DDT AND ASSOCIATED COMPOUNDS

These substances were considered by previous Working Groups, in 1973 (IARC, 1974)
and 1987 (IARC, 1987a). Since that time, new data have become available, and these have
been incorporated into the monograph and taken into consideration in the present
evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Table 1. Chemical Abstract Services Registry numbers, names and synonyms

Name CAS Reg.  Chem. Abstr. names® and synonyms
Nos
para,para’-DDT 50-29-3 o, -Bis(para-chlorophenyl)-8,8,B-trichloroethane; 1,1-bis(para-chloro-

phenyl)-2,2,2-trichloroethane; 2,2-bis(para-chlorophenyl)-1,1,1-trichlo-
ro-ethane; 1,1-bis(4-chlorophenyl)-2,2,2-trichloroethane; DDT: 4,4’ -
DDT; para,para’ -dichlorodiphenylitrichloroethane; 4,4’ -dichlorodi-
phenyltrichloroethane; para,para’-dichlorodiphenyltrichloromethyl-
methane; ENT 1506; OMS 0016; 1,1,1-trichloro-2,2-bis(para-chloro-
phenyl)ethane; 1,1,1-trichloro-2,2-bis(4,4' -dichlorodiphenyl)ethane;
2,2,2-trichloro-1,1-bis(4-chlorophenyl)ethane; 1,1,1-trichloro-2,2-bis(4-
chlorophenyl)ethane (IUPAC); trichlorobis(4’ -chlorophenyl)ethane;
1,1'-(2,2,2-trichloro-ethylidene)bis(4-chlorobenzene)

ortho,para’ -DDT 789-02-6 2-(2-Chlorophenyl)-2-(4-chlorophenyl)-1,1,1-trichloroethane; 1-chlo-
ro-2-(2,2,2-trichloro-1-(4-chlorophenyl)ethyl)-benzene; 2,4'-DDT;
1,1,1-trichloro-2-(ortho-chlorophenyl)-2-(para-chlorophenyl)ethane;
1,1,1-trichloro-2-(2-chlorophenyl)-2-(4-chlorophenyl)ethane (IUPAC)

para,para’-TDE 72-54-8 1,1-Bis(para-chlorophenyl)-2,2-dichloroethane; 1,1-bis(4-chlorophe-
nyl)-2,2-dichloroethane; 2,2-bis(para-chlorophenyl)-1,1-dichloroethane;
2,2-bis(4-chlorophenyl)-1,1-dichloroethane; DDD; para,para’-DDD;
4,4'-DDD; 1,1-dichloro-2,2-bis(para-chlorophenyl)ethane; 1,1-dichlo-
ro-2,2-bis(4-chlorophenyl)ethane (IUPAC), dichlorodiphenyl dichlo-
roethane; para, para’ -dichlorodiphenyldichloroethane; para, para’ -
dichlorodiphenyl-2,2-dichloroethylene; 1,1’-(2,2-dichloroethylidene)-
bis(4-chlorobenzene); TDE

ortho,para’ -TDE 53-19-0 1-Chloro-2-[2,2-dichloro-1-(4-chlorophenyl)ethyl]-benzene; 2-(2-chlo-
rophenyl)-2-(4-chlorophenyl-1,1-dichloroethane; ortho,para’ -DDD;
1,1-dichloro-2-(ortho-chlorophenyl)-2-(para-chlorophenyl)ethane;
2,4’ -dichlorodiphenyldichloroethane

-179-
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Table 1 (contd)

Name CAS Reg.  Chem. Abstr. names” and synonyms
Nos
para,para’ -DDE 72-55-9 2,2-Bis(4-chlorophenyl)-1,1-dichloroethene; 1,1-bis(para-chloro-

phenyl)-2,2-dichloroethylene; 2,2-bis(4-chlorophenyl)-1,1-dichloro-
ethylene; DDE; 4,4'-DDE; 1,1-dichloro-2,2-bis(para-chloro-
phenyl)-ethylene; para,para’ -dichlorodiphenyldichloroethylene;

L, 1-dichloro-2,2-di(4-chlorophenyl)ethylene (IUPAC); 1,17 -(dichloro-
ethenylidene)-bis(4-chlorobenzene)

“In bold
OO
|
CCly
C14HoCls (para,para’-DDT) Mol. wt: 354.5
Cl
o
|
CCly
C14HoCls (ortho para’-DDT) Mol. wt: 354.5
-
|
CHCl,
C14H9Cly (para,para’-TDE) Mol. wt: 320.0
OO
I
¢l CHCIp
C14H19Cly (ortho para’-TDE) Mol. wt: 320.0
@O~
il
CCly
C14HgCly (para,para’-DDE) Mol. wt: 318.0

1.1.2° Chemical and physical properties
From Agency for Toxic Substances and Disease Registry (1989), unless otherwise noted

para,para’-DDT
(@) Description: Colourless crystalline solid, odourless or with weak aromatic odour
(b) Boiling-point: 260°C
(c) Melting-point: 108-109°C
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Spectroscopy data: Infrared (prism [27, 127, 15542]; grating [15014, 36866]),
ultraviolet [47, 4655, 36806] and nuclear magnetic resonance (proton [15, V620,
23171, 34386]; C-13 [2410, 4401]) spectral data have been reported (Sadtler
Research Laboratories, 1980, 1990).

Solubility: Practically insoluble in water (0.0034 mg/l at 25°C); at 27-30°C, soluble
in acetone (58 g/100 ml), benzene (78 g/100 ml), cyclohexanone (116 g/100 ml),
diethyl ether (28 g/100 ml) (Budavari, 1989), chloroform (96 g/100 ml) (WHO,
1989) and other organic solvents (Brooks, 1974)

Volatility: Vapour pressure, 5.5 x 10% mm Hg [0.73 x 106 kPaj at 20°C

Stability: Stable to oxidation; corrosive to iron: dehydrochlorinated at temperatures
above its melting point to the non-insecticidal DDE, a reaction catalysed by iron
(III) or aluminium chlorides, by ultravioletlight and, in solution, by alkali (Worthing
& Walker, 1987)

Octanollwater partition coefficient (P): log P, 6.19

Conversion factor for airborne concentrations': mg/m? = 14.5 x ppm

ortho,para’-DDT
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Description: White, crystalline solid (WHO, 1989)

Melting-point: 74-75°C

Spectroscopy data: Infrared (prism [46974]; grating [31974]), ultraviolet [23375] and
nuclear magnetic resonance (proton [19449]) spectral data have been reported
(Sadtler Research Laboratories, 1980).

Solubility: Slightly soluble in water (0.085 mg/1 at 25°C); soluble in lipids and most
organic solvents (IARC, 1974)

Volatility: Vapour pressure, 5.5 x 10°® mm Hg [0.73 x 106 kPa] at 30°C (Brooks,
1974)

Stability: Stable to concentrated sulfuric acid (IARC, 1974)
Conversion factor for airborne concentrations: mg/m® = 14.5 x ppm

para,para’-TDE

(@)
(b)
(©)
@

(€)
0
®)

(7)
@)

Description: Colourless, odourless crystalline solid

Boiling-point: 193°C at 1 mm Hg [0.13 kPa]

Melting-point: 109-110°C

Spectroscopy data: Infrared (prism [18450]; grating [36636]), ultraviolet [5898] and
nuclear magnetic resonance (proton [2040]; C-13 [1284]) spectral data have been
reported (Sadtler Research Laboratories, 1980).

Solubility: Slightly soluble in water (0.160 mg/l at 25°C)

Volatility: Vapour pressure, 10.2 x 107 mm Hg [1.36 x 10”7 kPa] at 30°C
Stability: Similar to that of para,para’-DDT but more slowly hydrolysed by alkalis
(IARC, 1974)

Octanollwater partition coefficient (P): log P, 6.20

Conversion factor for airborne concentrations': mg/m? = 13.09 x ppm

'Calculated from: mg/m® = (molecular weight/24.45) X ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg [101.3 kPa))

/
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orthopara’-TDE

(@) Description: Colourless crystals

(b) Melting-point: 76-78°C

(c) Conversion factor for airborne concentrations': mg/m® = 13.09 x ppm

para,para’-DDE

(@) Description: White, crystalline solid

(b) Melting-point: 88.4-90°C

(c) Spectroscopy data: Infrared (prism [27905]; grating [3631]), ultraviolet [10847] and
nuclear magnetic resonance (proton [498]; C-13 [6360]) spectral data have been
reported (Sadtler Research Laboratories, 1980)

(d) Solubility: Slightly soluble in water (0.12 mg/l at 25°C); soluble in lipids and most
organic solvents (IARC, 1974)

(e) Volatility: Vapour pressure, 6.5 x 10° mm Hg [0.87 x 10 kPa] at 20°C

(f) Stability: Stable to concentrated sulfuric acid; may be oxidized to
para,para’-dichlorobenzophenone, catalysed by ultraviolet radiation (IARC, 1974)

(8) Octanollwater partition coefficient (P): log P, 7.00

(h) Conversion factor for airborne concentrations': mg/m® = 13.01 x ppm

1.1.3 Trade names, technical products and impurities

Some examples of trade names are:

para,para’-DDT: Aavero-extra; Agritan; Anofex; Arkotine; Azotox M 33: Benzochloryl;
Bosan supra; Bovidermol; Chlorophenothane; Chlorphenotoxum; Citox; Clofenotane;
Deoval; Detox; Detoxan; Dibovin; Dicophane; Dinocide; Dodat; Dykol; ENT-1506;
Estonate; Genitox; Gesafid; Gesarol; Guesapon; Guesarol; Gyron; Hildit; Ivoran; Ixodex;
Mutoxan; Neocid; Neocidol; Parachlorocidum; PEB1; Pentachlorin; Penticidum; Zerdane

para,para’-TDE: Dilene; ME 1700; Rhothane

ortho,para’-TDE: Chloditan; Mitotan; CB313; Lysodren

The WHO specification for technical DDT intended for use in public health
programmes requires that the product contain 49-51% total organic chlorine, 9.5-11.5%
hydrolysable chlorine and a minimum of 70% para,para’-DDT (WHO, 1985).

A typical sample of technical DDT had the following constituents: para,para’-DDT,
77.1%; ortho para’-DDT, 14.9%; para,para’-TDE, 0.3 %; ortho ,para’-TDE, 0.1%; para.para’-
DDE, 4%, ortho,para’-DDE, 0.1%; and unidentified products, 3.5% (WHO, 1989). Another
analysis showed the following approximate composition (%): para,para’-DDT, 63-77;
ortho,para’-DDT, 8-21; parapara’-TDE, 0.3-4.0; ortho para’-TDE, 0.04; 1-(ortho-chloro-
phenyl)ethyl-2-trichloro-para-chlorobenzene sulfonate, 0.1-1.9; 2-trichloro-1-(para-chloro-
phenyl)ethanol, 0.2; bis(para-chlorophenyl)sulfone, 0.03-0.6; o-chloro-o-(para-chloro-
phenyl)acetamide, 0.01; a-chloro-a-(chlorophenyl) acetamide, 0.01; chlorobenzene, 0.3
para-dichlorobenzene (see IARC, 1987b), 0.1; 1,1,1,2-tetrachloro-2-(para-chlorophenyl)-
ethane, trace; sodium para-chlorobenzenesulfonate, 0.02; ammonium para-chlorobenzene-

'Calculated from: mg/m® = (molecular weight/24.45) X ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg [101.3 kPa})
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sulfonate, 0.01; inorganics, 0.01-0.1; and unidentified components and losses, 5.1-10.6
(Bhuiya & Rothwell, 1969).

Technical DDT has been formulated in almost every conceivable form, including
solutions in xylene (see IARC, 1989a) and petroleum distillates (see TARC, 1989b),
emulsifiable concentrates, water-wettable powders, granules, aerosols, smoke candles,
charges for vaporizers and lotions. Aerosols and other household formulations are often
combined with synergized pyrethrins (WHO, 1989).

Technical TDE has been formulated as solutions in aromatic solvents, wettable powders
and dusts (Brooks, 1974).

1.1.4 Analysis

Selected methods for the analysis of DDT and its metabolites in various media are
summarized in Table 2. Reviews of analytical methods for DDT and metabolites in various
media have been reported (Brooks, 1974; Horwitz, 1975a,b,c.d; WHO, 1979; Williams,
1984a; Rovinsky e al., 1988; Agency for Toxic Substances and Disease Registry, 1989).

Table 2. Methods for the analysis of DDT and metabolites

Sample Sample preparation Assay Limit of Reference

matrix procedure®  detection?

Air Collect vapours on glass-fibre filter ~ GC/ECD >1ng/m3  US Environmental
with polyurethane foam; extract with Protection Agency
5% ether in hexane (1988a)
Collect vapours on polyurethane GC/ECD NR US Environmental
foam; extract with 5% diethyl ether Protection Agency
in hexane (1988b)
Collect vapours on glass-fibre filter; GC/ECD NR Taylor (1977)
extract with isooctane

Water Extract with dichloromethane; GC/ECD 0.0025, US Environmental
isolate extract, dry and concentrate 0.01, Protection Agency
with methyl fert-butyl ether 0.06 ng/t (1988c)

Waste-water Extract with dichloromethane; dry; GC/ECD 0.011, US Environmental
exchange into hexane 0.004, Protection Agency

0.012 pg/t (1986a, 1989a)
Extract with dichloromethane; dry GC/MS 2.8, US Environmental
and concentrate (packed column) 5.6 Protection Agency
4.7 ng/l (1989b)
Formulations  Extract with carbon disulfide and IR NR Williams (1984b)

sodium sulfate; compare with
reference spectrum at 9.4-10.2 um

Food (high Blend with acetone; extract with GC/HECD NR Williams (1985)
moisture, non- petroleum ether/dichloromethane;
fatty) dry; concentrate in petroleum ether

and acetone
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Table 2 (contd)

Sample Sample preparation Assay Limit of Reference

matrix procedure?  detection?®

Soil, sediment, Mix with anhydrous sodium sulfate; GC/MS 2.8, US Environmental

wastes extract using Soxhlet or sonication; 5.6, Protection Agency
clean-up using Florisil column or gel- 4.7 pg/l (1986b)
permeation (packed column)
Mix with anhydrous sodium sulfate; GC/MS NR US Environmental
extract using Soxhlet or sonication; Protection Agency
clean-up using Florisil column or (1986¢)

gel-permeation (capillary column)

“Abbreviations: GC/ECD, gas chromatography/electron capture detection; GC/HECD, gas chromatography/
Hall electrolytic conductivity detector; GC/MS, gas chromatography/mass spectrometry; IR, infrared
spectroscopy

bThe limits of detection are presented for 4,4-TDE, 4,4'-DDE and 4,4'-DDT, respectively; NR, not reported

1.2 Production and use

The discovery, chemistry and uses of DDT and problems associated with its use have
been reviewed (Brooks, 1974; Mellanby, 1989).

