadequate. There were 11 cases reported involving
central nervous system effects, blood dyscrasius and neuroblastumas in children
with pre-/postnatal exposure to chlordane and heptachlor (Infante et al., 1978).
As no other information was available, no conclusions can be drawn.

Acute Toxicity: A fatal oral dose to adult humans is between 6 and
60g, with onset of symptoms within 45 minutes to several hours after ingestion,
although symptoms have occurred following very small doses either orally or by
skin exposure. There were some reports of delayed development of liver disease,
blood disorders and upset stomach. Chlordane is considered to be borderline
between a moderately and highly toxic substance (Gosselin et al., 1984).

Signs and Symptoms: Increased sensitivity to stimuli, tremors,
muscular incoordination, and convulsions with or without coma (Gosselin et al. ,
1984 p.III - 108-109).

Ten day HA = One day HA = .06 mg/l
DWEL = 2 E-3 mg/l (2 L water/day for a 70 kg adult)

DIELDRIN: Probable Human Carcinogen - Dieldrin is carcinogenic in seven strains
of mice when administered orally. Dieldrin is structurally related to compounds
(aldrin, chlordane, heptachlor, heptachlor epoxide, and chlorendic acid) which
produce tumors in rodents.

Human studies are inadequate.
DWEL - Ten day HA - .0005 mg/l
Modified DWEL for longer term HA for 70 kg adult - .002 mg/l

TNT: Possible Human Carcinogen - Caused urinary bladder papilloma and carcinoma
in rats.

TOLUENE: Not Classified for Carcinogenicity - Human study at 200 ppm caused
incoordination, exhilaration and prolonged reaction time (Gamberale and
Hultengren, 1972; NTP, 1989)

NOAEL: 21.5 mgfkg/day
UF: 10

DWEL: 7 E+O mg/l (2 L water/day 70 kg adult)

CHROMIUM VI & III: All Chromium HAs are based on total chromium (VI and III)
Ten day HA - One day HA - 1.4 mg/1
Lifetime HA - 1.2 E-l mg/l
DWEL - 1.7 E-l mg/l (2 L water/day 70 kg adult)

So



BENZENE: Classified as a Human Carcinogen
Ten day HA - One day HA - .235 mg/l
NOAEL: 2.35 mgjkg/day wi th a UF - 100 (1 L water/day for a 10 kg child)

CHLOROFORM: Probable Human Carcinogen - Based on increased incidences of several
tumor types in rats and three strains of mice.

Chloroform is moderately toxic. The probable lethal dose for humans
is .5 to 5 g/kg for a 150 lb. person. It is a CNS depressant and gastrointestinal
irritant. It has caused rapid death attributable to cardiac arrest. Symptoms of
acute exposure are fainting sensation, vomiting, dizziness, salivation, nausea,
fatigue, and headache. Other symptoms include respiratory depression, coma, and
kidney and liver damage. Symptoms of chronic exposure include loss of" appetite ,
hallucinations, moodiness, and physical and mental sluggishness (NIOSH, 1974).

LINDANE: Ten day HA - One day HA -1.3 mg/l
Long term HA (adult) - 1.2 E-l mg/l
NOAEL: .33 mgjkg/day

UF: 100
DWEL: 1 E-2 mg/l (2 L water/day 70 kg adult)

HEPTACHLOR: Probable Human Carcinogen - Evidence exists from studies in which
benign and malignant liver tumors were induced in three strains of mice of both
sexes. Several structurally related compounds are liver carcinogens.

DWEL: 1.75 E-2 mg/l - Long term HA (2 L water/day 70 kg adult)
Ten day HA - One day HA - .010 mg/l

DDT: Probable Human Carcinogen - Observation of tumors (generally of the liver)
in seven studies in various mouse strains and three studies in rats. DDT is
structurally similar to other probable carcinogens, such as DDD and DOE.

STRYCHNINE: 6 month old infant received doses of .3 - 1.1 mg/kg/day over 18
months without adverse effects. The Oil and Hazardous Materials - Technical
Assistance Data Systems (1984) reported that Wadults may safely drink daily .078
- .25 gallons of water containing 10 mg/l of strychnine w which is approx. equal
to 2.9 - 9.5 mg/day. This corresponds to 0.041 - 0.136 mg/kg.

Acute Toxicity: Strychnine is super toxic; the probable oral lethal
dose in humans is < 5 mg/kg, a taste « 7 drops) for a 70 kg (150 lb) person. It
causes violent generalized convulsions. Death results from respiratory arrest as
the respiratory muscles are in sustained spasm (Gosselin et al., 1976). The
lowest lethal oral dose report for humans is 30 mg/kg (NIOSH/RTECS, 1985).

Signs and Symptoms: Within 15 to 30 minutes after ingestion, signs
and symptoms include violent generalized convulsions, restlessness, apprehension,
heightened acuity of perception, abrupt movements, hyperreflexia, and muscular
stiffness of the face and legs. Minor sensory stimulus may trigger a violent



generalized convulsion lasting .5 to 2 minutes (Gosselin et a1. I 1976).



2-4-0

ENVIRONMENTAL FATE/EXPOSURE

Pollution with 2,4-0 may occur as a result of the production and
disposal of 2,4-0 or its byproducts and of industrial effluents.
Such pollution will be generally localized to the production site
and to areas of waste dumping and it is likely to be more dispersed
if disposal or leaching has occurred into water courses.

2,4-0 is released into the environment through its use in
herbicide formulations and as a hydrolysis product of 2,4-0 esters
from spills.

If released on land, 2,4-0 will probably readily biodegrade.
Its adsorption to soils will depend on organic content and pH of
the soil.

Leaching to groundwater will likely be a significant process in
coarse grained, sandy soils with low organic content or with very
basic soils. If released to water, it will be lost primarily due
to biodegradation. Degradation will be rapid in sediments.

Persistence in the aquatic systems depends on the water type,
organic particulate matter, rain, sunlight, temperature, microbial
degradation, volatilization and oxygen content of the water.

2,4-0 will not bioconcentrate in aquatic organisms or
appreciably adsorb to sediments, especially at basic pHs.

If released in air, it will be SUbject to photooxidation with an
estimated half life of 1 day and rain out.

Primary source of 2,4-0 in air is spray applications of the
herbicide or its mixture. Spray drift is capable of carrying up to
a few Jan.

There is no evidence that bioconcentration occurs through the
food chain.

Available data indicate that residues of 2,4-0 rarely exceed a
few tens of ug/kg in food sources.' exceptions may occur in the
vicinity of 2,4-0 herbicide spills.

HUMAN EXPOSURE

Human exposure will be primarily to those workers involved in
the making and using of 2,4-0 compounds as herbicides, and those
who work in or live near fields sprayed and treated with 2,4-0
compounds.

Exposure may also occur through ingestion of contaminated food
products and drinking water.



- The total contribution from air, food, and water is estimated to
be 0.3-2 ug/kg body weight per day.

Field spraymen are exposed to air concentrations of 0.001
mg/cu m (time weighted average) .

HUMAN TOXICITY

Neurotoxicity is the predominant effect of 2,4-0.
include stiffness of the arms and legs, incoordination,
anorexia, stupor, and coma. Myotonia has been observed.
an irritant to the gastrointestinal tract and is likely
vomiting.

Symptoms
lethargy,
2,4-0 is

to induce

Ingestion of 2,4-0 may cause: coma, myotonia, fever, pUlmonary
emphysema and edema, liver necrosis, polyneuritis, and degeneration
of kidney tubules.

2,4-0 is possibly carcinogenic in humans, and is grouped as 2B.

Chronic exposure may lead to central nervous system defects in
the control of motor function.

Severe mental retardation and mUltiple congenital anomalies of
uncertain cause were reported after parental exposure to 2,4-0.

NON-HUMAN TOXICITY

In subacute poisoning in laboratory animals, anorexia is marked
and irritation of nose and eyes may be accompanied by epistaxis or
bleeding by mouth. Diarrhea with occult blood has occurred. Mild
pathological lesions have been described in kidneys and liver of
animals.

Animals killed quickly by large doses of 2,4-0 are thought to
die of ventricular fibrillation. If death is delayed, myotonia,
stiffness of the extremities, ataxia, paralysis, and coma are seen.
Body temperature and metabolic rate are reduced. Repeated doses
that mayor may not lead to eventually to death produce loss of
appetite, loss of weight, vomiting, depression, roughness of coat,
and general tenseness, and muscular weakness.

Monkeys tolerated 214 mg/kg without serious effect.

Rats were killed quickly by dietary levels of 3000 ppm or more.
A level of 1000 ppm for 113 days caused depressed growth, increases
in mortality, and slight increases in liver weight. a dietary level
of 300 ppm (about 15 mg/kg/day) for 113 days caused no clinical,
laboratory, or histological changes. In rats given 0.5 - 1.0 mg/kg,
2,4-0 was observed to be highly embryotoxic.

Mice given 50
teratogenic effects.

110 mg/kg experienced embryotoxic and



In dogs, toxic symptoms were often not present until 6 hr after
oral administration of lethal dose of 2,4-0: the animals became
ataxic with progressive increasing spasms. Death appeared to be
due to hepatic congestion or pneumonia. Pathological changes
limited to the GI tract, lung and liver. Followed by development
of anorexia, weight loss, and myotonia. Dogs exhibited evidence
of liver damage more frequently than other animals studied.

When 2,4-0 was administered during entire pregnancy of sow at
500 mg/kg in diet. Anorexia was noted: newborn piglets were
underdeveloped and apathetic. 10/15 died within 24 hours.
continued feeding of 50 mg/kg of diet to survivors until 8 months
of age caused growth depression, persistent anemia, and moderate
degenerative changes of liver and kidneys.

Oral administration of LD50 dose to mallard ducks, Japanese
quail, pheasants, and chukar and rock doves produced the following
signs of intoxication: polydipsia, ataxia, imbalance, slowness,
fluffed feathers, tachypnea, tremors, prostration, ptosis and
salivation.

2,4-0 induced chromosomal aberrations in a number of cultivated
plants and weeds. Cytological abnormalities included chromosome
bridges, fragments, lagging chromosomes, c-mitoses and chromatin
bodies.

The effects of 2,4-0 treatment in vitro on bovine fetal muscle
cells were examined histologically. The authors concluded that
2,4-0 exerted a mitostatic effect on dividing cells and a mitogenic
effect on postmitotic myogenic cells.

2,4-0 does not appear to be a cumulative toxicant in most
species, although low doses may be cumulative in the dog.

Classification of carcinogenicity: inadequate evidence in
animals.

TYPE ANIMAL ADMINISTRATION DOSAGE

L050 Rat Oral 275 mg/kg

LOSO Mouse Ingestion 521 mg/kg

L050 Rat Oermal >2000 mg/kg

LOSO Lake Trout static Bioassay 45 mg/l/96 hr

LeSO CUtthroat Trout static Bioassay 64 mg/l/96 hr

LOSO Mule Oeer Oral 400-800 mg/kg

LOSO Pheasant (female) Oral 472 mg/kg

L050 Mallard (female) Oral >1000 mg/kg



TYPE ANIMAL ADMINISTRATION DOSAGE

TLm American Oyster Egg - Static 8 X 103 ppb/48 hr
Bioassay

TLm American Oyster Larvae - Static 740 ppb/14 days
Bioassay

Le50 Bluegill Fish 0.9 ppm/48 hr

Le50 Rainbow Trout 1.1 ppm/48 hr

LC50 striped Bass static Bioassay 70.1 mg/l/96 hr

Le50 Banded Killifish static Bioassay 26.7 mg/l/96 hr

Le50 pumpkinseed Fish Static Bioassay 96.4 mg/l/96 hr

LC50 White Perch static Bioassay 40.0 mg/l/96 hr

Le50 American Eel static Bioassay 300.6 mg/l/96 hr

Le50 Carp static Bioassay 96.5 mg/l/96 hr

LC50 Guppy static Bioassay 70.7 mg/l/96 hr

LC50 Bleak Embryo 159 mg/l/12 hr

Le50 Bleak Embryo 129 mg/l/24 hr

Le50 Bleak Embryo 64 mg/l/36 hr

Le50 Bleak Embryo 13 mg/l/48 hr

Le50 Guppy 3758.4 mg/l/24 hr

Le50 Water Flea 363-389 mg/l/48 hr

L050 Rock Dove Oral 668 mg/kg

L050 Chukar Oral 200-400 mg/kg

L050 Mallard Oral >2000 mg/kg

L050 Japanese Quail Oral 668 mg/kg

L050 Japanese Quail Oral >5000 ppm

s,



ACETONE

Environmental Fate and Transport

Can be a product of some alkanes and alkenes. A metabolic product released
by plants and animals. If released on:

Soil - volatilize and leach into ground water, biodegrades readily and fairly
rapidly in soils. Has a high vapor pressure (231 torr at 25oC) and low
adsorption to soil and should readily evaporate from soil surfaces, as studies
suggest. Miscible in water, should not adsorb appreciably to soil. Displayed
no adsorption to stream sediments, montmorillonite or kaolinite clay. As form
interlayer complexes with same clays. Permeability rates in three compacted clay
soils ranged from 2.5xlO_9 cm/sec.

Water - will probably biodegrade, will be lost to volatilization (half-life 20
hours from model river), readily biodegrades under anaerobic emissions.
Bioconcentration is negligible. Orc test of haddock fish at 7-9oC resulted in
a BCF of 0.69. The Henry's Low Constant is 3.7xlO_5 at mrn3/mole. The half-life
of acetone in a model river and lake is estimated to pe 2-10 and 16-186 days
respectively. Concentrations in water: 0.6 gil in a one year-old leachate
sample from a sanitary landfill; 0.2 to 0.7 ppb from wells in vicinity of
landfill, 3000 ppm in a contaminated well. Detected in ground water, surface
water, seawater, rain, and snow.

Air - estimated background concentration in the troposphere is 0.111 ppb. Will
be lost by photolysis and reaction wi th photochemically produced hydroxyl
radicals. The half-life average is > 22 days (shorter in summer and longer in
the winter). Will be washed out by rain. Has a UV absorption bond at 270 mm
that extends to about 330 mm. Background studies ranged from 0.111 to 53 ppb.

Human Toxicity Excerpts

Anesthetic potency, acute cases - latent period followed by restlessness and
vomiting leading to hemotemesis and progressive collapse with stupor. Fifteen
minutes to 1660 ppm causes irritation of eyes and nose.

1000 ppm 3 hr/day for 7-15 years - chronic inflammation of airways, stomach,
and duodenum, dizziness and asthenia - similar complaints to 700 ppm. Prolonged
skin contact - defatting of skin and dermatitis.

Inhalation and ingestion caused hepatorend lesions and liver injury. Repeated
exposure to 25-920 ppm cause chronic conjunctivitis, pharyngitis bronchitis.
gastritis, and gastroduodenitis. Symptomatology for acute intoxication is given.

Close relationship between the average environment solvent concentration
(mg/m3) measured in the breathing zone and the urinary concentration of unchanged
solvent (ug/l) was observed. A Biological Equivalent Exposure Limit (56 mg/l)
corresponding to the environmental Threshold Limit Value (58 mg/l) was
recommended for acetone. High concentration of anesthesia. Severe toxic
effects: 4 ppm equal 9.65 mg/m3/l hr, symptoms illness of 800 ppm equaling 1.930
mg/m3 for one hour.



Toxic concentration in human blood is 200-300 ug/m1, lethal concentration in
human blood is 550 ug/m1. Exposure to 20,000 ppm is fatal on brief exposure.
Irritation of the eyes, nose, and throat is caused.

Non-Human Toxicity Excerpts

ANIMAL CONCENTRATION/EXPOSURE EFFECT

Mice 20,256 ppm - 1.5 Hour CNS depression

Mice 46,000 ppm - 1 Hour Fatal

Rats 126,660 ppm - 1.75 to Fatal
2.25 Hours

Rats 42,200 ppm - 1.75 to Loss of Corneal Reflex
2.25 Hours

Guinea Pigs 20,000 ppm - 8 to 9 Hours Loss of reflexes

Cats 3 to 5 mg/1 Slight irritation of
(1265 to 2210 ppm) eyes and nose

Rabbits Corneal injury, mild
ocular edema

Guinea Pigs 0.5 m1 in multiple doses cataracts
for 3-8 weeks

Dogs less severe/more severe granular
degeneration/necrosis
of tubular epithelium
of kidneys

Cats 75,900 ppm Some fatty
infiltration of the
kidneys

Rats and Mice 12,600 to 50,600 ppm 9 hour recovery for a
five minute exposure

Chicken embryos 0.1 m1/egg reduced percentage
hatchability and
caused embryonic
mortality during the
first week of
incubation.

Rats 2,500 ppm and 0.75 mg/kg Minimum effective dose
levels for potentially
induced liver injury.



Ecotoxicity Values

Le50 Japanese Quail 40,000 ppm (oral) in diet -
age 14 days
No mortality to 40,000 ppm

LC50 Ring-necked pheasant >40,000 ppm in diet - age
ten days
No mortality to 40,000 ppm

LC50 Rainbow trout 5.540 mg/l/96 hr at l2 0 C
(95% Confidence Limit:
4.74 - 6.73 mg/l)

LOIOO asallus aquatious 3 ml/l (within three days
of exposure)

LDlOO Gammarus fossarum 10 ml/l (within 48 hr)

LC50 Pimephales promelas 8.12 mg/l/96 hr

Tlm Daphnia magna 10 mg/l/24,48 hr

Tlm Brine shrimp 2,100 mg/l/24,48 hr

TUn Mosquito fish 13,000 mg/l/24,48,96 hr

LC50 Bluegill sunfish 8,300 mg/l/96 hr

L050 Goldfish 5,000 mg/l/24 hr

LC50 Guppy 7,032 ppm/14 days

LCSO Mexican axolotl 20.0 mg/l/48 hr (3-4 weeks
after hatching)

Le50 Clawed toad 24.0 mg/l/48 hr (3-4 weeks
after hatching)



ACETONITRILE

Environmental Fate/Exposure

- Acetonitrile is released to environment during its manufacturing and use, from
shale oil retorting and coal gassification, incineration of poly acrylonitrile,
from automobile exhaust and from cigarette smoke. If released to soil aerobic
biodegradation is likely to occur.

Acetonitrile is expected to be mobile in soil and may expected to be a major
loss process in water. Acclimatization increases the biodegradation rate
substantially.

Volatilization may become competitive with other loss processes particularly
at shallow water depths. hydrolysis, photolysis, adsorption to suspended
particles and sediments and bioconcentration in aquatic organisms are not likely
to be important fate mechanism.

Acetonitrile is likely to be unreactive towards direct photolysis in air and
the half-lives for its reaction with OH radicals and ozone have been estimated
to be 535 days and 860 days, respectively. Therefor, it will persist in the
troposphere for a long time and may be transported long distance from its source
of emission.

Wet deposition may remove some of the atmosphere acetonitrile. Adequate data
regarding its typical concentrations in air, water and total diet sample are not
available. To estimate intake from these exposure routes.

Human Exposures

Inhalation, percutaneous absorption, ingestion and skin and eye contact.

Human Toxicity

Massive doses may produce sudden loss of consciousness and prompt death from
respiratory arrest. With smaller but still lethal doses, the illness may be
prolonged for one or more hours.

Acute symptoms: Headache, dizziness, hyperpnea, rapid pulse, nausea,
vomiting, unconsciousness, convulsions, fatal.

Chronic symptoms: Headaches, anorexia, dizziness, weakness, muscular,
papular, or vesicular dermatitis.

