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P with f{rformaticn o svaLuate the fwxith bFazavie as
astual or potestisl cortamination eof drivkicg water gust
Carre O Armatyecg Aernsngte Medlcal Regegroh ladordtory wss recuesred

Yw W) VILAFSCPA te develop health esnd envirormestal o cresties fag
each potential contswinent of drinking weter suppliss asspcisved wish
USAF trngtallaticors, Lo, & ground water conteminarion inforwetlon Sa%a
“ave THis IFP Toxicolegy Culde, Voluse 3 of & three volume sot e o
cpntart ot shar etirre Woloame 1 of the Togide AD ALTL TFT wae (e e
ce ey (SRS Valume 2 oef che e wae leged e Wy VYT LI
Cree s omermty ware rrodiaced urdey Testrget FITETT ORTLLT TR ko prer w
vootivele, Ine , for the Biochemicsl Toxicoioge Rracch, Towrlo Hatwrls

Division, Harvry € Arsstrong Aercspace Medical Research Laborstory
CAAMELY . Wripht Fatrterson AT, M.

Each volwse of the 1R? Toxicology Gulde outlines the envirormental
fate and effects, exposire pathwavs, texicity and saprling st sos’veis - o
techniques for & selected 1ist of chemical comntaminants. The sa‘erisi
providec s intended as an overview of key tepic areas. no tttnmwt s
made to provide a comprehensive review.  Cuide iz not & tectmicwl
rapnrtA Users are encouraged 2o read the Introdution ts Voelume 1 of
the TEP Texicology Cuide before arplying chemical-sperific {rnfrrmptiom,

The 35 chemicais {(r~luded in Volumw 1 of the IRP Touiceolegy Culde
resulted from an Occupationai snd Envirormental Health Laboretery
{CEHL) review of all IRP Phase Il reports available in March 13%4 Tre
xelected chealcals were detected in ground water as part of the Pusce
It effort. Arn additional 24 chewmicals were included in Valume 2 of the
IPP Toxicology Gulde. Volume 3 of the Cuide contains lé compourds,
pesticides and PUL (petroleum, oll and lubricent) preducts of lsterest
to the VUSAF Medical Service @ Candidarte chemicals for Inmciusion imn
future Guide expansion should be forvarded  through  MAJTIM
bloenvirormental engineers to HQ USAF/5(PA. Congultant servire
concerning the current status of the toxicological (irformation
contained in this Guide should be obtained from the USAF CENL/ICD,
Rrocks AFB, TX 78215-5N00

Every effort was made to assure that {nformation was curre-t and
reliable at the time of publication. Users are encouraged to repnrt
apparent discrepancies or errors to AAMRL/TM, VWright-Patterson AFB, OH
45433-6573. Coples of this document were distributed to all Alr Ferce
biocenvironmental engineers and other Alr Force perscrmel selected by Hj
USAF/SGPA.

A brief sampling and analysis section was included for es-h ol the

chemicals {n (he Cuide. Since sampling and analvsis irstructiors are

P available to Dbicenvirormental engineering personnel (i e , CENL

Ty Recommended Sampling Procedures), the recommended methods were
{dentified but were not descrided {n detail,
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LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS ix

A
This list of abbreviations, acronyms, terms and symbols is

selected from the pages of the Guide. Words and phrases defined here
include those occurring in more than one chapter, those indispensable
to understanding the material in the chapter and those that may help
clarify some of the definitions themselves. Not listed are chemical
synonyms which can be found in the chemical index and words adequately
defined at the point of use.

A Acre

AA Atomic absorption spectroscopy

ACGIH American Conference of Governmental Industrial
Hygienists

Active metals This refers to metals such as aluminum, calcium,
magnesium, potassium, sodium, tin, zinc, and their
alloys.

ADI Acceptable daily intake

ADL Arthur D, Little, Inc.

6" Adeno- A malignant tumor originating in glandular or ductal

carcinoma epithelium.

Adenoma A benign growth of glandular tissue.

ae Acid equivalent

Aerosol A suspension or dispersion of small solid or liquid

particles in air or gas.

AFOSH Air Force Occupational Safety and Health Standard
Alkali Metals (in Group 1A of the Periodic Table), such as
metals lithium, sodium, potassium, rubidium, cesium and

BT OB LR A e e T R W e e W R — W W 8 . St W W W N e G Se— € M B e — A o e ~— . . . ot et - e

francium. The alkali metals react vigorously, at
times violently, with water. These metals present a
dangerous fire risk when in contact with moisture or
oxidizing materials.

Alkaline Calcium, barium, strontium, and radium (Group IIA of
earth Periodic Table). Alkaline earth metals are less
metals reactive than sodium and potassium and have higher

melting and boiling points.

Ambient Surface water
s water
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LIST OF ABBREVIATIONS, ACRONYMS, T"3MS AND SYMBOLS X

Ambient water
criterion

Amines

API

Aquifer

Aromatic

atm

ATP

Autoignition
temperature

BCF

Benign

BOD

That concentration of a pollutant in a navigable water
that, based upon available data, will not result in
adverse impact on important aquatic life, or on
consumers of such aquatic life, after exposure of that
aquatic life for periods of time exceeding 96 hours
and continuing at least through one reproductive
cycle; and will not result in a significant risk of
adverse health effects in a large human population
based on available information such as mammalian
laboratory toxicity data, epidemiological studies of
human occupational exposures, or human exposure data,
or any other relevant data.

A class of organic compounds of nitrogen that may be
considered as derived from ammonia (NH;) by replacing
one or more of the hydrogen atoms (H) with straight or
branched hydrocarbon (alkyl) groups. All amines are
basic in nature and usually combine readily with
hydrochloric or other strong acids to form salts.

American Petroleum Institute

An underground, permeable saturated strata of rock,
sand or gravel containing ground water.

A major group of hydrocarbons containing one or more
rings like benzene, which has a six-carbon ring
containing three double bonds. Most compounds in this
group are derived from petroleum and coal tar and are
reactive and chemically versatile. The name
characterizes the strong and pleasant odor of most
substances of this group. NOTE: The term "aromatic"
is often used in perfume and fragrance industries to
describe essential oils, which are not aromatic in the
chemical sense.

Atmosphere (760 Torr)

Aderiosine triphosphate, a nucleotide cofactor
important in many biological reactions where energy is
transferred.

The minimum temperature at which the material will
ignite without a spark or flame being present. Along
with the flash poin{, autoignition temperature gives
an indication of relative flammability.
Bioconcentration factor, a measure of the cumulative
build-up of a specific compound sequentially through a
food chain.

A term meaning noncancerous.

Biochemical oxygen demand
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LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS xi

BUN
bw
C
CAA

CAG

Calc
Carcinogen
Carcinoma

CAS REG NO

cc

CERCLA

CFR
CL
cm

Chemically

active metals

CNS

co
€0,
Cp

CPSA

Blood urea nitrogen
Body weight

Celsius (Centigrade)
Ciean Air Act

Cancer Assessment Grcup of the U.S. Fnvironmental
Protection Agency

A number calculated by Arthur D. Little, Inc.

Any cancer-producing substance.

A malignant epithelial tumor.

Numeric designation assigned by the American Chemical
Society’s Chemical Abstract Service which uniquely
identifies chemical compound.

Cubic centimeter(s)

Comprehensive Environmental Response Compensation and
Liability Act

Code of Federal Regulations

Ceiling limit value

Centineter(s) (10 2 meters)

This phrase generally refers to metals such as
aluminum, calcium, magnesium, potassium, sodium, tin,
zinc and their alloys.

Central nervous system which consists of the brain and
spinal cord. The CNS controls mental activity plus
voluntary muscular activity. It also coordinates the
parasympathetic and sympathetic nervous systems, which
command the body’s involuntary functions.

Carbon monoxide

Carbon dioxide

Centipoise

Consumer Product Safety Act

Product of concentration multiplied by time of
exposure




LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS xii !

CWA W t ‘ A
Clean Water Ac @

d Density

da Day(s)

DA Deoxyribonucleic acid

DOT U.S. Department of Transportation

Drinking Water which meets the specifications of the water

water quality standards and 1s therefore suitable for human

consumption and for all usual domestic purposes.

e o

ECD Electron capture detector

EEC European Economic Community

EEG Electroencephalogram, it detects abnormalities in the
electrical waves emanating from different areas of the
brain.

EKG Electrocardiogram, a recording of the changes in

electrical potential that occur during a cycle of
heart muscle activity, producing a characteristic
series of waves.

AT
o
EPA Environmental Protection Agency
Epithelium The covering of internal and external surfaces of the
body, including the lining of vessels and small
cavities.
Epoxide An organic compound containing a reactive group

resulting from the union of an oxygen atom with other
atoms (usually carbon) that are joined as shown below:

0]

e € e € e

This group, commonly called "epoxy", characterizes the
epoxy resins. Epichlorohydrin and ethylene oxide are
well-known epoxides.

"B s S MV Y W & .

estim Estimated value

F Fahrenheit

f Fraction organic carbon in soil (0 < £ =< 1)
oc oc

FDA Food and Drug Administration (U.S5.A.)
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LIST OF ABBREVIATIONS, ACRORYMS, TERMS AND SYMBOLS xiii

FDCA Food, Drug and Cosmctic Act

FID Flame ionization detector

FIFRA Federal Insecticide, Fungicide and Rodenticide Act

Finished "End-of-tap” drinking water, i.e., water that has
undergone drinking water treatment

Flamnable The range of gas or vapor concentrations in air,

limits in air

ft

Gavage
GC
GI

Ground water

3H

ha

Half-1life

Halogen

generally expressed in units percent by volume,
capable of supporting combustion when ignited. The
lower end of che range is commonly referred to as the
lower flammable limit (LFL) and sometimes as the lower
explosive limit (LEL). The upper end of the range is
called the upper flammable limit (UFL) or the the
upper explosive limit (UEL).

Fcdiral Register

Foot

Grams(s)

Forced feeding through a tube passed into the stomach.
Gas chromatography

Gastro-intestinal

Subsurface water that occurs beneath the water table
in soils and geologic forms that are fully saturated.

Henry’s law constant (atmem3/mol)

Chemical symbol for the radioactive isotope of
hydrogen of atomic mass 3.

Hectare, a unit of area equal to 10,000 square meters

EPA's Health Advisory (formerly termed SNARL), an
estimate of the no adverse response level for short
and long-term exposvres to a chemical via drinking
water.

Time required for removal or degradation of one-half
of the original quantity.

One of the electronegative elements of Group VIIA of
the Periodic Table: fluorine, chlorine, bromine,
iodine, and astatine. Fluorine is the most active of
all chemical elements.

6/87
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LIST OF ABBREVIATIONS, ACRONYMS, TERPMS AND SYMBOLS xiv

Halogenated
Hemangioma

Hemangio-
sarcoma

Hg
HMTA
HPLC
hr

Hydrocarbon

Hydrolysis

IARC

IDLH

im
in

intradermal

in vitro

in vivo

ip
IR

IRP

IU

Containing one or more atecms of halogens.
A tumor composed of blood vessels.

A malignant tumor composed of endothelial cells wl.iich
line the heart and vessels of the circulatory system,

Mercury

Hazardous Materials Transportation Act
High-pressure liquid chromatcgraphy

Hour(s)

An organic compound (as acetylene or benzene)
consisting exclusively of the elements carbon and

hydrogen and often occurring in petroleum, natural gas,
coal and bitumens.

The addition of the hydrogen and hydroxyl ions of

water to a molecule, with its consequent splitting

into 2 or more simpler molecules.

International Agency for Research on Cancer

Immediately dangerous to life or health concentration; PEN
represents the maximum level from which one could b
escape within 30 minutes without any escape-impairing

symptoms or any irreversible health effects.

Intramuscular

Inch

Situated or applied within the skin

Describes biological experiments in laboratory
apparatus rather than in a living organism.

Describes process that occur within a living
organism.