1.2.1 Production

Technical-grade DDT is made by condensing chloral hydrate with chlorobenzene in the
presence of sulfuric acid. To prepare ortho.para’-DDT, an excess of chlorobenzene is
condensed with 1-(2-chlorophenyl)-2,2,2-trichloroethanol in the presence of a mixture of
96% sulfuric acid and 25% oleum at 60°C (Brooks, 1974).

DDT was first synthesized in 1874, but it was not until 1939 that its insecticidal
properties were discovered. By 1943, low-cost production methods had been developed, and
commercial production had begun. At the height of DDT production, about 400 000 tonnes
were used annually worldwide, but this decreased to approximately 200 000 tonnes in 1971.
Peak production in the USA occurred in 1963, when 80 000 tonnes were produced. After
restrictions were introduced in the USA in 1969 (Brooks, 1974), production of DDT in 1971
in that country was estimated to be 2000 tonnes. In 1985, approximately 300 tonnes of DDT
were exported. In 1989, there were three producers, but no data were available on the
current production of DDT in the USA (Agency for Toxic Substances and Disease Registry,
1989). DDT is produced currently by one company each in Italy, India and Indonesia
(Meister, 1990) and in China.

TDE was introduced commercially in Germany in 1945 under the trade name Rhothane.
The commercial preparation of TDE from the ethyl acetal of dichloroacetaldehyde and

chlorobenzene usually gives a technical product consisting mainly of the para para’-isomer,
with 7-8% of the ortho para’-isomer (Brooks, 1974; IARC, 1974).

1.2.2 Use

DDT is a nonsystemic contact and stomach insecticide with a broad spectrum of
insecticidal activity (Worthing & Walker, 1987). DDT has been used primarily in the
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prevention of malaria, yellow fever and sleeping sickness. In 1971, approximately 50% of
production was used for these purposes (IARC, 1974).

DDT was used extensively for the control of malaria, typhus and other insect-transmitted
disease during the Second World War. It has been used worldwide in agriculture in the
control of insects. In 1972, 4500-6400 tonnes of DDT were used in the USA; use on cotton
crops was estimated to account for 67-90% of the total use, with the remainder primarily on
peanut and soya bean crops. Since 1973, use of DDT in the USA has been limited to the
control of public health problems. It was estimated in 1973 that more than 2 million tonnes of
DDT had been used for insect control since 1940, about 80% of that in agriculture. DDT was
once registered for use on 334 commodities in the USA (Agency for Toxic Substances and
Disease Registry, 1989).

Even before 1963, some restrictions had been placed on the use of DDT, mainly to
minimize residues in food and in the feed of animals that produce milk and meat. Another
important reason for reducing the use of DDT was the increasing resistance of pests.
Although many pests of public health importance became resistant to DDT in some or all of
their range, resistance among vectors of malaria was less marked. Because malaria control
constitutes such a large segment of vector control, the use of DDT for vector control has
tended to remain stable, while its use in agriculture has continued to decline, especially in
temperate climates (WHO, 1979). :

DDT was introduced in India for use in public health and agriculture in 1948. Since then,
nearly 250 000 tonnes have been used, of which only 50 000 tonnes were in agriculture. The
use of DDT in India over a 20-year period is given in Table 3 (Mehrotra, 1985). India banned
the use of DDT for agricultural purposes in 1989 (County NatWest WoodMac, 1990).

Table 3. Total use of DDT (in thousands of tonnes) in India during 1960-84¢

Type of use 1960 1966 1970 1975 1976 1977 1978 1979 1980 1984
Public health 21.0 2.7 6.2 7.3 7.3 9.0 6.8 6.5 85 120
Agriculture 0.6 24 2.4 2.5 1.3 2.5 4.7 4.2 4.0 2.0

2From Mehrotra (1985)

About 12 000 tonnes of DDT were used in Iraq by the agricultural authorities between
1960 and 1978 (Al-Omar et al., 1985). In Pakistan, the yearly agricultural use of DDT (active
ingredient) during the period 1977-81 ranged from 40 to 100 tonnes (Baloch, 1985). In one
province in Indonesia, a large-scale malaria control programme was begun in 1952. Between
1952 and 1980, yearly usage of DDT (active ingredient) was as high as [1400 tonnes]
[calculated by the Working Group from a graph] (Bang et al., 1982).

TDE 1is a nonsystemic contact and stomach insecticide, which does not have the
broad-spectrum insecticidal activity of DDT but has equal or greater potency against the
larvae of some mosquitoes and lepidoptera (Brooks, 1974). It has had limited use as a
pesticide (Agency for Toxic Substances and Disease Registry, 1989). In 1971, 110 tonnes of
TDE were used by farmers in the USA, 67% of which was on tobacco (US National Cancer
Institute, 1978). '
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The pure ortho para’-TDE isomer, which must be specially synthesized, has been used in
the treatment of adrenocortical carcinoma (Bergenstal et al., 1960) and of the
overproduction of adrenal cortical steroids (Wallace et al., 1961; Bledsoe et al., 1964;
Southern ef al., 1966).

1.3 Occurrence

The physiochemical properties of DDT and its metabolites enable organisms to take
them up readily. As these compounds are resistant to breakdown, they are readily adsorbed
by sediments and soils, which can act as both sinks and long-term sources of exposure.
Organisms can accumnulate these chemicals from the surrounding medium and from food.
Uptake from water is generally more important for aquatic organisms, whereas food
provides the major source in terrestrial fauna.

Earlier data on occurrence were summarized in the previous monograph on DDT
(IARC, 1974). Environmental aspects of DDT and its derivatives were reviewed (WHO,
1989). The occurrence of DDT and its metabolites in human tissues and fluids is discussed in
section 4.1.1.

1.3.1 Soil

The absorption of DDT was greatest in muck soil and least in sandy loam soil and was
closely related to the organic matter content of the soil, the major fraction identified with
absorption being the humic material. The degree of sorption is strongly associated with the
degree of humidification (WHO, 1989).

After application to the soil surface, 50% of DDT was lost within 16-20 days, with an
estimated time for 90% loss of 1.5-2 years. When it was mixed into the soil, the half-time of
DDT was 5-8 years, and it was estimated that 90% would be lost in 25-40 years (Wheatley,
1965).

In a study to determine the ability of river sediments to degrade DDT, labelled material
was added to sediments in the laboratory or on mud flats in the United Kingdom. Incubation
in situ over 46 days led to very little metabolism of DDT: some para.para’-TDE was produced,
but metabolism did not proceed further. In the laboratory, however, a greater amount of
degradation occurred over 21 days. Investigations of the microbial population of the
sediment showed that some organisms were capable of degrading DDT (Albone et al., 1972).

When cotton plants in Kenya were sprayed at 1.05 or 2.52 kg active ingredient/ha, and
soil and leaf samples were taken, the half-times for para,para’-DDT in soil for the two rates
were 18.5 and 2.2 days, respectively. The low persistence of surface-applied DDT in tropical
climates represents a totally different situation from that reported for temperate climates.
With a soil temperature of over 65°C by mid-afternoon, the loss was attributed to
volatilization. Residues on cotton foliage had a similarly short half-time of 4.8 days. The
metabolite para,para’-DDE was slightly more persistent, with a half-time of 8.8 days (Foxall
& Maroko, 1984). In a review of DDT residues in Indian soils in cotton-growing areas, the
half-time of DDT was about three months, as compared to 4-30 years in temperate regions
(Mehrotra, 1985).
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1.3.2 Plants

14C-Labelled DDT was applied to loam and sandy soils at 4 and 2 mg/kg and oats were
grown in the treated soils for 13 days. Of the total DDT applied, 95% was recovered from the
loam and 84% from the sandy soil, showing that little metabolism had taken place. DDE was
detected in both soils, together with very small amounts of other metabolites. Verylittle DDT
was detected in oat roots grown on loam (0.2%); uptake was greater (4.6%) in the roots of
oats grown on sand. No label was detected in the plant tops (Fuhremann & Lichtenstein,
1980).

DDT was not translocated into foliage of alfalfa after application to soil (Ware ef al.,
1970), or into soya beans (Eden & Arthur, 1965). Only trace amounts of DDT or its
metabolites were found in stored carrots, radishes and turnips which had been grown in soils
containing up to 15 mg/kg DDT (Harris & Sans, 1967).

1.3.3 Food

Residues were found in 36 of 1535 samples analysed for DDT as part of a Canadian
national surveillance programme in 1984-89. The highest levels were found in carrots (12/75
samples), cheese (10/94) and grapes (7/129). The levels ranged from 0.01 to a maximum of
0.6 mg/kg (Government of Canada, 1990).

In Brazil, the average levels of DDT in 1998 samples of cattle meat were 0.04-0.13
mg/kg, those in 102 samples of horse meat, 0.01-0.02 mg/kg and those in corned beef and
roast beef, 0.03-0.04 mg/kg (Codex Committee on Pesticide Residues, 1989).

para,para’-DDE was detected in 408 of 19 851 food and animal feed samples analysed in
the USA during the period 1982-86; 288 samples contained less than 0.05 mg/kg (maximum,
2.0 mg/kg) (Luke et al., 1988).

1.3.4 Fish

Small fish take up more DDT from water than larger fish of the same species: a range in
weight of mosquito fish between 70 and 1000 mg led to a four-fold difference in DDT uptake
over 48 h (Murphy, 1971).

Rainbow trout were exposed to concentrations of DDT in water of 176, 137 and 133 ng/l
at 5, 10 and 15°C, respectively. Whole-body residues of DDT after 12 weeks of exposure
were 3.8, 5.9 and 6.8 mg/kg for the three temperatures, indicating increased uptake by fish
with temperature (WHO, 1989).

Fish accumulate DDT from food in a dose-dependent manner. Rainbow trout fed diets
containing 0.2 or 1.0 mg/kg DDT retained more than 90% of the dietary intake over a 90-day
exposure. The time for 50% elimination was estimated at 160 days. There was a straight-line
relationship between exposure time and body burden of total DDT, with no tendency for
residues to reach a plateau within 45 days of feeding. The fish had accumulated 1.1 pg/kg
from food containing 0.58 pg/kg DDT, 11 pg/kg from food containing 9.0 pg/kg and

110 pg/kg from food containing 93 pg/kg at the end of the experiment (WHO, 1989).

1.4 Regulations and guidelines

Sweden was the first country to ban the use of DDT, in 1970 (WHO, 1979). Many other
countries subsequently restricted its use, although DDT continues to be used in some
circumstances, for the control of vector-borne diseases.
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DDT and its metabolites were included in the 1987 Canadian guidelines for
drinking-water quality for re-evaluation; the 1978 maximum acceptable concentration was
30 pg/l (Ritter & Wood, 1989).

The FAO/WHO Joint Meeting on Pesticide Residues evaluated DDT at its meetings in
1963, 1965, 1966, 1967, 1968, 1969, 1977, 1979, 1980, 1983 and 1984 (FAO/WHO, 1964,
1965, 1967a,b, 1968a,b, 1969, 1970a,b, 1978, 1980a,b, 1981, 1984, 1985). In 1963, an
acceptable daily intake in food of 0.005 mg/kg bw was established (FAO/WHO, 1964); this
was raised to 0.01 mg/kg bw in 1965. In 1967, the level was extended to metabolites. The
acceptable daily intake was lowered to 0.005 mg/kg bw in 1969 and was raised to 0.02 mg/kg
bw in 1984 (FAO/WHO, 1985).

Maximum residue levels were established by the Codex Alimentarius Commission for
DDT (as the sum of para,para’-DDT, ortho,para’-DDT, para.para’-DDE and para.para’-TDE
(fat-soluble residue)) in or on the following (in mg/kg): meat (fat), 5; fruit and vegetables, 1;
eggs, 0.5; cereal grains, 0.1; milks, 0.05 (Codex Committee on Pesticide Residues, 1990).

National and regional pesticide residue limits for DDT and its metabolites in foods are
presented in Table 4. Table 5 presents occupational exposure limits and guidelines for DDT
in some countries. The maximum allowable concentrations in the USSR are 0.001 mg/m? for
average daily exposure to DDT in the atmospheric air of populated areas, 0.005 mg/m?3 for a
single exposure in the same areas, 0.1 mg/l for DDT in water for drinking and domestic
purposes and 1 mg/kg for DDT in soil (Izmerov, 1983).

Table 4. National and regional pesticide residue limits for DDT in foods®

Country or region Residue Commodities
limits
(mg/kg)

Australia 5 Fat (meat, poultry)
1.25 Goat milk (fat basis), milk (fat basis), milk products (fat basis)
1 Edible oils, fish, fruit, margarine, vegetables
0.5 Eggs
0.1 Cereal grains

Austria 3b Fish
1.00 Cocoa nibs, spices, tea, tea-like products, unroasted coffee
0.5% Eggs (without shell), other foodstuffs of animal origin
0.1% Oilseeds

Belgium 1¢ Meat, poultry, hare, fowl, game, meat products, animal fats
0.1¢ Eggs, fruit, vegetables :
0.04¢ Milk and milk products
0 (0.05)%¢  Other foodstuffs of animal and vegetable origin

Canada 5¢ Fish
1.0 Butter, cheese, milk and other dairy products, meat, fat and meat by-

products (cattle, hogs, poultry, sheep)
0.5 Eggs, fresh vegetables



DDT AND ASSOCIATED COMPOUNDS 189

Table 4 (contd)

Country or region Residue Commodities
limits
(mg/kg)
Chile 7€ Apples, carcasses (fat), garden vegetables, peaches, pears, poultry (fat)
3.5 Cherries, citrus fruit, plums
1.25 Milk and dairy products (fat)
10 Vegetables (root, tuber)
0.5 Eggs
China <10 Fish (including other seafood products)
<02 Processed foodstuffs
< 0.1 Fruit, vegetables
Czechoslovakia 2¢ Animal fats (fat basis), fish, meat
1.25 Milk and milk products (fat basis) (imported)
0.5 Eggs (without shell) (imported and domestic)
04 Milk and milk products (fat basis)
0.1 Fruit, potatoes, vegetables
Denmark 5¢ Fish liver
2 Fish and fish products
1 Fat from meat
0.5 Eggs
0.2 Berries and small fruit, carrots, fruit (citrus, pome, stone, other),
onions, potatoes, vegetables (leafy, other root)
0.05 Cereals
0.04 Milk, milk products, dairy products .
European 1.0% Fat contained in meat, preparations of meat, offal and animal fats
Community 0.1 Other crop and food products
0.05 Barley, buckwheat, grain sorghum, maize, millet, oats, paddy rice, rye,
triticale, wheat, other cereals
0.04 Raw cows’ milk and whole-cream cows’ milk
Finland 3¢ Codliver oil
0.5 Crustaceans, fish, shellfish and their products (excluding codliver oil),
other crops and food products
0.1 Cereal grains
France 0.1¢ Fruit, vegetables
0.05¢ Cereal grains
Germany 10° Tobacco products
sf Fish liver and roe products
35 Eel, salmon and sturgeon, as well as products thereof (except roe)
28 Other fish and other cold-blooded animals, seafood as well as products
thereof (except liver and roe)
1.0 Meat, meat products, edible animal fats (fat basis)
1.0° Spices, raw coffee, tea, tea-like products
1.0/ Milk, dairy products
0.5/ Eggs (without shell), egg products
0.1/ Citrus juice, fruit, oilseed, vegetables
0.058 Other foodstuffs of plant origin