Acetonitrile concentrations up to 500 ppm cause irritation of mucous
membranes. Higher concentrations produce weakness, nausea, convulsions and
death.

Acetonitrile concentrations up to 500 ppm cause irritation of mucous
membranes. Higher concentrations produce weakness, nausea, convulsions and
death. Urine thiocyanate concentrations not significantly elevated after



exposure to 150 ppm/4 hours.

Delayed onset of severe toxic reactions to acetonitrile supports the proposed
mechanism of acetonitrile conversion to inorganic cyanide via hepatic microsomal
enzymes.

Non-Human Toxicity

Dogs: not fatal up to 8000 ppm/4 hours. Deaths occurred at 16,000 and 32,000
ppm. Symptoms include prostration followed by hemorrhage and vascular
congestion. At lower dosage levels, deaths were delayed.

Dogs and monkeys exposed to vapor 7 hr/day, 5 days/week for 91 days mean
concentration approximately 350 ppm. Some minor variations in weight hematocrit
and hemoglobin reported. At autopsy, cerebral hemorrhage in monkeys and focal
emphysema and proliferation of alveolar septa in lung. Similar picture in lungs
of dogs.

Animal studies show that different species vary widely in susceptibility t 0

acetonitrile in single dose studies by various routes.

In hamsters, acetonitrile is teratogenic when inhaled in concentrations of
5000 ppm or greater. ORAL and IV doses of 100-400 mg/kg were also teratogenic.
Higher dosages and concentrations caused overt maternal toxicity.

Rabbits: Progressive bilateral exophthalmos produced in rabbits with daily
IV injection of 0.05 ml of. acetonitrile which could be inhibited by feeding of
fresh vegetables. Degree of exophthalmos was related to thyroid hyperplasia nd
could be prevented by prior administration os iodine.

Male rats were exposed for four hours to different concentrations of
acetonitrile. Serum enzymes, Glutamic Oxalacetic transaminase, Glutamic pyruvic
transaminase, and ornithine carbamyl transferase were increased.

When inhaled by rats, at srp: LCSO and LC84 dose levels, acetonitrile causes
pulmonary edema, decrease dry residues in lung and increased ammonia content of
tissues.
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LC50 Rat Young Oral 200 mg/kg

LC50 Rat Inhalation 7500 ppm/8 hr

Rat Inhalation 330 ppm/90 days

LD50 Rat Oral 3800 mg/kg

Toxicity Threshold Protozoa 5825 mg/L

Toxicity Threshold Green Algae 7300 mg/L

Toxicity Threshold Algae 520 mg/L

TUn Fathead Minnow Hard Water 1020 mg/L/96 hr

TLm Blue Gill Soft Water 1850 mg/L/96 hr

TLm Guppy Soft Water 1650 mg/L/96 hr

LC50 Fathead Minnow 1640 mg/L/96 hr

EC50 Fathead Minnow 1640 mg/L/96 hr

Toxicity Threshold Bacteria 680 mg/L



AMMONIUM NITRATE

ENVIRONMENTAL FATE/EXPOSURE

A nutrient in water. Spills may cause massive algal blooms in static
waters and affect local species popUlation balance in the aquatic
environment.

Very soluble in water: 250 g/100 ml at 20°C. If dissolved in precipitation
it can infiltrate the soil and migrate downward towards the groundwater
system.

Ammonium nitrate will be taken up by bacteria.

Nitrate is more persistent in water than the ammonium ion: nitrate
degradation is fastest in anaerobic conditions.

Nitrous oxide evolution rate from uncultivated Eolian sand: net loss was
equivalent to .05% of the applied fertilizer for ammonium nitrate.

After application to greens ammonium nitrate exhibited leaching within 5
days.

The total suspended particulate (I) in the ambient aerosol in 24 hour
period measurements exceeds the Federal secondary standard of 150 mug/m3 10%
of the time. The maximum 4 hour mass measurement for the total mass and fine
mass fractions are 307 and 204 mug/m3 respectively. the fine fraction of I
with diameter less than 2.5 mu consists of organic carbon at 23.7; ammonium
nitrate 20.0; elemental carbon 16.8; ammonium sulfate 13.6, and other
constituents 42 to more than 50% of the aerosol.

HUMAN TOXICITY

Nitrate salts as such are no more toxic than other neutral salts, but if
not promptly absorbed, they may be reduced to nitrites by bacteria in the
bowel.

Cyanosis among infants who drink well water is a frequently encountered
clinical manifestation of nitrate toxicity.

with large doses there arises the possibility of sUfficient absorption to
produce diuresis and systemic ammonia poisoning.

Inhalation is irritating to mucous membranes of respiratory tract, causes
severe lung congestion, coughing, and difficult breathing, causes urination
and acid urine.

Inhalation of large amounts causes systemic acidosis and abnormal
hemoglobin.

Irritating to eyes, nose, throat, and mucous membranes



Summary Toxicity statement: Low, causes readily reversible tissue changes
which disappear after exposure stops; causes some discomfort. There have been
reports of faintness and low blood pressure in workers exposed.

NON-HUMAN TOXICITY

ANIMAL

Poultry

Sheep

Sheep

Sheep

Sheep

Goats

Rabbits

Ruminants

DOSE/EXPOSURE

fertilizers
containing ammonium
nitrate

single oral dose - 2
g/kg

repeated doses .25
g/kg for 30 days

.5 g/kg for 10 days

chronic poisoning

chronic poisoning

.1 M ammonium
nitrate at pH 7-7.5
made up to .46
osmolar by addition
of NaCl or sucrose
and dripped
continuously on eyes

consumption of
quantities of
nitrate

EFFECTS

causes illness

death 12 hours to 17 days

tolerated

tolerated

swollen and hyperemic mucous
membranes of abomasum and
catarrhal inflammation of
small intestine, general
passive hyperemia and
petechiae in muscles, heart,
thymus and lungs

acute catarrhal
gastroenteritis and
bronchitis, nephrosis, peri
bronchial and intra-alveolar
hemorrhages, and congestion,
hemorrhages and degenerative
changes in the central nervous
system

edema of epithelium of cornea
within 3 to 3.5 hours

methemoglobinemia



Cattle chronic conditions decreased weight gain and feed
efficiency, decreased milk
productivity, poor
reproductive capacity and
impaired health of epithelial
tissues as expressed by
digestive tract and
respiratory disorders

Livestock 400 mg/l toxic limit for livestock

Tadpoles .91 g/l minimum lethal toxicity

Tadpoles .83 g/l maximum tolerance
concentration

TYPE ANIMAL ADMINISTRATION DOSAGE

LD50 Rat Oral 4500 mg/kg

LD50 Aspergillus niger 15 mg/l/40 hr @
(fungus) 36°C

pH and water hardness are important in determining toxicity.
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BARIUM NITRATE

ENVIRONMENTAL FATE/EXPOSURE

Agricultural soils contain barium ion in the range of several ug/g.
Background levels for soil range from 100 to 3000 ppm barium. Total barium
content of dry tobacco levels was found as 88 - 293 ug/g and 24 - 170 ug/g
(avg 105 ug/g).

Occurs naturally in almost all surface waters in concentrations of 2 to
340 ug/l. In stream water and most ground water, only traces of the element
are present. The average concentration of barium in USA drinking water is
28.6 ug/l.

HUMAN EXPOSURE

Average daily intake is about 1.3 mg (.65 - 1.7 mg).

HUMAN TOXICITY

Acute barium poisoning - leukocytes uncoordinated muscle contractions and
irregular and rapid pulse.

Ingestion of gram quantities of soluble barium salts may be fatal with
death resulting from cardiac arrest. Muscle tremors are frequent,
respiratory failure, and convulsions followed by paralysis of extremities
may also occur.

Barium causes increases in cell- membrane resistance, a prolongation of
action potentials, and depolarization of smooth and skeletal muscle.

Barium salts that are soluble in water or acid are poisonous when
swallowed, causing severe irritation of GI.tract, prostration, paralysis and
convulsions. The acid soluble barium salts are highly toxic. For most of
these salts the lethal dose for adults appears to lie between 1 and 15 g.
Death occurs with in a few hours or a few days.

Barium ion stimulates smooth, striated, and cardiac muscle resulting in
violent paristalsis, arterial hypertension, muscle twitching and disturbances
in cardiac action. Motor disorders including stiffness and immobility of the
limbs and sometimes of the trunk, leg cramps, twitching of facial muscles,
and paralysis of the tongue and pharynx with attendant loss of or impairment
of speech and deglutitim. eNS may be first stimulated and then depressed.
ventricular tachyarrhythmia (including ventricular fibrillation) and
transient asystole have been observed. Kidney damage has been described as
a late complication. other effects of barium poisoning are decreased pulse
rate, entrasystoles, potassium deficiency occurs in acute poisoning,
digitalis-like toxicity, muscle stimulation, and an endemic condition
resembling familial periodic paralysis (food poisoning from barium).

Threshold of a toxic dose in adult humans is about .2 to .5 g barium;
lethal in untreated cases is 3 to 4 g barium (LD50 about 66 mg/kg). These
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figures apply to the portion absorbed from the gut.

The organs affected by soluble barium compounds are heart, CNS, skin,
respiratory system, eyes. Can cause irritation of the eyes and skin burns,
local irritation of nose, throat and bronchial tUbes. Hypoleukemia occurs as
a result of abnormal potassium permeability for acute barium poisoning.
Gastrointestinal abnormalities include salivation and diarrhea. Skeletal
muscles are initially stimulated but later enter a state of flaccid
paralysis.

BIOCONCENTRATION

Marine animals concentrate the element 7 - 100 times and marine plants
1000 times from sea water. Soy beans and tomatoes also accumulate soil
barium 2 to 20 times.

NON-HUMAN TOXICITY

ANIMAL

Rabbit

Poultry
(different
species)

Poultry

Dogs/
Guinea
Pigs

Mice

DOSE/EXPOSURE

toxic doses

ingestion of toxic doses

IV injection of toxic
doses

ingestion of toxic doses

6.6 and 20 mg

EFFECT

strong vasoconstriction,
peristalsis, stimulation
followed by paralysis of CNS,
hematopoiesis. Toxic doses are
hemolytic.

darkening of comb, distress and
incoordination of movement,
salivation, vomiting and
defecation with twitching,
tremors and motor weakness
followed by paralysis of
skeletal muscles in severe
cases.

slowing of heart, death caused
by extreme digitalis - like
action on the heart.

Salivation, diarrhea,
hypertension, skeletal muscle
paralysis and respiratory
paralysis. Also ectopic
ventricular contractions,
ventricular tachycardia and
finally ventricular
fibrillation.

tested .5 hr later showed
increased convulsive
electroshock sensitivity.
tested 24 hr later showed
decreased sensitivity.
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ANIMAL DOSE/EXPOSURE EFFECT

Chickens 2000 ppm, 4000 ppm Slight depression of growth
(one week 8000 ppm, 16,000 ppm 1/2 chickens died
old) 32,000 ppm all died after 7 days

Mouse LOSO IV 8.49 mg/kg

Mouse LOSO IV 20.10 mg/kg
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BENZENE

Environmental Fate and Transport Summary

Subject to rapid volatilization near the surface in soils, and that which does
not evaporate will be very highly mobile in the soil and may leach to
groundwater.

May be subject to biodegradation based on reported biodegradation of 24% and
47% of the initial 20 ppm benzene in a base-rich para-brownish soil in 1 and

10 weeks respectively. Half lives for volatilization without water
evaporation from soil to benzene uniformly distributed to 1 and 10 cm in soil
were 7.2 and 38.4 days respectively.

If may be subject to biodegradation in shallow, aerobic groundwaters, but
probably not under anaerobic conditions. Biodegradation half life of 16 days
reported an aerobic river die-away test.

Marine ecosystem biodegradation occurred in two days after an acclimation
period of 2 days, 2 weeks in summer and with no degradation in winter.

If benzene is released to water it will be subject to rapid volatilization
half life for evaporation in a wind-wave task (wind speed 7.09 m/sec) was 5.23
hrs; the estimated half life for volatilization of benzene from a model river

1 m deep flowing 1 m/sec with a wind velocity of 3 m/sec is estimated at 2.7
hours at 20 oC.

It is not expected to adsorb into sediment, bioconcentrates in aquatic
organisms, or hydrolyze. According to one experiment benzene has a
photodegradation half life of 17 days.

If benzene is released to the atmosphere it will exist predominantly in the
vapor phase. Gas-phase benzene will not be subject to direct photolysis, but it
will react with photochemically produced hydroxyl radicals with a half life 13.4
days calculated using an experiment rate constant for the reaction.

The reaction time in polluted atmospheres which contain nitrogen oxides or
sulfur dioxide is accelerated with the half-life being reported as 4-6 hours.
Products of photooxidation include phenol, nitrophenols, nitrobenzene, formic
acid, and peroxyacetal nitrate. Benzene is fairly soluble in water and is
removed from the atmosphere in rain.

Benzene levels range from 0 to 1250 ppb for all waters. 1.3% of all (gw)
systems are estimated to contain benzene at levels >.5 mg/l (highest level was
80 mg/l) 3.0% of all surface water systems are estimated to be contaminated at
levels >.5 mg/l with more being >5 mg/l
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Average Daily Intake

Air intake (assume typical range of con. 2.8 to 20 ppb) 182 to 1300 mg.

Water Intake (assume typical concentrations 0.1 ppb ) .2 mg.

Human Toxicity Excerpts

Skin irritant, erythema, vesiculation, dry and scaly dermatitis. Acute
exposure to a large amount of benzene (ingestion or inhalation) can cause eNS
symptoms including dizziness, weakness, euphoria, headache, nausea, vomiting,
tightness in chest and staggering to blurred vision, tremors, shallow and rapid
respiratory ventricular irregularities, paralysis, and unconsciousness.

Chromic effects include (inhalation) eNS effects, GI tract effects, headache,
loss of appetite, drowsiness, nervousness, and pallor, aplastic anemia (with
greater effects on bone marrow cells. Systemic poisoning by benzene can include
hemorrhages in retina and in conjunctiva. Pathological findings from inhalation
include acute granular tracheitis, laryngitis, and bronchitis, massive hemorrhage
of the lung, congestive gastritis, infarct of spleen, acute congestion of kidneys
and marked cerebral edema.

Many acute deaths from benzene at high concentrations have been due to
ventricular fibrillation caused by exertion and release of epinephrine. Benzene
is a weak mutagen. A major concern is the relationship between chromic exposure
to benzene and leukemia, also aplastic anemia. Exposure to high concentration
is associated with hemotoxicity and acute myelocytic leukemia.

Studies of workers exposed 8 hr two 2 to 3 ppm showed blood lymphocyte
chromosomal aberrations. In studies of people known to have been exposed to
benzene significant increase in chromosomal aberrations have been seen which in
some cases have persisted for years after cessation of exposure.

The hemotoxicity of benzene is expressed primarily as a bone marrow effect
leading eventually to complete destruction of myeloid and erythroid marrow
components. This is manifested as a marked decreased in circulating formed
elements, for example, red blood cells and platelets.

The resultant aplastic anemia is a fatal disorder which in its severe form has
better than a 50X mortality rate. In both man and lab animals the extent of bone
marrow damage appears proportional to the dose of benzene. The type of leukemia
most commonly associated with benzene is acute myelogenous leukemia and its
variants including erythroleukemia and acute myelomonocyte leukemia.

Data from studies suggest that differences in distribution of acute or chronic
leukemia in chromic benzene exposure may be related to exposure levels, mode of
exposure or exposure to benzene homologs or other chemicals. Benzene is widely
recognized as a leukemogen, and OSHA is currently attempting to limit exposure
to it more strictly: current limit - 10 ppm. Proposed limit is 1 ppm.
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A study of leukemia victims in chinese factories showed that these workers
were exposed to benzene from 10 to 1000 mg/m3' In another study workers with a
cumulative exposure of 180 to 719 ppm a month showed a significant increase in
lung cancer.

Toxic Hazard Rating

Evidence in human and animals is sufficient

Benzene is a carcinogen to humans and the overall summary evaluation of
carcinogenic risk to humans is group 1.

Pop at Special Risk

Individuals with 66 pd/glucose 6-phosphate dehydrogenase deficiency or those
with an allergic blood dyscrasia.

Non-human Toxicity

Inhalation of a saturated with benzene vapor resulted in ventricular extra
systole in the cat and primate with periods of ventricular tachycardia that
ocassionally terminated in ventricular fibrillation.

Dogs developed hypertension followed by paralysis of vasomotors system. Eye
irritation to rabbits and cataracts in rats exposed to 50 ppm for 600 hr. Rats,
guinea pigs, and rabbits of 80-88 ppm (256-281 mg/m3) experienced reproductive
system effects.

The indirection of chromosomal aberrations in bone marrow cells in mice, rats,
and rabbits given single or daily doses of 0.2 to 2 mg/kg. 5 to 8 weeks of 5
hr/day, 5 day/week exposure at 44 and 47 ppm, rats developed a moderate degree
of leukemia.

Mice - 100 to 300 ppm lifetime - produces anemia

Rats - 100, 300, and 2200 ppm vapor 6 hr daily on day 6-15 of gestation caused
delayed ossification myeloid leukemia. Single 3 mlfkg body weight injections on
1 of day 11-15 of gestation to mice caused cleft palate, agnathia, and
micrognathia in offspring. Rabbits and mice injected subcutaneously with 0.2
mg/kg/day showed an increase frequency of bone marrow mitoses.

Bone marrow cells from mice orally dosed with 56 to 2050 mg/kg on 2 successive
days showed dose-related increase of chromosomal gape and single breaks, multiple
breaks at or above 139 mg/kg, subverication at or above 348 mg/kg and cyto
toxicity at 2050 mgjkg.

Mice orally doses with 0.22 to 1.65 mg/kg gave a dose related increase in poly
chromatic erythrocytes in the micronucleus test. Rats exposed continuously to
209.7 ppm for 10 days prior to breeding showed a complete absence of pregnancy.
One out of 10 rats exposed to 19.8 ppm had resorbed embryos. Females showed an
inverse relationship between dose (0.3 to 209.7 ppm) and number of offspring.
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Chromosomal abnormalities in bone marrow cells have been reported as a
consequence of experiencing benzene exposure in a number of species including
rats, rabbits, mice, and amphibians. Benzene is a nitatic poison, producing a
decrease in DNA synthesis in animal bone marrow cells in vitro.

Two groups of 40 male mice were exposed to 900 mg/m3 (300 ppm) benzene for 6
hr/day, 5 day/week for life. Occurring were anemia, lymphocytopenia,
neutrophilia, bone marrow hyperplasia, lymphocytic lymphoma with thymic
involvement, plasmocytoma, and hematocytoblastic leukemia. Rats received 50 or
250 mgjkg body weight once daily on 4 or 5 day each week during a 52 week period.

Blue crab juveniles at 0.1 or 5 ppm showed increased time needed to molt or
regenerate limbs, depressed activity of atpase in mitochondria, as decreased 02
consumption.

Toxicity threshold - Herring and anchovy larvae studies should that 35-45 ppm
caused delay in development of eggs and produced abnormal larvae: 10 - 35 ppm
caused delay in development of larvae, decrease in feeding and growth and an
increase in respiration.

Exposure of male mice to 300 ppm proved to be highly carcinogenic and
leukemogenic. Benzene is a potent bone marrow toxin in animals and man.

Data suggest that benzene metabolites alter macrophage function through
several mechanisms including inhibi tion of output enzymes and disruption of
signal transduction systems in rats.