Intraperitoneal

Infrared spectroscopy S
Installation Restoration Program

International units

Intravenous
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LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS XV

K, (or xp)
kg

K
oc

1b

LCso

LCLo

LCty,

Lesion

log Kow
Lower
flammable
limit

m

m3

MAC

Malignant

MCL
MDL
mEq
mg

mgs

L

Soil sorption coefficient

Kilogram(s) (10% grams)

Soil absorption coefficient normalized to represent
amount sorbed per unit weight of organic carbon in
soil.

Liter(s)

Pound(s)

The concentration required to kill 50% of test
individuals.

Lowest reported lethal concentration.

Product of the concentration times time which causes
lethality iIn 50% of the exposed population.

The dose required to kill 50% of test individuals.
Lowest reported lethal dose.

An abnormal change in an organ because of injury or
disease.

Log of the octanol-water partition coefficient.

The lowest concentration of the material in air which
will support combustion.

Meter

Cubic meter(s)

Maximum allowable concentration

Pertaining to the growth and rtroliferation of certain
tumors which terminate in death if not checked by
treatment,

Maximum contaminant level

Minimum detection limit(s)

Milliequivalent (1/1000 of an equivalent)
Milligram(s) (10 3 grams)

The concentration of a solution expressed in

milligrams per 100 ml.

6/87

-y [ L. T N T Y ) ” I AT T T A R R A iy W X NS AT AR R AT T

A



LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS xvi

min Minute(s)

Mineral acids Examples include boric, disulfuric, fluosilicic,
(non-oxidizing) hydriodic, hydrobromic, hydrochloric, hydrocyanic,

j hydrofluoric, permonosulfuric, phosphoric, and
i selenous acids as well as chlorosulfonic acid and
P various fluorophosphoric acids.

S
;ﬁ Mineral acids Examples include bromic, chloric, chromic acids

. (oxidizing) hypochlorous, nitric, nitrohydrochloric, perbromic,

perchlorie, perchlorous, periodic and sulfuric acids.

mL Milliliter (10 3 liters)

MLD Minimum lethal dose

mm Millimeter(s) (10 3 meters)

mM Millimoles

mol Gram mole

MPRSA Marine Protection Research and Sanctuaries Act
MS Mass spectrometry

Mutagen A material that induces genetic damage.

MW Molecular weight

n Normal (isomer), as in n-butyl.

N Normal (equivalents per liter, as applied to

concentration); nitrogen (as in N-methylpyridine)

Narcosis A state of stupor, unconsciousness or arrested
activity.

NCI National Cancer Institute

NEPA National Environmental Policy Act

NFPA National Fire Protection Association

NIOSH The National Institute for Occupational Safety and
Health

I03H No. A unique, nine-position accession number assigned te

each substance listed in the Registry of Toxic Effects
of Chemical Substances published by NIOSH.

(
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LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS xvii

Nitride

NOEL/NOAEL
NPL

NTP

ng

OHM/TADS

OSHA

Oxidation

Oxidizing
materials

PEL

Percutaneous

Pg

pH

PID
Pk

Plasma

po

Polymerizable
material

L R AR
LN LA

Compounds of nitrogen with Nm as the anion. These
compounds may react with moisture to evolve flammable
ammonia gas.

No observed (adverse) effect level
National Priority List

National Tuxicology Program
Nanogram(s) (10°° grams)

0il and Hazardous Materials Technical Assistance Data
System

Occupational Safety and Health Act (or Administration)

Any process involving the addition of oxygen, loss of
hydrogen, or loss of electrons from a compound.

Any compound that spontaneously evolves oxygen either
at room temperature or under slight heating. The

term includes such chemicals as peroxides, chlorates, -
perchlorates, nitrates, and permanganates. These can
react vigorously at ambient temperatures when stored
near or in contact with reducing materials such as
cellulosic (i.e., cotton, paper, rayon) and other
organic compounds. In general, storage areas Ior
oxidizing materials should be well ventilated and kept
as cool as possible.

Pevmissible exposure limit, as found in 29CFR
1910.1000.

Penetration of the skin

Picogram(s) (1012 grams)

A measure of acidity or alkalinity of a solution on a
scale of 0-14; log of the reciprocal of the hydrogen
ion concentration

Photo ionization detector

Peak concentration.

The straw-colored, fluid portion of blood that
remains when all cellis are removed.

By mouth
A substance capable of self-polymerization under
appropriate conditions. Polymerization reactions are

often violent, exothermic, and capable of causing
violent rupture of seiled containers.
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LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS xviii

Polymeri-
zation

POTWs
ppb
ppm
PPt
PVA
PVC

Raw

RCRA

Reactivity
(chemical)

RBC

Reducing
agents

S R A P N el ot

A chemical reaction, usually carried out with a cata-
lyst, heat, or light, and often under high pressure.
In this reaction, a large number of relatively simple
molecules combine to form a chain-like macromolecule.
This reaction can occur with the release of heat. In
a container, the heat associated with polymerization
may cause the substance to expand and/or release gas
and cause the container to rupture, sometimes vio-
lently. The polynerization reaction occurs sponta-
neously in nature; industrially it is performed by
subjecting unsaturated or otherwise reactive
substances to conditions that will bring about the
combination.

Publicly owned treatment works
Part(s) per billion

Part(s) per million

Part(s) per thousand
Polyvinyl acetate

Polyvinyl chloride

Applies to water or waste water that has undergone no
treatment :

Resource Conservation and Recovery Act

Relating to the potential for a substance to undergo
chemical transformation or change in the presence of
other materials. Such chemical reactions often (but
not alwavs) are hazardous and involve evolution of
heat, toxic or flammable gases, fires or explosions.
The products formed by the reaction may have
properties or hazards different from those of the
chemical reactants.

Red blood cells

These agents act to extract and liberate hydrogen from
organic substances and may generate toxic and/or flam-
mable gases and heat in contact with water. Many re-
ducing agents may be pyrophoric and may ignite combus-
tible materials in the presence of air. Contact with
oxidizing materials may result in violent or explosive
reactions. Examples of reducing agents include cal-
cium, phosphorus, sodium, hydrazine, arsine, and
metallic acetylides, aluminates, boranes, bromides,
carbides, chlorides, hybrides, hydroborates, hypo-
sulfites, iodides, phosphides, salenides, and silanes,
as well as metal alkyls such as triethyl aluminum and
diethyl zinc.
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LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS xix

Reduction Decreasing the oxygen content or increasing the
proportion of hydrogen in a chemical compound or
adding an electron to an atom or ion.

&

Q Rf Retardation factor, i.e., the ratio of the velocity of
a the interstitial water to the velocity of a pollutant
" in soil.
s
i RMCL Recommended maximum contaminant level
o RNA Ribonucleic acid
\-1
§ RQ Reportable quantities
i SAE Soclety of Automotive Engineers
v sC ’ Subcutaneous, beneath the skin
¥
p SD Standard deviation, a measure of the spread of
’ individual measurements of a normally distributed
variable.
SDWA Safe Drinking Water Act
sec Second(s)
Serum The clean amber fluid that remains after blood has
‘rb clotted; plasma without any of the substances involved

in clotting.

SGOT Serum glutamic oxalacetic transaminase, an enzyme
released into the serum as the result of tissue
injury, especially injury to the heart and/or liver.

SGPT Serum glutamic pyruvic transaminase, an enzyme
released into the serum as a result of tissue injury,
especially damage to liver cells.

T LA R S NN

» SH Sulfhydryl group
? SNARL Suggested no adverse response level
‘1
; STEL Short-term exposure limit; an ACGIH-recommended
{ concentration to which workers can be exposed
Q continuously for a short period of time without
i suffering irritation, chronic or irreversible tissue
¢ damage or narcosis of sufficient degree to increase
; the likelihood of accidental injury, impair
S self-rescue or materially reduce work efficiency,
V' provided that the daily threshold limit value is not
v, exceeded.
»
ﬁ§* STP Standard temperature and pressure
Subcutaneous Beneath the skin
!
]
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LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS XX

Surface water

Sym
©y
TDLo

Teratogen

TLV

TNT

Toxic metals
and their
compounds

TSCA
TWA
Bg

ul

uns
Upper
flammable
limit
USAF
USEPA
Vol. %

Water quality
standards

I

~

G

The water contained on the exterior or upper portion d;g
of the earth’'s surface; it does not include ground oy %
water.

Symmetrical

Half-life

Lowest reportad toxic dose

A material that induces nontransmissible changes
(birth defects) in the offspring.

Threshold limit value; an ACGIH-recommended
time-weighted average concentration for a normal
8-hour work-day and a 40-hour work-week to which most
workers can be exposed without adverse effect. /

Trinitrotoluene, an explosive used in the munitions
industry.

These include antimony, arsenic, barium, beryllium,

bismuth, cadmium, chromium, cobalt, copper, indium,

lead, manganese, mercury, molybdenum, nickel, osmium,

selenium, thallium, thorium, titanium, zinc and

zirconium; compounds containing these metals; and

metallic compounds containing arsines, boron, calcium, A
cesium, magnesium, silver, strontium, tellurium, tin, b
tungsten or vanadium, among others.

Toxic Substances Control Act

Time-weighted average

Microgram(s) (10 & grams)

Microliter(s) (10 8 liters)

Unsymmetrical

The highest concentration of the material in air which
will support combustion.

United States Air Force

United States Environmental Protection Agency

The number of milliliters of a substance in 100
milliliters of the medium.

Legally enforceable provisions of state or Federal law e
which consist of a designated use or uses for the Qx;

waters of the United States and water quality criteria
for such waters based upon such uses.
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LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS xxi

;E; WHO World Health Organization
t wk Veek(s)
w/v Weight per unit volume
w/w Weight per unit weight

Degrees, as in 37°C

$ Percent

> Greater than

< Less than

~ Approximately

- Yields or causes

+ Plus

® Registered trademark

Q{;
MO
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DDT 57-1

5$h COMMON SYNONYMS: CAS REG. NO.:| FORMULA: AIR W/V CONVERSION

Lo 1,17-(2,2,2- 50-29-3 C, HgCl1, FACTORS at 25°C (12)
Trichloro- NIOSH NO.:
ethylidene)bis KJ3325000 14.5 mg/m3 = 1 ppm

! (4-chlorobenzene) | STRUCTURE: " 0.0689 ppm = 1 mg/m3
1,1,1-Trichlovo- e

2,2-bis(p-chloro- cw<§i?}—c—<;:>>m MOLECULAR WEIGHT:
phenyl)ethane / ém, : 354.5

DDT is considered incompatible with strong oxidizers by one
source and incompatible with alkaline materials by another.
For general compatibility classification purposes, the
compound is considered to be a halogenated organic.
Reactions of halogenated organic materials with cyanides,
mercaptans or other organic sulfides typically generate
heat, while those with mineral acids, amines, azo compounds,
REACTIVITY | hydrazines, caustics, or nitrides commonly evolve heat and
toxic or flammable gases. Reactions with oxidizing mineral
acids may generate heat, toxic gases, and fires. Those with
alkali or alkaline earth elemental metals, certain other
chemically active elemental metals like aluminum, zinc or
magresium, organic peroxides or hydroperoxides, strong
oxidizing agents, or strong reducing agents typically result
in heat generation and explosions and/or fires (23,54,511).

e Physical State (at 20°C): crystals or powder (12)
e Color: colorless to slight off-white (12)
e Odor: odorless or slightly aromatic (12)
e 0Ndor Threshold: no data ()
e Density (g/ml at 20°C): 0.98-0.99 (12)
e Freezing/Melting Point (°C): 108.5 (59)
e Boiling Point (°C): 260 (59)
e Flash Point (°C): combustible solid (60)
e Flammable Limits in Air, % by Volume: no data ()
® Autoignition Temperature (°C): no data ()
PHYSICO- e Vapor Pressure (mm Hg at 20°C): 1.5 x 1077 (12)
CHEMICAL e Saturated Concentration in Air
DATA (mg/m3 at 20°C): 2.90 x 103 (ADL estim}
® Solubility in Water (mg/L at 25°C):
0.0031 - 0.0034 (67)
e Viscosity (cp at 20°C): no data ()
e Surface Tension (dyne/cm at 20°C): no data ()
e Log (Octanol-Water Partition Coefficient),
log K _: 6.36 (2162)
e Soil Adggrption Coefficient, K : 302,000 (2147)
e Henry’s Law Constant (atm-m3/m8i at 25°C):
2.8 x 1078 (2146)
e Bioconcentration Factor: 38,642 (rainbow (2001,
trout); 1.1 x 10% (estim) 659)
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DDT 57-2
DDT is expected to be relatively immobile in the soil/ground- qﬁp
water system due to its strong sorption properties. Volatil- At
ization may be an important loss pathway from aquatic
PERSISTENCE | systems but is much slower in solls. Translocation of
IN THE SOIL- | sorbed DDT with soil particles may be important. Bio-

WATER SYSTEM

degradation is expected to be the predominant fate process
in soils, but occurs slowly under aerobic conditions.
Photolysis can also contribute to DDT degradation in soils
exposed to sunlight.