Hungary 0.1¢ Crops, food
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Country or region Residue Commodities
limits
(mg/kg)
India 7h Fish, meat, poultry (whole product)
3.5% Fruit, vegetables (including potatoes)
1.25% Milk, milk products (fat basis)
0.5" Eggs (without shell)
Ireland 0.1¢ All crop and food products
Israel 3 Apples, apricots, carcass meat (in fat), cherries, fruit (citrus, tropical),
peaches, pears, plums, other small fruit not mentioned in list (except
strawberries), poultry (in fat), vegetables
0.25 Milk products (fat basis)
1.0 Cottonseed, nuts (shelled), strawberries
0.5 Eggs (without shell)
0.05 Milk (fat basis)
Italy 1.054 Aromatic and medicinal herbs, tea
0.1 Coffee, fruit, garden vegetables
Japan 0.2 Apples, asparagus, baby kidney beans, baby peas, burdock, cabbage,
cauliflower, celery, cherries, Chinese white cabbage, cucumbers, egg-
plant, garden radish, garden radish leaves, grapes, Irish potatoes, lettuce,
loquats, mandarins, oranges, peaches, pears (Bartlett, Japanese), persim-
mon, pumpkin, soft greens, Spanish paprika, spinach, strawberries,
summer oranges (peel, pulp), sweet potatoes, taro, tea, tomatoes, trefoil,
turnip, turnip leaves, watermelons, white muskmelons
Kenya 7 Apples, apricots, meat (fat basis), peaches, pears, poultry (fat basis),
small fruit (except strawberries), vegetables (except root)
35 Cherries, fruit (citrus, tropical), plums
1.25 Milk products (fat basis)
1.0 Maize, millet, nuts (shelled), root vegetables, sorghum, strawberries,
sunflower seeds (entire), wheat grain-
0.5 Eggs (without shell), whole milk
Luxembourg 5 Fish eggs, liver products
3.y Eel, salmon and sturgeon and derived products (except fish eggs)
¥ Animal fats (except butyric fats), meat and meat products, poultry and
. poultry products
2 Other fish, crustaceans, molluscs and derived products (except fish eggs
) and liver)
1.2y Milk and milk products
0.5/ Eggs (without shell), animal fats and fish meal (used as animal feed)
0.2 Other foodstuffs (used as animal feed)
0.1/ Vegetable fats (used as animal feed), supplementary feed for lactating
animals
0.05 Natural foods (used as animal feed)

0.03 Cereals (used as animal feed)



Table 4 (contd)

DDT AND ASSOCIATED COMPOUNDS 191

Country or region Residue Commodities
limits
(mg/kg)
Mexico 7 Beans, chili peppers, grapes, lettuce, pineapples, tomatoes
6 Soya bean oil (processed)
4 Cottonseed
3.5 Avocado, carrots, citrus fruit, maize, papayas
1.5 Soya beans
1.0 Artichokes, asparagus, broccoli, cabbage, celery, okra, onions, potatoes,
radishes, spinach, sweet potatoes
0.5 Apples, cucumbers, eggplant, guavas, mangoes, melons, peaches, pea-
nuts, pears, peas, squash, strawberries
Netherlands 5¢ Eggs (fat basis)
1€ Meat, poultry meat, other animal products (fat basis), tea
0.5¢ Cocoa butter (wring/refined)
0.1¢ Fruit, plant oil and fat, vegetables, tropical seed (fat basis)
0.05¢ Other foodstuffs
0.04¢ Milk
0.02¢ Other cocoa (fat basis)
New Zealand 5¢ Meat fat in any foodstuff
2¢ Fruit, vegetables
1.25¢ Milk fat in any foodstuff
0.5¢ Eggs
Peru 7" Fruit (drupe, pome), meat (fat basis), poultry (fat basis)
3.5" Fruit (citrus, tropical)
1.25% Milk and milk products (fat basis)
1.0% Walnuts (shelled)
0.5% Eggs (without shell)
Romania 5 Meat (cattle, goats, sheep)
3 Meat (pigs, pouitry)
1.25 Milk and milk products
Singapore 0.2 Fat (cattle, hogs, sheep), other foodstuffs
0.005 Milk
South Africa 3¢ Carcass meat (fat basis)
0.5¢ Eggs (without shell)
0.05¢ Milk (fat basis)
Spain 1.0¢ Coffee, spices, tea and similar products
0.1¢ Fruit, vegetabies (except potatoes)
0.05¢ Potatoes, other plant products
Sweden 5¢ Fishery products
1.0¢ Butter, cheese, fruit, vegetables
0.5¢ Eggs, raw meat
0.05¢ Cereals and hulled grain, flakes and flour made from cereals, milk,

potatoes
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Country or region Residue Commodities

limits

(mg/kg)

Switzerland 1.0¢ Meat and meat products (except fish and fish-based products (fat basis)),
tea and tea plants

0.5¢ Eggs

0.25¢ Cocoa butter and bulk cocoa (fat basis)

0.125¢ Milk and milk products (fat basis)

0.1¢ Cereal, fruit, vegetables

0.01¢ Cereal products

0.02¢ Infant and baby foods (as consumed); other products [limit value, 0.06]

0.005¢ Infant and baby foods (as consumed); milk products [limit value, 0.015]

Thailand 7 Fruit

6 Fat and oil from animals and vegetables

5 Aquatic animal products, meat

2 Vegetables

1.5 Eggs, pulses

1.0 Milks

0.5 Cereals

United Kingdom 15 Bananas, oranges, other citrus, meat, fat and preparations of meats (fat
basis), dairy produce (> 2% fat)

0.5 Eggs (birds’ eggs in shell (other than eggs for hatching) and whole egg
products and egg yolk products (whether fresh, dried or otherwise
prepared)) '

0.1 Apples, blackcurrants, beans, Brussels’ sprouts, cabbage, carrots, celery,
cauliflower, cucumbers, grapes, leeks, lettuce, mushrooms, nectarines,
onions, peaches, pears, peas, plums, potatoes, raspberries, strawberries,
swedes, tomatoes, turnips

0.05 Barley, maize, oats, paddy rice, rye, wheat, other cereals

0.04 Milk (fresh raw cows’ milk and fresh whole-cream cows’ milk expressed
as whole milk)

USAk 5 Fat of meat (cattle, goats, hogs, horses, sheep), fish

3 Carrots

1.25 Manufactured dairy products

1.0 Beans (cocoa, whole raw), peppermint oil, potatoes, soya bean oil
(crude), spearmint oil, sweet potatoes

0.5 Artichokes, asparagus, barley grain (food, feed), broccoli, Brussels’
sprouts, cabbage, cauliflower, celery, collards, eggs, endives (escarole),
hay, kale, kohlrabi, lettuce, maize grain (food, feed), milo sorghum grain
(food, feed), mushrooms, mustard greens, oat grain (food, feed), pepper-
mint hay, rice grain (food, feed), rye grain (food, feed), spearmint hay,
spinach, Swiss chard, tomato pomace (dried, for use in dog and cat food),
wheat grain (food, feed)

0.2 Apricots, avocadoes, beans, beans (dried), beets (roots, tops), cherries,

guavas, mangoes, nectarines, okra, onions (dry bulb), papayas, parsnips
(roots, tops), peaches, peanuts, peas, pineapples, plums (fresh prunes),
radishes (roots, tops), rutabagas (roots, tops), soya beans, (dry), turnips
(roots, tops)
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Table 4 (contd)

Country or region Residue Commodities
limits
(mg/kg)
USA (contd) 0.1 Apples, blackberries, blueberries (huckleberries), boysenberries, citrus

fruit, maize (fresh sweet plus cob with husk removed), cottonseed,
cranberries, cucumbers, currants, dewberries, eggplant, gooseberries,
hops (fresh), loganberries, melons, pears, peppers, pumpkins, quinces,
raspberries, squash, squash (summer), strawberries, youngberries

0.05 Grapes, hops (dried), tomatoes, lettuces
USSR DDT 0.7 Tobacco products
0.5 Fruit, vegetables .
Not per- All other food products including milk, meat, butter, eggs, garden
mitted strawberries and raspberries
TDE 7 Fruits, vegetables
3.5 Grain
Yugoslavia 2.0¢ Vegetable oil (refined, unrefined) and their products (fat basis)
1.0¢ Venison, fish (fat basis)
0.5¢ Meat and meat products (cattle, hogs, poultry, sheep (fat basis), milk
0.1¢ and milk products (fat basis)
Eggs (without shell) and egg products, fruit, vegetables, other food
0.03¢ commodities
0.01¢ Cereals

Processed cereals

“From Health and Welfare Canada (1990)

®DDT, DDE, TDE and their isomers (total calculated as DDT)

“Sum of para,para’-DDT, ortho,para’ -DDT, para,para’ -DDE and para,para’ -TDE

4Residues should not be present; the value in parentheses indicates the lower limit for residue determination
according to the standard method of analysis, this limit having being used to reach the no-residue conclusion
“Including TDE and DDE

/TDE and isomers

!DDE (total calculated as DDT)

*Limits apply to DDT, TDE and DDE singly or in any combination

{Active substance revoked; EEC value for fruit and garden vegetables

/DDT, TDE, DDE (singly or combined, expressed as DDT)

*Recommended action levels, tolerances revoked (US Food and Drug Administration, 1990)

- WHO (1984) recommended a guideline value of 1 ug/l for DDT (total isomers) in
drinking-water, and the US Environmental Protection Agency (1980) established an ambient
water quality criteria for DDT of 2.85 pg/I.
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Table S. Occupational exposure limits for DDT*

Country Year Concentration Interpretation?

(mg/m3)
Austria 1987 1(s)¢ TWA
Belgium 1987 1 TWA
Bulgaria 1987 0.1 TWA
China 1987 0.3 TWA
Denmark 1988 1 TWA
Finland 1987 1(s) TWA

3(s) STEL
Germany 1989 1(s) TWA
Hungary 1987 0.1(s) TWA

0.5(s) STEL
India 1987 1 TWA

3 STEL
Indonesia 1987 1(s) TWA
Ttaly 1987 1 TWA
Mexico 1987 1 TWA
Netherlands 1986 1 TWA
Poland 1987 0.1 TWA
Romania 1987 0.7 (s) Average

1(s) Maximum
Switzerland 1(s) TWA
United Kingdom 1987 1 TWA

3 STEL (10 min)
USA

ACGIH 1989 1 TWA
OSHA 1989 - 1(s) TWA

USSR 1987 0.1 (s) MAC
Venezuela 1987 1 TWA

3 Ceiling
Yugoslavia 1987 0.1 (s) TWA

“From Arbeidsinspectie (1986); Cook (1987); Health and Safety Executive (1987);
Tyosuojeluhallitus (1987); Arbejdstilsynet (1988); American Conference of Gov-
ernmental Industrial Hygienists (ACGIH) (1989); Deutsche Forschungsgemein-
schaft (1989); US Occupational Safety and Health Administration (OSHA) (1989)

bMAC, maximum allowable concentration; TWA, time-weighted average; STEL,
short-term exposure level

¢Skin irritant notation

2. Studies of Cancer in Humans

2.1 Cohort studies

Venous blood samples were sought from 1708 adults in Charleston, SC, USA, enrolled
in a prospective cohort study (Boyle, 1970; Keil et al., 1984) in 1974-75 (468 white men, 602
white women, 310 black men and 328 black women) and were obtained for 919 subjects (304
white men, 327 white women, 204 black men and 84 black women) (Austin ef al., 1989).
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para,para’-DDT and para,para’-DDE levels in the blood specimens were analysed, and total
serum DDT was estimated; the mean serum DDT level was 48 ppb (pg/l) with a standard
deviation of 36 ppb (ug/l). When the 919 subjects were traced through 1984, 209 were found
to be deceased and 700 still alive; 10 were lost to follow-up. National and state age-, sex- and
race-specific mortality rates for 1980 were used for external comparisons. In internal
comparisons, the rates for persons in the upper (> 52 ppb) and middle (31-52 ppb) terciles of
serum DDT levels were compared to those in the lowest tercile (0-31 ppb). These relative
mortality rates were adjusted for differences in age, race, sex, years of schooling and smoking
using a proportional hazards model. Mean levels were slightly higher among men than
women (by 6%), among blacks than whites (by 14%) and among nonsmokers than smokers
[% not given]. Compared to the general population, mortality from respiratory cancer was
slightly higher among the cohort than expected (standardized mortality ratio (SMR), 1.2; 21
deaths; 95% confidence interval (CI), 0.76-1.9). Relative rates for total mortality by serum
DDT levels were 1.2 (72 deaths; 0.8-1.7) for the middle tercile and 1.2 (80 deaths; 0.9-1.8) for
the upper tercile (57 deaths for the lowest tercile). The trend was not significant. Relative
mortality rates for respiratory cancer by tercile were 1.5 (7 deaths; 95% CI, 0.5-4.9) and 1.8
(7 deaths; 95% CI, 0.5-6.2) (5 deaths for the lowest tercile) with a non-significant trend.