Toluene inhibits some of the effects of benzene. Benzene exposure increases
leukocyte alkaline phosphase assay activity in rats. Benzene administered by
garage in mice produced ovarian atrophy, cysts, hyperphobia, and neoplasia.
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NON-HUMAN TOXICITY

TYPE ANIMAL DOSAGE

LC100 Tetrahymena pyriformis 12.8 mole/l/24hr
(ciliate)

LD50 Mouse 0.34 ml/mg

LC50 Palaemonetes pugir 27 ppm/96 hr
(glasshrimp)

LC50 Cancer magister 108 ppm/96 hr
(crab larvae) Stage 1

LC50 Crangon franciscorum 20 ppm/96 hr
(shrimp)

LC50 Morone saxite1is (bass) 5.8 to 10.9 ppm/96 hr

LC50 Poecilia reticu1ata 63 ppm/14 days
(guppy)

LC50 Salmo trutta (brown 12 mg/1/l hr
trout yearlings)

LC50 Ambystoma mexicanum 370 mg/1/48 hr
(mexican axo1ati)

LC50 Clawed toad 190 mg/l/48 hr

LD50 Carassius auratus 46 mg/l/24 hr
(gold fish)

LD50 Lepomis macrochirus 20 mg/1/24 to 48 hr
(bluegill sunfish)

LD100 Lepomis macrochirus 34 mg/1/24 hr
(bluegill sunfish)

LD100 Lepomis macrochirus 60 mg/1/2 hr
(bluegill sunfish)

TLm Brine shrimp 66-21 mg/1/24-48 hr

TLm Pimephales prome1as 35.5 to 33.5 mg/1/24-46
(fathead minnow) hr (softwater)

TLm Bluegill 22.5 mg/l/24-96 hr
(softwater)

TLm Goldfish 34.4 mg/1/24-96 hr

TLm Guppy 36.6 mg/1/24-96 hr

TLm Gambusia affinis 395 mg/l/24-96 hr
(mosquito fish)
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BORIC ACID

Soil AdsorptionlMobility

Some boron is adsorbed by iron and alwninum hydroxy compounds and clay
minerals. Finer textured soils retain added boron longer than do coarse, sandy
soils.

Boron sorption by clay minerals and iron and aluminum oxides is pH dependent
with maximum sorption in the range 7-9. The amount of boron adsorbed depends on
the surface area of the clay or oxide and this sorption is only partially
reversible.

Water Concentrations

- approximately 4.5 ug/g in ocean water, approximately 0.01 ug/g in fresh water.

Soil Concentrations

approximately 3-10 ug/g in soil/ total boron

Average Daily Intake

in normal human diets ranges form 2.1 to 4.3 mg boronJkgJbw/day

Body Burdens

in serum - conventional reference range children - <7 mg/l, adult <2 mg/l
in serum - toxic concentrates - >20 mg/l

Hwnan Toxicity

- Acute poisoning and death can occur through absorption through open wounds
irrigated with boric acid (especially infants). Chronic intoxication can cause
anorexia, asthenia, confusion,menstrual disorders and alopecia. Boric acid
poisoning begins with nausea, vomiting and diarrhea, ultimately ending in death
approximately 5 days later. Boric acid may produce cyanosis. delirium.
convulsions. and coma. Lethal dose estimated to be 15-20 g in adults and 5-6 g
in infants. the fatal dose of boric acid, sodium borate, or sodium perborate is
0.1-0.5 g/kg. Other human toxicity studies have shown the following:
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If

Age Amt/Reason Result Age Amt/Reason Result

infants boric acid Chronic boron Adult 1.0 and no symptoms
skin to diaper poisoning ingestion .28 mg B/kg
applica- rash syndrome, accidental
tion cutaneous

findings, renal
toxicity
(oliguria,
anuria, renal
tubular
necrosis) ,
hypothermia,
hyperthermia ,seve
re erythema of
the skin,
gastrointestinal
symptoms, death

11 infants 2-14 g 5 deaths 6 Adult male 750 mg no symptoms
ingestion ingestion

113 adult <10 mg/m3 eye irritation, 12 month 3 g vomiting,
workers dryness of mouth girl coughing,
ingestion or throat, sore ingestion irritability,

throat, and tremors,
productive cough. seizures,

delirious
reaction. She
finally
recovered.

34 week 245 mg fetal deaths
pregnant Blkg
females for 50 kg
ingestion body

Human Toxicity Excerpts Conclusions

A retrospective chart review to determine the clinical outcome of boric acid ingestions and to
assess the relationship between serum boric acid levels and clinical presentation suggested that
acute boric acid ingestions produce mineral or no toxicity and that aggressive treatment is not
necessary in most patients.

- Boric acid and its derivative have been shown to promote riboflavinaria in both animals and man.
Infants and young children are thought to be more susceptible to borate intoxication than are
adults.

Acute poisoning have ingestion, parental injection, enemas, lavage of serous cavities, and
~~plication of powders and ointments to burned and abraded skin. Once a tetra-, di-, meta-,
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Excessive risk of lung cancer among workers in chromate producing industry.
Chromium (VI) us much more toxic than chromium (III) due to its strong oxidation
characteristics and ready membrane permeability.

Pulmonary disease in workers exposed to ferrochrome alloys wi th chromium
levels in air of 0.27 mg/m3 reported, however, other dusts and fumes were
present.

Toxic Hazard Rating

Not classified as to its carcinogenicity to humans.

Skin. Eye. and Respiratory Irritations

Chromium aerosols caused irritation to the upper respiratory tract and
chromium causes severe nasal irritation.

Non-Human Toxicity Excerpts

ANIMAL

Mice

Rats

Rabbits

Rats

Rats

Mice

DOSE/EXPOSURE

Weekly injections of
0.05 ml of 0.005%
suspension of chromium

Six weekly injections
of 0.18 ml of 0.05 %
suspension of chromium

Six weekly injections
(on three different
occasions) of 0.05
mlfkg bodyweight of 5%
suspension of chromium

in ear vein injection
of 0.05 mljkg
bodyweight of 5%
suspension of chromium

Six monthly injections
of 0.05 ml of 33.6%
bodyweight of 5%
suspension of chromium

Weekly injections (for
four weeks) of 0.2 ml
of 0.005% suspension of
chromium

EFFECT

Death between 12 and 18
months

Round cell sarcomas,
hemangioma, papillary
adenomas of the lung,
extensive squamous cell
carcinomatous changes.

Tumor in lymph node

Fibroma at inspection
site

Hemangiomas,
angiosarcoma, round
cell sarcoma

myeloid leukemia
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Rats

Mollusks

"Bugs"

Plants

Weekly injections (for
six weeks) of 0.1 ml of
0.05% suspension of
chromium

12.4 ppm
Low doses

>100 ppm

greatest toxicity risk
to plants

scirrhous carcinoma,
insulinoma of the
pancreas

toxic to mollusks
necrosis of the
proximal convoluted
tubule, gluciservua,
ischemia on the surface
of the kidney (also .
tissue damage)
increased dose - inc??/
toxicity throughout in
the proximal tubule

only adversely affects
the biodegradation of
sewage sludge

is posed in acidic
sandy soil with low
organic content.
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•
ENVIRONMENTAL FATE/EXPOSURE

DOD adsorbs very strongly to soil and is not expected to leach
appreciably to groundwater although its presence in certain
groundwater samples indicates that it can be transported there.

Indirect photolysis may be substantial based upon the behavior
of DDT (a related compound).

I f released to water, it is expected to adsorb strongly to
sediment and bioconcentrate in aquatic organisms. It will not
hydrolyze or directly photodegrade and biodegradation is expected
to be slow. It may be sUbject to evaporation with a half life of
1.82 days predicted.

If released to the atmosphere, it will not be expected to
directly photolyze. Fallout and washout will be the major removal
mechanisms from the air since DOD is expected to adsorb to
particulate matter.

DOD has an estimated Koc of 80,500. Sediment concentration
levels up to 38 ppb and atmospheric concentrations up to 62.8 ng/cu
m.

HUMAN EXPOSURE

General human exposure will be mainly from contaminated food,
especially fish and sea foods. DOD is degraded and dissipated
slowly in the air, water, and soil and persists in the environment
so species tend to receive continuing intake. Once adsorbed, it
persists in the organism.

Insufficient data on water and air intake.
estimated at 0.009 ug/kg body wt/day.

HUMAN TOXICITY

Food intake

Organochloride pesticides are involved in termination of
pregnancy and higher levels were correlated to earlier onset of
abortion or premature labor.

Estimated oral overdose 5 g/kg body'weight.

Organochloride pesticides cause liver and kidney damage.
Microsomal enzyme induction has been observed and increased
alkaline phosphatase and aldolase activity have also been reported.
Protein synthesis, lipid synthesis, detoxification, excretion and
liver functions are all affected. DDD is considered a probable
human carcinogen and is in weight of evidence group B-2. DOD is
irritating to skin, nose, and throat.
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- Overall evaluation: Group 2B; the agent is possibly carcinogenic
to humans.

BIOCONCENTRATION

Bioconcentration in aquatic model ecosystem: alga, 6210; snail,
4460; carp, 2710; pelecypod exposure, 0.05-2.18 ug/1.5 hr;
bioaccumulation 9.120X.

BCF mussel: 9,120
BCF oyster: 47,900
BCF fathead minnow: 52,500
BCF Fish (microcosm): 83,200

NON-HUMAN TOXICITY

High doses in dogs have been found to produce atrophy and
disappearance of the deeper layers of the adrenal cortex. Linked
to increases in hepatomas and lung tumors.

In rats, produced precocious pUberty.

DOD inhibited the Ca(2+) binding activity of eggshell gland
mucosa of hen in vitro.

DOD caused ataxia, imbalance, hyperexcitability, tenseness,
jerkiness, shakiness, slowness, hypoactivity, huddled position,
ptosis, tremors and ataraxia in mallard ducks, california quail and
ring-necked pheasants.

Evidence of possible carcinogenicity in rats.

I I I

TYPE ANIMAL METHOD DOSAGE
I I I
I T J

LDSO Rat
I

percutaneous > 10,000 mg/kg, I, I ,
LDSO Rat

I
oral 3400 mg/kg

I I
I I ,

LeSO Bobwhite Quail
I

oral 2178 ppm S-day diet
I I
I I I

LeSO Japanese Quail
I

oral 3165 ppm 5-day diet
I I
I T I

LeSO Japanese Quail
I

oral 2636 ppm 5-day diet
I ,
I I I

Le50 Ring Necked Pheasan~ oral 445 ppm 5-day diet
I I
I I I

LeSO Mallard
I

oral 4814 ppm S-day diet
I I
I I I

LeSO
I

Sowbug
I

16 ug/l/96 hr
I

I I ,
LeSO Gammarus Fasciatus

I
0.6 ug/l/96 hr

I I
I 1 I
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LC50 Glass Shrimp. 2.4 ug/l/96 hr
I I I
I I I

LC50 Stonefly 380 ug/l/96 hr
I I I
I I I

LC50 Damsel Fly 34 ug/l/96 hr
I I I
I I I

LC50 Rainbow Trout 70 ug/l/96 hr
I I I
I I I

LC50 Fathead Minnow 4400 ug/l/96 hr
I I I
I I I

LC50 Channel Catfish 1500 ug/l/96 hr
I I I
I I I

LC50 Largemouth Bass 42 ug/l/96 hr
I I I
I I I

LC50 Walleye 14 ug/l/96 hr
I I I
I I I

EC50 Daphnid 4.5 ug/l/48 hr
I I I
I I I

LC50 Mallard Duck >2000 mg/kg
I I I
I I I

LC50 California Quail
I

>760 mg/kg
I I
I I I

LC50 Ring-Necked Pheasant
I

386 mg/kg
I I
I I I

LC50 Gammarus Lacustrus 0.64 ug/l/96 hr
I I I
I I I

LC50 Gammarus Fasciatus 0.86 ug/l/96 hr
I I I
I I I

LC50 Glass Shrimp 0.68 ug/l/96 hr
I I I
I I I

LC50 Sowbug 10.0 ug/l/96 hr
I I I
I I I

LC50 Water Flea 3.2 ug/l/48 hr
I I I
I I I

TL50 Korean Shrimp 2.5 ppb/96 hr
I I J

I I I
TL50 Korean Shrimp 8.3 ppb/96 hr

I I I



ENVIRONMENTAL FATE/EXPOSURE

DDE is an impurity in DDT as well as a biodegradation product of
DDT and therefore occurs in the environment as a result of the use
of DDT as an insecticide.

If released to soil it well absorb very strongly to the soil and
will not be expected to leach through soil to groundwater. DOE
will not significantly biodegrade.

If released to water it will absorb very strongly to sediment.
Bioconcentrate in aquatic organisms and be subject to photolysis
with half-lives of 15-26 for photodegradation by environmentally
significant waveforms of light.

DDE will not appreciably hydrolyze or biodegrade in water.
Evaporation from water may be important with half-lives of 5.6-6.4
hours predicted for evaporation from a river one meter deep flowing
at 1 m/sec with a wind velocity of 3 m/sec. However, the expected
adsorption of DDE to sediments may retard the evaporation process.

If DDE is released to atmosphere it may be sUbject to direct
photolysis. The estimated vapor phase half-life in the atmosphere
is 4.63 hours. As a resul t of reaction wi th photochemically
produced hydroxyl radicals. The major translocation mechanism for
DDE in air is fallout and washout since DOE should adsorb to
particulate matter.

HUMAN EXPOSURE

General human exposure will mainly be from consummation of
contaminated food. Minor exposure may also occur through the
manufacture and use of DDD as an insecticide.

- ODE is a synthetic organic chemical;
natural sources.

it does not have any

Organochloride pesticides cause liver and kidney damage.
Microsomal enzyme induction has been observed and increased
alkaline phosphates and aldolase activity have also been reported.
Protein synthesis, lipid synthesis, detoxification, excretion, and
liver functions are all affected.

The human health assessment group in EPA's office of Health and
Environmental assessment has evaluated DDE for carcinogenicity.
According to their analysis, the weight of evidence for DOE is

1/



group B2. As a group B2 chemical, DDE is considered a probable
human carcinogen.

Individuals with a disease(s) of the nervous system liver, or
blood should be protected against organochloride pesticides.



BIOCONCENTRATION

ANIMAL BCF DURATION EXPOSURE

Pinfish 6227 96 hr

Frogs 108 96 hr 5 ppb

Bluegills 322 24 hr 5 ppb

Goldfish 990 16 hr 5 ppb

Scub 5200 65 days 5 ppb

ANIMAL LOG BCF DURATION

Fish 4.06 (flowing water)

Fish 3.92 (static ecosystem)

Green Algae 4.01 24 hr

Fathead Minnows 4.58 32 days

Sheepshead Minnows 3.8-4.3 28-189 days

Large Mouth Bass 3.52 106-127 days

Clams 2.60 106-127 days

Eastern Oysters 3.86 10 days

spot Fish 3.66 24 hr

Red Horse & White 3.74
Suckers

HUMAN TOXICITY

Organochloride pesticides cause liver and kidney damage.
Microsomal enzyme induction has been observed and increased
alkaline phosphatase and aldolase activity have also been reported.
Protein synthesis, detoxification, excretion, and liver functions
are all affected.

As a group 82 chemical, DOE is considered a probable human
carcinogen.



NON-HUMAN TOXICITY

TYPE ANIMAL ADMINISTRATION DOSAGE

LeSO Bobwhite Quail oral 82S ppm (S-day diet)

LeSO Japanese Quail oral 1355 ppm (S-day
diet)

LCSO Pheasant oral 829 ppm (S-day diet)

LeSO Mallard oral 3572 ppm (S-day
diet)

LeSO Rainbow Trout static bioassay 32 ug/l/96 hr

LeSO Atlantic Salmon static bioassay 96 ug/l/96 hr

LeSO Bluegill static bioassay 240 ug/l/96 hr

LeSO Japanese Quail oral 859 ppm (S-day diet)



DDT

ENVIRONMENTAL FATE

If released to the terrestrial compartment, it will adsorb very
strongly to soil and be subject to evaporation and photodegradation at
the surface soils. It will not leach appreciably to groundwater or
hydrolyze, but may be subject to biodegradation in flooded soils or
under anaerobic conditions.

If released to water it will adsorb very strongly to sediments and
be subject to evaporation and photo-oxidation near the surface. It will
not hydrolyze and will not significantly biodegrade in most waters.
Biodegradation may be significant in sediments.

If released to the air it will be subject to direct photodegradation
and Reaction with photochemically produced hydroxyl radicals. Wet and
dry deposition Will be major removal mechanisms from the atmospheric
compartment.

General population exposure will occur mainly through ingestion of
contaminated food, especially contaminated fish and human milk.

BIOCONCENTRATION

Fish BCF 600 to 84,500

Snails BCF 3,660 to 34,500

Mussels BCF 4,550 to 690,000

Oysters BCF 700 to 70,000

Fathead Minnows BCF 51,000 to 100,000

Coontails BCF 1950 after 30 days

Cladophora SP BCF 21,580 after 30 days

Duckweed BCF 1,210 after 30 days

Water Milfoil BCF 1,870 after 30 days

Curly Leaf Pondweed BCF 14,280 after 30 days

Narrow Leaf Pondweed BCF 781 after 30 days

Sapp Pondweed BCF 6,360 after 30 days

Soft Stem Bulrush BCF 495 after 30 days

Bur Reed BCF 623 after 30 days



Bladderwort BCF 2,200 after 30 days

Crayfish BCF 5,060 after 30 days

Bloodworm BCF 4,750 after 30 days

Red Leach BCF 7,520 after 30 days

Soil Mobility/Adsorption

lin - 0.7
k - 1.1 X 105

lin .... 0.7
k - 1 X 107

Koc - 146,000

For Freundlich Isotherm Plots
(Suspended Sodium Humate)

For Freundlich Isotherm Plots
for the soil

B6



Human Exposures

Mainly through ingestion of contaminated food. Average daily intake
0.0084 mgfkg (in 1978). Exposure is greater for manufacturers of DDT
and sprayers of DDT.

Human Toxicity

Dermal exposure has been associated with no illness and usually no
irritation. Even subcutaneous injection of colloidal suspensions of DDT
in saline up to 30 ppm caused no irritation. Evidence that significant
poisoning or disturbance of the eyes or vision is unlikely from
prolonged occupational exposure has been found.

A single dose of 10 mg/kg produces illness in some, but not all
subj ects even though no vomi ting occurs. Convuls ions have occurred when
dosage level was 16 mg/kg or greater. Death is usually due to
respiratory failure from medullary paralysis. Peripheral neuropathy has
been rarely ascribed to DDT, usually to a chronic occupational exposure.

One syndrome consists of numbness and paresthesia, hypotonia and
asymmetric weakness or paralysis, with slow spontaneous recovery when
exposure is terminated.

An increase in lung cancer mortality was observed in agricultural
workers who had used DDT and a variety of other pesticides and
herbicides.

The weight of evidence for DDT carcinogenici ty is B2 based on
inadequate evidence in humans and adequate evidence in animals.

NON-HUMAN TOXICITY

Death is usually a result of respiratory arrest. Animals that die
of respiratory failure caused by DDT do so after relatively long periods
of muscular activity that leave them exhausted.

It was shown that hearts of dogs given large IV doses of DDT were
sensitized to epinephrine. Stimulated this way, sensitized hearts of
dogs develop irreversible, fatal ventricular fibrillation. Hearts of
monkeys were able to recover from fibrillation and resume normal rhythm.
There is no evidence that repeated tolerated doses sensitize the heart.