PATHWAYS
OF
EXPOSURE

The primary pathway of concern from the soil/ground-water
system is the migration of DDT to ground water drinking water
supplies, although this is not likely to occur in most situ-
ations. Uptake by crops from soil or biocaccumulation by
aquatic organisms or domestic animals may be important ex-
posure pathways in some instances.

HEALTH
HAZARD
DATA

Signs and Symptoms of Short-term Human Exposure (54):

DDT is of moderate acute toxicity to man. Symptoms of
exposure Include paresthesia of the tongue, lips and face;
tremors, apprehension, dizziness, confusion, malaise,
headaches, convulsions, paresis of the hands, vomiting,
irritation of the eyes and skin.

pﬂh

Toxjicity Based on Anima}l Studies: -

LDso (mg/kg)
oral 87 ([rat]
skin 1931 [rat]

LCy, (mg/m?)
47) inhalation -- no data

(47)

Long-Term ects: Live nd kidney damage

Pregnancy/Neonate Data; Fetotoxic; not teratogenic
Mutation Data: Conflicting data

Carcinogenicity Clacsification;

ARC- -none assigned

HANDLING
PRECAUTIONS
(54)

Handle chemical ¢nly with adequate ventilation e Vapor
concentrations of 10 mg/m?: chemical cartridge respirator
with organic vapor cartridge with dust or mist filter,
including pesticide respirators meeting these requirements
or supplied-air respirator or self-contained breathing
apparatus e 10-100 mg/m®: supplied-air respirator with full
facepiece or self-contained breathing apparatus with full
facepiece e 100-500 mg/m3: Type C supplied-air respirator
operated in pressure demand, continuous flow mode or other
positive pressure mode e Chemical goggles if there is
probability of eye contact o Appropriate clothing and gloves
to prevent repeated or prolonged skin contact.

A d s

»

ST L S
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DDT 57-3

vy Ingestion: Because many pesticide formulations are combined
o with other pesticides, fungicides or insecticides and are
frequently dissolved in petroleum distillates, vomiting
involves a serious risk that solvent will be aspirated,
leading to chemical pneumonitis. For thece reasons, if the
ingested DDT is dissolved in a petrnleum-based carrier or a
EMERGENCY | mixed formulation, do not induce vomiting. Contact
FIRST AID | physician or emergency medical facility immediately. If the
TREATMENT ingested DDT is in an aqueous carrier, induce vomiting. Get
(54) medical attention immediately e Inhalation: Move victim to
fresh air. Give artificial respiration if necessary. Get
medical attentior. e Skin: Remove contaminated clothing.
Wash skin with soap and water. If irritation persists after
washing, get medical attention e Ey=: Flush with large
amounts of water. If irritation persists after wasching, get
medical attention.
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vulL 2/-4

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND CRITERIA (—"-’q

AIR EXPOSURE LIMITS:

Standards
e OSHA PEL (8-hr TWA): 1 mg/m3? (skin)
e AFOSH PEL (8-br TWA): 1 mp/m3 (skin)

Criteria
e NIOSH IDLH (3C-min): 1 mg/m?
e ACGIH TLV® (8-hr TWa): 1 mg/m3
® ACGIH STEL (15-min): delated

WATER EXPOSURF _LIMITS:

Drinkirz Water Stardards - Nons established

EPA_Am:ient Water Quality Critecis (3%5)
® Human Hzalth
- Basad on ingestion of coavaminated water nnd aquatic
orgavisms, (1078, 107, 107 cancer risk}, 0.24 ng/L, 0.024
ng/L, 0.00Z24 ng/L.

Pl
- Based on ingestion ¢f contaminated aguatic organisms only, -
(10 %, 10 ¢, 10 7 cancer risk), 0.24 np/L, 0.024 ng/L,
0.0024 ng/L.

® Aquatic Life
- Freshwater specles
For DDT and its metabolites, the criterion is 0.0010
pg/L as a 24 hour average  The concentrstion zhould not
exceed 1.1 pug/L at any tire.

- Saltwater species
Fer DDT and its metabolices, the criterion is 0.0010 ug/L
as a 24 hour average. The concentration should not
excead 0.13 pg/L at «ny tinme.

W¥O Drinking Water Guideline (666)
A health-based guideline for drinking water of 1 pg/L is '
recommended for DDT. A daily per capita consumption of two liters
of water was assumed.

{ oy

N
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DDT 57-5

N REGULATOKY STATUS (as of May 1, 1987)

e Federal Programs

Clean Water Act (CWA)

Under the toxic pellutant effluent standards, DDT is prohibited in
any discharge from DDT manufacturers or formulators (805).

DDT is designated a hazardous substance. It has a reportable
quantity (RQ) of 0.454 kg (347,985). 1Ic is also listed as a toxic
pollutant (351). Water quality criteria have been set. No
effluent limitations specific to this chemical have been set.

Safe Drinking Water Act (SDWA)

In states with an approved Underground Injection Control program,
a permit is required for the injection of DDT-containing wastes
designated as hazardous under RCRA (295).

;
|
TR |
g
:
3
|

Resource Conservation and Recovery Act (RCRA)

DDT is identified as a hazardous waste (U0O6l) and listed as a
hazardous waste constituent (328,329).

2
Effective July 8, 1987, the land disposal of hazardous wastes con- %
taining halogenatad organic compounds in total concentrations 3y
. greater than or equal to 1000 mg/kg will be prohibited. The only
Qﬁé exception will be underground injection (1755).
i

Comprehepsive Environmental Response Compepsation and Liability Act
(CERCLA)
DDT is designated a hazardous substance under CERCLA. It has a

reportaole quantity (RQ) limit of 0.454 kg. Reportable quantities
have also been issued for RCRA hazardous waste streams containing
DDT but these depend upon the concentrations of the chemicals in )
the waste stream (985).

aedeya e ticid (FIFRA)
Action levels for the sum of DDT, DDE and DDD residues in
agricultural commodities range from 0.05 to 0.5 ppm (889).

As of January 1, 1989, EPA is cancelling registrations and denying
applications of all dicofol products containing greater than 0.1l%
of DDT and related impurities (2268).

)
é
?
Ly
Marine Protection Research and Sanctuarjes Act (MPRSA) ' g
2
E

Ocean dumping of organohalogen compounds as well as the dumping of
known or suspected carcinogens, mutagens or teratogens is prohib-
ited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demon-
strate that such chemical constituents are non-toxic and non-
bioaccumulative in the marine environment or are rapidly rendered
harmless by physical, chemical or biological processes in the sea

N
oy (309).
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! DDT 57-6

Occupational Safety and Health Act (OSHA)

Employee exposure to DDT shall not exceed an 8-hour
time-weighted-average (ITWA) of 1 mg/m% (298).

Food, Drug and Cosmetic Act (FDCA)

The following action levels are recommended for the sum of DDT,
DDE and DDD residues:

0.1 ppm in dried hops
1.25 ppm in manufactured dairy products
1 ppm in peppermint oil, spearmint oil and in crude soybean

oil (888)
fg% e State Water Programs
& The following states have a criterion of 0.001 ug/L for DDT
A (731,981):

Florida - in the public water supply
New Jersey - in surface water

North Carolina - in fresh water
West Virginia - in drinking water

EY
-
-_

Illinois and Louisiana have a criterion of 0.05 mg/L and 0.24

Virginia has a ground water quality standard of 0.001 ug/L (981).

:i; ng/L, respectively, in the public water supply (731).

- 93

'%i Louisiana has a criterion of 1.1 ug/L for fresh water (731).

?t Missouri does not allow DDT to be present in state waters (731).
e

% New York does not allow DDT to be present in ground water (981).

Other states follow EPA Ambient Water Quality Criteria.

od Proposed Regulations
3 e Federal Programs
gx Resource Conservation and Recovery Act (RCRA)

M EPA has proposed that non-liquid hazardous wastes containing
halogenated organic compounds (HOCs) in total concentrations
greater than or equal to 1000 mg/kg or liquid hazardous wastes
containing HOCs in total concentrations greater than or equal to
18 HOCs must be incinerated in accordance with the requirements of
40CFR264.343 or 265.343 (1767).

EPA has also proposed that hazardous waste treatment, storage and
disposal facilities monitor ground water for DDY when EPA suspects
the facilities of leaking contaminants (1754).

e State Water Programs
No proposed regulations are pending.

6/87
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DDT 57-7

p;;.:;i- EEC Directiveg

v rinking Water (533)
The mandatory values for total pesticides in surface water treatment
categories Al, A2 and A3 used or intended for abstraction of drinking
water are 0.001, 0.0025 and 0.005 mg/L, respectively. There are no

guideline values.

Directive Relating to the Quality of Waterx foyr Humap Consumption (540)

The total maximum allowable concentration for pesticides and related
products is 0.5 ug/L.

Directive on Ground Water (538)

Direct discharge into ground water (i.e., without percolation through
the ground or subsoil) of orgarophosphorous compounds, organohalogen
compounds and substances which may form such compounds in the aquatic
environment, substances which possess carcinogenic, mutagenic or
teratogenic properties in or via the aquatic environment and mineral
oils and hydrocarbons is prohibited. Appropriate measures deemed
necessary to prevent indirect discharge into ground water (l.e., via
percolation through ground or subsoil) of these substances shall be
taken by member countries.

Directive on Bathing Water Quality (534)

When inspection of a bathing area shows that heavy metals, pesticides
or cyanides may be present, concentrations should be checked by
competent authorities.

ﬁ ectiv ua equire S sh Wat (537)

The wandatory specifications for organohalogenated substances specify
that the concentration of each substance in the shellfish water or in
shellfish flesh must not reach or exceed a level which has harmful
effects on the shellfish and larvae. The guideline specifications for
& organohalogenated substances state that the concentration of each

: substance in shellfish flesh must pe so limited that it contributes to
‘ the high quality of shellfish product.

Directive on the Discharge of Danperous Substances (535)

‘ Organochalogens, organophosphates, petroleum hydrocarbons, carcinogens
or substances which have a deleterious effect on the taste and/or odor
of human food derived from aquatic environments cannot be discharged
into inland surface waters, territorial waters or internal coastal
waters without prior authorization from member countries which issue

! emission standards. A system of zero-emission applies to discharge of
these substances into ground water.