Mortality was evaluated among workers employed at three manufacturing plants in
Michigan and Arkansas, USA, and one research establishment in Michigan, where potential
exposure to brominated chemicals existed (Wong et al., 1984). Workers employed in the
plants between 1935 and 1976 were identified from personnel records. Of the 3612 male
workers identified, 33 were excluded because their dates of birth were not available, leaving
3579 for analysis (2806 alive as of 31 December 1976), 578 deceased (541 with death
certificates) and 195 with unknown vital status. SMRs for the cohort were calculated using
US white male rates to generate expected numbers. Race was not available on all
employment records, but, according to the company, few blacks had worked at the plants.
DDT had been produced at one time in one of the plants, and 740 workers were identified as
having worked in DDT production departments. Mortality from all causes combined among
these workers was about the same as expected (SMR, 0.99; 112 deaths; 95% CI, 0.82-1.2), as
was mortality from all cancers (SMR, 0.95; 19 deaths; 95% ClI, 0.57-1.5). Cancers for which
the rates were slightly elevated, with more than one death, included leukaemia (SMR, 2.1;
2 deaths; 95% CI, 0.24-7.6) and lung (1.5; 9 deaths: 0.68-2.8). Many of the workers with
potential exposure to DDT also had potential exposure to other chemicals, including
inorganic brominated compounds. Information on smoking was not available for the entire
cohort (see General Remarks for a discussion). In a nested case-control study of respiratory
cancer, the 46 workers from the entire cohort who had died from respiratory cancer were
each matched to two workers who had died from other causes (except cancer, nonmalignant
respiratory disease or unknown causes) on plant, age at death and time of hirin g. Information
was sought on detailed work history and smoking history from employment records and
other sources; information obtained on smoking was incomplete (20% were ascertained to
be smokers, but no information was available on the remainder) and was not considered
further. On the basis of detailed work histories, 10 cases and 25 controls were judged to have
been exposed to DDT (odds ratio, 0.74 [95% CI, 0.3-1.7]).
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Ditraglia et al. (1981) studied 354 workers at a plant in California, USA, that had
produced DDT exclusively since 1947. (Three plants that produced other organochlorine
pesticides were also studied, but the results presented here are restricted to the DDT plant.)
All workers employed for at least six months prior to 31 December 1964 were included. Vital
status as of 31 December 1976 was ascertained for 90% of the cohort: 278 were alive and 42
were dead; those whose vital status was unknown were assumed to be alive as of the closing
date of the study. Mortality among the cohort was compared to that of US white males,
adjusted for age and calendar time. Fewer cancers occurred than expected (SMR, 0.68;
6 deaths; 95% CI, 0.25-2.5). For respiratory cancer, an SMR of 1.3 was obtained (4 deaths,
95% CI, 0.34-3.2). Observed SMRs for all cancers combined by years since first employment
at the plant were none for < 10 years, one (3.7 expected) for 10-19 years and five (3.8
expected) for 20 or more years.

Subjects enrolled in 1971-73 in a national programme to monitor the health effects of
exposures to pesticides were followed to 1977 to ascertain mortality and morbidity (details of
the design of this study are presented in the monograph on occupational exposures in
spraying and application of insecticides, p. 62) (Morgan et al., 1980). Blood samples were
obtained from each of the 3669 volunteers on their entry into the study and analysed for
serum DDT and DDE levels. The geometric mean for volunteers who developed cancer was
similar to that of those who did not (43 ppb and 45 ppb, respectively). [Relative risks for
cancer were not presented by serum DDT and DDE level.]

Cohort studies on DDT are summarized in Table 6.

Table 6. Cohort studies of populations exposed to DDT

Reference Cancer site No. of cases Relative 95% CI Comments
risk
Austin et al.  Respiratory 5 (lowDDT) 10 Exposure levels based
(1989) cancer 7 (medium) 1.5 0.5-4.9 on serum levels of DDT
7 (high) 1.8 0.5-6.2 (p for trend = 0.34)

Respiratory cancer in
total cohort: SMR, 1.2

Wong et al. Lung 9 1.5 0.68-2.8 Workers at a DDT
(1984) Leukaemia 2 2.1 0.24-7.6 manufacturing plant;
[Lymphomas 1 0.7 0.0-5.8] also exposed to other
pesticides
Nested case-control
analysis gave odds ratio
= (.74 for DDT
exposure
Ditraglia Respiratory 4 1.3 0.34-3.2 Workers at a DDT
etal. (1981)  system manufacturing plant; no
Lymphaticand 0 - - death from skin, brain,
haematopoietic bladder cancer or

system leukaemia
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2.2 Case-control studies

2.2.1 Based on measured levels in tissues

Caldwell ef al. (1981) compared serum levels of DDT in 10 children with colorectal
cancer diagnosed between 1974 and 1976 and 24 controls without a malignancy who had
visited a health clinic. The cases were aged 14-19 years and the controls, 5-18 years. One case
was deleted because no information on exposure could be found. The mean serum level of
DDT was 65.6 ppb (pg/l) for the remaining cases and 28.3 ppb for the 24 controls. When two
cases with very high levels (in excess of 200 ppb) were excluded, the mean level was 22.9 ppb.

Unger and Olsen (1980) analysed the levels of polychlorinated biphenyls and DDE in
adipose tissue from people in Denmark who had died of cancer. In an extension of this study
(Unger et al., 1982), adipose tissue was obtained post mortem from 51 cancer cases and 63
noncancer cases between 1978 and 1980. Ten of the patients had died from cancer of the gut,
13 from lung cancer and the remainder from various other types. The controls had died of
apoplexy (11), coronary or vascular disease (28) and various other diseases. Mean levels of
DDE were higher (5.5 ppm) among the cancer cases than among the controls (3.4 ppm).
Mean levels of polychlorinated biphenyls were also higher among the cancer cases than
among the noncancer cases (10.2 ppm and 6.1 ppm, respectively). [The Working Group
noted that it was difficult to separate the effects of the two compounds in the published
reports.|

Breast fat tissue was obtained from 14 patients with breast cancer and 21 patients with
other breast disorders who were undergoing breast surgery. Mean DDE levels were similar
in the cancer cases (1.23 ppm) and the controls (1.25 ppm) (Unger et al., 1984).

[Measurement of tissue levels of DDT provides information on individual exposure to
DDT, but the Working Group was concerned that levels determined after diagnosis of
cancer, particularly in serum, may be affected by the disease process.]

2.2.2 Lymphatic and haematopoietic tissues

The risk for non-Hodgkin’s lymphoma from exposure to DDT was evaluated in a
population-based case-control study in Washington State, USA (Woods ef al., 1987). The
design of this investigation is given in detail in the monograph on occupational exposures in
spraying and application of insecticides (p. 67). A total of 576 patients with non-Hodgkin’s
lymphoma and 694 controls were interviewed to obtain information on pesticide use. The
odds ratio for non-Hodgkin’s lymphoma was 1.8 (95% CI, 1.0-3.2) among those reporting
use of DDT. Adjustment for other agricultural exposures did not substantially change this
estimate. When the analysis was restricted to farmers (Woods & Polissar, 1989), the odds
ratio for exposure to DDT was 1.7 (95% CI, 0.9-3.3).

In the case-control study on leukaemia in Iowa and Minnesota, USA, described in detail
in the monograph on occupational exposures in spraying and application of insecticides
(p. 68), the odds ratio for leukaemia was 1.2 (95% CI, 0.7-1.8) for use of DDT on crops and
1.3 (1.0-1.8) for use on animals. The odds ratio for leukaemia rose with frequency of reported
use of DDT on animals from 0.6 (95% CI, 0.3-1.4; 7 cases) for fewer than five days of use per
year, 1.1(0.4-2.7; 7 cases) for 5-9 days, to 2.1 (1.1-3.9; 21 cases) for 10 or more days. No such
pattern was evident for use of DDT on crops. Elevated risks for both chronic lymphatic and
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chronic myeloid leukaemia were found among farmers who used DDT: the odds ratios were
1.5 (0.9-2.3; based on 36 cases) and 1.9 (0.9-4.2; 10 cases), respectively (Brown et al., 1990).

Cases of chronic lymphatic leukaemia diagnosed in five hospitals in Sweden between
1964 and 1984 in patients who survived after 1981 were compared with population controls
living in the catchment areas of the hospitals. The study design is described in the monograph
on occupational exposures in spraying and application of insecticides (p. 68). Results of a
stratified analysis based on a confounder score including age, sex, exposure to fresh wood,
solvents, exhausts, DDT, horses and employment as farmer were presented. Exposure to
DDT was reported by six cases and four controls; the odds ratio was 6.0 (95% CI, 1.5-23)
(Flodin et al., 1988). [The Working Group noted the limitation of inclusion of prevalent cases
because of the potential influence on recall of exposure.]

A study on Hodgkin’s disease and B-cell non-Hodgkin’s lymphomas was conducted in
one of the areas included in the study summarized above (Persson et al., 1989) and described
in the monograph on occupational exposures in spraying and application of insecticides
(p- 69). The same criteria were applied for selection of cases, and the same series of controls
was used. Logistic regression analysis was carried out including sex, age, occupation in
farming, exposure to fresh wood and all exposures resulting in a crude odds ratio greater than
2.0. Exposure to DDT was reported by three patients with Hodgkin’s disease, none with
non-Hodgkin’s lymphoma and three controls. The odds ratio for Hodgkin’s disease was 7.5
(90% CI, 0.8-70) [The limitation of the study by Flodin et al. (1988) noted above also applies
to this study.]

In the case-control study of malignant lymphomas in northern Sweden described in the
monograph on occupational exposures in spraying and application of insecticides (p. 69)
(Hardell et al., 1981), 22 cases and 26 controls reported exposure to DDT [odds ratio, 1.8;
95% CI, 1.0-3.2]. Seven cases and 11 controls reported exposure to DDT and not to
phenoxyacetic acid herbicides [odds ratio, 1.6; 95% CI, 0.6-4.1]. Information was not
-presented separately for Hodgkin’s disease and non-Hodgkin’s lymphoma.

Case-control studies on cancers of lymphatic and haematopoietic tissues and exposure
to DDT are summarized in Table 7.

2.2.3 Soft-tissue sarcoma

Four population-based case-control studies in Sweden assessed the risk of soft-tissue
sarcoma, primarily in association with exposure to phenoxyacetic acid herbicides and
chlorophenols (Hardell & Sandstrom, 1979; Eriksson et al., 1981; Hardell & Eriksson, 1988;
Eriksson et al., 1990a). The studies are described in detail in the monograph on occupational
exposures in spraying and application of insecticides (pp. 69-70). In the first study, in
northern Sweden, four cases and 14 controls reported exposure to DDT (crude odds ratio,
1.2[95% CI, 0.4-3.7] (Hardell & Sandstrom, 1979). In the second study, in southern Sweden,
seven cases and 11 controls reported exposure to DDT [crude odds ratio 1.3; 95% CI,
0.5-3.4] (Eriksson et al., 1981). In the third study, in northern Sweden, six cases, 19
population-based controls and eight cancer controls reported exposure to DDT [crude odds
ratio, 1.9; 95% CI, 0.7-5.0 (population controls); crude odds ratio, 2.7; 95% CI, 0.9-7.8
(cancer controls)]. One case, 10 population-based controls and three cancer controls



DDT AND ASSOCIATED COMPOUNDS 199

Table 7. Case-control studies of cancers of lymphatic and haematopoietic tissues
containing information of exposure to DDT

Reference Cancer No. of Relative 95% CI  Comments
Location site exposed risk
cases/
controls
Woods ef al. (1987); Non-Hodgkin’s  Not 1.8 1.0-3.2 Not adjusted for other
Woods & Polissar (1989)  lymphoma reported agricultural exposures
Washington State, USA
: Not 1.7 0.9-3.3 Farmers only
, reported
Persson et al. (1989) Non-Hodgkin’s  0/3 - - Adjusted for some
Sweden lymphoma other agricultural
exposures
Hodgkin’s 3/3 7.5 0.8-70 0% C1
disease
Hardell er al. (1981) Malignant 22/26 [1.8] [1.0-3.2]  Crude risk calculated
Northern Sweden lymphoma from data in paper. Not
adjusted for other
agricultural exposures.
7/11 [1.6] [0.6-4.1]  Crude risk for DDT;
without exposure to
phenoxyacetic acid
herbicides
Brown et al. (1990) Leukaemia 35/75 1.2 0.7-1.8 DDT used on crops
Iowa and Minnesota, 80/149 1.3 1.0-1.8 DDT used on animals
USA Not adjusted for other
agricultural exposures;
risks increased with
duration of use?
Chronic lym- 36 1.5 0.9-2.3 DDT used on crops and
phatic leukaemia animals?
Chronic myeloid 10 1.9 0.9-4.2
leukaemia
Flodin et al. (1988) Chronic lym- 6/4 6.0 1.5-23 Adjusted for other
Sweden phatic leukaemia agricultural exposures

“Increased risks reported also in association with exposure to other insecticides
No data provided for other subtypes of leukaemia

reported exposure to DDT without exposure to phenoxyacetic acid herbicides [crude odds
ratio, 0.6 (95% CI, 0.1-5.0)] for population controls and [1.2 (95% CI, 0.1-12.1)] for cancer
controls (Hardell & Eriksson, 1988). In the fourth study, from central Sweden, exposure to
DDT was reported by 22 cases and 33 controls (odds ratio, 0.61; 95% ClI, 0.34-1.1) (Eriksson
et al., 1990a).

In the case-control study on soft-tissue sarcomas in Kansas, USA, also described in the
monograph on occupational exposures (p. 66), an odds ratio of 2.3 (95% CI, 0.9-5.6, based
on 10 exposed cases and 28 exposed controls) was reported for use of DDT on animals (Hoar
Zahm et al., 1988). In the population-based case-control study of soft-tissue sarcoma in
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Washington State, USA (Woodsez al., 1987) (see p. 67), the odds ratio for soft-tissue sarcoma
was 1.1 (0.4-3.2).

Case-control studies on soft-tissue sarcoma and exposure to DDT are summarized in
Table 8.

Table 8. Case-control studies of soft-tissue sarcoma containing information on
exposure to DDT

Reference No. of Relative  95% CI Comments
Location exposed risk

cases/

controls
Hardell & Sandstrom 4/14 1.2 [0.4-3.7] Not adjusted for other agricultural
(1979) exposures
Sweden
Eriksson et al. (1981) 7/11 [1.3] [0.5-3.4] Crude risk calculated from data in
Sweden paper; not adjusted for other

agricultural exposures

Hardell & Eriksson 6/19 [1.9]2 [0.7-5.0] Crude risk calculated from data in
(1988) 6/8 [2.7] [0.9-7.8] paper; not adjusted for other
Sweden agricultural exposures

1/10 [0.6]4 [0.1-5.0] Crude risk for exposure to DDT

1/3 [1.21 [0.1-12.1]  and not phenoxyacetic acids
Eriksson et al. (1990a) 22/33 0.61 0.34-1.1 Not adjusted for other agricultural
Sweden exposures
Hoar Zahm et al. (1988) 10/28 2.3 0.9-5.6 DDT on animals¢; not adjusted for
Kansas, USA other agricultural exposures
Woods et al. (1987) Not 1.1 0.4-3.2 Not adjusted for other agricultural
Washington, USA reported exposures

9Population controls
bCancer controls
“No data provided for DDT use on crops

2.2.4 Other cancers

A proportionate analysis of occupational mortality in Washington State, USA, identified
a 30% increased risk for respiratory cancer among orchardists (Milham, 1983), and a
case-control study was thus undertaken in Washington State in 1968-80 (Wicklund ef al.,
1988). The design of the study is described in the monograph on occupational exposures in
spraying and application of insecticides (p. 70). A total of 89 cases and 89 controls were
assumed to have had exposure to DDT. When men exposed to DDT but not to lead arsenate
were considered, there were 33 cases and 29 controls, and the odds ratio (adjusted for
smoking) was 0.91 (95% CI, 0.40-2.1). [The Working Group noted that the unexposed group
included men for whom details on exposure to DDT were not available, which may have
biased the odds ratio towards the null.]