Histologic changes in the livers of male rats fed diets containing
5-15 ppm or more for 6 months included hypertrophy, inclusion bodies,
and cytoplasmic granulation of characteristic type in which granules
orient themselves around periphery of cell. These changes were
reversible with cessation of exposure. In studies with rats fed DDT,
an increased incidence of hepatomas, malignant lymphomas, lung
carcinomas, and liver cell tumors and leukemias. Direct estrogenic
effects have been observed in female rats given single doses of 50
mg/kg.

0.1 to 0.3% of DDT in diet of domestic fowl can greatly reduce sperm
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production. In Japanese quail, eggs did not hatch at 500 ppm diets and
at diets of 700 ppm, no eggs were laid. There is a note of visual
perceptual deficit in the American bobwhite from sublethal amounts of
DDT.

- A single dosage of DDT administered to a white leghorn chicken embryo
prior to incubation does not affect early stages of gonadal development,
but effects on ovaries and testes are present 12 days following
exposure.

Widespread bird kills have resulted from bioconcentrations of DDT
through food chains, i.e. fish or earthworms. A major environmental
problem has resulted from the specific effects of DDE (a DDT metabolite)
on eggshell formation in raptorial birds where accumulation has caused
decreases in shell thickness of 10-15% resulting in widespread breakage.

DDT is highly toxic to fish.

DDT is phototoxic to cucurbits, beans, young tomatoes, and some
varieties of barley.

TYPE ANIMAL ADMINISTRATION DOSAGE

LD50 Rat Oral 113-118 mg/kg

LD50 Rat (female) Percutaneous 2510 mg/kg

LD50 Mouse Oral 150-300 mgjkg

LD50 Rabbit Oral 300 mgjkg

LOSO Dog Oral 500-750 mgjkg

LD50 Sheep Oral >1000 mgjkg

LDSO Goat Oral >1000 mgjkg

LCSO Bobwhite Quail Oral 611 ppm

LCSO Japanese Quail Oral 416 ppm

LCSO Japanese Quail Oral 568 ppm

LeSO Pheasant Oral 311 ppm

LeSO Mallard Duck Oral 1869 ppm

LeSO Sowbugs 4.0 ug/l/96 hr

LeSO Scuds 1.0 ug/1/96 hr

LeSO Glass Shrimp 2.3 ug/l/96 hr

LeSO Stoneflies 7.0', 1.2 ug/l/96 hr

Le50 Midges 1.5 ug/l/96 hr



TYPE ANIMAL ADMINISTRATION DOSAGE

LCSO Phantom Midges 7.4 ug/l/96 hr

LeSO Coho Salmon 4.0 ug/l/96 hr

LCSO Rainbow Trout 8.7 ug/1/96 hr

LCSO Northern Pike 2.7 ug/l/96 hr

LCSO Fathead Minnow 12.2 ug/1/96 hr

LCSO Black Bullhead 4.8 ug/1/96 hr

LeSO Channel Catfish 21.5 ug/l/96 hr

LeSO Bluegill 8.6 ugll/96 hr

LCSO Largemouth Bass 1.5 ug/l/96 hr

LCSO Yellow Perch 9.0 ug/l/96 hr

LCSO Walleye 2.9 ug/1/96 hr

LCSO Crayfish 0.18 ug/1/96 hr

LOSO Pheasant Oral 1334 mg/kg

LOSO Sandhill Crane Oral >1200 mg/kg

LOSO Bullfrog (female) Oral >2000 mg/kg

LOSO Mallard Oral >2240 mg/kg

LOSO Japanese Quail Oral 607-11,170 mgjkg

LOSO Rock Dove Oral >4000 ppm

LOSO California Quail Oral 595 mgjkg

LeSO Stonefl1es 1.9 ug/l/96 hr

LeSO Sowbug 4.7 ug/l/48 hr

LeSO Scud 3.6 ug/l/48 hr

LeSO Damsel Fly 22.5 ug/l/48 hr

Le50 Stoneflies 72 ug/l/30 days

Le50 Stoneflies 265 ug/l/30 days

Le50 Golden Shiner 29.9 ug/l/36 hr

Le50 Green Sunfish 23.5 ug/l/36 hr

LeSO Bluegill 28.7 ug/I/36 hr

LeSO Toad 560,000 ug/1/36 hr

Le50 Channel Catfish >2000 ug/1/96 hr

LeSO Toad 1000 ug/l/96 hr



TYPE ANIMAL ADMINISTRATION DOSAGE

LCSO Frog 400 ug/l/96 hr

LCSO Spot 1.8 ug/l/96 hr

LC50 Striped Mullet 0.4 ug/l/2 days



DIELDRIN

Environmental Fate/Exposure

An insecticide for corn and termite control. Extremely persistent but it
is known to slowly photorearrange to photodieldrin (water half-life - four
month). Dieldrin released to soil will persist for long periods (>7 yr), will
reach the air either through slow evaporation or adsorption on dust particles,
will not leach into groundwater, and will reach surface water with surface
run-off.

Once dieldrin reaches surface waters it will
bioconcentrate in fish and slowly photodegrade.
are unimportant processes. Fate of dieldrin in
monitoring data has demonstrated that it can be

absorb strongly to sediments,
biodegradation and hydrolysis

the atmosphere is unknown but
carried long distances.

Data demonstrates that dieldrin configures to be a contaminant in the air,
water, sediment, soil, fish, and other aquatic organisms, wild life, foods,
and humans. Sorption isotherms of dieldrin on several salinities. Organic
matter content major factor determining sorption coefficient.

Evaporation from water may be an important process, but conflicting data
are available (half-life of one hour to months). In a modeling study of a
reservoir it was concluded that 40% of the in flow was lost to the bottom via
sedimentation, 50% released through the outflow because of the short detention
time, and 10% will go to fish because of the high biomass concentration. At
low flow conditions the sediment will become a net source of dieldrin.

Moderate to significant bioconcentration (100 to 10.000) in various aquatic
species. BCF of 3-6000 in fish. Dieldrin is immobile in soil (leachability).

Water Concentrations

Drinking Vater - 0-0.3 ppt (Hawaii) to 0.19 ppb in 50% cistern waters in
the Virgin Islands.

Ground water - highest volume - 0.9 ppb (NJ). Generally below detection
limits.

Surface water - U.S. rivers and lakes - 0 to 0.1 ppb.

Rain water - 0 to 42 ppt.

Sediment Soil Concentrations

Sediment - 0-900 ppb Illinois lakes - Great lakes respectively

Soils - .04 ppb agricultural and urban



Atmospheric Concentrations

Airborne dust 0-8.1 ppb. Generally < .006 ppt.

Plant Concentrations

USA 1972 variety crops means of <0.01-0.21 ppm.

Body Burdens

It has been shown that human milk contains dieldrin residues and that some
infants may be exposed to high concentrations of dieldrin from this source
alone.

Human Toxicity Excerpts

After repeated exposures to dieldrin spraymen developed a syndrome
indistinguishable from idiopathic epilepsy, except that it ceased when
exposure terminated.

Significantly higher C-reactive protein levels were noticed in the sera of
workers chemically exposed to dieldrin and pentachlorophenol then in controls.
Five male farm workers exposed to a mixture of herbicides and pesticides
including dieldrin, four were found to have suffered from impotence; recovery
after exposure stopped.

25 ug/ml was toxic to human kidney cell line B in vitro. At I, 10, and 30
ug/ml dieldrin caused chromosomal interchanges and rings in human lung cell
cutters (WI-38 cells). Cytotoxic studies using WT-38 cells revealed dose
response and time-response relations to dieldrin.

Symptomalogs are given. Dieldrin may damage membranes immune to system.
The lethal dose of dieldrin in man was estimated as 65 mgfkg body weight (bw).
Dieldrin was less toxic by ingestion as by skin absorption. Dermal rather
than respiratory exposure was the major source of occupational poisoning in
man.

Toxic Hazard Rating

There is sufficient evidence that dieldrin is carcinogenic in experimental
animals. The molecular potency index for dieldrin is 7.8 X 103 per
mmolfkg/day. This places dieldrin in the most potent quadrille of suspect
carcinogens ranked by CAG.



ortho-. or pyroborate salt dissolves in a buffered solution, one borate cannot be distinguished
on chemical or toxicological grounds, from anyone of the others.

Chronic poisoning from both inges t ions and absorption can cause anorexia, we ight loss, vomi ting,
mild diarrhea, skin rash, alopecia, convulsions, anemia, dry skin, red tongue, cracked lips,
conjunctivitis, and sometimes periorbital edema and irritability.

Because lightest concentration are reached during excretion - the kidneys are more seriously
damaged than any other organs. LD 37 mg boron/kg as boric acid (ingestion); 210 mg boronfkg as
boric acid (dermal: infant). May produce irritation to skin, eyes, respiratory tract and mucus
membranes.

Non-Human Toxicity Excerpts

Many instances, signs of boric acid poisoning are nausea, vomiting, diarrhea, shock, collapse,
muscular and nervous disturbances leading to convulsions and general paralysis. Autopsies reveal
inflammation of alimentary tract and toxic degenerative changes in the liver, growth retardation,
hyperthermia.

Rats and dogs tolerate 2000 ppm for two years. Greater concentration caused growth depression
and reproductive system damage to rats and dogs and mice. 26 cows died after accidental exposure
to boron fertilizer (digestion). Mutagenic tests reveal nothing.

Non-Human Toxicity Values

LD Guinea pig 175 mg boron/kg as boric acid

LD50 Rat 900 mg Bfkg

LD50 Mouse 466 mg Bfkg

1£50 Trout 100 ppm softwater

1£50 Trout 79 ppm hardwater

1£50 Catfish 155 ppm softwater

1£50 Catfish 22 ppm hardwater

1£50 Goldfish 46 ppm softwater

1£50 Goldfish 75 ppm hardwater

1£50 Daphnia magna 133 (115-153) mg/l/48 hr static bioassay



CHLORDANE

ENVIRONMENTAL FATE/EXPOSURE

If released to soil, chlordane may persist for long periods of time.
Under field conditions, the mean degradation rate has been observed to range
from 4.05 - 28.33 % per year with a mean half life of 3.3 years.

Chlordane is expected to be generally immobile or only slightly mobile in
soil. However, its detection in various groundwaters indicate that leaching
can occur.

Chlordane can volatize significantly from soil surfaces on which it has
been sprayed, particularly moist soil surfaces. Shallow incorporation will
greatly restrict volatile losses.

1970 data on soil and crop residues were collected from 1506 cropland
sites in the United States: Chlordane was detected 165 times in a range of
0.01 to 13.34 mg/kg.

It has been suggested that chlordane is very slowly biotransformed in the
environment.

If released to water, chlordane is not expected to undergo significant
hydrolysis, oxidation, or direct photolysis. Adsorption to sediment is
expected to be a major fate process based upon soil adsorption data.
Bioconcentration is expected to be important and sensitized photolysis in the
water column may be possible.

If released to the atmosphere, chlordane will react in the vapor phase
with photochemically produced hydroxyl radicals at an estimated half life
rate of 6.2 hr, suggesting that this reaction is the dominant removal
process. Long range transport of chlordane in the atmosphere occurs.

physical removal via wet and dry deposition occurs in the environment.

HUMAN EXPOSURE

Major general population exposure to chlordane can occur through oral
consumption of contaminated food and inhalation of contaminated air.
Occupational exposure by dermal and inhalation routes related to the use of
chlordane as an insecticide may be significant.

Daily respiratory intake for average adult is approximately 0.6 ug for
chlordane prior to 1975.

Average chlordane intake from fish was 1 ug/day prior to 1976.

A median chlordane concentration of 2 ppb was found in 1436 samples of USA
human milk (74% positive detections) in 1975.



Chlordane exhibits 75-100% disappearance from soils in 3-5 years.

Chlordane isomers stable in water for 60 days.

HUMAN TOXICITY

Purified chlordane at a concentration of 100 ug/l was reported to induce
cytotoxic effects in human HeLa cell structures by inhibiting growth and
altering cell morphology.

Effects of over-exposure may include: shaking, blurred VlSlon,
irritability, confusion, delirium, staggering, cough, vomiting, ataxia, and
diarrhea. May cause blood dyscrasia, aplastic anemia, acute leukemia, and
neuroblastoma.

Chlordane is irritating to the skin and mucous membranes.

BIOCONCENTRATION

ANIMAL BCF Duration Exposure

Pinfish 6227 96 hr

Frogs 108 96 hr 5 ppm

Bluegills 322 24 hr 5 ppm

Goldfish 990 16 hr 5 ppm

Scub 5200 65 days

Fish Log-1 4.06

Fish Log- 1 3.92

Green Algae Log-1 4.01 24 hr

Fathead Minnows Log-1 4.58 32 days

Sheepshead Minnows Log-1 3.8 - 4.3 28-189 days

Large Mouth Bass Log-1 3.52 106-127 days

Clams Loq-l 2.60 106-127 days

Eastern Oysters Log-1 3.86 10 days

spot Fish Log-1 3.66 24 hr

Redhorse and White Log- 1 3.74
Suckers



HUMAN TOXICITY

Purified chlordane at a concentration of 100 ug/l was reported to induce
cytotoxic effects in human HeLa cell structures by inhibiting growth and
altering cell morphology. Effects of over-exposure may include: shaking,
blurred vision, irritability, confusion, delirium, staggering, cough,
vomiting, ataxia, and diarrhea. May cause blood dyscrasia, aplastic anemia,
acute leukemia, and neuroblastoma. Chlordane is irritating to the skin and
mucous membranes.

NON-HUMAN TOXICITY

In exposed rats, there was an increased incidence of foIl icular-cell
thyroid neoplasms and an excess of malignant fibrous histiocytomas. A dose
related increase in hepatocellular carcinomas was found. Chlordane fed to
rats at 2.5 ppm caused sl ight 1 i ver damage. Marked damage to 1 i ver and
kidney was present at 150 and 300 ppm. Lung showed marked damage at 300 ppm.

Fatal poisonings in rabbits, sheep, goats and cattle have been caused.

Chlordane produces a certain degree of vascular damage. Subcutaneous
petechiae and ecchymoses in intestines and myocardium have been described.
Chronic poisoning in animals produces inanition,and degenerative lesions in
renal tubules.

Chlordane had high residual toxicity in the powder post beetle and contact
toxicity in the cockroach.

Chlordane affects the growth of the eastern oyster at 10 ug/l/24 hr.

streptococci display~d total inhibition at 3.0 ppm.

Scenedesmus quadricauda exposed to 0.1 to 100 ug/l chlordane exhibited
stimulation of growth.

Chalymydomonas sp exposed to 0.1 to 50 ug/l exhibited stimulation of
growth; at 100 ug/l exhibited inhibition of cell division.

Tubificid worm exposed to 500 ug/l/72 hr exhibited 100 % mortality.

Results of testing on mice suggest that prenatal exposure to non
teratogenic doses of chlordane: (1) HAD A SIGNIFICANT IMPACT ON ENDOCRINE FUNCTION
(CORTIcosterone control); (2) affected males more than females; and (3)
produced changes (increased plasmacorticosterone levels) which were
detectable at adulthood and persisted into middle age. Total leUkocytes were
significantly increased in chlordane treated groups. Hemoral immunity was
not significantly altered. In vitro evaluation of cell mediated activity
indicated a significant and dose related increase. The response to allogenic
cells were also enhanced.



TYPE ANIMAL ADMINISTRATION DOSAGE

Min. toxic dose Calf Oral 690 mg/kg

LD50 Rat Percutaneous 25 mg/kg

LD50 Bobwhite Quail Oral 331 ppm 5-day diet

LD50 Japanese Quail Oral 350 ppm 5-day diet

LD50 Ring-Necked Oral 430 ppm 5-day diet
Pheasant

LD50 Mallard Oral 858 ppm 5-day diet

1£50 Simocephalus 20 ug/l/48 hr

1£50 Daphnia Pulex 24 ug/l/48 hr

1£50 Gammarus Fasciatus 40 ug/l/96 hr

1£50 Pteronarcys 15 ug/l/96 hr

LC50 Coho Salmon 14 ug/l/96 hr

LC50 Cutthroat Trout 27 ug/l/96 hr

1£50 Rainbow Trout 42 ug/l/96 hr

1£50 Brown Trout 11.1 ug/l/96 hr

1£50 Fathead Minnow 115 ug/l/96 hr

1£50 Planarian 1-5 ppm/10 days

1£50 Channel Catfish 500 ug/l/96 hr

1£50 Carp 1160 ug/l/48 hr

1£50 White Mullet 5.5 ug/l/48 hr

1£50 Freshwater Shrimp 13.6 ug/l/24 hr
2.5 ug/l/24 hr

1£50 Chironomus Plumosus 10 ug/l/24 hr

1£50 Decapod 4.0 ug/l/96 hr

1£50 Gammarus Lacustrus 26 ug/l/96 hr

1£50 Tubificid Worm 10,000 ug/l/24 hr

1£50 Lebistes 0.341 mg/l/96 hr
Reticulatus



CHLOROFORM

ENVIRONMENTAL FATE/EXPOSURE

Industrial usage primarily releases constituents into the atmosphere. Any
release into water ultimately enters the atmosphere through evaporation.
Release to the atmosphere may be transported long distances and will
photodegrade with a half life of a few months. Spills and other releases on
land will also leach into the groundwater where it will reside for long
periods of time.

Chloroform will not be expected to bioconcentrate in the food chain, but
contamination of food is likely due to its use as an extractant and its
p~esence in drinking water and ambient air (particularly near industrial
sources.

Four laboratory studies of the evaporation from water gave half lives of
3 5.6 hours with moderate mixing conditions. A model ing study of
chloroform predicts a volatilization half life of 36 hours in a river, 40
hours in a pond, and 9 - 10 days in a lake. A volatile compound such as
chloroform would be expected to volatilize rapidly from near surface soils at
spill sites.

Chloroform released to the atmosphere will degrade by reaction with
hydroxyl radicals with a half-life of 80 days. It will be transported long
distances and will partially return to earth in precipitation.

HUMAN EXPOSURE

Exposure may be through inhalation, ingestion, or cutaneous contact.

Humans are exposed to chloroform primarily from chlorinated drinking water
supplies although exposure from air which is typically one tenth of that from
water would be comparable in source dominated areas.

Although data is scarce, maximum exposure to chloroform due to ingestion
of food has been estimated at 0.04 mg/day.

HUMAN TOXICITY

Acute responses from exposure at various concentrations have been reported
to be fainting sensation, vomiting, dizziness, salivation, increased
intracranial pressure, nausea, fatigue, and headache.

Some associated responses are inebriation and excitation passing into
vomitinq and gastrointestinal upsets, respiratory depression, coma, renal
damage, and liver damage as measured by elevated serum enzyme levels.

Liquid chloroform in the eyes causes immediate burning pain, tearing and
reddening of conjunctiva. The corneal epithelium is usually injured and may
be partially lost. However regeneration is prompt and as a rule the eye



returns to normal in 1 to 3 days.

Chloroform exposure has repeatedly been fatal to man. Rapid death was
attributed to cardiac arrest and delayed death to liver and kidney damage.
Symptoms of chloroform exposure include respiratory depression, coma,renal
damage and liver damage. .

Toxic blood levels from 70 to 250 mg/l. Lethal blood level 390 mg/l.

An increased level of cardiac arrhythmias has been demonstrated during
surgery in patients anesthetized with chloroform compared to other anesthetic
agents at vapor concentrations of 22.5 ppm.