Directive on Toxic and Dangerous Wastes (542)

Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including
phenols and phenol compounds; organic-halogen compounds; chrome
compounds; lead compounds; cyanides; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the

oo quantity, nature, physical and chemical characteristics and origin of
Ko such waste, and of the methods and sites used for disposing of such
waste,
6/87
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5 DDT 57-8
Rirective on Classificatjon, Packaging and Labeling of Pesticides .
P (786) i
‘ DDT is listed as a Class I/c substance and is subject to packaging and
. labeling regulations.
N
o) Directive on Plant Protection Products (1333)
% Plant protection products containing DDT may be neither placed on the
a market nor used. If it appears necessary, because of an unforeseeable
danger threatening plant production which cannot be controlled by
! other means, such products may be permitted to be marketed and/or used
Q for a maximum period of 120 days. DDT may also be placed on the
4 market or used in other specified cases.
o
- Directive on the Limit Values and Qualjty Objectives fo scha ()
Certain Dangerous Substances (1792)
Pursuant to the Directive on the Discharge of Dangerous Substances the
& quality objective for p,p’-DDT is 10 ug/L. For total DDT (including
* isomers) the quality objective is 25 ug/L. The emission standard of
i DDT and iscomers for DDT production is 0.7 mg/L water discharged as a
> monthly average and 1.3 mg/L water discharged as a daily average.
i These regulations must be complied with as of January 1, 1988.
; T N - oo Tt - - R L T - —
R EEC Directjves - ose
n Proposal for a Council Directive on the Dumping of Waste at Sea (1793)
> EEC has proposed that the dumping of organohalogen compounds at sea be
g prohibited. AN
] ~
0 o c om_and
N Ig; ;hg Community of € :ggi,n Dangerous Cb_emigglg (1795)
o EEC has proposed that any export of DDT on its own or in preparations
ﬁ must be reported by the exporter to a designated authority in the
: state of export and the state of import. The product must be packaged
i and labeled in accordance with the Directive on Classification
A Packaging and Labeling of Dangerous Substances.
E:
]
51
E:
]
g
{ »
N
Y
N
O\
g e
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DDT 57-9

57.1 MAJOR USES

From 1946 to 1972, DDT was one of the most widely used agri-
cultural insecticides in the world (12). During this time, DDT played
an important role in many phases of agriculture and in the eradication
of malaria, typhus and plague. As of January 1, 1973, all uses of DDT
were cancelled with the exception of emergency public health uses;
however, it 1is still used extensively in some tropical countries
(59,2000).

Technical DDT is a mixture consisting primarily of p,p’-DDT
(65-80%), o,p’-DDT (15-21%), p,p’'-DDE (> 4%), and up to a dozen other
components (2145). Most s*udies of DDT nave examined either the p,p’
isomer, the o,p’ isomer or the technical product. The discussion that
follows also focuses on the technical DDT mixture, for it has received
the most study. However, data for specific isomers are included
whenever possible.

57.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS
57.2.1 Transport in Soil/Ground-water Systems
57.2.1.1 Overview

DDT is expected to be highly immobile in the soil/ground-water
environment when present at low dissolved concentrations. Bulk
quantities of DDT dissolved in an organic solvent could be transported
through the unsaturated zone as the result of a spill or improper dis-
posal of excess formulations. However, the extremely low solubility of
DDT and its strong tendency to sorb to soils results in a very slow
transport rate in soils.

In general, transport pathways can be assessed by using an equi-
librium-partitioning model as shown in Table 57-1. These calculations
predict the partitioning of low soil concentrations of DDT among soil
particles, soil water, and soil air. Due to its strong tendency to

sorb to soil, virtually all of the DDT partitions to the soil particles
: of unsaturated top soil, with negligible amounts associated with the
L soil water or air. Even in saturated deep soil, which is assumed to
< contain no soil air and a smaller organic carbon fraction, almost all
Y of the DDT is retained on the soil. '
§ 57.2.1.2 Sorption on Soils
v

DDT is characterized by a strong tendency to sorb to organic
carbon. Kadeg et al. (2147) report an arithmetic mean K__ of 670,200
ac

: for 17 reported values; the corresponding geometric mean wds log Koc -

) 5.48. As with all neutral organic chemicals, the extent of sorption is

) proportional to the soil organic carbon content. In soils with little

organic carbon (e.g., clays) the extent of sorption may also depend

upon soil properties such as surface area, cation exchange capacity and
degree of hydration.

S
: |
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DDT 57-10

TABLE 57-1

EQUILIBRIUM PARTITIONING CALCULAgIONS FOR DDT
IN MODEL ENVIRONMENTS

Estimated Percent

Soil of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air
Unsaturated 100.0 1.7 x 1073 6.0 x 10°¢

topspil at

25"08’c
Saturated 99.9 7.9 x 1072 -

.. d
deep soil

a) Calculations based on Mackay’'s equilibrium partitioning model
(34,35,36); see Introduction in Volume 1 for description of model
and environmental conditions chosen to represent an unsaturated
topsoil and saturated deep soil. Calculated percentages should be
considered as rough estimates and used only for general guidance.

b) Utilized soil sorption coefficient: Koc = 302,000 (2147).

c) Henry’'s law constant taken as 2.8 x 10 8 atmem3/mol at 25°C
(2146) .

d) Used sorption coefficient Kp = 0.001 Koc'

The apparent sorption of DDT to soils and sediments is lessened,
and thus its mobility is enhanced by the presence of dissolved organic
matter in solution. Caron et al. (2148) found the sorption of DDT to a
natural freshwater sediment to be reduced by 75% in the presence of
6.95 mg/L of dissolved organic carbon (in the form of humic acid
extracted from another sediment). Using p,p’-LCDT, Chiou et al. (2149)
observed the apparent water solubility to be significantly enharced
(roughly 2-5 times) in the presence of 100 mg/L of humic and fulvic
acids. (Sorption will decrease with increasing water solubility.) The
partitioning of p,p’-DDT between soil-derived humic acid and water was
approximately 4 times greater than with soil fulvic acids and 5-7 times
greater than with aquatic (freshwater) humic and fulvic acids. These
findings indicate that the mobility of DDT in natural waters may be
several times greater than predicted (though probably still small) when
the effect of dissolved organic matter is present. In waters con-
taining large concentrations of dissolved organic material, such as
swamps and bogs, this may be especially important.
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DDT 57-11

57.2.1.3 Volatilization from Soils

The vapor pressure of DDT at 25°C has been given as 2.6 x 10 1°
atm (2150) with estimates of its Henry’s law constant at 25°C ranging
from 2.8 x 10 % to 2.0 x 10°% atmem®/mol (2146). Volatilization is
expected to be an important loss process in aquatic environments with
the half-life for DDT on the order of several hours to several days
(10). The presence of sediment particles, which would adsorb DDT from
solution, would significantly reduce volatilization losses.

In soils, volatilization is much slower. Jury et al]. (808), using
soil of 1.25% organic carbon to which DDT was applied uniformly to a
depth of 1 cm at the rate of 1 kg/hectare, calculated volatilization
half-1lives of 497 and 432 days when water evaporation rates were 0.0
and 5.0 mm/day, respectively. The corresponding figures when the same
quantity of DDT was mixed to a depth of 10 cm were 2300 and 2069 days.

Similar results were obtained by Lichtenstein et al. (2151) who
studied the persistence of technical DDT (84% p,p’, 15% o,p') in
agricultural loam soll with crops over a 15 year period. Calculated
half-lives for both isomers fell between 4.0 and 4.7 years for DDT
applied at 10 pounds/acre; somewhat longer half-lives were measured for
applications of 100 pounds/acre. These half-lives should be taken as
upper limits of the volatilization rate since other processes such as
leaching and degradation contribute to the DDT loss.

In tropical soils, the loss of DDT has been found to be much more
rapid. El Zorgani (2152) found a half-1life of less than three weeks
for DDT applied at an initial concentration of 6.65 ppm to the soil
surface beneath a cotton crop in the Sudan. The loss of the o,p’
isomer was several times greater than for the p,p’ 1isomer; an
insignificant fraction of the loss could be accounted for by conversion
to p,p’'-DDE. A half-life 110 days has been reported for DDT in Kenya
(2153) where it was found to sublime directly into the atmosphere
without conversion to DDE.

57.2.2 Transformation Processes in Soil/Ground-water Systems

The rate at which DDT degrades in the soil/ground-water
environment is dependent on the conditions under which it is present.
The pH strongly affects the rate of aqueous hydrolysis. Over the pH
range typical of natural waters (pH 5-9), Wolfe et al. (2154) found the
pseudo-first-order rate constant (kobs) at 27°C could be expressed as:

k - 1.9 x 10°°+ 9.9x10 3+[0H ]
obs
where ko s 1s in 8!, and (OH ]}, the concentration of the hydroxide
ion, is Hn moles/liter. Hydrolysis half-lives of roughly 81 days, 8
years and 12 years at pH 9, 7, and 5, respectively, result from the
rate constant obtained frum this equation. The hydrolysis product of
p,p’-DDT is p,p’'-DDE (2145).
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A photolysis half-1life of 5 days was measured for DDT when it was
present in natural water exposed to summer sunlight, although no
photolysis was observed when the chemical was present in pure water
(2155). Again, p,p'-DDE is a degradation product (2145). Chen et al.
(1220) observed a similar half-life of 8 days for p,p’'-DDT applied as a
thin film (0.67 upg/cm?) to glass plates and exposed to light of envi-
ronmentally important wavelengths (maximum intensity at 300 nm). The
degradation of DDT by ultraviolet light was found to be more effective
when the DDT was present in humus-free soil than in soil containing
humus (2156).

DDT has been found to undergo abiotic, reductive dehalogenation to
DDD in the presence of Fe(II) porphyrin (2157). It has been suggested
that the Fe(III) porphyrin, which results from the oxidation of the
Fe(I1) porphyrin in this process, 1is reconverted to the Fe(II)
porphyrin in the presence of reduced organic material (2158). De-
hydrochlorination of DDT to DDE (removal of a hydrogen and chlorine
atom to form a double bond) has also been obsarved in model systems
containing reduced porphyrins and in the natural environment (2157).

Gambrell et al. (2159) found the degradation of DDT to be little
affected by pH but greatly affected by redox conditions. Under strong-
ly reducing conditions (Eh = -150 mv), over 90% of the DDT was degraded
within a few days. The authors note that this is an unusually rapid
rate.

The half-life for the decomposition of DDT in aerobic soils has
been reported to be in the range of 10-14 years compared to half-liives
of 28-33 days in moist soils incubated under anaerobic conditions
(2160). DDE is the major degradation product in aerobic soil, and it
is believed to be produced predominantly by chemical processes. Under
anaerobic conditions DDD is the major metabolite (10).

The bacterial and fungal cometabolism of DDT has been observed in
the laboratory and has been suggested to be potentially important in
the field as well (2161). 1In these reactions, bacteria which are not
able to use DDT as their sole carbon source grow on non-chlorinated
analogues of DDT, but degrade DDT in the process.

57.2.3 Primary Routes of Exposure from Soil/Ground-water Systems

The above discussion of fate pathways suggests that DDT has low
volatility, {s very strongly sorbed to soil, and has a high potential
for bioaccumulation. These fate characteristics suggest several
poteritial exposure pathways.

The volatilization of DDT from a disposal site and the consequent
exposure to workers and residents in the area is expected to be mini-
mal. The potential for ground water contamination is limited by DDT's
strong sorption to soil. However, the persistence of DDT (and its
degradation products DDD and DDE) has allowed its transport to drinking
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DDT 57-13

water supplies. Mitre (83) reported that DDT was found at &4 of 546
;‘C:"-“J‘ National Priority List sites. 1In each case, it was detected in surface
. water, but not in ground water or air.

The wmovement of DDT in ground water or its movement with soil
particles may result in discharge to surface water. As a result,
ingestion exposures may occur from the use of surface waters as drink-
ing water supplies, and dermal exposures may result from the recre-
ational use of surface waters. More important, however, is the po-
tential for uptake of DDT by aquatic organisms or domestic animals.
The high bloconcentration factor ard the persistence of DDT (or its
netabolites) suggest that ingestion of these organisms can be important
exposure pathways from soil/ground-water systems.

57.2.4 Other Sources of Human Exposure

Peak usage of DDT occurred in the United States in 1963; on
January 1, 1973 it was banned for all but essential pubiic-health use
(213). It is also banned in Canada, but is used in Mexico and many
other countries (2163). DDT may be found in food products imported
from these countries, and residuals are still commonly found in the
domestic environment. Dicofol, a miticide that contains DDT as an
impurity (found at concentrations up to 1.7% of the active ingredient
in one study), is still in use in the U.S.--primarily on cotton, citrus
fruits, dry beans, apples and field corn (2164). Nevertheless, there
has been a clear decline in the measured concentration of DDT in the
environment since it was banned (with a shift towards a larger

6’- proportion of DDT breakdown products). Thus, the vear in which studies
of DDT in the environment or in diet were conducted should always be
considered.