Two case-control studies in Sweden examined the risks for colon cancer (Hardell, 1981)
and nasal and nasopharyngeal cancer (Hardell et al., 1982), primarily in relation to exposure
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to phenoxyacetic acid herbicides and chlorophenols. These studies are described in the
monograph on occupational exposures (p. 71). Odds ratios for exposure to DDT, without
controlling for other agricultural exposures, were [0.8; 0.4-1.7] for colon cancer and [1.2;
95% CI, 0.5-2.9] for nasal and nasopharyngeal cancer. In the study of colon cancer, exposure
to DDT was also analysed after excluding subjects who had been exposed to phenoxyacetic
acids and chlorophenols; the odds ratio was [0.5; 0.2-1.6].

Men aged 25-80 who had been diagnosed with liver cancer between 1974 and 1981 and
reported to the Department of Oncology, Umed, Sweden, were included in another
case-control study (Hardell et al., 1984), described in the monograph on occupational
exposures (p. 71). Odds ratios for exposure to DDT, without controlling for other agricultural
exposures, were [0.4; 95% CI, 0.1-1.1] for exposure to DDT in farming and [1.3; 0.4-4.0] for
exposure to DDT in forestry.

These studies are summarized in Table 9.

Table 9. Case-control studies of other cancers containing information of DDT exposure

Reference Cancer No. of Relative  95% CI Comments
Location exposed risk

cases/

controls
Hardell (1981) Colon 9/40 [0.8] [0.4-1.7]  Crude risk calculated from data
Sweden in paper; not adjusted for other

agricultural exposures
Colon 3/21 {0.5] [0.2-1.6] Crude risk calculated from data

in paper; for exposure to DDT
and not phenoxyacetic acids or
chlorophenols

Hardell et al. Nose, naso- 6/40 [1.2] [0.5-29]  Crude risk calculated from data

(1982) pharynx in paper; not adjusted for other

Sweden . agricultural exposures

Hardell ef al. Primary liver ~ 4/20 [0.4] [0.1-1.1]  Crude risk calculated from data

(1984) in paper; not adjusted for other

Sweden agricultural exposures; farmers
Primary liver 5/8 [1.3] [0.4-4.0]  Crude risk calculated from data

in paper; not adjusted for other
agricultural exposures; foresters

Wicklund et al. Respiratory 33/29 0.9 0.40-2.1 Both cases and controls were
(1988) orchard workers
USA
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3. Studies of Cancer in Experimental Animals

The carcinogenicity of DDT in experimental animals has been reviewed (Cabral, 1985).
The Working Group was aware of studies of para,para’-DDT by oral and subcutaneous
administration and by skin application in mice, rats, hamsters and trout by Bennison and
Mostofi (1950; mice, skin), Halver (1967; trout), Weisburger and Weisburger (1968; rat,
oral), Gargus et al. (1969; mice, subcutaneous), the US National Technical Information
Service (1968) and Innes ef al. (1969; mice; para,para’-TDE, oral and subcutaneous; DDT,
subcutaneous), Agthe ef al. (1970; hamster, oral), Shabad et al. (1973; mice, oral) and
Lacassagne and Hurst (1965; rat; ortho,para’-TDE, oral). These were considered in the
previous IARC monograph (IARC, 1974). Studies of oral administration of DDT to mice
(Del Pup et al., 1978; Reuber, 1979; Lipsky et al., 1989) and rats (Shivapurkar et al., 1986)
were considered but are not summarized here since they do not contribute to an evaluation
of carcinogenicity.
Because of the large number of studies, histopathological findings are summarized for
some studies in Table 10 at the end of this section (p. 209).

3.1 Oral administration

3.1.1 Mouse

In a screening study on about 70 compounds, groups of 18 male and 18 female (C57BI/6
x C3H/Anf)F; and (C57Bl/6 x AKR)F; mice, seven days old, were given daily single doses
of 46.4 mg/kg bw (maximum tolerated dose) para,para’-DDT [purity unspecified] by stomach
tube, followed by daily administration of the same absolute amount until 28 days of age, at
which time the mice were transferred to a diet containing 140 mg/kg para,para’-DDT.
Animals were killed at 81 weeks of age. About 30% of females of both strains died during the
treatment. Hepatomas were found in male and female mice of each strain, and malignant
lymphomas were found in (C57BI/6 x AKR)F; females (see Table 10) (US National
Technical Information Service, 1968; Innes ef al., 1969).

In a five-generation study, originally designed to investigate the effects of DDT on
behaviour, one treated and one control group of BALB/c mice were taken from each of the
five generations and studied for tumour incidence. A total of 683 mice received a diet
containing 2.8-3 mg/kg para,para’-DDT ([purity unspecified] melting-point, 108-109°C),
and 406 received a control diet. Lung carcinomas were observed in 116 of the treated mice
and in five controls [p < 0.001]. [The incidence of lung adenomas was not reported, although
the authors noted an average incidence of 5% in their colony of mice.] The incidence of
leukaemias was 85/683 in treated mice (64 in females) and 10/406 in controls [p < 0.001]
(see Table 10) (Tarjan & Kemény, 1969).

In a two-generation dose-response study, 939 treated and 242 control CF-1 mice were
fed dietary concentrations of 0 or 2, 10, 50 or 250 mg/kg technical-grade DDT (73-78%
para,para’-DDT, 20% ortho para’-DDT, 1% meta,para’-DDT, 0.5-1.5% para,para’ TDE and
0.5% para,para’-DDE), starting at 6-7 weeks of age for the parent (P) generation and
continuing in the P and offspring (F;) for life. There was excess mortality from week 60
onwards among mice of the P and F; generations that had received 250 mg/kg of diet DDT.
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Only the incidence of liver-cell tumours was increased by exposure to DDT: males, 25/113
(controls), 57/124, 52/104, 67/127, 82/103 in treated groups; females, 4/111 (controls),
4/105, 11/124, 13/104, 60/90 in treated groups. The excess of liver-cell tumours over that in
controls in mice of each sex fed 250 mg/kg of diet DDT was significant (p < 0.01). The excess
over that in controls of liver-cell tumours in males fed 2, 10 or 50 mg/kg of diet was significant
(p < 0.01) in animals surviving more than 70 weeks. In females, all liver-cell tumours were
found after 100 weeks of age, and the excess over that controls was significant (p < 0.05) in
the group fed 50 mg/kg diet DDT and (p < 0.01) in the group fed 250 mg/kg of diet DDT.
Four liver-cell tumours, all occurring in DDT-treated mice, gave metastases. No remarkable
difference was observed between P and Fy mice in this study (Tomatis ef al., 1972).

In a continuation of this study (Turusov et al., 1973), the effects of the same doses of DDT
were studied in six consecutive generations of CF-1 mice (including the first two generations
described by Tomatis et al., 1972). The experiment involved a total of 2764 exposed and 668
control animals. Exposure to all four levels of DDT significantly increased the incidence of
liver-cell tumours (hepatomas) in males; in females, hepatoma incidence increased
considerably after exposure to 250 mg/kg (see Table 10). No progressive increase in
hepatoma incidence from generation to generation was noted in treated mice. Malignant
hepatoblastomas were observed at a slightly increased incidence in DDT-treated male mice:
3/328 in control males, 5/354, 14/362, 12/383 and 25/350 in 2, 10, 50 and 250 ppm
DDT-treated males, respectively [positive trend, p < 0.001]. Ten of 56 hepatoblastomas
found in DDT-treated mice metastasized to the lungs. DDT did not alter significantly the
tumour incidence at sites other than the liver.

In a two-generation study, 515 female and 430 male BALB/c mice were administered
dietary concentrations of 0, 2, 20 or 250 mg/kg technical-grade DDT (70-75% para,para’-
DDT, 20% ortho,para’-DDT and 0.2-4% para,para’-TDE) for life. In females, the survival
rates were comparable in all groups; in males, early deaths occurred in all groups as a
consequence of fighting and (at the high dose) because of toxicity. In animals that survived
more than 60 weeks, only liver-cell tumours were found in excess, and only at 250 mg/kg of
diet was the increase significant (see Table 10) (Terracini et al., 1973a). Confirmatory results
were obtained in two subsequent generations of BALB/c mice fed DDT, although F;, F; and
F3 mice, which were exposed to DDT both in utero and after birth for life, developed more

liver tumours than did P mice, which were exposed to DDT only after weaning (Terracini ef
al., 1973b).

Groups of 30-32 CF-1 mice of each sex were fed diets containing 50 or 100 mg/kg
para,para’-DDT (purity, > 99.5%) for two years. A control group of 47 mice of each sex was
available. A significant increase in the incidence of liver-cell tumours was observed in treated
males and females (see Table 10) (Walker et al., 1973).

In a subsequent study, 30 male and 30 female CF-1 mice were fed 100 mg/kg of diet
para,para’-DDT (> 99.5% pure) for 110 weeks. The animals were not sent for autopsy until
the intra-abdominal masses reached a size that caused the animals to become anorexic or
clinically affected. A significant increase (p < 0.01) in the incidence of liver tumours (23/30
males and 26/30 females compared with 11/45 and 10/44 controls, respectively) was
observed within 26 months (see Table 10) (Thorpe & Walker, 1973).
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Groups of 30 male and 30 female Swiss inbred mice, six weeks of age, were held as
untreated controls or were given technical-grade DDT (70.5% para,para’-DDT, 21.3%
ortho,para’-DDT) orally as 100 mg/kg of diet DDT or by daily gavage of 0.25 mg DDT in
olive oil for 80 weeks. Survival (37-54%) and weight gains were not affected by treatment.
The incidence of lymphomas was significantly increased (p < 0.05) in treated males and
females (see Table 10) (Kashyap et al., 1977). [The Working Group noted the small number
of animals used.]

Groups of 50 male and 50 female B6C3F mice, six weeks old, were fed diets containing
technical-grade DDT (principal component, about 70%, assumed to be para para’-DDT) for
78 weeks and were then held for 14 or 15 additional weeks before terminal sacrifice. Groups
of 20 mice were fed a control diet for 91 or 92 weeks. Initially, males received diets containing
10 or 20 mg/kg and females received diets containing 50 or 100 mg/kg DDT: after nine
weeks, these concentrations were gradually increased up to 25 and 50 mg/kg of diet for males
and 100 and 200 mg/kg of diet for females because of the absence of toxicity. The
time-weighted average dietary concentrations were 22 and 44 mg/kg of diet for males and 87
and 175 mg/kg of diet for females. Survival in all groups of male mice was poor, possibly due
to fighting. Survival of male mice at week 70 was 12/20 control, 20/50 low-dose and 37/50
high-dose animals; terminal survival of female mice was 20/20 control, 45/50 low-dose and
36/50 high-dose animals. There was no difference in body weight gain between treated and
control mice. The incidence of malignant lymphoma was increased in females (control, 0/20;
low-dose, 3/49; high-dose, 7/46 [p < 0.05, trend test]) (see Table 10) (US National Cancer
Institute, 1978). [The Working Group noted that females received four times higher doses
than males.]

3.1.2 Rat

In two two-year experiments started at an interval of one year, 228 Osborne-Mendel
rats, three weeks of age, received diets containing technical-grade DDT (81.8%
para.para’-DDT, 18.2% ortho,para’-DDT) as a powder or as a solution in corn oil at
concentrations of 0 (24 malesand 12 females), 100 (12 males), 200 (24 males and 12 females),
400 (24 males and 12 females), 600 (24 males and 24 females) or 800 (36 males and 24
females) mg/kg of diet. Of the 192 rats exposed to DDT, 111 died before 18 months of
treatment; only 14 rats given 800, 23 rats given 600, 14 given 400, 24 given 200, six given 100
mg/kg of diet and 20 controls were alive at this time. Tumour incidences were not given for
each dose level. Among the 81 rats that survived at least 18 months, four had ‘low-grade’
hepatic-cell carcinomas (measuring 0.5-1.2 cm), and 11 showed nodular adenomatous
hyperplasia (nodules measuring up to 0.3 cm). No liver lesion was found in control rats.
Hepatic-cell tumours were reported to occur spontaneously in 1% of the rats of this colony
and nodular adenomatous hyperplasia was reported to be rare (Fitzhugh & Nelson, 1947).
[The Working Group noted the inadequate reporting.] An unspecified amount of
histopathological material from this study was reviewed by Reuber (1978), who confirmed
the presence of neoplastic liver lesions in treated animals.

In two experiments reported from the same institution, groups of 30 male and 30 female
Osborne-Mendel rats were exposed from weaning for at least two years to either 80 or 200
mg/kg of diet DDT [purity unspecified] and were compared to two control groups of 30
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animals of each sex. Undifferentiated bronchogenic carcinomas were seen in 2/120 controls
(two experiments combined), in 8/60 rats (males and females combined) fed 80 mg/kg of diet
DDT, and in none of the animals receiving 200 mg/kg of diet DDT. One hepatoma occurred
in a control female in one experiment and another in a female given 200 mg/kg of diet DDT,
Incidences of other tumours were similar in control and treated rats (see Table 10)
(Radomski e al., 1965; Deichmann et al., 1967).

Groups of 36 or 37 male and 35 female outbred Wistar rats, seven weeks of age, were fed
a control diet or a diet containing 500 mg/kg of diet technical-grade DDT (70-75%
para,para’-DDT, 20% ortho para’-DDT, 0.2-4% para,para’-TDE) until 152 weeks of age.
Survival was not affected by the treatment and was greater than 50% at 100 weeks in all
groups. Body weight gains were decreased by 10-20% in the treated groups as compared to
the controls. The average dose of DDT was 34.1 mg/kg bw per day in males and 37.0 mg/kg
bw per day in females. The incidence of liver-cell tumours (neoplastic nodules) was increased
in treated males (9/37; controls, 0/36) [p = 0.001] and females (15/35; centrols, 0/35)
[p < 0.001] (see Table 10) (Rossi et al., 1977).