Chloroform is on the carcinogen assessment group's list of carcinogens.
The list contains chemical substances for which strong evidence exists
showing exposure (under certain circumstances causes cancer. Substances are
placed on the list only if they've been shown to induce malignant or benign
tumors.

Fatal doses of liquid anesthetic agents by ingestion or inhalation are
approx 10 mI. Concentrations of chloroform up to about 400 ppm can be
endured for 30 min without complaint.

BIOCONCENTRATION

Little or no tendency to bioconcentrate: log bioconcentration factor <1
for 4 species of freshwater fish.

After a 14
bioconcentrated

day exposure to radiolabeled chloroform,
chloroform by a factor of 6 times.

the bluegill

NON-HUMAN TOXICITY

Mice and rabbits exposed to large doses of chloroform died. After a 24
hour dermal application on shaven skin, rabbits developed slight hyperemia
with moderate necrosis and scar tissue formed.

Two studies in rats exposed repeatedly to chloroform at 25 - 30 ppm for
7 hours/day, 5 days/week for 6 months showed that this exposure does not
produce organ injury. Liver and kidney injury start to appear at ~O ppm.
Severity of injury is concentration dependant. Data also indicates that rats
are more sensitive to chloroform than other species tested (mice, rabbit,
guinea pigs, and dogs).

40 and 160 ppm of chloroform for 1 - 5 minutes caused no mortality in
goldfish after 4 days; while at 300 ppm a 30% mortality was observed. 40 ppm
caused no mortalities in guppies, while at 160 and 300 ppm the fish acquired
darker pigmentation, retarded reproduction rate and growth rate and caused an
equilibrium loss.
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TYPE ANIMAL ADMINISTRATION DOSAGE

L050 Rat Intragastric 2000 mg/kg

L050 White Rat Oral 2180 mg/kg

LOSO Rabbit Oral 9827 mg/kg

LOSO Dog Oral 2250

LOSO Male Rat Oral 908 mg/kg

L050 Female Rat Oral 1117 mg/kg

LeSO Rainbow Trout Flow Through 2035 ug/l

LeSO Pink Shrimp 81,500 ug/l/96 hr

LeSO Rainbow Trout static Test 43,800 ug/l/96 hr

LeSO Bluegill static Test 100,000 ug/l/ 96 hr

LeSO Largemouth Bass 51 ppm/96 hr

LeSO Channel Catfish 75 ppm/96 hr

LeSO Daphnia Magna static Bioassay 28,900 ug/l/48 hr

LeSO Limanda Sp (dab) 28 mg/l/96 hr
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CHROMIC ACID, CHROMIUM (3+) SALT

Environmental Fate/Exposure

Cores were taken of sewage - sludge treated soil to a 30 cm depth. Movement
from the soil surface to depth of 10 cm was observed for all of the seven metals:
cadmium, chromium, copper, molybdenum, nickel, lead and zinc.

Most of the metal (60-100%, mean 87%) remain in the upper sum of soil. Most
chromium is surface waters may be present in particulate form as sediment. Some
of the particulate chromium would remain as suspended matter and ultimately be
deposited in sediments. Most soluble chromium in surface waters may be present
as Cr (vi), a small amount may be present as chromium (III) organic complexes.

Hexavalent chromium is the major stable form of chromium in seawater, however
chromium (VI) may be reduced to chromium (iii) by organic matter present in
water , and may eventually depos i t in sediments. Uptake is greater from
ultrabasic soils by a factor of 5-40 than on calcarious or silica-based soils.

Chromium (III) and chromium (0) are relatively unreactive in the atmosphere.
Chromium (III) in air may react with particulate matter gaseous pollutants to
form chromium (III) (not well studied). Chromium is removed from air through wet
and dry depositions.

Total yearly deposition of chromium in urban areas approximately 0.12 ug/m2
to 3 ug/rn3' Chromium in wet deposition to urban: 0.0004 to 0.06 ug/ml rural:
.0006 to 0.034 ug/l. Chromium is not expec ted to exist in gaseous form.
Chromium is most highly concentrated in the smallest particles collected from
ambient air.

BCF
BCF
BCF

Snails
Leptopsermum scoparum, a shrub
Seaweed

Average Daily Intake

From air, water, and food estimated to be 3.0, 4.0, and 280 ugjkg
respectively. The threshold limit values for chromium and its salts ranges from
0.05 to 0.5 mg/m3' Recommended daily intake is 50-200 ug.

Human Toxicity Excerpts

Principal manifestation of chromium poisoning is irritation or corrosion.
Acute poisoning (from ingestion): dizziness, intense thirst, abdominal pain,
vomiting, shock, and oliguria or anuria. Death is from uremia.

LeveIs from 10 to 24 ug/m3' even for brief periods, caused shock and
irritation of the upper respiratory tract. Symptoms of exposure: histologic
fibrosis of lungs is from chromium metal and insoluble salts. Chromium and
compounds effect the respiratory systems and may cause sensitive dermatitis.
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Non-Human Toxicity Excerpts

Animal

Rats

Mice

Mice

Rabbits

Mice

Mice

Monkeys

Monkeys

Rats

Hamsters

Deer

Rats

Dose/Exposure

29 & 65 ppm dietary
time weighted average dose

1.5, 3.0, and 6.0 mg/kg/day
on day 7-16 of gestation

various dietary concentration

various dietary concentration

first and second generations
and their off-spring often
feeding 3 and 10 ppm

3-18 week dietary
administration to mice at 18
week

single oral dose - 20 mg/kg

single oral dose - 20 mg/kg

repetitive exposures

fed 0, 20, 60, or 80 mgjkg
for up to 120 week

5 or 25 ppm indict for 3
years

50 or 100 ppm for 8 weeks

Effect

adrenal cortical adenoma or
carcinoma in low dose females

high dose produced increased X
of supernumary ribs & decreased
number of caudal ossification
centers.

dose related hepatomegaly
increase in cytochrome p-450
and microsomal protein and
decrease in pentabarbital
sleeping time.

reported decrease in liver
glycogen and increase in liver
cholesterol.

Changes in kidneys, lungs,
livers, and brains.

increase spontaneous cell
spreading of polyomorphonuclear
neutrophils (PHNS) , decrease in
serum fibronectin, increase
susceptibility to tumor cells.

increase accumulation of lipids
after 24 hours

increase the intake of glucose
and the activities of brush
border sucrase, lactates,
maltase and alkaline
phosphatase in intestine
compared to controls.

increase in security of
convulsive response (kindling)

retardation of growth, dose
related increase in the
incidence of hepatic cell
hypertrophy.

slower growth (females),
increase liver-to-body weight,
smaller pituitary glands and
larger thyroids.

morphologic changes and an
increase in SER and atypical
mitochondria.
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Rats/Dogs 8 mgjkg/2 mg/kg marked proliferation of smooth
endoplasmic reticulum of liver.

Rats in the diet - between .08 and Non-specific neural lesions,
40 ppm cranial oedema, convulsions,

and dieldrin residual in the
brain.

Rats in the diet - 2.5-10.0 ppm Parental mortality and reduced
fecundity (10 ppm).
Proliferation of
reticuloendothelial

Pigeons 1, 2, 4 mgjkg/day produced hyperplastic goiters
in thyroids of pigeons.
Enlarged thyroids, small
follicles with decreased amount
of colloid, epithelial
hyperplasia, and vascular
congestion.

Mice 0.01 ppm, 0.1 ppm, and 10 ppm increase in liver tumors and
from 9 months and onward pulmonary edemas, and pulmonary

carcinogenomas lung tumors.

Mice 1, 30, or 50 mg/kg in vitro chromosome change in bone
marrow.

Human 1, 30, or 50 mg/kg in vitro chromosome change in human
embryonic cells.

Mice daily injections of dieldrin inhibited growth of Ehrlich
at 1.5 mgjkg for 5 days ascites tumor cells in vivo.

Rabbits 60 to 110 mgjkg for 12 weeks caused convulsions and apparent
"blindness" .

Non-Human Toxicity Values

L050 Rat oral 38.3 mg!kg

L050 Sheep oral 50-75 mg/kg

LDSO Rat (male) dermal 213.8 mg/ltg

LOSO Rat (female) dermal 119.9 mg/kg

LD50 Rat dermal 213.4 mg/kg

LD50 Rabbit dermal 150 mg!kg

LD50 Domestic Goat oral 100-200 lIg/kg
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Ecotoxicity Values

LCSO Tubifex and Limnodrilus 6700 ug/l/96 hr
(mixed cultures)

LCSO Cypretta Kawati 185 ug/l/24 hr:
(ostracod) 12.3 ug/l/72 hr

LCSO Chrinomous tentans 0.9 ug/l/24 hr

LCSO Beudacris trisevata 100 ug/l/96 hr

LD50 Mallard oral 381 mg/kg

LD50 Pheasant oral 79.0 mgjkg

LD50 Partridge oral 23.4 mgjkg

LDSO House Sparrow oral 47.6 mg/kg

LDSO Canadian Goose oral 50-150 mgjkg

LD50 Fulvous tree duck oral 100-200 mg/kg (females)

LOSO Gray partridge oral 8.84 mgjkg

LDSO Mule deer oral 75-150 mg/kg

LC50 Cutthroat trout 6.0 ug/l/96 hr

LC50 Rainbow trout 1.2 ug/l/96 hr

LC50 Goldfish 1.8 ug/l/96 hr

LC50 Fathead minnow 3.8 ug/l/96 hr

LC50 Channel catfish 4.5 ug/l/96 hr

LC50 Bluegill 3.1 ug/l/96 hr
85% technical grade

LC50 Largemouth bass 3.5 ug/l/96 hr

Le50 Cutthroat trout 12 ug/1/96 hr
Hard Water

Le50 Bluegill 11 ug/1/96 hr
98% Photodie1drin

Le50 Channel catfish 19 ug/1/96 hr
Hard Water

Le50 Ase11us 5.0 ug/1/96 hr

Le50 Gammerus Fasciatus 640 ug/1

Le50 Orconectes 740 ug/1

Le50 Pteronarcys 0.5 ug/1/96 hr

Le50 Pteronarce11a 0.5 ug/1/96 hr

Le50 C1assellia 0.6 ug/1/96 hr

Le50 Ischnura 12 ug/1/96 hr
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LCsO Japanese quail 60 ppm

LCsO Aedes aegypti 6 ppb/24 hr
(mosquito)

LDsO Housefly 9.8 ug/fly

LCsO Toad, tadpoles 150 ug/1/96 hr
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IARe Summary and Evaluation

Dieldrin is not classified as to its carcinogenicity to humans.
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Nephritis may

DIETHYL ETHER

ENVIRONMENTAL FATE/EXPOSURE

Released into the environment as a result of its use as an industrial
solvent and extractant, its use as a primer for gasoline, and its use in the
production of smokeless gunpowder.

If released into soil, it will be sUbject to volatilization. It exhibits
high mobility and may leach into groundwater.

If released to water it will not be expected to significantly adsorb to
sediment or suspended particulate matter.

Diethyl ether in surface water will be sUbject to volatilization, with
estimated half-lives of 3.1 hrs and 1.5 days from a river and a pond
respectively.

If released into the atmosphere, it will be expected to exist almost
entirely in the vapor phase. It will be susceptible to photooxidation via
vapor phase reaction with photochemically produced hydroxyl radicals with an
estimated half life of 29 hrs.

HUMAN EXPOSURE

Most probable routes of general population exposure to diethyl ether are
via inhalation of contaminated air and ingestion of contaminated drinking
water. Exposure through dermal contact may occur in occupational settings.
Exposure is expected to be highest in the workplace where diethyl ether is
made and used.

HUMAN TOXICITY

Repeated exposure in excess of 400 ppm may cause nasal irritation, loss of
appetite, headache, dizziness, excitation, followed by sleepiness. Mental
disorders and kidney damage have also been reported.

Repeated contact with skin may cause skin to become dry and cracked.

Cases of human death due to acute inhalation are rare.

Albumin may appear in urine and polycythemia in blood.
develop in rare cases.

Coughing and laryngospasm as a resul t of respiratory irritation and
perhaps sympathetic stimulating properties. Salivary and bronchial
secretions are stimulated. Exposure may result in upper respiratory
obstruction. Ventilation is stimulated and there is a direct effect on the
smooth muscles of the bronchial tree.

The heart rate is generally increased. Arterial pressure is reduced at
deep levels. The patients exhibit vasodilation at all levels of anesthesia.
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Exposure can cause serious cardiac arrhythmias. This is rarely observed in
well conducted anesthesia, however a variety of supraventricular arrhythmias
are common.

Depressant action: diethyl ether produces a relaxation of skeletal
muscles, and has also been shown to reduce th~ sensitivity of the
post junctional membrane to acetylcholine.

Significant reduction in glomerular filtration rate. Renal plasma flow,
and water and electrolyte excretion have been observed.

Hyperglycemia is
reported in infants.
observed.

frequently observed. Metabolic acidosis has been
Increased levels of adrenal corticoids have been

Workers using ether as an extractant complained of nausea, vomiting, and
excessive perspiration. In explosive industry, many cases of loss of weight
and appetite, and constipation.

Diethyl ether is mildly irritating to the skin and mucous membranes.
Inhalation of high concentrations causes unconsciousness. Death may occur
due to respiratory paralysis.

One or two ounces may be fatal when swallowed. Symptoms are similar to
ethyl alcohol intoxication except that onset is more rapid and duration is
shorter. Because of volatility, stomach becomes distended.

Ethyl ether has predominantly narcotic properties leading to anesthesia.
It is also an eye and respiratory irritant. continued inhalation of 2000 ppm
in human subjects may produce dizziness. Higher concentrations produce
vomiting, pallor, and irregular respiration. Temporary aftereffects are
salivation, vomiting, respiratory tract irritation, headache, and either
depression or excitation.

Light etherization cause sufficient irritation of the airways to produce
over-ventilation of the lungs reflexively with a SUbsequent decrease in
carbon dioxide concentration of the blood. This alkalosis of hypocapnia
results in irregUlar respiration.

Clinical response of the patient has been divided arbitrarily into four
levels or stages using various reflexes as criteria for classification of
depth of anesthesia. The central nervous system may be depressed
progressively through each of the clinical levels of anesthesia until death
occurs.

In young children, the ingestion of film cement which contains ethylene
chlorohydrin and trichloroethane has produced coma, respiratory depression,
metabolic acidosis, pulmonary edema, hypotension and death, but no
hepatorenal dysfunction.

Ether is sometimes injected intravenously as a measure of circulation time
when evaluating a patients cardiac status. Quantities of 0.5 ml mixed with
an equal volume of saline are frequently employed, and a cough or gasp is
taken as the end point. In at least two cases the ether was accidentally



injected intra-arterially. Immediately after injection the patients
experienced burning pain in their arms and hands. Over the following 24
hours, the extremity remained painful and gradually developed massive edema,
cyanosis, and ischemia. Eventually gangrene necessitated amputation.

Ether is flammable or explosive at concentrations necessary for
anesthesia.

BIOCONCENTRATION

ANIMAL BCF Duration Exposure

Pinfish 6227 96 hr

Frogs 108 96 hr 5 ppm

Bluegills 322 24 hr 5 ppm

Goldfish 990 16 hr 5 ppm

Scub 5200 65 days

Fish Log- 1 4.06

Fish Log- 1 3.92

Green Algae Log- 1 4.01 24 hr

Fathead Minnows Log- 1 4.58 32 days

Sheepshead Minnows Log-1 3.8 - 4.3 28-189 days

Large Mouth Bass LOg- 1 3.52 106-127 days

Clams Log- 1 2.60 '106-127 days

Eastern Oysters Log-1 3.86 10 days

spot Fish Log-1 3.66 24 hr

Redhorse and White Log-1 3.74
Suckers

NON-HUMAN TOXICITY

In laboratory medicine ether is probably the most popular volatile
anesthetic used in rodents. It is a low cost anesthetic and does not require
costly or complex equipment for administration. Ether has not been
implicated as potentially hazardous agent to operating room personnel. With
proper premedication, ether is the safest of all general anesthetics. Ether
satisfactorily depresses the central nervous system without undesirable
effects upon the other systems in the body.
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TYPE ANIMAL ADMINISTRATION DOSAGE

Min. toxic dose Calf Oral 690 mg/kg

LD50 Rat Percutaneous 25 mg/kg

LD50 Bobwhite Quail Oral 331 ppm 5-day diet

LD50 Japanese Quail Oral 350 ppm 5-day diet

LD50 Ring-Necked Oral 430 ppm 5-day diet
Pheasant

LD50 Mallard Oral 858 ppm 5-day diet

1£50 Simocephalus 20 ug/l/48 hr

1£50 Daphnia Pulex 24 ug/l/48 hr

1£50 Gammarus Fasciatus 40 ug/l/96 hr

1£50 pteronarcys 15 ug/l/96 hr

1£50 Coho Salmon 14 ug/l/96 hr

1£50 Cutthroat Trout 27 ug/l/96 hr

1£50 Rainbow Trout 42 ug/l/96 hr

1£50 Brown Trout 11.1 ug/l/96 hr

1£50 Fathead Minnow 115 ug/l/96 hr

1£50 Planarian 1-5 ppm/10 days

1£50 Channel Catfish 500 ug/l/96 hr

1£50 Carp 1160 ug/l/48 hr

1£50 White Mullet 5.5 ug/l/48 hr

1£50 Freshwater Shrimp 13.6 ug/l/24 hr
2.5 ug/l/24 hr

1£50 Chironomus Plumosus 10 ug/l/24 hr

1£50 Decapod 4.0 ug/l/96 hr

1£50 Gammarus Lacustrus 26 ug/l/96 hr

1£50 Tubificid Worm 10,000 ug/l/24 hr

1£50 Lebistes 0.341 mg/l/96 hr
Reticulatus
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HEPTACHLOR

ENVIRONMENTAL FATE/EXPOSURE

Release of heptachlor to the soil surfaces will result in
volatilization from the surface, especially in moist soils, but
volatilization of h~achlor incorporated into the soil will be
slower. Hydrolysis s moist soils is expected to be significant.
In soil, heptachlor 's expected to adsorb strongly and therefor
resist leaching to groundwater. Biodegradation may also be
significant, especially under anaerobic conditions. Soil
concentrations range from not detected to 0.53 ppm.

Release of heptachlor to water will result in hydrolysis and
volatilization. adsorption to sediments may occur. Heptachlor has
rarely been found in surface waters and then only in small
quantities: 5-30 ppt for heptachlor and/or 5-40 ppt for heptachlor
epoxide. Heptachlor and heptachlor epoxide have been detected in
private drinking wells at concentrations of <0.02 ug/l.

Bioconcentration of heptachlor may also be significant.

Direct and photosensitized photolysis may occur but- are not
expected to occur at a rate comparable to that of hydrolysis. In
air, vapor phase heptachlor will react with photochemically
generated hydroxyl radicals with an estimated half -life of 36
minutes. Direct photolysis may also occur. Ambient air
concentrations maximum level of 19.2 ng/cu m (no heptachlor epoxide
detected). A typical mean concentration level of heptachlor is 6.3
ng/cu m.

HUMAN EXPOSURE

Ingestion, inhalation, skin absorption and skin and/or eye contact.
Infants are exposed from mothers and cows milk. Typical human
exposure 0.01 ug/person/day.

HUMAN TOXICITY

Heptachlor causes hyperactivity of the central nervous system,
general hyperactive reflexes, muscle twitching, tremor,
incoordination, ataxia, and clonic convulsions with or without
coma. Liver damage is possible as well as anorexia and
gastroenteritis.