Schafer et al. (1241) found in 1969 that more than 33% of over 500
finished drinking water samples from the Mississippi and Missouri
Rivers contained DDT, DDE or DDD. DDT was detected in 44% of 5718
ambient water samples taken across the U.S. in the early 1980’s; the
median concentration was 0.001 ug/L (1417).

Concentrations of DDT in ambient air over the continental U.S.
have been low since its use was banned. For measurements taken between
1973 and 1979, the highest reported value was 16 ng/m® (mean of monthly
average levels for 1972) in the Mississippi Delta, while at five other
sites across the southera U.S., the highest measured concentration was
0.8 ng/m3 (2001). By comparison, p,p’-DDT was detected in over 98% of
the samples in a 1970-72 survey of 16 states with a mean concentration

f 5.7 ng/m% (2167). Measurements of DDT deposition from the
atmosphere indicate that fluxes are 10-20% of their peak values in the
1960's. This suggests that DDT transport from Mexico and Central
America is occurring since DDT in dicofol is insufficient to explain
the amounts observed (2163).
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The total dietary intake for adults in the U.S. was estimated to
be 0.004 ug/kg body weight in 1979 (1245). For toddlers (2 years old) éﬁb
and infants (6 months old) the total intake was estimated at 0.003 and Qﬁ5
0.013 ug/kg body weight, respectively, in 1978. No DDT was detected in
either toddlers’ or infants’ diets in 1979 (1244). The major sources
of DDT in the adult diet were meat, fish and poultry (> 85%), with
leafy vegetables, potatoes, and root vegetables making up the rest
(1245) .

In addition to total diet surveys, many studies of DDT
contamination of individual food sources have been conducted. In a
1980-81 national survey of organochlorine residues in freshwater fish,
pP,p’'-DDT was detected in fish from 79.4% of the 107 stations sampled
(1800). The waximum wet-weight concentration was 2.69 pg/g and the
geometric mean 0.05 ug/g.

DDT is also found in animal fats. In a 1981 study of DDT and
related isomers (o,p and p,p' DDT, DDE, and DDD) in Ontario, mean
concentrations of 12 ug/kg for bovine abdominal fat (197 composite
samples from 990 carcasses) and 5 pg/kg for porcine abdominal fat (38
composite samples from 190 carcasses) were found (1248).

Milk is another source of human exposure to DDT. A 1981 survey of
bovine milk in Illinois found 13.6% of the samples contained DDT and
its analogs at concentrations above the detection limit (1 ppb) with
the average concentration being 0.01 ppm (2166). Human milk can also
be a source of exposure. A Canadian study of 26 women during the early
1980’s Jound p,p’-DDT concentrations ranging from 3.8-5.5 ng/g whole
milk over a 98-day lactation periocd (2165).

()

57.3 HUMAN HEALTH CONSIDERATIONS
57.3.1 Animal Studies
57.3.1.1 Carcinogenicity

The carcinogenicity of DDT has been extensively studied. IARC
notes that there is sufficient evidence that DDT is carcincgenic to
animals and classifies it as a 2b carcinogen (1250).

The hepatocarcinogenicity of orally administered DDT has been
demonstrated in several strains of mice and shows a dose-response
relationship. Tomatis et al. (1944) conducted a 2-generation feeding
study in CFl mice., A total of 881 animals were treated with dietary
concentrations of 2, 10, 50 or 250 ppm technical DDT for their
lifetime. A total of 224 mice were in the control groups. In both the
parent and offspring generations there was an excess of mortality from
week 60 onwards among animals receiving 250 ppm. In treated males, the
incidence of liver cell tumors ranged from 46-80% with 22% in controls.
In females, all tumors were found after 100 weeks of age. The excess
over controls was significant only in the groups receiving 50 or 250
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ppm (138 and 67%, respectively vs. 3% in controls). In another
2-generation study conducted in BALB/c mice, a total of 515 females and
431 males were administered dietary concentrations of 0, 2, 20 or 250
ppm of technical DDT for their lifetime. In males, there was a large
number of early deaths due to toxicity and fighting. Liver cell tumors
were found in 48% of the high dose group, 5% of the 2 ppm group, none
in the 20 ppm group and 2% of controls which survived over 60 weeks.
In females, the survival rates were comparable in all groups. Liver
cell tumors were found in none of the control or 2 ppm groups, 0.8% in
the 20 ppm group and 59% in the 250 ppm group. No metastases were
found (1943). In a study ol p,p'-DDT, CF-1 mice were fed diets
containing 100 ppm for 110 weeks. Within 26 months, 79% of the males
and 96% of the females developed livar tumors compared to 24% and 23%,
respectively, in the control group (1083).

The only negative results seen in mice were in the NCI bioassay
(2005). This may have been due to the low doses used. In the 78 week
desing period, the time-weighted-average doses were 44 or 22 ppm diet
in male B6C3Fl mice and 175 or 87 ppm in females.

Oral administration of DDT to rats has caused liver neoplasms.
Rossi et al. (1942) administered to Wistar rats 500 ppm of technical
DDT in the diet for their lifetime. The incidence of liver tumors was
35% in males and 56% in females vs. zero in controls. Gther studies
conducted at lower doses also reported no increased incidence of liver
tumors in rats (1941,2005).

Feeding studies conducted in dogs and monkeys are inconclusive due
to the small number of animals used and the inadequate duration of
treatment (2002). The bioassays conducted in hamsters have all been
negative. The animals were fed up to 1000 ppm in their diets over
their lifetimes (1991,1941). The reasons for the species differences
were investigated by Gingell (1940). The difference between hamsters
and mice is probably due to DDE, ths principal metabolite of DDT. When
both species are maintained on similar DDT-containing diets for a
similar time, the levels of DDE in mice 1is approximately 100 times
higher than that in the hamsters with the rate of formation being much
less in the hamster.

57.3.1.2 Mutagenicity
The mutagenicity of DDT has been extensively studied.

DDT has not shown mutagenic activity in any of the bacterial test
systems studied. No increased frequency of reversions was observed in

Salmonella typhimurium strains TA98, 100, 1535 or 1537 exposed to 4
pug/plate DDT. DDT was also negative in the rec-assay with Bacillus

subtilis as well as the host-mediated assay with §. typhimurjum and §.
marcescens as indicators (2001,916). Tests with eukaryotic yeast

cells, such as Saccharomvces gcerevisiae we.e also negative (2001).
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DDT is considered to be a weak mutagen in the test for sex-linked
recessive lethal mutations in Drosophila melanogaster. DDA, the 6;3
principle urinary metabolite of DDT in mammals, gave positive results
in this test system (1943). Sequential breedings of DDT-treated males
with virgin females at 3 day intervals indicated that DDT caused an
increase in dominant lethality in early spermatid and spermatocyte
stages which was correlated with an Iincrease in non-disjunction (1947).

In mammalian systems, reported studies are negative or marginally
positive. DDT did not interact with DNA and did not produce
unscheduled DNA synthesis in cultured human fibroblasts or 1in rat,
mouse or hamster hepatocytes (1077,1946,1250). In the V79 Chinese
hamster cell 1line, DDT was 1ineffective in inducing chromosome
aberrations and 8-azoguanine forward mutations. Exposure was 30 or 35
pg/mL/24 hours (1996). Both chromosome breaks and exchanges were
observed in rat-kangaroo cells treated with p,p'-DDT at 10 ug/mL/24
hours. The p,p’-isomer accounts for most ot th2 toxicity attributed to
technical DDT (1999).

In the dominant lethal assay, Clark (1947) and Epstein et al.
(998) reported conflicting results. Clark administered two 150 mg/kg
oral doses of technical DDT to male Swiss mice and found that it
induced dominant lethal mutations in early spermatid and spermatucyte
stages. This was reflected in a recduction in the number of implants
per female and an increase in the number of dead implants. The
difference was most marked 3-6 weeks after exposure. Oral doses of 100
mg/kg twice a week for 10 weeks caused a persistent increase in the Py
number of mutations. This treatment caused changes in the morphology
of the seminiferous tubules and degeneration of B-type spermatogonia.
In contrast to these positive results, Epstein et al. found no
significant dominant lethal effects in ICR/Ha mice. The animals were
given either single ip doses of 105 or 130 mg/kg or oral doses of
10-100 mg/kg daily for 2 days or 15-30 mg/kg/day for 5 days.

gy

Palmer et al. (1945) reported weakly positive effects using
p,p'-DDT in a dominant lethal assay in rats. There was a statistically
significant increase in the proportion of females having one or more
dead implants after being mated during week 3 with males given a single
oral dose of 100 mg/kg. No significant effects were found in females
mated with males given the same dose of DDT intraperitoneally.

57.3.1.3 Teratogenicity, Embryotoxicity and Reproductive Effects

DDT has heen reported to exhibit estrogenic properties following
in yivo administration to a number of mammalian species. The
estrogenic action of technical DDT resides in the o,p’-isomer. To
establish whether o,p’-DDT is a typical estrogen, its activity is
compared to that of estradiol with respect to a variety of parameters.
A common jin vivo test for measuring estrogenic effects is the test for
uterotropic activity. Estrogenic compounds cause an increase in
uterine weight following single or multiple doses. This weight
increase can be measured by either water imbibition or an increase in
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protein and DNA. Welch et al. (1989) found that an ip injection of 1
or 5 mg/kg technical grade DDT or o,p’-DDT caused a significant
increase in the uterine wet weight in immature female rats. Single
ip 1injections of 50 mg/kg of purified o,p’-DPT or technical DDT
increased uterine wet weight by 49% and 43%, respectively, 6 hours
after the injection. A similar dose of p,p’'-DDT caused an increase of
28%, which, although statistically significant, is considered weak
activity. Additional parameters used to measure estrogenic activity in
vivo include elevation of uterine glycogen and ornithine decarboxylase
induction. The minimum dose of o,p’-DDT required to cause an elevation
of uterine glycogen in rats was 2.5 mg/kg while the minimum dose
causing ornithine decarboxylase induction was 5 mg/kg (1980).

Certain jin yjtro activities are characteristic of estrogens.
Among these is competitive inhibition with the binding of radio labeled
estradiol to the uterine cytosolic estrogen receptor. About 0.6 ppm (2
uM) of o,p’-DDT produced 50% inhibition of binding in rat uterus
supernatant (1979). Additional information on the estrogenic activity
of DDT can be found in a review by Kupfer and Bulger (1981).

Although o,p’-DDT exhibits weak estrogenic activity in comparison
to estradiol (~ one-ten thousandth), this effect is significant because
it is known that exposure of female rats to exogenous estrogens may
result in long-term toxic effects on the fertility of the mature
animal. These effects include polycystic ovaries, anovulation,
persistent vaginal estrus and absence of mating behavior (1981).
Gellert et al. (1982) found that female rats given 0.1 mg of o,p’'-DDT
(no route specified) on the second, third or fourth days of life showed
precocious puberty, persistent vaginal estrus and anovulation. It also
led to the development of polycystic ovaries and uterine
histopathology, including patches of stratified squamous epithelium In
the endometrium after puberty. Male neonates were unaffected by
similar treatment, but other investigators have reported reproductive
effects in male rats exposed to o,p’-DDT. Lee and Visek (1978)
reported that male rats injected subcutaneously with 3 mg of o,p’-DDT
at 1-3 hours after birth subsequently showed an abnormal pattern of
sexual brain differentiation which they attributed to inhibitic.a of
normal action of testosterone on the developing brain. In addition,
male rats exposed to technical DDT (no route reported) at 500 mg/kg on
the 4th and 5th days of life or at 200 mg/kg/day on days 4-23 showed
lower fertility than controls. This was associated with degeneration
of spermatogenic cells, and a decrease in the number of Leydig’s cells,
There was also damage to the seminiferous epithelium which was
actributed to a reduction in testosterone (1966).