Groups of 50 male and 50 female Osborne-Mendel rats, seven weeks of age, were fed
diets containing technical-grade DDT (principal component, 70%, assumed to be
para.para’-DDT) for 78 weeks and killed at 111 weeks. The initial concentrations of DDT
were 420 or 840 mg/kg of diet for males and 315 or 630 mg/kg of diet for females; these
concentrations were subsequently increased to 500 and 1000 and then decreased to 250 and
500 mg/kg of diet for males and were decreased to 158 and 315 mg/kg of diet for females
when signs of toxicity (tremors) appeared. The time-wei ghted average concentrations were
321 and 642 mg/kg of diet for males and 210 and 420 mg/kg of diet for females. Groups of 20
males and 20 females received a control diet. Body wei ghts of high-dose rats were lower than
those of controls by as much as 15% during the study. Survival was not affected by the
treatment. There was no increase in the incidence of tumours that could be attributed to
treatment with DDT (US National Cancer Institute, 1978). [The Working Group noted the
short duration of treatment.]

Groups of 38 male and 38 female MRC Porton rats, six to seven weeks of age, were fed
control diet or a diet containing 500 mg/kg technical-grade DDT (78.9% para,para’-DDT,
16.7% ortho,para’-DDT, 1.6% parapara’-DDE, 0.6% para para’TDE, 0.2% ortho.para’-
DDE, 0.1% ortho.para’ TDE and 1.9% unknown) for 144 weeks. Groups of 30 male and 30
female rats received diets containing 125 or 250 mg/kg of diet DDT. Survival and body weight
gains were not significantly different between treated and control groups; survival at 80
weeks was greater than 70% in all groups except that of high-dose males (61%). The
incidence of liver-cell tumours was significantly increased in female rats (0/38 control, 2/30
low-dose, 4/30 mid-dose, 7/38 high-dose; p < 0.001, trend test). Liver-cell nodules
[hyperplastic] or foci of cellular alteration occurred significantly more frequently (p < 0.05)
in low- and mid-dose females than in controls. Residues of DDT, TDE and DDE in liver,
determined in three male and three female hi gh-dose rats killed at 52 weeks, were on average
2.5 times higher in females than males (Cabral ef al., 1982a).
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3.1.3 Hamster

Groups of 30-40 male and 29-40 female outbred Syrian golden hamsters, five weeks old,
were fed for life on diets containing 0, 125, 250 or 500 mg/kg of diet technical-grade DDT
(78.9% para,para’-DDT, 16.7% ortho para’-DDT, 1.6% para,para’-DDE, 0.6% para.para’-
TDE, 0.2% orthopara’-DDE, 0.1% ortho ,para’-TDE and 1.9% unknown). Survival and body
weight gains were comparable between treated and control animals. The experiment was
terminated at 120 weeks when the last survivor was killed. There was no significant difference
in tumour incidence in the various groups; however, a significant trend was observed for
tumours of the adrenal cortex (mostly adenomas) in males: 3/40 control, 4/30 low-dose, 6/31
mid-dose and 8/39 high-dose [p = 0.04] (Cabral et al., 1982b).

Groups of 45 or 48 male and 46 or 48 female Syrian golden hamsters, eight weeks old,
were fed diet containing 0 or 1000 mg/kg DDT (70-75% para,para’-DDT, 20% ortho para’-
DDT, 0.2-4% para.para’-TDE) until 128 weeks of age. Survival was 60% or greater in all
groups at 80 weeks. Adrenal gland tumours (‘mainly cortical adenomas’) occurred in 14/35
treated males compared to 8/31 male controls [p > 0.05] and in 10/36 treated females
compared to 2/42 female controls [p < 0.01] (see Table 10) (Rossi et al., 1983).

Groups of 30 male and 30 female hamsters [strain unspecified] were given diets
containing 0, 250, 500 or 1000 mg/kg technical-grade DDT for 18 months. No difference in
body weight gains between groups was observed. Mean survival time ranged from 13 to 14.9
months in male and female control groups, to 17.3 and 17.1 months in high-dose male and
female groups. The incidence of lymphosarcomas was reduced from 50% in male controls
and 41% in female controls to 0 in the high-dose groups of each sex (Graillot et al., 1975).
[The Working Group noted the short duration of treatment.]

3.2 Skin application

Mouse: Groups of 30 male and 30 female Swiss inbred mice, six weeks of age, were held
as untreated controls or were administered 0.25 mg/animal technical-grade DDT (70.5%
para,para’-DDT, 21.3% ortho para’-DDT) in 0.1 ml olive oil twice weekly by skin application
for 80 weeks. Survival (40-57%) and weight gains were not affected by treatment, and no
increase in tumour incidence was observed (Kashyap et al., 1977). [The Working Group
noted the short duration of treatment.]

3.3 Subcutaneous and/or intramuscular injection

Mouse: Groups of 30 male and 30 female Swiss inbred mice, six weeks of age, were held

as untreated controls or received twice-monthly subcutaneous injections of 0.25 mg/animal

“technical-grade DDT (70.5% para para’-DDT, 21.3% ortho,para’-DDT)in 0.1 ml olive oil for

80 weeks. Survival (40-57%}) and weight gain were not affected by treatment. The incidence

of liver-cell carcinomas was 7/26 in treated females and 0/20 in control females [p = 0.01]
(see Table 10) (Kashyap ef al., 1977).

3.4 Studies with known carcinogens

Rat: Dietary intake of DDT was found to promote 2-acetylaminofluorene-induced
tumorigenesis in rat liver, in a way similar to that of phenobarbital (Peraino et al., 1975). It
also significantly shortened the latent period for the appearance of mammary tumours in rats
treated with 2-acetamidophenanthrene (Scribner & Mottet, 1981).
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3.5 Carcinogenicity of metabolites

TDE

Mouse: A group of 60 male and 60 female CF-1 mice, 6-7 weeks old, was fed a diet
containing 250 mg/kg para,para’-TDE (99% pure) until 130 weeks of age; 100 males and 90
females served as controls. The incidence of hepatomas was significantly increased in treated
males, and the incidences of lung tumours were significantly increased in males and females
compared with controls (see Table 10) (Tomatis et al., 1974).

Groups of 50 male and 50 female B6C3F; mice, six weeks of age, were fed diets initially
containing 315 or 630 mg/kg technical-grade TDE (principal component, 60%, assumed to
be para,para’-TDE, 19 unidentified impurities) for 78 weeks and were killed at 90 weeks. The
dietary concentrations were increased to 425 and 850 mg/kg due to lack of toxicity. The
time-weighted average dietary concentrations were 411 and 822 mg/kg of diet. Further
groups of 20 males and 20 females were fed control diets. Body weight gain of high-dose
females was somewhat reduced late in the study. Survival was not affected by treatment:
terminal survival was 13/20 control, 30/50 low-dose and 27/50 high-dose males and 18/20
control, 41/50 low-dose and 44/50 high-dose females. There was no significant increase in
the incidence of hepatocellular carcinomas (see Table 10) (US National Cancer Institute,
1978). [The Working Group noted the short duration of treatment. |

Rat: Groups of 50 male and 50 female Osborne-Mendel rats, seven weeks of age, were
fed diets containing technical-grade TDE (principal component, 60%, assumed to be
para.para’-TDE, 19 unidentified impurities) for 78 weeks and were killed at 111 weeks. The
initial dietary concentrations for male rats of 1400 or 2800 mg/kg were increased to 1750 and
3500 mg/kg due to lack of toxicity. Females received diets containing 850 or 1700 mg/kg of
diet throughout the study. The time-weighted average concentrations given to males were
1647 and 3294 mg/kg of diet. Further groups of 20 males and 20 females were fed control
diets. Body weight gains were substantially reduced in hi gh-dose rats and somewhat reduced
in low-dose rats compared to controls. Survival was not affected by treatment. Increased
incidences of tumours of the thyroid gland were seen in animals of each sex, but significance
was reached only for follicular-cell adenomas and carcinomas combined in low-dose males
(p < 0.05) (see also Table 10) (US National Cancer Institute, 1978).

DDE

Mouse: A group of 60 male and 60 female CF-1 mice, 6-7 weeks old, was fed a diet
containing 250 mg/kg para.para’-DDE (99% pure) until 130 weeks of age. A group of 100
males and 90 females was used as controls. An increased incidence of hepatomas was found
in treated males and treated females compared with controls (see Table 10) (Tomatis et al.,
1974).

Groups of 50 male and 50 female B6C3F; mice, six weeks of age, were fed diets
containing para,para’-DDE (> 95% pure) for 78 weeks and were killed at 92 weeks. The
initial dietary concentrations of 125 and 250 mg/kg of diet were increased during the study to
150 and 300 mg/kg due to lack of toxicity. When toxicity became apparent, the
concentrations in the diet were held constant, but the high-dose diets were replaced by
control diet every fifth week for the duration of the treatment period. The time-weighted
average dietary concentrations were 148 and 261 mg/kg of diet for males and females,
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respectively. Further groups of 20 males and 20 females were fed control diets. Body weight
gain was reduced somewhat in treated females compared to controls. At 70 weeks survival
was 5/20 control, 35/50 low-dose and 31/50 high-dose males; at 75 weeks, survival in females
was 19/20 control, 47/50 low-dose and 28/50 high-dose animals. The incidences of
hepatocellular carcinoma were 0/19 control, 7/41 low-dose and 17/47 high-dose males and
0/19 control, 19/47 low-dose and 34/48 high-dose females (p < 0.001 for both low- and
high-dose female mice and p = 0.001 for high-dose males) (see Table 10) (US National
Cancer Institute, 1978). [The Working Group noted the low survival and the frequent
changes in dietary concentrations of DDE.]

Rat: Groups of 50 male and 50 female Osborne-Mendel rats, seven weeks of age, were
fed diets containing para,para’-DDE (> 95% pure) for 78 weeks and were killed at 111
weeks. The initial dietary concentrations of 675 or 1350 mg/kg for male rats and of 375 or 750
mg/kg for females were reduced to 338 and 675 mg/kg of diet for malesand 187 and 375 for
females due to the onset of toxic signs. Additionally, the high-dose diets were replaced by
control diet every fifth week during the latter part of the study. The time-weighted average
concentrations were 437 and 839 mg/kg of diet for males and 242 and 462 mg/kg of diet for
females. Further groups of 20 males and 20 females were fed control diets. Body weight gains
were somewhat reduced in treated male and high-dose female rats compared to controls.
Survival at 92 weeks was 16/20 control, 34/50 low-dose and 26/50 high-dose males and 20/20
control, 42/50 low-dose and 36/50 high-dose females. No increase in tumour incidence was
observed (US National Cancer Institute, 1978). [The Working Group noted the short
duration of treatment.]

Hamster: Groups of 40-47 male and 43-46 female Syrian golden hamsters, eight weeks
old, were fed a control diet or a diet containing 500 or 1000 mg/kg para,para’-DDE (purity,
99%) until 128 weeks of age. Survival was 50% or greater in all groups at 80 weeks. There
were significantly (p < 0.05) increased incidences of liver-cell tumours (neoplastic nodules)
in both groups of treated males and females: males—control, 0/10; low-dose, 7/15; and
high-dose, 8/24; females—control, 0/31; low-dose, 4/26; and high-dose, 5/24 (Rossi et al.,
1983).

4. Other Relevant Data

The toxicokinetics of DDT has been reviewed (WHO, 1979; FAO/WHO, 1964, 1965,
1967b, 1968b, 1970b, 1980a; Hayes, 1982; FAO/WHO, 1985; Agency for Toxic Substances
and Diseases Registry, 1989).

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humans

DDT is absorbed by all routes; its fate and its metabolism in man was studied in
volunteers receiving known quantities of technical-grade DDT (77% para,para’, 23%
ortho,para’), para.para’-2,2-bis(para-chlorophenyl)acetic acid (DDA), para.para’TDE or
para,para’-DDE (Roan, 1970; Morgan & Roan, 1971; Roanet al., 1971). DDT, TDE or DDA
ingested at 5, 10 or 20 mg per day for 21-183 days was partly excreted as DDA in urine —most



Table 10. Summary of selected experimental carcinogenicity studies

Reference Species/ Sex Dose Experimental parameter/ Group Statistical
strain schedule observation trend
0 1 2 3 4
DDT
Innes et al. Mouse M Gavage/day  Dose (gavage; mg/kg bw) 0 46.4
(1969) (C57Bl/6 28 days; in Dose (mg/kg of diet) 0 140
x C3H/ diet to 81 Hepatoma 8/79 11/18** NA
Anf)Fy weeks of age
F Gavage/day  Dose (gavage; mg/kg bw) 0 46.4
28 days; in Dose (mg/kg of diet) 0 140
diet to 81 Hepatoma 0/87 4/18** NA
weeks of age
Mouse M Gavage/day  Dose (gavage; mg/kg bw) 0 46.4
(C57Bl/6 28 days; in Dose (mg/kg of diet) 0 140
X AKR)Fq diet to 81 Hepatoma 5/90 7/18** NA
weeks of age
F Gavage/day  Dose (gavage; mg/kg bw) 0 46.4
28 days; in Dose (mg/kg of diet) 0 140
diet to 81 Hepatoma 1/82 1/18
weeks of age  Lymphoma 4/82 6/18** NA
Tarjan & M & Diet Dose (mg/kg diet) 0 2.8-3
Kemény F S-generation  Lung carcinomas 5/406 116/683***
(1969) Leukaemia 10/406 85/683
Lymphosarcomas 1/406 15/683 NA
Turusov et al. Mouse M Diet multi-  Dose (mg/kg diet) 0 2 10 50 250
(1973) CF-1 generation Liver-cell tumours 97/328 179/354**  181/362** 214/383** 301/350**
Hepatoblastomas 3/328 51354 14/362* 12/383*  25/350** [p < 0.001]
F Diet multi- Liver-cell tumours 16/340 12/339 32/355* 43/328**  192/293** [p < 0.001}
generation
Terracinier  Mouse M Diet for Dose (mg/kg of diet) 0 2 20 250
al. (1973a) BALB/c lifespan Liver-cell tumours? 1/62 3/48 0/48 14/31** [p < 0.001]
2-generation  Malignant lymphoma 6/107 5/112 4/106 1/106 [p = 0.04]
F Diet for Dose (mg/kg of diet) 0 2 20 250
lifespan Liver-cell tumours? 0/124 0/130 1/126 71/115** [p < 0.001)]

2-generation
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Table 10 (contd)