NON-HUMAN TOXICITY

Rats experienced increased risk of cataracts, liver carcinomas,
tremors, and convulsions. Liver necrosis is the only pathological
lesion found in acutely poisoned animals. Chronic exposures
produce inanition in animals. heptachlor is a known inducer of
hepatic microsomal enzymes. In females, an excess of follicular
cell thyroid neoplasms was noted. Heptachlor caused tremors and
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convulsions when fed to animals in a single large dose.

Injection of a single low dose of heptachlor resulted in a 1 %
reduction in hatchability but no abnormal chicks. Some metabolites
of heptachlor are responsible for porphyrinogen carboxy-lyase
inhibition in chick embryos.

It was toxic to sea urchins and induced greatly abnormal
embryos.

photoheptachlor, a photoisomer of heptachlor, is about 20, 47
and 264 times more toxic than heptachlor in rats, bluegill, and
goldfish respectively.

Daily oral low doses of heptachlor to pigs, sheep and rats
induced hepatic necrosis and formation of smooth endoplasmic
reticulum.

Heptachlor is genotoxic to salmonella typhimurium and
saccharomyces cerevisae.
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TYPE ANIMAL DOSAGE

Toxic Calf (oral) 20 mg/kg
Dose

LD50 Rat (male - dermal) 195 mg/kg

1£50 Snails 1450 ug/l/96 hr

1£50 Chironomids >2500 ug/l/48 hr

1£50 Bobwhite Quail (oral) 92 ppm 5-day diet

1£50 Ring Necked Pheasant 224 ppm 5-day diet

EC50 Simocephalus 47 ug/l/48 hr

1£50 Gammarius Fasciatus 56 ug/l/96 hr

1£50 Glass Shrimp 68 ug/l/96 hr

1£50 Stoneflies 1.1 ug/l/96 hr

1£50 Stoneflies 2.8 UG/L/96 hr

1£50 Northern pike 6.2 ug/l/96 hr

1£50 Black Bullhead 63 ug/l/96 hr

1£50 Bluegill 13 ug/l/96 hr

1£50 Largemouth Bass 10 ug/l/96 hr

1£50 Japanese Quail 93 ppm 5-day diet

1£50 Mallard 48 ppm 5-day diet

EC50 Daphnids 42 ug/l/48 hr

LC50 Scuds 29 ug/l/96 hr

1£50 Crayfish 0.5 ug/l/96 hr

1£50 Stoneflies 0.9 ug/l/96 hr

LC50 Rainbow Trout 7.4 ug/l/96 hr

LC50 Fathead Minnow 23 ug/l/96 hr

LC50 Red Ear Sunfish 17 ug/l/96 hr

LC50 Channel Catfish 25 ug/l/96 hr

11.3



LeSO Goldfish 320 ug/l/96 hr

1£50 Fowler's Toad (Larvae) 440 ug/l/96 hr

LC50 Pink Shrimp 0.03 ug/l/96 hr

LC50 Striped Bass 3 ug/l/96 hr

LC50 Pinfish 3.77 ug/l/96 hr

LC50 Leiostomus Xanthurus 0.85 ug/l/96 hr

LC50 Sheepshead Minnow 10.5 ug/l/96 hr

EC50 Alga (Selenastrum Capricornatum) 26.7 ug/l/96 hr

EC50 Alga (Isochrysis Galbana) 157 ug/l/96 hr

EC50 Alga (Porphyridium Cruentum) 273 ug/l/96 hr

EC50 Alga (Dunaliella Tertiolecta) 2,260 ug/l/96 hr
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CYCLOTETRAHETHYLENETETRANITRAHINE (HKX)

Environmental Fate

Holston River and lAAP lagoon studies for photolysis and biotransformation
revealed that where good light transmission occurred photolysis was found to be
the dominant transformation process. Biotransformation of HMX occurred under
both aerobic and anaerobic conditions in HMX wasteline water but conditions were
not as favorable in the river as lagoons.

The metabolites resulting from both aerobic and anaerobic transformation were
the more thorough tetra-nitroso derivatives of HMX which were eventually
metabolized to 1, 1 dimethyl-hydroxide. Half Life during photolysis of HKX in
Holston River was 17 days. The Half life during photolysis of HMX in the lagoons
was 7900 days (poor light transmission). Maj or photolytic transformation
products were nitrate, nitrite, and formaldehyde.

Non-Human Toxicity Excerpts

HMX did not exhibit mutagenic activity in salmonella typhimurium using Ames
test. Generally no adverse effects of exposure to 32 mg/l were observed among
any of the algae, fish, or invertebrate species tested. The 7-day old fry of
fathead minnow were the only life stage or species acutely affected.

Based on an application factor of /.05 and 96-hr LC50 for the most sensitive
aquatic organism tested, a water quality criterion of 0.75 mg/l was proposed for
the protection of freshwater aquatic life with adequate margin of safety.

LC50 fathead minnows. 7 days old at 15 mgjl/96 hr.
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LINDANE

ENVIRONMENTAL FATE/EXPOSURE

When released to water, lindane is not expected to volatilize
significantly. Lindane released to acidic or neutral water is not expected
to hydrolyze significantly, but in basic water, significant hydrolysis may
occur. Transport to sediment should be slow and result predominantly from
diffusion rather than settling.

Release of lindane to soil will most likely result in volatilization and
slow leaching to groundwater.

Release of lindane to the atmosphere is likely to be subject to rain-out
and dry deposition. Estimated half-life of vapor phase lindane reaction with
atmospheric hydroxyl radicals is 1.63 days.

Lindane may slowly biodegrade in aerobic media and will rapidly degrade
under anaerobic conditions. Lindane has been reported to photodegrade in
water in spite of the lack of a photoreactive center, but photolysis is not
considered to be a major environmental fate process.

HUMAN EXPOSURE

The most probable route of human exposure to lindane is oral ingestion of
food containing the pesticide. A lesser degree of exposure may result from
oral ingestion of drinking water containing lindane.

HUMAN TOXICITY

- A central nervous system stimulant, lindane has the highest acute toxicity
of BHC isomers.

lethal dose is perhaps 125 mg/kg. Few human fatalities have been ascribed
to lindane, but many non-fatal poisonings have been reported. Many of these
occurred in children who swallowed lindane pellets intended for use in
vaporizers.

Ingestion of large doses of lindane have led to muscle and kidney
necrosis, pancreatitus, and neurotoxic effects. Digestive tract
inflammation, hemorrhage, coma and death have all been reported after lindane
poisoning.
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BIOCONCENTRATION

Lindane will bioconcentrate in fish. Monitoring data indicate that
lindane is a contaminant in fish, other aquatic organisms, wildlife and food.

ANIMAL BCF Duration Exposure

Pinfish 6227 96 hr

Frogs 108 96 hr 5 ppm
,

Bluegills 322 24 hr 5 ppm

Goldfish 990 16 hr 5 ppm

Scub 5200 65 days

Fish Log-1 4.06

Fish Log- 1 3.92

Green Algae Log-1 4.01 24 hr

Fathead Minnows Log- 1 4.58 32 days

Sheepshead Minnows Log- 1 3.8 - 4.3 28-189 days

Large Mouth Bass Log- 1 3.52 106-127 days

Clams Log- 1 2.60 106-127 days

Eastern Oysters Log-1 3.86 10 days

spot Fish Log-1 3.66 24 hr

Redhorse and White Log-1 3.74
Suckers

NON-HUMAN TOXICITY

TYPE ANIMAL ADMINISTRATION DOSAGE

Min. toxic dose Calf Oral 690 mg/kg

LD50 Rat Percutaneous 25 mg/kq

LD50 Bobwhite Quail Oral 331 ppm 5-day diet

LD50 Japanese Quail Oral 350 ppm 5-day diet

LD50 Rinq-Necked Oral 430 ppm 5-day diet
Pheasant

LD50 Mallard Oral 858 ppm 5-day diet
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LC50 Simocephalus 20 ug/l/48 hr

LC50 Daphnia Pulex 24 ug/l/48 hr

LC50 Gammarus Fasciatus 40 ug/l/96 hr

LC50 pteronarcys 15 ug/l/96 hr

LC50 Coho Salmon 14 ug/l/96 hr

LC50 Cutthroat Trout 27 ug/l/96 hr

LC50 Rainbow Trout 42 ug/l/96 hr

LC50 Brown Trout 11.1 ug/l/96 hr

LC50 Fathead Minnow 115 ug/l/96 hr

LC50 Planarian 1-5 ppm/10 days

LC50 Channel Catfish 500 ug/l/96 hr

LC50 Carp 1160 ug/l/48 hr

LC50 White Mullet 5.5 ug/l/48 hr

LC50 Freshwater Shrimp 13.6 ug/l/24 hr
2.5 ug/l/24 hr

LC50 Chironomus Plumosus 10 ug/l/24 hr

LC50 Decapod 4.0 ug/l/96 hr

LC50 Gammarus Lacustrus 26 ug/l/96 hr

LC50 Tubificid Worm 10,000 ug/l/24 hr

LC50 Lebistes 0.341 mg/l/96 hr
Reticulatus
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ENVIRONMENTAL FATE/EXPOSURE

MEK can be formed as a resul t of natural photooxidation of olefinic
hydrocarbons which get into the air from automobiles, etc.

When discharged to water, MER will be lost by evaporation (half-life 2-3
days). MEK would not be expected to bioconcentrate in aquatic organisms.

When spilled on land, MER will partially evaporate and partially leach
into the ground. Its degradation in soil is unknown.

No information is available concerning its fate in groundwater, but
biodegradability studies in anaerobic systems suggest that it may degrade
slowly after a long accumulation period. Adsorption to sediment/soil will
not be a significant loss process.

MEK is highly degradable in aerobic systems after a brief lag using
activated sludge sewage seed or an inoculum from polluted water. Degradation
is completed in about 5-10 days with somewhat longer time for saltwater.
Degradation also occurs in anaerobic systems but time required for
acclimating degrading microorganisms is long (about 1 week). MEK is readily
oxidized by microorganisms in activated sludge following selection and/or
adaptation, with over 80% being removed in 24 hours. Metabolism in
acclimated sludges is slow.

Photooxidation in water and hydrolysis will not be significant processes.

MEK detected in industrialized rivers at approx. 23 ppb.

HUMAN EXPOSURE

One would think that exposure from ambient air would be common since MER
is a product of the combustion process and is found in auto exhaust.
However, air monitoring has failed to detect MEK except during photochemical
fog episodes.

MEK is a natural component of some foods, therefore ingestion of food
items is a source of exposure.
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BIOCONCENTRATION

No information concerning the bioconcentration of MEK could be found in
literature. However, MEK has a very low octanol water partition function
which indicates that bioconcentration will not be a significant transport
process.

HUMAN TOXICITY

MEK vapor is irritating to the mucous membranes (eyes, nose, and throat)
and conjunctiva. Prolonged exposure may produce CNS depression. Prolonged
skin contact may defat the skin and cause dermatitis. If splashed in the
eyes, it may produce painful irritation, and cause corneal injury. Exposed
workers .complained of headache, irritation, nausea and vomiting. Several
cases of peripheral neuropathy observed after acute prolonged or repeated
exposure. MEK is implicated as the cause of one case of retrobulbar
neuritis.

The common symptoms of short term exposure are fatigue,headache, nausea,
sleep disturbance, and alteration in memory. Psychomotor performance of
adverse affects on intellectual or memory functions are demonstrated with
psychological test batteries after long-term occupational exposure to organic
solvents.

NON-HUMAN TOXICITY

In rats, massive doses may be expected to result in irritation of the
lungs, eNS depression, and possibly death. Maternal toxicity at 3000 ppm as
evidenced by decreased weight gain and increased water consumption.
Fetotoxicity and embryotoxicity also at this dosage as indicated by increased
incidence of two skeletal variants, acaudia, imperforate anus, brachygnathia
and retarded fetal development.

Long term exposure in mice, rats, and chickens caused elevated plasma
cholinesterase levels

Guinea pigs exposed to large doses produced irritation of the eyes and
nose, depression, elevated serum ornithine carbamyl transferase (OCT),
deposition of lipids in the liver, and death.

MEK delayed match to sample discrimination task in juvenile baboons
and also slowed response times and increased extra responses.

TYPE ANIMAL DOSAGE TOXIC EFFECTS

Toxic Dose Rat 3.3 9/k9 (Oral)

TOLo Pseudomonas Putida 1150 mg/l Cell mUltiplication

Toxicity Scenedesmaus 4300 mg/l Cell multiplication
Threshold Quadricauda (algae) inhibition test
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Toxicity Entosiphon Sulcatum 190 mg/l Cell multiplication
Threshold (protozoa) inhibition test

Toxicity Uronema Parduczi 2830 mg/l Cell mUltiplication
Threshold inhibition test

TLm Mosquito Fish 5600 mg/l

TLm Bluegill 5640-1690 mg/l 24-96 hr

LC50 Fathead Minnow 3220 mg/I/96 hr
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PENTAERYTHRITOL TETRANITRATE (PETN)

HUMAN TOXICITY

Patch tests in 20 persons gave no evidence of skin irritation or
sensitization. Although some cases of mild illness and dermatitis have been
attributed to contact with PETN in ordnance plants - PETN is relatively non
toxic.

Individuals taking the drug may experience headache and episode of dizziness
and weakness from postural hypotension. Rarely severe responses are encountered,
consisting of nausea, vomiting, weakness, pallor, sweating, and collapse, but no
reports of death were found.

NON-HUMAN TOXICITY

The daily oral administration of 2 mg/kg for one year caused no effects on
growth, hematology, or pathology in rats.
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WHITE AND RED PHOSPHORUS

ENVIRONMENTAL FATE/EXPOSURE

No information found concerning environmental fate was found.

HUMAN EXPOSURE

Occupational exposures include acetyl cellulose makers, bronze alloy
makers, munitions workers, smoke bomb and incendiary makers, pesticide rat
poison workers, fertilizer makers, electroluminescent-coating makers, and
semiconductor workers.

HUMAN TOXICITY

Acute poisoning: Skin contact produces penetrating 2nd and 3rd degree
burns which heal slowly. These lesions represent both chemical and thermal
damage. Ingestion produces a sensation of warmth or a burning pain in the
throat and abdomen with intense thirst. Nausea, vomiting, diarrhea, severe
abdominal pain. A garlic odor from breath and excreta is highly suggestive
of phosphorus poisoning. Luminescent vomitus and feces are essentially
diagnostic. Shock may be severe enough to cause death in 24 to 48 hours.
Second stage - Symptom free period of several days in which patient seems to
be recovering. Third stage - Nausea, protracted vomiting, diarrhea, massive
hematemesis may occur. Liver tenderness and enlargement, jaundice pruritus.
Hemorrhages into skin,mucous membranes and viscera due to injury of blood
vessels and inhibition of blood clotting. Renal damage, oliguria and
hematuria, casts, albuminuria, anuria. cardiovascular collapse (late in the
course of poisoning). Central nervous involvement reSUlting in convulsions,
delirium, and coma. Irreversible shock, hepatic failure, central nervous
system damage, hematemesis or renal insufficiency may be proximal cause of
death.

- Chronic poisoning is characterized (from ingestion or inhalation) by bony
necrosis (especially of the mandible), spontaneous fractures, anemia, weight
loss.

White phosphorus fumes cause severe ocular irritation with blepharospasm,
photophobia and lacrimation. Particles are caustic and seriously damaging in
contact with tissues. Cornea were rendered opaque, but interstitial
vascularization and episcleritis developed. Episode of inflammation recurred
for many years, but good vision was maintained.

White systemic phosphorus poisoning can lead to loss of one or bo~h eyes
from necrotic and destructive process in maxilla extending into orbit,
causing destruction in orbit and globe.

Red phosphorus is non-volatile, insolUble, unabsorbable and thus non-toxic
when ingested, unless it is contaminated with traces of yellow phosphorous.

Acute poisoning early this century was caused by ingestion of match tips
and fireworks. There is no scientific basis for its medicinal use.
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Legislation and international trade agreements has largely eliminated
phosphorus from the above sources.

Elemental yellow phosphorus causes second and third degree burns on skin
contact and may cause systemic symptoms from absorption. The compound is
highly toxic. The above fatal dose in adul ts is 15 to 100 mg al though
survival has occurred after ingestion exceeding 1 g fatality rate varies
between 20 and 50% and prognosis is good if patient survives for 6 days.

Causes "phossy jaw": a disease caused by phosphorus fumes that are inhaled
or absorbed through cavities in the teeth and then attack and destroy bones,
particularly the jaw bone. Phossy jaw is usually fatal.

BIOCONCENTRATION

- Apparently there is significant active uptake of phosphorus: it is chiefly
accumulated in the living top part of reindeer lichens from 23 bogs.

A comprehensive examination of metal levels at various trophic levels
within undisturbed Precambrian Shield lake ecosystem was made.
Concentrations of 21 naturally occurring elements including phosphorus were
measured in sediments, clams, fish, birds, and mammals. No biomagnification
of phosphorus occurred.

NON-HUMAN TOXICITY

Red: Injected small amount of aqueous suspension of red phosphorus into
corneas of both eyes of rabbit and into anterior chamber in one eye. Iris
developed numerous fine abnormal vessels. In eye in which the red phosphorus
has been injected into, hypopyon developed and vessels of iris became
conspicuously dilated.

Rabbits and rats were exposed to smoke from pyrotechnic mixtures
containing red phosphorus. The survivors were observed for up to 14 days.
Most of the histological changes observed were found in the respiratory
tract, including abnormalities in the larynx and trachea, alveolitis, and in
a few cases frank pneumonia. At lower doses, the laryngeal region appeared
to be the most consistent target area with laryngeal and epiglottal
ulcerations and edema. Pulmonary congestion, edema, and hemorrhage were more
pronounced only in the higher dose groups.

White: After ingestion, intense abdominal pain and profuse vomiting in
animals capable of it. Vomitus may be luminous in dark and possible to
detect the characteristic garlic-like odor. Abdominal pain and vomiting then
recur, together with jaundice and nervous signs, delirium and convulsions,
and eventually coma and death. Inflammation of mucous membranes of stomach
and intestines, fatty degeneration and infiltration of parenchymatous organs,
particularly liver, of muscles and endothelium of blood vessels and
extravasation of blood into subcutaneous tissue, skin and muscles.

Yellow: Rats injected with small doses of yellow phosphorus daily
eventually developed bone changes. Increased death rate resulted fro.
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slightly larger doses.

Dogs injected with 0.2-0.4 mg/kg/day resulted in death within a few days.

Inhalation of phosphorus vapor by rabbits for 30 minutes daily led to
decreased hemoglobin and erythrocyte counts.

Half the crustacean population died after 4.5 days exposure to water
containing 20 mg/l phosphorus.

Elemental phosphorus at 5-15 mg/l disrupted feeding, reproduction, and
body color among daphnia magna straus populations.
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POTASSIUM NITRATE

ENVIRONMENTAL FATE/EXPOSURE

Present in well water contaminated by runoff from nitrogen fertilizer,
decaying matter, or sewage treatment plants.

HUMAN TOXICITY

Ingestion of large quantities may cause violent gastroenteritis

Prolonged exposure to small amount may produce anemia, methemoglobinemia,
or nephritis

Potassium nitrate is rapidly absorbed and excreted unchanged causing few
reactions other than diuresis and perhaps catharsis. Under some
circumstances however, an appreciable amount of nitrate is converted to
nitrite.