Exposure to DDT through maternal milk has been found to have
lascting effects on mic. and rats. The reproductive capacity of
neonatal mice was found to be impaired when mothers were given 4 weekly
doses of 50 mg/kg during lactation (1965). Preweaning exposure of
neonatal male rats to milk from dams injected with 50 mg o,p’-DDT daily
during postnatal days 1-25 caused statistically significant alterations
in body weight and in the weights of the testes and ventral prostate
(1977).
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There is nu evidence that DDT is teratogenic at doses ranging from
1 to 50 mg/kg (1991). Embryotoxic and fetotoxic effects have been seen
after single or repeated doses. Mice given doses of 1 mg/kg p,p’'-DDT
on days 10, 12 and 17 of gestation had morphologic changes in their
gonads and a decrease in the fertility of female offspring (1962). A
single dose of 25 mg/kg or repeated doses of 2.5 mp/kg/day DDT
(duration not specified) were reported to cause significrnt
blastotoxic, embryotoxic and fetotoxic effects in mice. No addit .rel
details were given (1964). Similarly, in rabbits, doses of 50 mg/kg on
days 7, 8 and 9 of gestation caused premature delivery, increased
resorption and decreased intrauterine growth but no teratogenic effects
(1963).

Multigenerational reproductive studies have been conducted in
mice, rats and dogs. In a six-generation study of mice fed a dietary
level of 25 mg/kg, there was no effect on fertility, gestation,
viability, lactation or survival., A dietary level of 100 mz/kg
produced a slight reduction in lactation and survival 1in some
generations but the effect wis not progressive. A level of 250 mg/kg
caused a high rate of fatalities and was discontinued after the secord
generation (1961). Ottoboni (19€60) found no reproductive disturbances
in 2 generations of Sprague-Dawley rats fed technical DDT at levels as
high as 200 ppm but did report a significant increase of ringtail
disease (a constriction cf the tail follecwed by spontaneous amputa-
tion). No reproductive effects were reported in 3 generations of dogs
fed from weaning at rates of 1, 5 or 10 mg/kg/day (1959).

57.3.1.4 Other Toxicologic Effects
57.3.1.4.1 Short-term Toxicity

DDT acts primarily on the central nervous system. Single large
doses or repeated doses can produce hyperexcitability, tremors, ataxia,
and epileptiform convulsions. Death from DDT poisoning is usually the
result of respiratory arrest. In some species, DDT sensitizes the
heart to epinephrine and these animals die from ventricular fibril-
lation (2000).

After oral administrati n, there 1is a latent period of several
hours before toxic effects ¢ pear and death follows after 24 to 72
hours. The latent period after intravenous administration is
approximately 5 minutes. Signs of poisoning reach a maximum level in
about 30 minutes. Animals that survive recover completely and are
symptom-free in 18-24 thours (2000). There are marked species
differences in susceptibility to acute poisoning by the oral route but
when given by the intravenous route, the dose and time required for
poisoning are quite similar for a wide variety of species (59). The
oral LDg, values in rats, rabbits and monkeys are 87, 250 and 200 mg/kg
respectively (47). While by the intravenous route these values are 47,
30-41 and 55 mg/kg, respectively (1991). The vehicle in which DDT is
administered plays a role in its toxicity. In general, DLT appears to
be more toxic as a solution in vegetable oil or animal fat than when
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given in some petroleum fraction (2000). For example, Clayton and
Clayton (12) report the {ollowing LD,, valves in Wistar rats (route
unspecified): 240 mg/kg in olive oil, 420 mg/kg in corn oil and 940
mg/kg in propylene glycol or mineral oil.

DDT is stored preferentially in fat. Its storage in other tissues
and organs 1s proportional to their fat content. Following repeated
doses, storage in adipose tissue i.creases rapidly at first and then
more gradually uutil a steady state .s reached. Storage is relatively
ler at higher losages becuus» excreti-.n is relatively greater (2000).
The amount of body fat influences the amount of DDT which can be stored
inactively in the body. Rats that have stored large amounts of DDT in
their fat may suffer toxic effects if they are starved or if some other
cause leads to a mobilizition of their fat. Conversely, increased
protein in the diet decreases toxicity due to an increase in the
act:.vity of degracative enzymes (2000,1991).

In mammals, including man, DDT is metabolized by 2 pathways. It
is converted to a slight extent to DDE which does not undergo further
biotransf. ‘mation, but is stored indefinitely ir. adipose tissues. The
major detoxification pathway is via dechlorination to DDD which readily
degrades to DDA which is water soluble and is rapidly excreted in the
urine (2000).

The acute toxicity of technical DDT appears to e due almost
exclusively to the p,p’-isomer. At an oral dosage of 150 mg/kg,
p,.p’'-DDPT precduces severe illness in rats and kills about 50%, but
o,p’'-DDT at the same dosage did not produce illness although the
concentrations of both compounds in the brain were about the same at
various intervals after dosing. At a dosage of 3000 mg/kg, o,p’-DDT
produces mild to moderate illness ard the concentration in the brain is
5 to 9 times greater than the concentration of p,p’-DDT necessary to
produce similar symptums (1991).

The signs of acute DDT poisoning have been found to be similar at
oral doses ranging from 100 to 600 mg/kg but their onset is delayed,
time-course extended and severity lessened with low doses (1958). 1In
Wistar rats, a 100 ng/kg dose of » ,p’-DDT in corm oil produced no
apparent signs of neurotoxicity during a 5 hour ubservation period.
Administration of 200 mg/kg resulted in fine tremors in the 5th hour
without any change in bcdy tewperature. VWhen a dose of 600 mg/kg was
administered, the first signs of intoxication were hyperresponsiveness
to sound and tactile :{imuli. These were observed after about 2 hours.
Between the 2nd and 3rd hours, fine tremors were seen, first in the
head and then progressing through the whcle body. The tremors
gradually became more intense during the 4th and 5th hours. At the 5th
hour, 50% of the animals had episodes of clonic seizures. Between 5
and 7.5 hours, clonic convulsions lasting 5 seconds occurred in all
rats. All animals died 5.5 to 7.5 hours after a series of clonic
convulsions or very violent tremors. Four of 6 animairs had paralysis
of their hind “eg:. A dose of 400 mg/kg caused similar effects but the
neurotoxic signs were less pronounced (1958). In addition, marked
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hyperthermia and sympathetic discharge were cobserved to accompany the
tremors and convulsions. These were thought to be due to changes in
the metabolism of brain neurotransmitters, specifically norepinephrine
and serotonin.

It is believed that an increase in the turnover rate of serotonin
may be responsible for the hyperthermia whereas an increase in the
metabolism of serotonin and epinephrine may be involved in the tremors
(1957,1958).

The only effect seen in rats administered low levels of DDT in
their diet for 1 to 2 weeks was induction of liver microsomal enzymes.
A single oral dose of 1 mg/kg DDT or 0.5 mg/kg/day for 14 days caused
the same effect (1991).

Few DDT inhalation studies have been conducted. "Several species”
of animals exposed to levels of approximately 1000 ppm w/v in air for 2
hours daily showed signs of intoxication, and deaths occurred after
4-10 exposures (12). After two 7-hour exposure periods of 0.13 mg/L
DDT (Neocid®) on day 1 and 0.4 mg/L on day 2, a rhesus monkey showed no
signs of intoxication. Six rats exposed concurrently on the first day
showed mild tremors. Six other rats exposed on the second day
experienced tremors which lasted for 3 days. All rats survived. No

111 effects were seen in a rabbit, a cat or a guinea pig exposed to

levels of 0.2, 0.3 and 0.45 mg/L 7 hours daily for 3 days (12).

The dermal toxicity of DDT is greatly dependent on the vehicle in
which it is dispersed. In rats, DDT powder or a suspension in water
has been reported to have an LDy, of 1,000,000 mg/kg. The dermal LDy,
of DDT in an oil solution ranges from 250-3000 mg/kg (1991).

DDT has not been shown to cause ocular damage to animals. A 4%
solution of pure DDT dissolved in purified kerosene tested on rabbit
eyes had no effect (19).

57.3.1.4.2 Chronic Toxicity

In animals given repeated doses of DDT pathological lesions are
seen in the liver and kidneys (17).

Histopathologic changes were observed in the livers of rats
exposed to dietary levels as low as 5 ppm for 4-6 months (1991). When
rats were fed a diet containing 600-800 ppm DDT for 2 years, there was
an indication of an increase in kidney weight and the animals had
moderately severe tremors, particularly during the early months.
Concentrations of 400 ppm or above produced an abnormally high mor-
tality rate and an increase in liver weight. Some animals had tremors.
Tremors were rarely seen at 200 ppm but moderate liver damage was seen
at concentrations of 200 ppm and above. At 100 ppm there were slight
indications of liver damage (12).
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Monkeys develop ‘iver histopathology only with exposure to rela-
tively high dosage levels. No liver changes occurred in monkeys fed
dietary .vels of 200 ppm or less for periods of up to 7.5 years. One
of six animals fed 5000 ppm developed the cytoplasmic inclusions that
are characteristic of chlorinated hydrocarbon poisoning (1991). This
lack of toxicity may be due to the inability of monkeys to convert DDT
to DDE since no DDE was detected in the fat of these animals

(1391,2001).

Mild to moderate morphological changes have been reported in the
kidneys of animals given repeated doses of DDT. These Include fatty
degeneration, necrosis, calcification or slight brown pigmentation of
the convoluted tubular epithelium, but a complete absence of kidney
effects has been reported in other studies conducted 1in the ‘same
laboratories (2000).

No-effect-levels which have been reported are: 12.5 ppm diet in
rats exposed for 18-24 months and 30 ppm diet in dogs exposed for a
period of 15.7 months (12).

57.3.2 Human and Epidemiologic Studies
57.3.2.1 Short-term Toxlcologic Effects

Signs of DDT poisoning in man are similar to those observed in
animals. The earliest symptom of poisoning {s hyperesthesia (i.e.,
abnormally increased sensitivity) of the mouth and lower part of the
face which 1is followed by paresthesia (i.e., burning or prickling
sensation) and tremor of the extremities, confusion, malaise, headache,
fatigue and delayed vomiting. Human poisoning has been reported to
have occurred only by ingestion. In general, symptoms occur as soon as
30 minutes after a large dose or as late as 6 hours after a small dose.
In acute exposures, recovery is usually complete or well advanced in 24
hours. In severe cases, recovery may take a week of more (1991,2001).

The human oral LDy, has been estimated to be approximately 250
mg/kg (1991). A single dose of 10 mg/kg produced illness in some
subjects but no vomiting or convulsions occurred. When the dosage was
16 mg/kg or greater, convulsions occurred frequently. Generally,
smaller doses did not produce illness, although a dose of 6 mg/kg
produced perspiration, headache and nausea in one man. In rare cases,
a dosage as high as 20 mg/kg might be taken without effect and doses as
high as 285 mg/kg have been taken without fatal result; however, doses
as high as those in the latter case lead to immediate vomiting so that
the amount actually retained cannot accurately be determined (2000).

Uncomplicated DDT poisoning has been fatal in some cases but none
of these has been reported in detail. Death has been caused more
frequently by DDT solutions, but in most cases the symptoms were
predominantly those of the solvent. NIOSH cites 4 deaths after
suicidal ingestion of DDT but no details as to dose, vehicle or
symptoms were reported (1991).
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Hepatic and cardiac involvement are mentioned in only a small
portion of the reported cases. In 3 men who ingested 5000-6000 mg o
(~71-86 mg/kg), slight jaundice appeared after 4-5 days and lasted from Qk@
3-4 days. Palpitations, tachycardia and "irregular heart action" have
been noted in some cases. It is not known whether cardiac arrhythmia
might be a possible cause of death in acute poisoning, as it is in some
species of laboratory animals (59,1991).

The kinetics of DDT in humans has been extensively studied by
Morgan and Roan (1994). DDT is stored in fat at about 10 times the
concentration of intake. Conversion of DDT to DDE is very slow,
occurring at a rate of 20% over 3 years. DDT is eliminated from the
body through reduction to DDD and conversion to DDA with a biologic
half-1ife of about 1 year. DDE is eliminated more slowly with a
biologic half-life of about 8 years,

Dermal exposure to DDT has not been associated with any illness or
irritation. When small pads impregnated with either powdered DDT or
50% DDT solution were applied to the inner surface of the forearm, no
effects were seen (2000).

DDT has not been demonstrated to have a selective toxic effect on
the eye. Pure DDT dissolved in purified kerosene which was tested in a
concentration of 0.0l% caused no discomfort or irritation. Ocular
irritation has followed contamination of the eye by powders containing
DDT (19).