Reference Species/ Sex  Dose Experimental parameter/ Group Statistical
strain schedule observation trend
0 1 2 3
Walker et /.  Mouse M Diet for 2 Dose {mg/kg of diet) 0 50 100
(1973) CF-1 years Liver-cell tumours 6/47 12/32* 17/32*+ [p < 0.001]
F Diet for 2 Dose (mg/kg of diet) 0 50 100
years Liver-cell tumours 8/47 15/30** 24/32%+ [p < 0.001]
Thorpe & Mouse M Diet for 110  Dose (mg/kg of diet) 0 100
Walker CF-1 weeks Liver-cell tumours 11/45 23/30** NA
(1973) Malignant lymphoma 16/45 4/30 [p < 0.05]
F Diet for 110 Dose (mg/kg of diet) 0 100
weeks Liver-cell tumours 10/44 26/30** NA
Malignant lymphoma 16/44 6/30
Kashyap Mouse M Diet or ga- Untreated Diet Gavage
etal (1977)  Swiss vage for 80 Dose (mg/kg of diet) 0 100
weeks (mg/animal) 0.25 NS
Lymphoma 2/26 8/27* 6/24
Lung adenoma 4/26 8/27 7/24
F Diet or ga- Dose (mg/kg of diet) 0 100
vage for 80 (mg/animal) 0.25
weeks Lymphoma 2/20 8/22* 8/24
Lung adenoma 1720 3/22 5/24 NS
US National Mouse F Diet for Dose (mg/kg of diet) 0 87 175
Cancer Insti- B6C3F; 78-92 weeks  Survival (70 weeks) 20/20 45/50 36/50
tute (1978) Lymphoma 0/20 3/49 7/46 p < 0.05
Radomski ez  Rat M & Diet for2 Dose (mg/kg of diet) 0 80 200
al. (1965); Osborne- F years Lung carcinoma 2/120 8/60* 0/60 NS
Deichmann  Mendel
et al. (1967)
: F Diet for 2 Dose (mg/kg of diet) 0 80 200
years Hepatoma 1/30 0/30 1/30
Rossi et al. Rat M Diet until 152 Dose (mg/kg of diet) 0 500
(1977) Wistar weeks of age  Liver-cell tumours 0/36 9/37** NA
F Diet until 152 Dose (mg/kg of diet) 0 500
weeks of age  Liver-cell tumours 0/35 15/35%*= NA
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£S HWNNTOA SHAVIDONOW DI VI



Table 10 (contd)

Reference Sex  Dose Experimental parameter/ Group Statistical
schedule observation trend
0 1 2 3
Cabral ez al. F Diet for 144  Dose (mg/kg of diet) 0 125 250 500
(1982a) weeks Liver-cell tumours 0/38 2/30 4/30 7/38 p < 0.001
Cabral et al. M Diet for 120 Dose (mg/kg of diet) 0 125 250 500 )
(1982b) weeks Adrenal cortex tumour 3/40 4/30 6/31 8/39 [p = 0.04] w,
(mostly adenomas) =
. F Adrenal cortex tumour 0/39 0/28 1/28 3/40 NS %
Rossi et al. M Diet until 128 Dose (mg/kg of diet) 0 1000
(1983) weeks of age  Adrenal cortex tumour 8/31 14/35 NA 2>
(mostly adenomas) 74
F Adrenal cortex tumour 2/42 10/36** NA @
Kashyap F Subcutaneous Dose (mg/animal) 0 0.25 Q
et al. (1977) Liver-cell carcinomas 0/20 7/26 [p = 0.01] E
TDE @)
Tomatis et al. M Diet until 130 Dose (mg/kg of diet) 0 250 0
(1974) weeks of age  Liver-cell tumours 33/98 31/59** NA Q
Lung tumours 53/98 51/59** 5
F Diet until 130 Dose (mg/kg of diet) 0 250 o
weeks of age  Liver-cell tumours 1/90 1/59 c
Lung tumours 37/90 43/59** NA %
US National M Diet for 78 Dose (mg/kg of diet) 0 411 822 w»
Cancer Insti- weeks Hepatocellular carcinoma 2/18 12/44 14/50 NS
tute (1978)
F Diet for 78 Dose (mg/kg of diet) 0 411 822
weeks Hepatocellular carcinoma 0/20 2/48 3/47 NS
National M Diet for 78 Dose (mg/kg of diet) 0 1647 3294
Cancer Insti- weeks Follicular-cell adenoma 1/19 16/49* 11/49 p = 0.03
tute (1978) and carcinoma
F Diet for 78 Dose (mg/kg of diet) 0 850 1700
weeks Follicular-cell adenoma  2/19 11/48 6/50 NS

and carcinoma
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Table 10 (contd)

Reference Species/ Sex  Dose Experimental parameter/ Group Statistical
strain schedule observation trend
0 1 2
DDE
Tomatis et al. Mouse M Diet until 110 Dose (mg/kg of diet) 0 250
(1974) CF-1 weeks of age  Liver-cell tumours 33/98 39/53** NA
F Diet until 110 Dose (mg/kg of diet) 0 250
: weeks of age  Liver-cell tumours 1/90 54/55%** NA
US National Mouse M Diet for Dose (mg/kg of diet) 0 148 261
Cancer Insti- B6C3F; 78 weeks Survival at 70 weeks 5/20 35/50 31/50
tute (1978) Hepatocellular carcinoma 0/19 7/41 17/47* p < 0.001
F Diet for 78 Dose (mg/kg of diet) 0 148 261
weeks Survival at 75 weeks 19/20 47/50 28/50
Hepatocellular carcinoma 0/19 19/47%** 34/48*** p < 0.001
Rossi et al. Hamster M Diet until 128 Dose (mg/kg of diet) 0 500 1000
(1983) Syrian weeks of age  Liver-cell tumours 0/10 7/15* 8/24* NA
golden
F Diet until 128 Dose (mg/kg of diet) 0 050 1000
weeks of age  Liver-cell tumours 0731 4/26* 5/24* NA

NA, not applicable; NS, not statistically significant
*» < 0.05

**p < 0.01

**4p < 0.001

“In mice that died after 60 weeks
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rapidly following DDA ingestion and least following DDT. Urinary excretion of DDA began
within 24 h of ingestion of DDT, TDE or DDA. Urinary DDA returned to its predose level
two to three days after its administration but continued to be excreted slightly above the
predose level for more than four months following termination of ingestion of TDE or DDT.
DDE failed to produce any increase in DDA excretion (Roan et al., 1971). Dechlorination of
DDT (administered to volunteers at 5, 10 or 20 mg day for 183 days) led to conversion to
TDE (measured in serum and adipose tissue) and further metabolism to the readily excreted
DDA. Dehydrochlorination of DDT yielded DDE, a stable metabolite. In two subjects who
ingested technical-grade DDT, the conversion of para,para’-DDT to para para’-DDE was
limited, as assessed by measuring DDE concentrations in serum and adipose tissue (Morgan
& Roan, 1971). After oral administration of technical-grade DDT at 10 or 20 mg per day for
six months, the level of orthopara’-DDT was reported to decline more rapidly than that of
para.para’-DDT. After the treatment period, excretion of DDA declined sharply, despite a
very slow decrease in serum and adipose tissue levels of DDT (Roan, 1970).

A positive dose-related correlation between exposure to DDT and urinary excretion of
DDA has been observed (Perini & Ghezzo, 1970; Wolfe & Armstrong, 1971), indicating that
the urinary level of DDA could be used as a monitoring test of the extent of recent exposure
to DDT.

As discussed in section 1.3, DDT and its metabolites tend to accumulate in the human
body as well as in the environment (WHO, 1979, 1989), and DDT and/or its metabolites have
been determined in several human organs and maternal milk. As use of DDT was either
banned or restricted during the 1970s throughout the world, temporal changes occurred in
some pharmacokinetic parameters of DDT in the general population. Some examples in
various countries are shown in Tables 11-13.

4.1.2 Experimental systems

The metabolism of DDT has been reviewed (WHO, 1979; Lund, 1989; Agency for Toxic
Substances and Disease Registry, 1989).

Several metabolic pathways leading from DDT to DDA have been proposed, and those
suggested for the degradation of DDT, including areas at which reactive metabolites may be
involved, are given in Figure 1. The biological half-time for DDT is about one month in dogs
(Deichmann et al., 1969), two months in hens (Lillard & Noles, 1973), three months in
monkeys (Durham ez al., 1963) and approximately five weeks in rats (Datta & Nelson, 1968).
In the latter species, the half-time was reduced to five days under conditions of starvation for
three days followed by a restricted diet (Mitjavila es al., 1981). Most species, including
humans but with the exception of rhesus monkeys, store DDE more tenaciously than they do
DDT (WHO, 1979). DDA is the major and final water-soluble metabolite in the urine of rats,
mice and rabbits (Reif & Sinsheimer, 1975; Gold & Brunk, 1982; White & Sweeney, 1945).

In the main pathway from para,para’-DDT via para,para’TDE to para,para’-DDA, the
formation of two reactive intermediates is postulated, i.e., a free radical and an acid chloride
(Baker & Van Dyke, 1984; Gold & Brunk, 1984). Both intermediates are probably capable of
binding covalently to cellular macromolecules. Other reactive intermediates in the
metabolism of DDT include side-chain epoxides of DDE, 1-chloro-2,2-bis(para-chloro-
phenyl)ethene and 1,1-bis(para-chlorophenyl)ethene (Planche et al., 1979; Gold et al., 1981;



214 IARC MONOGRAPHS VOLUME 53

Table 11. Tempbral trends in total DDT
levels in human adipose tissue (mg/kg) in the
US population (range of reported values)?

Period DDT (mg/kg)
1955-65 6.7-19.9
1965-72 5.5-23.2
1975-88 1643

“From WHO (1979); Adeshina & Todd (1990)
bNorth Texas only

Table 12. Temporal trends in total DDT levels in human
blood in different populations (mean or range of means)*

Country Period? DDT (ng/l)¢
Brazil 1973 45
[late 1970s]4 30
Canada [early 1970s]4 32
[early 1980s]4 2-3
India 1975 166-683
1979-80 26.2

“From Agarwal et al. (1976); WHO (1979); Procianoy & Schvartsman
(1981); Saxena et al. (1983); Mes et al. (1984)

®In square brackets, approximate date (dates not given in article)
‘Reported as pg/l or approximated from concentrations given in paper

Table 13. Temporal trends in concentrations of DDT-
derived material in human milk?

Country Period mg/1b

France 1971-73 0.11
1979 0.001

Sweden 1967 0.1
1978-79 0.06

“From Luquet et al. (1974); WHO (1979); Hofvander er al. (1981);
Klein et al. (1986)

bReported as mg/1 or approximated from concentrations in paper

Fawcett et al., 1987). Ring epoxides (arenoxides) may lead to the formation of the methyl
sulfone of DDE (Jensen & Jansson, 1976; Lund, 1989).

In a study in mice pretreated for five months with DDE and subsequently given
radiolabelled DDE, however, most of the radiolabel in urine, faeces and liver was bound to
unchanged DDE and one phenolic metabolite (Gold & Brunk, 1986). The authors concluded
that there was no indication for the metabolism of DDE to a reactive electrophilic species.
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Fig. 1. Compilation of metabolic pathways proposed for DDT in rodents;
asterisks indicate where reactive intermediates are suggested to be formed?
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Several studies have indicated that the metabolic pathways are similar in various species
including humans (Reif & Sinsheimer, 1975; Gingell, 1976; Fawcett et al., 1987). Hamsters
differ from mice, however, in that after dietary treatment with para,para’-DDT, they do not
excrete DDE in the urine; furthermore, the relative DDE tissue levels in hamsters are much
lower than those in mice (Gingell & Wallcave, 1974; Gingell, 1976). The metabolism of DDT
is promoted by DDT itself in hamsters but not in mice (Gingell & Wallcave, 1974). Monkeys
fed diet containing up to 5000 ppm (mg/kg) of para para’-DDT stored little or no DDE in
body fat, but when DDE itsclf was fed (at 200 ppm in the diet), DDE was readily accumulated
in body fat (Durham ef al., 1963).

ortho,para’-TDE was bound irreversibly in the alveolar and bronchiolar areas of rabbit
and mouse lung (Lund et al., 1986; Lund, 1989). 3-Methylsulfonyl-DDE was bound
covalently in the zona fasciculata of the mouse adrenal cortex, causing necrotic changes
(Lund et al., 1988).

4.2 Toxic effects

4.2.1 Humans

Signs and symptoms reported following acute intoxication by DDT include nausea,
vomiting, paraesthesia, dizziness, ataxia, confusion, tremor and, in severe cases, convulsions
(WHO, 1979; Hayes, 1982).

Increased serum levels of triglyceride, cholesterol and -y-glutamyl transpeptidase were
associated with increased serum levels of DDT in a largely black, agricultural US community,
where over a period of years fish had been consumed that was contaminated with DDT, as
they were caught from a river in which DDT wastes from a nearby manufacturing plant had
accumulated in sediments. Serum levels of DDT were several fold higher than the US
average (Kreiss et al., 1981).

Therapeutic use of ortho,para’ TDE for Cushing’s syndrome and adrenocortical
carcinoma at doses of 1-12 g per day for up to 34 months was associated with fatigue, nausea,
anorexia, vomiting and diarrhoea (Southern et al., 1966; Hoffman & Mattox, 1972; Luton et
al., 1979).

4.2.2 Experimental systems

The acute toxicity of DDT is high in insects (LDsg, 14 mg/kg bw) and less pronounced in
mammals (oral LDs, 150-400 mg/kg bw; Fahmyetal., 1973; Hrdina et al., 1975; Lund, 1989).
The oral LDsgs in rats of DDE, TDE and DDA are lower (880-1240, > 4000 and 600-1900
mg/kg bw, respectively) (WHO, 1979).

Acute intoxication with DDT elicits symptoms mainly from the central nervous system,
and death 1s usually caused by respiratory arrest. Large doses of DDT cause focal necrosis of
liver cells in several species (WHO, 1979).

Long-term studies of oral administration of DDT have been performed in rats, mice,
hamsters, dogs and monkeys (reviewed by the Agency for Toxic Substances and Disease
Registry, 1989). The liver is one of the main target organs, and hepatic effects range from
increased liver weights to cellular necrosis. As reported by the Agency for Toxic Substances
and Disease Registry (1989), the no-observed-adverse-effect level for hepatic effects in a
study by the US National Cancer Registry (1978) was 32 mg/kg bw per day for 78 weeks in
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rats, and that in a study by Durham et al. (1963) was 8 mg/kg bw per day when given to rhesus
monkeys for 3.5-7.5 years.

Effects on the central nervous system such as tremors and hyperactivity are also
associated with chronic exposure to DDT. As reported by the Agency for Toxic Substances
and Disease Registry (1989), tremors were apparent with doses of 10.5 mg/kg bw per day in
the study of the US National Cancer Institute (1978) in rats; in a study by Cabral et al.
(1982b), it was reported that hamsters showed no clinical sign of neurotoxicity at doses up to
40 mg/kg bw per day for life.