Acute toxicity of nitrate occurs as a result of the reduction to nitrite,
a process that can occur under specific conditions in the stomach and in the
saliva. Nitrite acts in blood to oxidize hemoglobin to methemoglobin, which
does not perform as an oxygen carrier to the tissues. Anoxia and death may
occur.

Three men developed toxic methemoglobinemia after absorption of sodium
nitrate and potassium nitrate through burned skin. One died of cardiac
arrest with methemoglobin concentrations of 65 %.

Nitrate salts as such are no more toxic than other natural salts, but if
not promptly absorbed they may be reduced to nitrite by bacteria in the
bowel.

Cyanosis among infants who drink well water is a frequently encountered
chemical manifestation of nitrite toxicity.

After ingestion, gastroenteritis with severe abdominal pain, vomiting,
vertigo, muscular weakness, irregular pulse, cyanosis, convulsions, and
collapse may occur.

The toxic dose varies greatly from 15 to 30 mg may prove fatal, but much
larger doses have been taken with no serious injury or effects.

- Following ingestion of 50 mg of potassium nitrate over a period of 12 days,
a young woman developed methemoglobinemia.

The lethal dose of potassium nitrate for an adult ranges from 54 to 462
mg/kg.



NON-HUMAN TOXICITY

ANIMAL DOSE/EXPOSURE EFFECTS

Horses 1000 mg/kg - oral illness
dose

Sheep 1000 mg/kg - acute acute oral lethal dose
oral

Livestock ingestion of plants application of 2,3-0 to plants can
containing .5% to cause nitrates to accumulate to 4.5
1.5% (sub-lethal % expressed as potasium nitrate on
dose) a dry weight basis.

Livestock ingestion of plants application of 2,4-0 to plants can
containing > 1.5% cause nitrates to accumulate to 10

to 30% nitrate on a dry weight
basis.

Sheep hay containing 2 % may cause death after 6 to 10
weeks.

Rats fed 2.5% potassium maternal toxic symptoms and gross
(pregnant) nitrate during 2nd fetal malformations at term.

trimester Neonates observed for 13 weeks
showed no differences from
controls.

Offspring of When mated and fed slight fetal toxicity including
above rats under same some types of anomalies.

conditions

Guinea pigs 300 to 30,000 ppm reproduction in the females was
in water for impaired by 30,000 ppm of potassium
periods of 100 to nitrate with reproductive
240 days. performance only 8% of that of

controls. Uterine, cervical and
degenerative placental lesions were
present in females in Which fetuses
had been aborted, mummified, or
absorbed.

Rabbit LDSO - Oral 1.166 g anion/kg
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RDX (CYCLONITE)

Fate/Exposure Summary

If released to water the dominant fate process in translucent waters should
be direct photochemical degradation (half-life for this process approximately a
few weeks). Aerobic biodegradation in aquatic environments should not occur.
Anaerobic degradation under the proper conditions in lakes, ponds, and
groundwater may be a significant fate process. Volatilization from water or from
soil should not be important. Hydrolysis of RDX in terrestrial waters should not
occur, although this process is known to proceed slowly in sea water.

If released to soil, RDX should display moderate to high mobility, and can be
expected to leach into groundwater. If released to the atmosphere, RDX can be
expected to undergo a rapid reaction with photochemically produced hydroxyl
radicals (half-life approximately 1.5 hours). Direct photochemical degradation
of RDX in the atmosphere may also be significant.

Exposure - dermal context during manufacture and handling (of munitions),
ingestion of contaminated waters, inhalation of contaminated particulate matter
produced during the incineration of waste material.

Bioconcentration

The whole body BCF in bluegi1ls (cepomis macrochirus) was determined to be
24.8 suggesting that bio accumulation of aquatic organisms should not be an
important fate process.

Water Concentrations

Ranged from 0.1 mg/l to 109 mg/l in creeks near army ammunition plants (AAP).

Human Toxicity Excerpts

Epileptiform seizures occurred to in exposed workers in Italy. convulsions
occurred either without warranty or after 1-2 days of insomnia, restlessness and
irritability. The seizures were followed by temporary post compulsive amnesia,
malaise, fatigue, and asthenia, but eventually there was complete recovery.

Elsewhere other industrial workers exposed to RDX have suddenly convulsed or
have become unconscious without convulsions premonitory signs included headache,
dizziness, nausea, and vomiting. When consciousness was regained (few minutes
to 24 hours) intermittent stupor, weakness and nausea ensured and recovery was
eventually complete.

• Epidemiologic study to investigate three cases of systemic lupus erythematosus
At 1 munitions plant demonstrated no excess of autoimmune diseases.
Abnormalities of hematologic, lepatic or renal systems in employees with eight
hour time weighted exposure to RDX. Average exposure was 0.28 mg/m3'
Also causes irritation of the eyes and respiratory tract.



Non-human Toxicity Excerpts

The minimum lethal dose as determined in rats by single oral doses of 4%
solution was approximately 200 mg/kg by mouth. Some dogs given 50 mg/day. 6
days/week. for 6 weeks caused one death, excitedness, irritability, convulsions,
salivation, chronic movements, collapse.

Ecotoxicity Values

LC50 bluegill 3.6 mg/l/96 hr, pH 6.0 static bioassay.

Minimum lethal dose: rats (oral) 200 mg/kg of 4% solution
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STRYCHNINE

ENVIRONMENTAL FATE/EXPOSURE

May be released to the environment in emissions and aqueous
waste streams from its manufacturing facilities, during its use as
a pesticide for destroying rodents and predatory animals, and
during its use in trapping fur bearing animals.

If released to soil, strychnine has the potential to photolyze
on soil surfaces. Volatilization and chemical hydrolysis are not
expected to be important fate processes in soil.

If released to water, strychnine has the potential to
photolyze. Chemical hydrolysis, volatilization and bioacccumulation
in aquatic organisms are not expected to be important fate
processes.

- If released to atmosphere, this compound has the potential to be
removed by direct photolysis or dry deposition.

segments of the general population may intentionally ingest
strychnine for medicinal purposes. Accidental poisoning of
children by rodentcides containing strychnine has occurred.

HUMAN EXPOSURE

Probable routes of human exposure: inhalation of dust,
ingestion, and skin and eye contact.

Symptomology: (beginning 15 to 30 minutes after ingestion)
without warning, patient may fall into a violent convulsion, but
prodromal symptoms such as restlessness, apprehension, heightened
acuity of perception, abrupt movements, hyperflexia, and especially
muscular stiffness of face and legs.

A case was reported in which intractable convulsions led to
lactic acidosis which secondarily resulted in visceral collapse and
death.

Despite the fact that preparations are less available than
formerly, poisoning still occurs from rodentcides and sugar coated
proprietary cathartic and tonic tablets. An increasing source of
unwitting poisoning stems from the adulteration of street drugs
with strychnine. Fatal adult dose is about 50-100 mg but 30 mg has
been fatal. Accidental poisoning to children may occur at as
little as 15 mg.



NON-HUMAN TOXICITY

Lethal dose of strychnine varies with species. Dog and cat are
the most susceptible of domestic animals. Pigs are believed to be
almost as susceptible as dogs, but horses can tolerate relatively
larger amounts. Cattle are much more resistant than most other
species to oral administration.

The first signs of poisoning are nervousness, restlessness,
twitching of muscles and stiffness of neck. As condition
progresses, muscular twitching becomes more pronounced and
convulsions suddenly appear. All skeletal muscles contract
antagonistically: limbs are extended and neck is curved upwards and
backwards (opisthotonos). The pupil is widely dilated. As death
approaches, convulsions follow one another with increased rapidity,
severity, and duration. Death results from asphyxia due to
prolonged paralysis of respiratory muscles. Although the point is
often disputed, in dogs vomiting occurs more often than not.

TYPE ANIMAL ADMINISTRATION DOSAGE

LDSO Mallard oral 2.27 mg/kg

LOSO Pheasant oral 24.7 mg/kg

LOSO Chukar oral 16.0 mg/kg

LOSO Japanese Quail oral 22.6 mg/kg

LOSO Rock Oove oral 21.3 mg/kg

LOSO Mourning Dove oral >5.12 mg/kg

LOSO House Sparrow oral 4.18 mg/kg

LOSO Golden Eagle oral 5.0 - 10.0 mg/kg

LOSO Mule Oeer oral (8 - 11 mo old 17.0 - 24.0
females) mg/kg

LOSO BUllfrog oral 2.21 mg/kg

LeSO Bluegill static bioassay 0.87 ppm/96 hr

LeSO Menida Beryllina static bioassay 0.95 ppm/96 hr

LOSO Mallard Ouckling oral 2.00 mg/kg

LOSO Mallard oral (1 mo. old) 5.88 mg/kg
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SULFUR

ENVIRONMENTAL FATE/EXPOSURE

Elemental sulfur may be produced through the utilization of hydrogen
sulfide in water by the bacteriological attack of a number of species of
thiobacilli.

considerable quantities of sulfur are recovered from sources other than
sour natural gas, such as from smelter gases, other metallurgical processes,
and petroleum refining.

HUMAN TOXICITY

Prolonged use of sulfur may resul t in a characteristic dermatitis
venenata.

No injurious effects of inhalation have been reported in the USA, but
cases of thiopneumoconiosis and bronchitis with emphysema have been reported.

Acute effects of sulfur inhalation including catarrhal inflammation of
nasal mucosa. Tracheobronchitis is a frequent occurrence with dyspnea,
persistent cough and expectoration sometimes streaked with blood.

There may also be irritation of eyes with lacrimation. Photophobia
conjunctivitis and blepharo conjunctivitis. Cases of damage to crystalline
lens have also been described with formation of opacities and even cataract
and focal chorioretinitis.

Individuals may be exposed for several hours or days to sulfur dust before
beginning to develop scratchy discomfort in the eyes. This fay progress to
burning and tearing, with blurring of vision requires is spontaneous and
complete within two days when exposure is discontinued.

BIOCONCENTRATION

ANIMAL BCF Duration Exposure

Pinfish 6227 96 hr

Frogs 108 96 hr 5 ppm

Bluegills I 322 24 hr 5 ppm

Goldfish .990 16 hr 5 ppm

Scub 5200 65 days

Fish Log-I 4.06

Fish Log-I 3.92

Green Algae Log-I 4.01 24 hr
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Fathead Minnows Log- 1 4.58 32 days

Sheepshead Minnows Log- 1 3.8 - 4.3 28-189 days

Large Mouth Bass Log- 1 3.52 106-127 days

Clams Log- 1 2.60 106-127 days

Eastern Oysters Log- 1 3.86 10 days

spot Fish Log- 1 3.66 24 hr

Redhorse and White Log- 1 3.74
Suckers

NON-HUMAN TOXICITY

Sheep which had received an average of 45 9 of sulfur each had colicky
pains and were depressed and unwilling to stand. They breathed heavily.
Breath smelled of hydrogen sulfide and had diarrhea. 35% of the animals
died. Post mortem examination showed intense inflammation of abomasum and
small intestine. Kidneys were acutely inflamed and sometimes almost black in
color.

TYPE ANIMAL ADMINISTRATION DOSAGE

Min. toxic dose Calf Oral 690 mg/kg

LOSO Rat Percutaneous 25 mg/kg

L050 Bobwhite Quail Oral 331 ppm 5-day diet

LOSO Japanese Quail Oral 350 ppm 5-day diet

L050 Ring-Necked Oral 430 ppm 5-day diet
Pheasant

LOSO Mallard Oral 858 ppm 5-day diet

Le50 simocephalus 20 ug/l/48 hr

Le50 Daphnia Pulex 24 ug/l/48 hr

LeSO Gammarus Fasciatus 40 ug/l/96 hr

Le50 pteronarcys 15 ug/l/96 hr

LeSO Coho Salmon 14 ug/l/96 hr

LeSO Cutthroat Trout 27 ug/l/96 hr

LeSO Rainbow Trout 42 ug/l/96 hr

LeSO Brown Trout 11.1 ug/l/96 hr

LeSO Fathead Minnow 115 ug/l/96 hr

LeSO Planarian 1-5 ppm/10 days
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Le50 Channel Catfish 500 ug/l/96 hr

Le50 Carp 1160 ug/l/48 hr

Le50 White Mullet 5.5 ug/l/48 hr

Le50 Freshwater Shrimp 13.6 ug/l/24 hr
2.5 ug/l/24 hr

Le50 Chironomus Plumosus 10 ug/l/24 hr

Le50 Decapod 4.0 ug/l/96 hr

Le50 Gammarus Lacustrus 26 ug/l/96 hr

Le50 Tubificid Worm 10,000 ug/l/24 hr

Le50 Lebistes 0.341 mg/l/96 hr
Reticulatus
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TNT

Under normal conditions:

TNT not expected to hydrolyze or volatize from H20

TNT does not bioconcentrate

Based on KOC of 1600, TNT has low soil mobility

The rate of TNT photolysis directly related to increases in pH and organic
matter content and increases overtime due to increased products of photolysis.

Vapor phase reaction of TNT with photochemically produced hydroxyl radicals
should be slow (half-life of approximately 110 days)

Human occupational exposure through inhalation and dermal contact

Exposure of TNT (in clean-up water) to sunlight increase toxicity and chemical
stability.

Terrestrial Fate

Biodegradation of TNT in soil of minor importance.

Microbial transformation of TNT leads to a variety of reduction products,
including 2-amino and 4 amino dinitr9toluene and azoxydimers.

Limited info suggests that TNT in surface layers is photolyzed to
trinitrobenzene and trinitrobenzaldehyde.

TNT not expected to Hydrolyze in soil under normal conditions.

The mobility of TNT in soil is low based on average KOC of 1600.

TNT has extremely low volatilization from moist soils.

Degradation processes in the soil are too slow to treat 1% TNT wastes
practically, even with added nutrients.

Aquatic Fate

Reduction rates under aerobic conditions are very slow.

Biotransformation was identified to be 100-1000 times slower than photolytic
processes.

TNT is not expected to hydrolyse or bioconcentrate in aquatic systems under
normal conditions.

Certain amounts of TNT may undergo adsorption to humic materials.
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Atmospheric Fate

TNT has potential to undergo direct photolysis in the atmosphere.

The amount of TNT degraded by the combined effect of Ultra Violet light and
ozonation on aqueous (14) C-labeled TNT solution followed by direct addition to
aerobic soils was found to decrease as the concentration increased.

Metabolites of 2.4.6-TNT (oL-TNT)

2,2,6,6 - Tetranitro - 4 - Azoxytoluene

2,6 - Dinitro - 4 Hydroxylaminotoluene
2,2.4,4 - Tetranitro - 6 - azoxytoluene
2,6 - Dinitro - 4 - hydroxylaminotoluene

Bioconcentration Factors

Muscle - 9.5
Viscera - 338

of Bluegills (point estimates from uptake curve)

Bioconcentration factor estimates included 210 to 2030 for four non-native fish
species and a calculated value of 20.5 (based on octanol water partition
coefficient).

Bioconcentration factor 11.5 was determined from the estimated oil/water
partition coefficient.

KD Values

KD values for absorption on four aquatic sediments measured 5.5, 14.3, 16.5 and
27.2 after 24 hour equilibration time, suggesting low sorption for TNT. Once
absorbed TNT is strongly bound and desorption is slow.

Human Toxicity

May cause irritation of the eyes and skin.

Toxic effects on optic nerves

May cause cataracts in chronic exposure

- Causes severe hepatic diseases (greater among those wi th direct manual contact
especially those with grease on the skin).

Early symptoms of TNT poisoning consisted of fatigue. weakness. anorexia. and
nausea.

Some patients had overt methemoglobinemia as manifested by cyanosis, but many
patients developed jaundice without having shown cyanosis.
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Histologic sign of TNT poisoning ranged from massive hepatic necrosis to
varying degrees of fibrosis and architectural distortion accompanying

necrosis. Methemoglobinemia was far more common than hepatic injury.

Toxic hepatitis has been the principal clinical manifestation of acute
morbidity and mortality historically associated with TNT exposure.

Non-Human Toxicity

Guinea Pigs: After 5 and 10 months of skin application of 225 mg/kg TNT, blood
hemoglobin level was decreased, and stasis and dystrophy occurred in the
liver. Ring cataract developed in the eyes of 53.5% of the animals.

Rats: Topical application of 30% TNT for 6 months caused chromatid changes and
chromosome breaks with dislocations in tibia bone marrow cells in 50% of
animals.

Salmonella Typhimurium: TNT discovered as a frameshift mutagen highly toxic to
marine forms which include fresh water unicellular green algae (selenastrum
capricornutum) tidepool copepoda (tigriopus californicus) and oyster larvae
(crassostrea gigas).

Dogs and Rats: Daily ingestion (varying concentrations and amounts). All
species receiving the highest doses exhibited anemia with reduced
erythrocytes, hemoglobin and hematocrit. Organ weight alterations and
depressed body weight or depressed body weight gain observed. Also,
elevated cholesterol and depressed serum glutamic pyruvic transaminase
activity. No effect on serum glutamic-oxaloacetic transaminase activity
observed. When injected into male rats, TNT cause damage in cerebral.
hepatic and renal biomembranes and cell organelles. ,TNT also increased
UDP-Glucuronosyltransepoxide hydrolase activity was also enhanced.

TNT is a potential rodent liver carcinogen.

Daphnid Zooplankton. worms. and algae exposed statically for 21 days produced
significant reduction in total numbers of daphnids and worms.

Trout eggs and fry: in 60 day studies showed significantly reduced fry
survival and significantly reduced total length and weight of fry.

Fathead Minnows: In three generation study under flow through conditions showed
reduced fry growth. lowered hatching rates. lowered survival and affected
the later generation more. Severally than the parent generation.
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LD50 Mouse Oral 660 mg/kg

LDsO Rat Oral 3140 mg/kg

LCsO Daphnia Magna >4.4 mg/L/48 hr at 200 C
Flow through bioassay

LCsO Daphnia Magna 11.7 mg/L/48 hr at 200 C
Static bioassay

LCsO Hyabe1la Azetia 6.5 mg/L/48 hr at 200C
Static bioassay

LCsO Lepomis Macrochirus 2.7 mg/L/96 hr at 100 C
(Bluegill Sunfish) Static bioassay

LC50 Pimepha1es Prome1as 2.58 mg/L/96 hr at 200 C
(Fathead Minnow) Flow through bioassay

LCsO Pimepha1es Prome1as .046 mg/L/96 hr at 240 C
Flow through
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TOLUENE

Environmental Fate and Transport

- Once in the atmosphere, toluene will degrade by reaction with photochemically
produced radicals (half-life 3 hours to slightly over one day) or be
redistributed to earth in rain. Releases into water will decrease in
concentration due to evaporation and biodegradation.

This removal can be rapid or take several weeks, depending on temperature,
mixing conditions, and acclimation of microorganisms. The half-life will range
from days to several weeks. Adsorption to sediment and bioconcentration will be
low.

Toluene will volatize rapidly when spilled on land, but it will also leach
into the ground. In one study 94% of the chemical added to a clay loam was lost
by these processes (evaporation and microbial degradation). Since it is
relatively mobile in soil, it is possible that it will get into the groundwater,
and remain there when microbial degradation will not occur very quickly.

Biodegradation occurs both in soil and groundwater, but it is apt to be slow,
especially at high concentrations which may be toxic to microorganisms. The
presence of acclimated microbial populations may allow rapid biodegradation.
Little bioconcentration into the food chain is expected.

Toluene is readily degradable in a variety of standard biodegradability tests
using sewage seed or sludge inoculums. Degradation has been observed in several
die-away tests using seawater or estuarine water. The degradation is much faster
in systems which have been contaminated by oil.