57.3.2.2 Chronic Toxicologic Effects

()

No clinical syndrome of chronic DDT intoxication is recognized in
man (17). A number of small-scale studies {iInvolving controlled
exposure of volunteers to technical DDT have been conducted.

Hayes et al. (1950,1951) conducted two chronic exposure studies
with volunteers given DDT orally. 1In the first study, 51 volunteers
received 0, 3.5 or 35 mg of DDT per person daily for periods ranging up
to 18 months. None complained of any symptoms or showed signs of
illness in any of the physical or laboratory tests which were
conducted. In a second study, 24 volunteers ingested the same doses
for 21.5 months and were observed for an additional 25.5 months with 6
being followed for 5 years. There was no clinical evidence of adverse
effects in any of the volunteers.

In another study reported by Morgan and Roan (1994), 4 volunteers
were given oral doses of technical DDT at 10 or 20 mg/day for 81-183
days. A battery of hematologic and biochemical tests were conducted
before, during and after exposure with no abnormalities being detected.

DDT has been used on an experimental basis in an attempt to
decrease serum bilirubin levels in patients with jaundice due to liver
cirrhosis. Dosages ranging from 03.-3.0 mg/kg/day of p,p’'-DDT have
been administered for periods of up to 7 months with no evidence of
adverse effects (1949).
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Rabello et al. (1954) have suggested that exposure to DDT may
. cause chromatid lesions. When they studied the lymphocytes of 33
ﬁGb workers in 3 plants in direct contact with DDT, they found that the
N frequency of chromatid aberrations was not significantly higher than
that in 10 control subjects, or in 25 workers in the same plants
indirectly exposed to DDT. However, 5 c¢f the subjects exposed
indfrectly to DDT showed significant levels of DDT in the blood. When
these workers were included in the directly exposed group, there was a
significant increase in chromatid aberrations compared to the controls.
The frequency of aberrations was 12% in the exposed group, 8.8% in the
indirectly exposed group and 2.2% in a general population control
group. Corresponding blood plasma levels were 0.993 ug/mL, 0.275 ug/mL
and 0.03 ug/mL, respectively.

Occupational exposure to DDT is almost exclusively through the
respiratory and dermal routes. In some cases when the particles of
insecticidal dusts, wettable powders and sprays are too large to reach
the lower respiratory tract, the inhaled particles are carried to the
pharynx and eventually swallowed. Dermal exposure to DDT may be high
in some occupational situations but the effect is minimal because the
compound is so poorly absorbed (2000).

Early studies of workers exposed to DDT did not reveal any illness
attributable to DDT or their formulations. Ortelee (1956) carried out
clinical and laboratory examinations of 40 workers, all of whom were
exposed to DDT. Some were also exposed to other pesticides. The men
had heavy exposure to DDT for 0.4 to 6.5 years. The average amounts of

. DDT absorbed were estimated to range from 14-42 mg/man/day. Upon

qe; completion of neurologic examinations and liver function tests no
abnormalities were found which could be attributed to DDT exposure.
There were a few cases of minor eye and skin irritation. Another study
of occupationally exposed workers also found no effects in those
employed 11-19 years. Daily intake was estimated to be 17.5-18 mg/man
(1955).

The largest study of occupationally exposed workers was conducted
by the Wnrld Health Organization on DDT spraymen in Brazil and India.
In Brazil, periodic clinical examinations weve made of 279 spraymen
exposed from 6-13 years and 406 controls. In the first examination,
some minor neurological changes were seen in the spraymen but these
were not confirmed in subsequent examinations. During the 3-year study
period, a survey of illnesses requiring medical care during the 6
months preceding each periodic medical examination failed to
demonstrate any differences between control and exposed groups. The
blood level of DDT in the spraymen was about 3 times that of the
control group. In India, the blood levels of 144 spraymen were 7.5-15
times higher than those of the contrels. 1In the spraymen, knee
reflexes were brisker, slight tremors were present and a timed Romberg
test (differentiates between peripheral and cerebellar ataxia) was more
poorly performed by spraymen. Twenty men were then examined by a
neurologist who concluded that the initial differences were not real or
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[PIVNY 57-24

that the tests had returned to normal in the few months between
examinations. The signs were not dose-related since they showed no
correlation with DDT serum levels (1953).

There is no evidence that DDT is a significant carcinogenic risk
to humans. NIOSH (1991) cites several studies in which levels of DDT
and DDE in tissues taken at autopsy have been related to the cause of
death. In three of these studies, residue levels of DDT and DDE were
significantly higher in cancer victims than they were in persons dying
of other causes. No such association was found in four other studies.
Both Laws (1955) and Ortelee (1956) reported no evidence of cancer in
the workers in their studies.

In recent occupational studies, Ditraglia et al. (1325) and Wong
et al. (1952) found no excess mortality in workers exposed to DDT.
Ditraglia et al. found a consistent increase in cancer mortalitv with
an increase in the latency period; however, the numbers involved in the
analysis were small. It is of interest that 4 of 6 malignant neoplasms
were in the respiratory system. Wong et al. also reported an excess ot
respiratory cancer when specific sites were examined but many workers
in the cohort were also exposed to inorganic brominated compounds,
which in the same study, were found to be positively associated with
respiratory cancer.

Grant (19) reported 1 case of chronic superficial punctate
keratitis associated with fatal poisoning from long exposure to DDT
dust but it is probable that it was a hypersensitivity reaction or that
other ccnstituents of the dust were responsible.

57.3.3 Levels of Concern

The USEPA (355) has specified an ambient water quality criterion
of zero for DDT, based on induction of liver carcinoma in mice. In
that attainment of zero concentration level may be infeasible in some
cases, the concentrations of DDT in water calculated to result in
incremental lifetime cancer risks of 10 %, 10°® and 10°7 from ingestion
of both water and contaminated aquatic organisms were estimated to be
0.24, 0.024, and 0.0024 ng/L, respectively. Risk estimates are
expressed as a probability of cancer after a lifetime daily consumption
of two liters of water and 6.5 g of fish that have bioaccumulated DDT.
Thus a risk of 10 ® implies that a lifetime daily consumption of two
liters of drinking water and 6.5 g of contaminated fish at the
criterion level of 0.24 ng/L of DDT would be expected to produce one
excess case of cancer above the normal background incidence for every
100,000 people exposed. It should be emphasized that these
extrapolations are based on a number of assumptions and should be taken
as crude estimates of human risk at best.

Based on findings in mice, the USEPA (667) ca}culated an upper
limit incremental unit cancer risk of 0.3 (mg/kg/day) ! for DDT.
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IARC (1250) 1lists DDT in category 2b (sufficient evidence of
animal carcinogenicity) in its weight-of-evidence ranking for potential
Rﬁh carcinogens.

The WHO (666) recommends a level of 1 ug/L for DDT in drinking
water.

OSHA (298) currently permits a time-weighted average of 1 mg/md
for DDT with a notation of possible skin absorption. The ACGIH (3)
also has set 1 mg/m3 as a TWA for DDT.

57.3.4 Hazard Assessment

Benign and malignant liver tumors were produced in mice
(1944,1943,1083) and rats (1942) orally administered DDT. Other
studies in rats (1941,2005) and hamsters (1941,1991,1940) were negative
and tests in dogs and monkeys were inconclusive (2002). IARC (1250)
considers DDT carcinogenic in animals and classifies it as a group 2b
compound.

Data on the mutagenic activity of DDT are inadequate to clearly
define its mutagenic capabilities. DDT was a weak mutagen in the
sex-linked recessive lethal mutation test in Drosophila melanogaster
(1948,1947) but it was not mutagenic in bacterial or yeast systems
(2001,916) or in the majority of mammalian systems tested
(1077,1946,1250,1966). Chromosome breaks and exchanges were reported
in rat-kangaroo cells treated in culture with p,p’-DDT (1999) while

5 conflicting results were reported in two strains of mice in the
@ dominant lethal assay (1947,998,1945).

DDT is not teratogenic (1991); however it is embryo- and fetotoxic
in rats, mice and rabbits (1962,1964,1963). Multigeneration
reproductive studies showed no adverse effects in mice, rats and dogs
(1961,1960,1959). DDT does exhibit weak estrogenic activity which can
result in long-term effects on fertility (1981,1982,1966).

Marked species-variability exists in animals acutely exposed to
DDT. Oral LDy, values in the rat, rabbit and monkey reported as 87,
259 and 200 mg/kg, respectively (47). DDT appears to be more toxic as
a solution in vegetable ¢ il or animal fat than when given in petroleum
fractions (2000). When 1ingested, DDT acts primarily on the CNS
producing hyper-excitability, tremors, ataxia and epileptiform
convulsions (1958,1957,2000). Death usually results from respiratory
arrest or ventricular fibrillation (2000). Short-term low 1level
inhalation of DDT produced no ill effects in rabbits, cats, guinea pigs
or monkeys; exposed rats showed mild tremor activity (12). The dermal
toxicity of DDT is dependent upon the vehicle in which it is suspended.
In rats, the dermal LD., of DDT powder suspended in water is 1,000,000
mg/kg, while the dermal LD., values of DDT suspended in oil solutions
ranges from 250-3000 mg/kg (1991). No ocular damage has been reported
in animal stud.zs (19).
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Long-term dietary exposure to DDT resulted in liver and kidney
damage in a number of animals (12,17). The no-effect level for the rat
is 1.5 ppm in the diet for 18-24 months and for the dog is 30 ppm in
the diet for 15.7 months (12).

In man, poisoning generally produces perspiration, headache, and
nausea at low levels, followed by vomiting and convulsions at higher
doses (2000). The human oral LD;, value has been estimated to be 250
mg/kg (1991). Liver and heart involvement may result in jaundice,
palpitations, tachycardia and "irregular heart action" (59,1991).

Dermal contact with DDT does not appear to cause any irritation or
systemic effects (2000). Ocular irritation has been reported following
contamination of the eye with powders containing DDT; however, 0.0l%
pure DDT instilled into the eye produced no effect (19).

No chronic toxicity has been reported in humans following
long-term ingestion of 1low doses of DDT (1950,1951,1994,1949).
Conflicting reports exist on the correlation of high tissue DDT and DDE
levels and the incidence of cancer, particularly respiratory cancer
(1991,1955,1956,1325,1952), but there 1is no evidence that DDT is a
significant carcinogenic risk to humans.

One study reported that long-term occupational exposure may lead
to chromosome lesions (1954),. The only other long-term effects
associated with occupational exposure to DDT were minor skin and eye
irritation (1955,1953). One questionable case of chronic superficial
punctate keratitis was associated with fatal DDT poisoning (19).

57.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Dutermination of DDT concentrations in soil and water requires
collection of a representative field sample and laboratory aralysis.
Carc is required to prevent losses during sample collection and stor-
age. Soil and water samples should be collected in glass containers;
extraction of samples should be completed within 7 days of sampling and
analysis completed within 40 days. In addition to the targeted sam-
ples, quality control samples such as field blanks, duplicates, and
spiked matrices may be specified in the recommended methods.

EPA-approved procedures for the analysis of DDT, one of the EPA
priority pollutants, in aqueous samples include EPA Methods 608, 625
(65), 8080, and 8250 (63). Prior to analysis, samples are extracted
with methylene chloride as a solvent using a separatory funnel or a
continuous liquid-liquid extractor. The cor.._ itrated sample extract is
solvent exchanged into hexane and an alicot of the hexane extract
injected onto a gas chromatographic (GC) column using a solvent flush
technique. The GC column is programmed to separate the semi-volatile
organics; DDT 1is then detected with an electron capture detector
(Methods 608 and 8080) or a mass spectrometer (Methods 625 and 8250).
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The EPA procedures recommended for DDT analysis in soil and waste
samples, Methods 8080 and 8250 (63), differ from the aqueous
procedures primarily in the preparation of the sample extract. Solid
samples are extracted with hexane/acetone using either soxhlet ex-
traction or sonication methods. Neat and diluted organic liquids may
be analyzed by direct injection.

iypical DDT detection limits that can be obtained in wastewaters
and non-aqueous samples (wastes, soils, etc.) are shown below. The
actual detection limit achieved in a given analysis will wvary with
instrument sensitivity and matrix effects.