A 90 day half-life in uncontaminated water was reduce in 30 days in oil
polluted water. Toluene completely degraded i groundwater in 8 days including
a lag of 3-4 days while microbial populations became acclimated. Other
investigations found that only 1-2% of toluene degraded in the subsurface
environment and >901 degraded in 4 weeks in soil cores at various depths both
above and below the water table.

Microbial attack proceeds via immediate hydroxylation of the benzene ring
followed by ring cleavage or oxidation of the side chain followed by
hydroxylation and ring-cleavage. Bacterial strains isolated frOID soil that
closely resembles pseudomonas desmolytica can utilize toluene as their sole
carbon source, as can morcardia cutteres, aeruginosa and P Oleovorans.

- Toluene is biodegraded primarily through side chain hydroxylation. Biological
oxygen demand 2.15 G oxygenIC Toluene: chemical oxygen demand 2.52 G OxygenIC
Toluene. Biological Oxygen Demand: % in 5 days: theoretical oxygen demand: 38
% in 8 days.

Water in ~reatment facilities in U.S., Canada, and Cermany ranged frOID <1 ppt
to 10 ppb. Contaminated drinking water have had up to 6400 ppb. Atmospheric
concentration .037-5500 ppb in 188 source area samples in USA.



Human Toxicity Excerpts

Exposure to Toluene in concentration from 100-1100 ppm can cause enlargement
of the liver, macrocytosis, moderate decrease in erythrocyte count and absolute
lymphocytosis.

Toluene causes defattening of skin with subsequent danger of dryness,
fissuring and secondary infection. Sudden death among "sniffers" may be
attributed to lethal cardiac arrhythmias following sensitization of the
myocardium. Permanent encysalopathy-inhaled regularly for over fourteen years.

Vapors cause mild irritation to eyes at 300-400 ppm in air. Even at 800 ppm,
tritation is light, but there will be a dilation of pupils and impairment of
reaction in association with fatigue at end of eight hours. Also, slight pallor
of fundi.

In addicted sniffers, toxic polyneuritis may occur. Sniffers, renal tubular
defect with metabolic acidosis, muscular weakness, normal "anion gap",
hyperchloremia, hypoalhemia, and a high urinary pff, coma in a child, reduced
appetite, nightmares, vertical nystagmus and coordination.

Exposure can cause fetal alcohol syndrome. In Sniffers, Cerebral and
cerebellar atrophy, bilateral optic atrophy with blindness and severe
sensorineural hearing loss. Toluene appears to produce irreversible effects upon
liver, renal, and nervous systems. The nervous system appears to be the most
sensitive to the effects of toluene. High level toluene exposures produce
incoordination, ataxia, unconsciousness and eventually death. Lower level acute
exposures in man produce dizziness, exhilaration and confusion.

Lethal levels 1.0 mg %: 10.0 ugjml. Sniffers, tremors of the upper
extremities, staggering of gait, slurred speech, slight mental deterioration,
pendulat nystagmus, bradyla1ia, mild tremor of the leg, action myoclonus, and
head trunchal titubatem, hyperkinesie volitionnelle, hypotonie muscle tone.

Frequent pathological findings on the mucous membrane of the nasal cavity.
Exercise can double the respiratory uptake of toluene. Human death has resulted
from exposure to 10,000 ppm. Toluene is more acutely toxic than benzene.
Inhalation of 200 ppm has affected the CNS in humans.

- Vapors irritate eyes and upper respiratory tract: causes dizziness, headache,
anesthesia, and respiratory arrest. If aspirated, causes coughing, gagging,
distress, and rapid developing pulmonary edema, If ingested causes vomiting,
gripping, diarrhea, depressed respiration, kidney and liver damage.



Non-Human Toxicity excerpts

Animal Concentration/Exposure Effect

puppies ,dogs. Twice the therapeutic Temperature
kittens. cats dose level coordination

calves twice the therapeutic staggering gate and
dose level collapse

mice 3000 ppm prostration

mice 10.000 ppm death

rats 25,000 - 5.000 ppm temperature, decrease
in white cell count

goats hemorrhagic and
degenerative lesions

dogs congestion and
hemorrhagic foci in
liver, congestion and
some abnoelar
inflammation of lungs
Spleen showed some
diminution of lymphoid
follicles and plaques
of hemosiderosis

cats 7800 ppm (31.0 mg/l)/ eNS effects. mydriasis,
6 hr mild tremors,

prostration in 80
minutes, light
anesthesia in 2 hour

cats intratracheal admin. induced seizures,
behavioral disturbances
- nodding, twitching,
apparent
hallucinations.

rats 1500 mg/m3 day one some fetal dose
through eight retardation
1000 mg/m3 for 8 hours
daily day 1 through 21

mice gavaging - 1.0 mg/kg increased cleft palate
days 6-15 in the off-spring

rats 1P administered of 1 mixed function
m1/kg/day for 21 days oxygenase activity

increased
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rats lP administered

rats 1000-8000 ppm for 8
hours

rats 1400 or 1200 ppm - 14
hr/day, 7 days per week
for 5 weeks

pregnant mouse 0.750 or 1500 mg/m3 for
7 hrs/day for days 7
through 16 of gestation

fathead minnows 7.99 mg/l to 38.7 mg/l

mice incremental additions
at 30 minute intervals.

rats 320 ppm toluene for 30
days

muscular weakness and
equilibrium distribution

Acetylchlorine was increased at
low concentration but greatly
decreased significantly at high
concentration. Chlorine
acetyltransfermase was
decreased significantly at high
concentration of the mixture.

hearing impaired at 4/cH2,
slightly impaired at 8 KH2, and
markedly impaired at 12 KH2 and
above.

shift in rib profile, increased
lactic dehydrogenase (LOH)
activity in the brain

lost schooling behavior and
swam near the tank surface,
mere hyperactivity and
overactive to stimuli, had
increased respiratory and
convulsions, were darkly
colored and deformed, had rigid
musculative, lost equilibrium
prior to death at 96 hrs - 28
minnows died ..

response increased at levels up
to 700 ppm and decreased
progressively until a SOX
reduction occurred at 1657 ppm.

decreased body, brain, and
cerebral cortex weight.
Reduced phospholipids and
ethanolamine phosphoglyceride
(a fatty acid).



Ecotoxicity Values

LC50 bluegill 17 mg/1/24 hr and 13 mg/1/96 hr (95%
confidence limit approximately 11-15
mg/1) at 21-23 DC

LC50 grass shrimp 9.5 ppm - 96 hours

LC50 crab larvae 28 ppm - 96 hour
stage one

LC50 shrimp 4.3 ppm/96 hr

LC50 fathead minnow 36.2 mg/1/96 hr

Tlm fathead minnow 56-34 mg/1/24-96 hr

Tlm guppy 63-59 mg/1/96 hr

LC50 channel catfish 240 mg/l/96 hr

LC50 fathead minnow 34.27 mg/l/96 hr
(95% confidence limit - 22.83-45.86
mg/1

LC50 goldfish 57.68 mg/1/96 hr
(95 % confidence limit - 48.87 -
68.75 mg/I)

LC50 guppy 59.30 mg/1/96 hr
(95 % confidence limit - 50.87 -
70.34 mg/I)

1£50 water flea 313 mg/l/48 hr

1£50 copepod 24.2-74.2 mg/l/24 hr

LC50 brine shrimp 33 mg/1/24 hr

LC50 striped bass 7.3 mg/I/96 hr

1£50 sheepshead minnow 277-485 mg/l/96 hr

LD50 mosquito larvae 22 mg/l

LD50 grain weevil 210 mg/l/in air

1£50 fathead minnow 55-72 (embryo)/96 hr
25-36 mg/l (I-day posthatch
protolarvae)/96 hr
26-31 mg/l (30 day-old minnows)/96 hr



HSDB - URANIUM

Aquatic Fate:

Uranium sorption is likely due to its reduction from the hexavalent state,
where it is introduced via surface waters to the tetravalent state found in
the confined aquifers. The distribution of radionuclides is very similar in
all of the confined aquifers and significantly different from the distribution

observed in the unconfined and surface waters.

Soil Concentrations:

Natural uranium present in rocks and soils in concentrations from 0.5 and 5
ppm. The average is approximately 1.8 ppm in most soils.

Human Exposure:

Inhalation, skin, and eye contact

Daily intake by inhalation lXlO_ 3 pc
Daily dietary intake 1 to 1.5 ug

Occupational exposure to uranium usually involves mixtures of different
uranium compounds with solubilities in water at room temperature ranging from
1 to 400,000 mg u/L.

Human Toxicity

Radiation is the primary cause of lung cancer among uranium miners and cigarette
smoking acts as a promoting agent. Uranium is not only toxic because of its
radiation, but also because it is chemically toxic to the same degree as, for
example, arsenic. The chemical toxicity of uranium is mainly owing to
contaminants such as lead, thorium, and vanadium. Target organs: respiratory
system, blood, liver, lymphatics, kidneys, skin, and bone marrow. Exposure to
insoluble uranium compound has been reported to cause an increase in cancer of
the tymphatic and blood forming tissues in man. Prolonged contact with the skin
might cause radiation damage to the skin. Uranium and its salts are highly
toxic; renal damage, acute necrotic arterial lesions, and death may occur.

Non-Human Toxicity

Sarcomas resulted in rats injected with metallic uranium in the femorac marrow
and in the chest wall; it is unknown whether the sarcomas were due to
metallocarcinogenic or radiocarcinogenic action. Injections of natural uranium
in concentrations as high as 1 mg/kg induced no malignant bone tumors. Whereas
(233) uranium doses of 1 mg/kg proved to be a maximally effective bone
carcinogen, comparable to (232) uranium at 5xlO_4mg!kg.



XYLENE

Environmental Exposure

Xylenes enter atmosphere primarily from emissions and exhaust connected with
their use in gasoline. Industrial sources include emissions from petroleum
refining and their use as solvents and chemical intermediates.

Discharges and soils on land and waterways result from their use in diesel
fuel and gasoline and storage and transport of petroleum products.

Most of the xylenes are released into the atmosphere where they may
photochemically degrade by reaction with hydroxyl radicals (half life 1-18 hr).

The dominant removal process in water is volatilization. Xylenes are
moderately mobil in soil and may leach into groundwater where they are known to
persist for several years, despite some evidence that they biodegrade in both
soil and groundwater.

Human Exposure

The primary source of exposure of exposure is from air, especially at
occupational sites where xylenes are used and in areas with high traffic.

Terrestrial Fate

When spilled on ground, xylenes will volatilize and leach into the ground.
Xylenes may be degraded during their passage through soil depending on their
concentration, residence time, nature of the soil and whether resident microbial
populations have been acclimated.

Aquatic Fate

In surface waters, volatilization appears to be the doMinant removal process
(half-life 1-5.5 days). Some adsorption to sediment will occur. There is
insufficient data to determine the rate of biodegradation in surface waters.

Atmospheric Fate

When released into the atmosphere xylenes may degrade by reaction with
photochemically produced hydroxyl radicals (half-life 1.0-1.7 hr during summer.
10-18 hr in winter). However, abient levels are detected because of large
emissions.

Biodegradation

- Xylenes are completely degraded in 8 days in groundwater in a gas -oil mixture:
the acclimation period was 3-4 days.
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Abiotic Degradation

- Xylenes degrade in the atmosphere by reacting with photochemically produced
hydroxyl radicals with a half-life ranging from 1 to 1.7 hr in summer and 10
to 18 hr in winter or a typical loss of 67 to 86% per day.

- They are moderately reactive under photochemically smog conditions with half
lives of several hours. Xylenes are resistant to hydrolysis since there are
no hydrolyzable functions.

Bioconcentration

Fish-log
Eels-log

BCF - 2.14 to 2.20
BCF - 1.3

Soil Adsorption/mobility

- Xylenes have low to moderate adsorption to soil.

- Xylenes have been observed to pass through soil at a dune infiltration site
on the Rhine River and to leach into groundwater under a rapid infiltration
site.

Volatilization from Water/Soil

- Estimates for the half-life for evaporation of xylenes from a typical river
or pond are 29 and 144 hr respectively.

Water Concentrations

SODS - 0.64

- According to a federal survey of drinking water from groundwater supplies,
xylenes are present in <5% of supplies. Xylenes at 0.1 to 2.9 ppb have been
found in drinking water wells in the vicinity of landfills.

- Xylenes have been found in groundwater under landfills and in the hundreds ppb
range under a coal gassification site, 15 months after gassification was
completed. Xylenes were detected in only 1 of 204 surface water samples in
the USA.

Atmospheric Concentrations

Rural/ remote:

Urban/Suburban:

Source Dominated Areas:

114 areas in USA.

1900 areas in USA.

185 Areas in USA.

0.18 ppb median, 78 ppb max

4.0 ppb median, 269 ppb max

2 . 5 ppb median, 19,000 ppb max



Average Daily Intake

Air:

Water:

Food:

353 mg (assuming typical concentration· 4.0 ppb)

2.0 mg (Assuming typical concentration - 0 to 1 ppb)

Insufficient Data

Human Toxicity Excerpts

Xylene is a central nervous system depressant that produces light headedness,
nausea, headache, and ataxia at low doses and confusion, respiratory
depression and coma at high doses. Above 200 ppm, Xylene causes
conjunctivitis, nasal irritation, and sore throats. It is a potent
respiratory irritant at high concentrations and produces a defeating
dermatitis with prolonged cutaneous exposure.

Dermal application of xylene caused a 20 to 40% decrease in electrical
impedance of human skin. eNS defects were more common i children of mothers
exposed to organic solvents during pregnancy.

Women are liable to suffer from menstrual disorders (menorrhagia,
metrorrhagia). Female workers exposed to xylene in concentrations which
periodically exceed the exposure limits were also affected by pathological
pregnancy conditions (toxicosis. miscarriages, hemorrhage during child birth)
and infertility.

Concentration at which death occurs in humans is 3 to 40 mg/ml

LDLo - Human . Oral - 50 mgjkg

Non-Human Toxicity

Rabbits expo~ed to benzene-free xylene (at 5 mg/l) for 44 to 55 days had
decreased red and white cell counts.

Rats
Cats

1£50 29 mg/l/4 hr
1£50 - 41 mgll/2 hr

Rodents experienced fetotoxic effects following maternal inhalation exposure
to mixed xylenes, altered enzyme activities were also found in rat pups.
Dermal application resulted in apparent changes in fetal enzyme activities,
while oral treatment was followed by prenatal mortality, growth inhibition and
malformations, primarily cleft palate.

Rats - Xylene was administered to female wistar CFT strain rats. Xylene did
not prove lethal up to the dosage of 6 mlfkl. However. the'minimum lethal
dose was 7 mlfkg with symptoms manifested being dullness, stupor, anesthesia,
eNS depression and coma. Mortality was dose dependent.



Subacute exposure of male rats to 2000 ppm produced discrete increases of
dopamine and noradrenaline levels and turnover i various parts of
hypothalamus. Xylene itself produced widespread increases of dopamine
turnover within neostriatum and subcortical limbic forebrain.

Xylene (mixed Isomers) is Teratogenic to mice at 2.0 and 3.4 ml/kl/day.

Under 2 year gavage studies, there was no evidence of carcinogenicity of
xylenes (mixed) in male or females F344/n. Rats given 250 or 500 mg/kg or in
Male or Female mice given 500 or 1,000 mgjkg.

Negative results in salmonella mutagenicity assay.

Labs tested multiple forms of xylene for their developmental toxicity hazard
potential (A/D/ ratio). By means of the hydra assay, the three isomers as
well as a solution of mixed xylene all interfered with development at or near
concentrations that also were toxic to adult hydra. The development/adult
ratios ranged from 1 to 2 hydra as they had in conventional test made in
pregnant lab animals. The labs concluded that xylenes were not primary
development hazards but coeffective agents capable of disrupting development
only at or near to the concentration also toxic to adults.

LC50 Rat Inhalation 6.350 ppm/4 hr

LCSO Rat Inhalation 8.000 ppm/4 hr

LCSO Mouse Inhalation 3.907 ppm/6 hr

LDSO Goldfish 13 mo/l/24 hr

LCSO Rainbow Trout 13.5 mgjL/96 hr

LCSO Fathead Minnow 46 mo/l/l hr

LCSO Fathead Minnow 42 mo/l/24-96 hr

LCSO Carassius Auratus 16.9 ppm/96 hr
(Goldfish)
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ZINC

Environmental Fate/Exposure

zinc occurs naturally in the environment.

During blasting and crushing of ore, moderate losses of zinc to
the atmosphere may occur. Treatment of the crush by means of wet
flotation may result in emissions into water. During smelting
there are often large emissions into air, which will result in
cadmium emissions. The total emission of zinc into the atmosphere
during smelting in the USA during 1969 has been estimated at 50,000
tons. Significant zinc contamination of soil is only seen in the
vicinity of point sources.

Soil Concentration

Fifty times higher zinc concentration (5000 mg/kg) was found in
soil close to smelter compound with controls.

Atmospheric Concentration

zinc oxide fumes from artificial sources may produce a
particulate concentration of about 1 um.

Average Daily Intake

Approximately 5-22 mg/day.

Human Toxicity Excerpts

A sixteen year-old boy suffered ill effects after swallowing 12
grams of metallic zinc. High values for serum amylase and lipase
indicated pancreatic derangement, light headedness and a staggering
gait suggested mild derangement in cerebellar function: complete
recovery after chelation therapy.

Zinc poisoning with prolonged consumption of water from
galvanized pipes - irritability, muscular stiffness and pain, loss
of appetite and nausea is water concentration 40 mg/l. Secondary
bodyweight standard is equal to 5 mg/l.

- Apples stewed in galvanized iron vessels which contained 7 grams
of zinc to one pound made individuals acutely ill with dizziness,
nausea, tightness in throat and in some cases diarrhea. Chronic
anemia occurred in three children who chewed on toys made of metal
containing a zinc alloy.

- A thirty-two year-old woman developed severe nausea, vomiting,
and fever on six occasions after home dialysis using water which
had been stored in a galvanized tank. No further episodes occurred
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after water deionized before use.

In vitro, zinc dust extensively hemolyzed red blood cells and
absorbed the liberated hemoglobin. Metallic zinc had the greatest
hemolytic effect and the largest hemoglobin binding capacity: it
was followed by zinc oxide and zinc sulfide.

150



Oral ingestion of 12 grams of elemental zinc (800 times the RDA)
resulted only in pronounced lethargy. Ingestion of excessive dose
for prolonged periods may altered the immune system and may induce
copper and iron deficiency and may cause nausea, vomiting.
headache, chills, fever, malaise, and abdominal pain.

Severe exposure may give rise to gastritis with vomiting due to
swallowing dusts of zinc compounds. No chronic form of metal fume
fever, but the acute incident may be followed by complications such
as bronchitis or pneumonia, also skin irritation.

Bioconcentration

BCF in adult oyster is 16.700; the BCF in the soft shell clam
is 85. The BCF in the mussel is 500.

Non-Human Toxicity Values

ANIMAL DOSE/EXPOSURE EFFECT

Ferrets, Mink chewing on corroded poisoning
cage

Cattle, Horses food stuff containing poisoning
zinc particles

Pigs, Hens use zinc plated funnels poisoning

Cattle zinc oxide fumes from poisoning
welding of galvanized
materials

Young Animals any form of exposure poisoning - much
more susceptible
than mature animals

Mammals zinc toxicity symptoms lassitude. slower
tendon reflexes,
bloody enteritis,
diarrhea, lowered
leukocyte count and
depression of CNS,
paralysis of
extremities
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