Aqueous Detection Limit Non-Aqueous Detectjon Limit

0.012 pg/L (Method 608/8080) 1 ug/g (Method 8080)
4.7 pg/L (Method 625/8250) 1 pg/g (Method 8250)
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DDD

58-1

COMMON SYNONYMS:
1,1'-(2,2-dichloro

ethylidene)bis

(4-chloro)benzene

CAS REG. NO.:

72-54-8
NIOSH NO.:
KI0700000

FORMULA:
Cl (HI OCIC

AIR W/V CONVERSION
FACTORS at 25°C

13.08 mg/m® = 1 ppm

|

|

\

’ TDE STRUCTURE:

Tetrachlorodi-
phenylethane

Dichlorodiphenyl-

dichloroethane

0.076 ppm = 1 mg/m3

H
i MOLECULAR WEIGHT:
Cl ? Ci 320.05

CH-CI;

alkalies. For general compatibility classification
purposes, DDD is considered to be a halogenated organic
compound. Reactions of halogenated organic materials with
cyanides, mercaptans or other organic sulfides typically
generate heat, while those with mineral acids, amines, azo
compounds, hydrazines, caustics, or nitrides commonly evolve
REACTIVITY | heat and tcxic or flammable gases. Reactions with oxidizing
mineral acids may generate heat, toxic gases, and fires.
Those with alkali or alkaline earth elemental metals,
certain other chemically active elemental metals like
aluminium, zinc or magnesium, organic peroxides or
hydroperoxides, strong oxidizing agents, or strong reducing
agents typically result in heat generation and explosions
and/or fires (23,511).

Physical State (at 20°C): crystals (23)
Color: coulorless (23)
Odor: no data ()
QOdor Threshold: no data ()
Density (g/ml at 20°C): no data ()
Freezing/Melting Point (°C): 112 (67)
Boiling Point (°C): 109 (59)
Flash Point (°C): combustible solid (23,60)
Flammable Limits in Air, % by Volume: no data ()
Autoignition Temperature (°C): no data ()
Vapor Pressure (mm Hg at 30°C):

1.3 - 2.5 x 10°° atm (10)
Saturated Concentration in Air

(mg/m3® at 20°C): 2.3 x 1078 - 4.4 x 1078 (ADL estim)
Solubility in Water (mg/L at 24°C): 0.16 (67)
Viscosity (cp at 20°C): no data ()
Surface Tension (dyne/cm at 20°C): no data ()
Log (Octanol-Water Partition Coefficient),

log ¥_: 5.56 (2147)
Soil n1ggrption Coefficient, K : 240,000 (2147)
e Henry’'s Law Constant (atm-m3/m8i at 25°C):

3.1 x10°8 (2269)

e Bioconcentration Factor: no data ()

PHYSICO-
CHEMICAL
DATA

1
One source simply reports that DDD is incompatible with
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DDD 58-2
DDD is expected to be relatively immobile in the
soil/ground-water system due to its strong sorption

PERSISTENCE | properties. Volatilization may be an important loss pathway
IN THE SOIL- | from aquatic systems but is much slower in soils.

WATER SYSTEM

Biodegradation is expected to be the predominant fate
process in soils, as DDD is considered to be more easily
degradable than DDT or DDE.

PATHWAYS
OF
EXPOSURE

The primary pathway of concern from the soil/ground-water
system is the migration of DDD to ground water drinking water
supplies. However, this is not likely to occur in most
situations because of DDD’'s low solubility and strong
tendency to sorb to soil. Uptake by crops from soil or
bioaccumulation by aquatic organisms may be important
exposure pathways in some instances.

Signs and Symptoms of Short-term Human Exposure (1990):

Adverse effects associated with o,p’-DDD ingestion include
nausea, vomiting, CNS depression, skin rash and blurred
vision.

HEALTH
HAZARD
DATA

Joxicity Based on Anima] Studies:

LDy, (mg/kg)
oral 113 [rat]
skin 1200 [rabbit]

LCso (mg/m3)
(47) inhalation -- no data

(47)

Long-Term Effects; Atrophy of adenal cortex

Pregnancy/Neonate Data: May alter neuroendocrine

L differentiation in female rat neoaates

Mutation Data; Conflicting data

Carcinogenicity Classification: IARC - none assigned;
NTP_ - wone assigned

HANDLING
PRECAUTIONS

There are no specific handling precautions for DDD. Handle

in the same manner as DDT (see Chapter 57).
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VLY 58-3

Ingestion: Because many pesticide formulations are combined
ﬁgp with other pesticides, fungiclides or insecticides and are
frequently dissolved in petroleum distillates, vomiting
involves a serious risk that solvent will be asypirated,
leading to chemical pneumonitis. For these reasons, if the

ngested DDD is dissolved a petroleum-based ca e a
EMERGENCY mixed formulation, do not induce vomiting. Contact

FIRST AID | physician or emergency medical facility immediately. If the
TREATMENT | inpested DDD is in an aqueous carrie nduce vomiting. Get
(59) medical attention immediately e Inhalation: Move victim to

fresh air. Give artificial respiration if necessary. Get
medical attention e Skin: Remove contaminated clothing.

Wash skin with soap and water. If irrication persists after
washing, get medical attention e Eye: Flush with large
amounts of water. If irritation persists after washing, get
medical attention.

6/87




DDD 58-5

%3? REGULATORY STATUS (as nf May 1, 1987)

m ate egul o

e Federal Programs
Clean Water Act (CWA)
DDD is designated a hazardous substance. It has a reportable
quantity (RQ) of 0.454 kg (347,985). It is also listed as a tnxic
pollutant (351). Water quality criteria have been set. No
effluent limitations specific to this chemical have been set.

TR O e NI PR S S

Safe Drinking Water Act (SDWA)
In states with an approved Underground Injection Control program,

a permit is required for the injection of DDD-containing wastes
designated as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRA)
' DDD is identified as a hazardous waste (U060) and listed as a
hazardous waste constituent (328,329),

Effective July 8, 1987, the land disposal of hazardous wastes
which contain halogenated organic compounds in total
concentrations greater than or equal to 1000 mg/kg will be

' prohibited. The only exception will be underground injection

o SRR X F o o AN L o 4t

- (1755).

.

e' ehe ve Env menta [s) m atio t
Act (CERCLA)

DDD is designated a hazardous substance under CERCLA. It has a
reportable quantity limit of 0.454 kg. Reportable quantities have
also been issued for RCRA hazardous waste streams containing DDD
but these depend upon the concentrations of the chemicals in the
waste stream (985).

Federal Insecticide, Fungicide and Rodenticide (FIFRA)

Action levels for the sum of DDT, DDE and DDD residues in
agricultural commodities range from 0.05 to 0.5 ppm (889).

As of January 1, 1989, EPA is canceling registrations and denying
applications of all dicofol products containing greater than 0.1%
of DDT and related impurities (2268).

Marine Protection Research and Sanctuaries Act (MPRSA)

Ocean dumping of organohalogen compounds as well as the dumping of
known or suspected carcinogens, mutagens or teratogens is prohib-
ited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demon-
strate that such chemical constituents are non-toxic and non-
bioaccumulative in the marine environment or are rapidly rendered
harmless by physical, chemical or biological processes in the sea
(309).

e
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DDD 58-6

Food, Drug and Cosmetic Act (FDCA)

The following action levels are recommended for the sum of DDT,
DDE and DDD residues:

0.1 ppm in dried hops
1.25 ppm in manufactured dairy products

1 ppm in peppermint oil, spearmint oil and in crude soybean
oil (888)

e State Water Programs

Louisiana has a criterion of 0.6 pg/L for DDD in fresh water
(731).

New Jersey has a surface water criterion of 0.001 ug/L (731).

Other states follow EPA Ambient Water Quality Criteria.

Proposed Regulations
e Federal Programs

Resource Conservation and Recovery Act (RCRA)
EPA has proposed that non-liquiu hazardous wastes containing
halogenated organic compounds (HOCs) in total concentrations
greater than or equal to 1000 mg/kg or liquid hazardous wastes
containing HOCs in total concentrations greater than or equal to
1% HOCs must be incinerated in accordance with the requirements of
40CFR264.343 or 265.343 (1767).

EPA has also proposed that hazardous waste treatment, storage and
disposal facilities monitor ground water for DDD when EPA suspects
the facilities of leaking contaminants (1754).

e State Water Programs
No proposed regulations are pending.

EEC Directives
Directive on Drinking Water (533)
The mandatory values for total pesticides in surface water treatment
categories Al, A2 and A3 used or intended for abstrac..on of drinking
water are 0.001, 0.0025 and 0.005 mg/L, respectively. The.: are no
guideline values.

Directive Relating to the Quality of Water for Human Cons mption (540)
The total maximum allowable concentration for pesticides and related
products is 0.5 ug/L.

Directive on Ground Water (538)

Direct discharge into ground water (i.e., without percolation through
the ground or subsoil) of organophosphorous compounds, organohalogen
compounds and substances which may form such compounds in the aquatic
environment, substances which possess carcinogenic, mutagenic or
teratogenic properties in or via the aquatic environment and mineral
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DDD 58-7

@a& oils and hydrocarbons is prohibited. Appropriate measures deemed

necessary to prevent indirect discharge into ground watzr (i.e., via
percolation through ground or subsoil) of these substances shall be
taken by member ccuntries.

Directive on Bathing Water Quality (534)

When inspection of a bathing area shows that heavy metals, pesticides
or cyanides may be present, concentrations should be checked by
competent authorities.

Directive on the Quality Required of Shellfish Watersg (537)

The mandatccy specifications for organohalogenated substances specify
that the concentration of each substance in the shellfish water or in
shellfish flesh must not reach or exceed a level which has harmful
effects on the shellfish and larvae. The guideline specifications for
organohalogenated substances state that the concentration of each
substance in shellfish flesh must be so limited that it contributes to
the high quality of shellfish product.

Directive on the Discharge of Dangerous Substances (535)

Organohalogens, organophosphates, petroleum hydrocarbons, carcinogens
or substances which have a deleterious effect on the taste and/or »dor
of human food derived from aquatic environments cannot be discharged
into inland surface waters, territorial waters or internal coastal
waters without prior authorization from member countries which issue
emission standards. A system of zero-emission applies to discharge of
f“ these substances into ground water.

rective on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxlc and dangerous wastes including
phenols and phenol compounds; organic-halogen compounds; chrome
compounds; lead compounds; cyanides; ethers and aroma-ic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste,

Directive on the Limit Values and Quality Objectives for Discharges of
Certain Dangerous Substances (1792)

Pursuant to the Directive on the Discharge of Dangerous Substances the
quality objective »r p,p’-DDT is 10 wg/L. For total DDT (including
isomers) the qualicy objective is 25 ug/L. The emission standard of
DDT and isomers for DDT production is 0.7 mg/L water discharged as a
monthly average and 1.3 mg/L water discharged as a daily average.
These regulations must be complied with as of January 1, 1988.

EEC ectives - Proposed

Proposal for a Council Directive on the Dumping of Waste at Sea (1793)

EEC has proposed that the dumping of organohalogen compounds at sea be
prohibited.
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DDD 58-8

58.1 MAJOR USES

DDD is not produced commercially in the U.S. and no longer has any
registered uses (1118). It was formerly used for controlling pests on
vegetables and tobacco (59). The pure o,p’-DDD isomer, specially
synthesized, has been wused for the treatment of adrenocortical
carcinoma and for the overproduction of adrenal cortical steroids under
the generic name, mitotane (2002).

58.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS
58.2.1 Transport in Soil/Ground-water Systems
58.2.1.1 Overview

DDD, no longer manufactured commercially, i{s still found as an
impurity in the pesticide DDT and the miticide dicofol. It is also the
major breakdown product of DDT under anaerobic conditions. The p,p’
isomer of DDD is the third largest component of the technical DDT
product after the two DDT isomers, accounting for 