DDT and its derivatives induce a variety of microsomal enzymes in rodents and
primates, mainly involving cytochrome P450-related enzymes (WHO, 1979; Campbell et al.,
1983). In rats, DDT increased the hepatic activity of microsomal drug hydroxylation and
glucuronidation (Vainio, 1974, 1975). Species differences in isozyme-specific induction by
DDT and its derivatives may contribute to species differences in the toxicology of these
compounds. In the livers of partially hepatectomized rats treated in vivo with
N-nitrosodiethylamine, DDT induced the metabolism of pentoxy- and benzyloxyresorufin,
markers of cytochrome P450b isozymes, but not of ethoxyresorufin, a marker of the
cytochrome P450c¢-d isozymes (Flodstrom ez al., 1990). Ioannides et al. (1984) also showed
that DDT has no significant effect on ethoxyresorufin O-deethylase in rat liver or kidney
[described in the paper in terms of the former terminology as cytochrome P448 activity].
Mice appear to be relatively resistant to induction of hepatic microsomal enzymes by DDT
(Chhabra & Fouts, 1973).

ortho,para’-DDT has oestrogenic activity in rats, while para,para’-DDT has less and
TDE and DDE have little or no activity (Welch et al., 1969; Robison et al., 1985a).

Feeding of para,para’-DDT to Wistar rats at 100 mg/kg of diet significantly suppressed
both humoral and cell-mediated immune responses after 18-22 weeks (Banerjee, 1987).

DDT also enhanced the incidence of y-glutamyltranspeptidase-positive enzyme-altered
focl in vivo in partially hepatectomized, N-nitrosodiethylamine-initiated male Sprague-
Dawley rats that received 1000 ppm (mg/kg) DDT in the diet for 11 weeks. It induced
significantly more foci per cubic centimetre and a larger percentage of liver tissue occupied
by focus tissue than was seen in a vehicle-treated group. The related compound, fenarimol,
caused no significant change in the incidence of foci, although it induced cytochrome
P450-related enzyme activities similar to those induced by DDT (Flodstrom et al., 1990).
Induction of altered foci by DDT has also been demonstrated using other protocols (Ito et al.,
1983).

DDT at 200 uM stimulated protein kinase C activity in vitro in preparations from mouse
brain (Moser & Smart, 1989). In contrast, DDT (at 25 pM) did not stimulate protein kinase C
activity in hamster V-79 cells (utilized for studies on cell-cell communication), nor could any
binding of DDT to the phorbol ester receptor be demonstrated (Wirngérd et al., 1989).
Furthermore, cytosolic calcium was not involved in the DDT-induced loss of gap-junctional
intercellular communication in rat liver WB-F344 cells (Fransson et al., 1990).
Co-administration of quercetin with DDT in vivo did not prevent the development of
preneoplastic enzyme-altered foci in the livers of rats that had undergone a partial
hepatectomy and been initiated with N-nitrosodiethylamine (Warngérd et al., 1989).
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4.3 Reproductive and prenatal effects

4.3.1 Humans

In one study of 101 spontaneous abortions in Florida, USA (28 in whites and 73 in
blacks) and 152 normal pregnancies (45 in whites and 107 blacks), blood was collected and
analysed for the concentration of DDT. The women investigated lived in an area where DDT
was used extensively for industrial and residential pest control. No difference was found
between the two groups. No confounding was apparently exerted by age or parity (O’Leary et
al., 1970). [The Working Group noted that the levels of exposure may have been low and
homogeneous.]

In a study in Brazil, 54 maternal-infant pairs were divided into two groups: term
deliveries (30 pairs) and pre-term deliveries (24). None of the mothers had had known
occupational exposure or domiciliary use of DDT, but all lived in an area highly conta-
minated with DDT. Maternal blood and cord blood were collected at the time of delivery,
and DDT metabolites were measured. No difference was found in the concentration of DDT
metabolites between mothers in the two groups, and there was no correlation between DDT
levels in the neonates and their gestational ages; however, a significant correlation was
detected between low birth weight and DDT levels in neonates (p < 0.05). The authors
interpreted those findings as indicating that the most important factor determining the cord
blood level of DDT is the amount of fetal adipose tissue (Procianoy & Schvartsman, 198 1).

In a study from Israel, mean serum levels of total DDT were 71.1 ppb (ug/1) in 17 women
who gave birth prematurely and 26.5 ppb in a group of 10 women with term deliveries
(Wassermann et al., 1982).

In a study in North Carolina, USA, birthweight, head circumference, neonatal jaundice
and neurological and behavioural changes were determined in 912 infants born between
1978 and 1982 and followed to 1985. Blood samples from the mothers and the babies and
samples of placenta and milk or colostrum were collected and analysed for the concentration
of DDE. DDE levels in milk fat at birth were presented in categories ranging from 0 to > 6
ppm (ng/kg). No association was found between DDE concentrations and birthweight, head
circumference and hyperbilirubinaemia; a statistically significant association was detected
between the levels and hyporeflexia, measured in the babies through a reflex score (Rogan et
al., 1986).

4.3.2 Experimental systems

The effects of DDT on reproduction and development have been reviewed (Ware, 1975;
Agency for Toxic Substances and Disease Registry, 1989).

Because they have weak oestrogenic effects, DDT and its metabolites have been
investigated for reproductive and developmental effects (Bitman & Cecil, 1970; Bustos et al.,
1988; Mason & Schulte, 1981; Robison et al., 1985a,b; Uphouse & Williams, 1989). Studies
by Deichmann and Keplinger (1966) [abstract] and Deichmann et al. (1971) suggested
impaired reproduction. Gellert et al. (1974) and Gellert and Heinrichs (1975) demonstrated
altered reproductive function in rats treated perinatally with DDT or metabolites.

Treatment of 10-day old NMRI mice with DDT or its metabolite, 2,2-bis(4-chloro-
phenyl)ethanol-palmitic acid, at doses as low as 1.4 umol/kg bw (0.5 mg/kg bw for DDT)
resulted in changes in behaviour (such as disruption of a nonassociative learning process).
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DDT treatment also resulted in changes in acetylcholine metabolism in the brain in
adulthood (Eriksson ef al., 1990b).

Developmental effects, such as decreased survival of neonatal rats, were observed after
feeding technical-grade DDT to rats at 200 ppm (mg/kg) in the diet. Premature puberty was
seen in dogs fed 5 mg/kg per day (Ottoboni, 1969; Ottoboni et al., 1977). Del Pup et al. (1978)
examined the effect of technical-grade DDT (100 ppm [mg/kg] in the diet) on stable mouse
populations, each containing about 400 animals. During the 70-week treatment with DDT,
no alteration in viability index (survival at day 4:survival at day 1) was observed; however, a
decrease in the lactation index (survival at day 30:survival at day 4) was noted. The
no-observed-adverse-effect level for developmental effects was reported to be 1 mg/kg bw
per day for all three studies (Agency for Toxic Substances and Disease Registry, 1989).

Tarjan and Kemény (1969) conducted five-generation studies in BALB/c mice by
feeding them DDT (mostly para.para’-) at 2.8-3.0 ppm [mg/kg] in the diet. No effect on
number of pregnancies, births, litters, offspring or weanling survival was noted.

Male rats were given DDT at either 500 mg/kg bw on days 4 and 5 of life or 200 mg/kg bw
per day from day 4 to day 23 of life by gavage. Testicular weight was decreased by both
treatments, as was tubular diameter. Spermatogenesis and fertility were also impaired
(Krause et al., 1975).

Dean et al. (1980) examined the effect of a single injection of DDT (8% (w/v) DDT (95%
para,para’-) [40 mg] in 0.5 ml arachis oil, intraperitoneally) on gestational day 13 on the
androgen status of two-, four-, six-, eight- and ten-day-old male rats. Cross-fostering of litters
from treated and control rats suggested that substantial amounts of DDT were transferred to
the pups during lactation. Neonatal exposure to DDT increased hepatic metabolism of
testosterone without altering circulating testosterone levels or testicular synthesis of
testosterone.

Preimplantation treatment of New Zealand white rabbits with DDT decreased the size
of the conceptus by approximately 60% and decreased the weight of 28-day-old fetuses, of
fetal brain and of fetal kidney. It also altered the protein profile of the yolk sac fluids, as
demonstrated by polyacrylamide gel electrophoresis (Fabro ef al., 1984).

Early studies on reproductive effects suggested that DDT affects avian eggshell
thickness (Bitman et al., 1969). These studies demonstrated that administration of
ortho,para’- or para,para’-DDT in the diet at 100 ppm (mg/kg) decreased egg weight, eggshell
thickness and the percentage of calcium in the shells. A series of studies conducted since that
time further defined the effect of DDT and its metabolites on eggshell thickness (see WHO,
1979, for review).

Swartz (1984) evaluated the effect on DDT on the chick embryo, with specific attention
to gonadal development. DDT at 5, 10 or 20 mg was injected into the yolk sac of eggs, which
were incubated for five or 12 days before examination. After five days of incubation, no
difference in the number of primordial germ cells was observed in treated or control chicks;
after 12 days of incubation, however, there were differences in the morphology and histo-
chemistry of the chick gonads.

Treatment of quall eggs with an aqueous suspensmn of DDT over five generations
produced a progressive decrease over generationsin the number of germ cells in the gonad of
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the chicks (David, 1977). Shellenberger (1978) observed no effect of para.para’-DDT at
5or 50 ppm (mg/kg) in the diet on quail growth or reproduction over four generations and no
effect on growth, egg production, hatchability or fertility.

Bryan er al. (1989) examined the effect of orthopara’-DDT (1-10 mg) and
para,para’-DDT (1-10 mg) on Japanese quail following treatment in ovo beginning on day 1
of incubation. Neither ortho para’- nor para,para’-DDT affected hatchability, survival to day
16 post-hatching or the numbers of malpositioned or malformed chicks at doses up to
10 mg/egg. A dose-dependent increase in the percentage of chicks with ataxia and tremor
and embryos that pipped but did not emerge was observed when eggs were treated with
para,para’-DDT. Survival to five weeks of age was decreased in chicks treated with 6.25 mg
ortho.para’-DDT and above and with 1.75 mg parapara’-DDT and above. Feather
morphology was altered in more than 50% of birds treated with 6.25 mg ortho.para’-DDT
and above and 1.75 mg para,para’-DDT and above. Ovipositions and the percentage hatched
were decreased by exposure to 5 mgortho para’- and 1.75 mg para,para’-DDT. Reproductive
behaviour was altered by treatment with 6.25 mg ortho.para’- but not with 1.75 mg
para,para’-DDT.

Jelinek ez al. (1985) found an increased incidence of malformations in a chick embryo
screening test. Fry and Toone (1981) injected DDT into gulls’ eggs at concentrations
comparable to those found in contaminated eggs in the 1970s (2-100 ppm [mg/kg] per whole
egg). Treatment induced abnormal development of gonadal tissues, with formation of
ovarian tissue and oviducts in male embryos.

4.4 Genetic and related effects (see also Tables 14-17 and Appendices 1 and 2)

4.4.1 Humans

Blood samples were taken from 50 workers in three pesticide plants in Brazil who were
of similar socioeconomic status and were either directly or indirectly exposed to DDT. They
were divided into two groups on the basis of their type of employment and DDT plasma
levels: 20 people in a ‘control group’ had a DDT plasma level of 0.275 pg/ml (range,
0.03-1.46 ng/ml), and 30 people in an ‘exposed group’ had a plasma level of 0.993 ug/ml
(range, 0.16-3.25 pg/ml). The frequencies of cells with chromatid aberrations was 8.8% in
the control group and 12.0% in the exposed group (p < 0.05, analysis of variance); there was
no difference in the frequency of cells with chromosome-type aberrations (Nazareth Rabello
etal., 1975). [The Working Group noted that smoking was not controlled for and that details
of the choice of the original controls were not given. Furthermore, a 72-h culture time was
used, and only 50 metaphases per individual were analysed, thus weakening the significance
of the results.]

4.4.2 Experimental systems

DDT

DDT did notinduce DNA damage in either bacteria or cultured rodent and human cells.
It did not induce gene mutation in bacteria, fungi or insects, in rodent host-mediated assays
or in the mouse spot test in vivo. Gene mutation was not induced in Chinese hamster V79
cells at the sprt locus. Tests for the induction of aneuploidy in insects gave conflicting results,
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while one study in Drosophila melanogaster showed that DDT induced dominant lethality in
insects.

Conlflicting results were obtained in tests for chromosomal aberration in cultured rodent
and human cells.

Inhibition of gap-junctional intercellular communication (as measured by inhibition of
metabolic cooperation or dye transfer) was found consistently in rodent and human cells
following treatment with DDT. In corroboration of these findings, exposure of ratsto DDT in
vivo reduced the number of gap junctions. Conflicting results were obtained in cell
transformation assays.

In a study in vivo, positive results were reported for chromosomal aberrations in mouse
bone-marrow cells. The Working Group noted that an additional study, reported from the
same laboratory, was inadequate for evaluation because of the small number of control
animals (Larsen & Jalal, 1974). Negative results were obtained in the same tests in the rat. A
weak positive response was seen for induction of chromosomal aberrations in mouse
spermatocytes in a single study. Dominant lethal tests in mice and rats gave equivocal results.
No significant effect on sperm morphology was observed in several studies; but, in a single
study 1n rats, significant changes were found.

para,para’-TDE

para,para’ TDE was not mutagenic to bacteria, and an unspecified isomer of TDE did
not induce unscheduled DNA synthesis in primary cultures of mouse, rat or Syrian hamster
hepatocytes. para,para’-TDE weakly induced chromosomal aberrations in rodent cells. In a
single study, it inhibited gap-junctional intercellular communication in cultured rodent cells.
In one study, it did not induce transformation in mouse embryo cells.

ortho,para’-TDE

ortho.para’ TDE did not induce mutation in Salmonella typhimurium. An unspecified
isomer of TDE did not induce unscheduled DNA synthesis in primary cultures of rat, mouse
or Syrian hamster hepatocytes. Equivocal results were obtained for induction of chromo-
somal aberrations in cultured rodent cells. In a single study, it did not induce transformation
in mouse embryo cells.

para,para’-DDE

para,para’-DDE did not induce DNA damage in bacteria or mutation in bacteria or
yeast. It induced intrachromosomal rearrangements in yeast. [The Working Group noted
that this is a newly developed, not yet validated assay system involving DNA rearrangement
in an integrated recombinant plasmid.] para,para’-DDE did not induce unscheduled DNA
synthesis in primary cultures of rat, mouse or hamster hepatocytes. It induced gene mutation
in insects and rodent cells. Weak positive results were obtained in a single study for sister
chromatid exchange and in the majority of studies on chromosomal aberrations in rodent
cells.

In single studies, para,para’-DDE inhibited gap-junctional intercellular communication
between cultured rodent cells, but it did not induce transformation of mouse embryo cells.



Table 14. Genetic and related effects of DDT

Test system Result? Dose? Reference
LED/HID

Without With

€X0genous exogenous

metabolic  metabolic

system system
ECB, Breakage in plasmid DNA in vitro - 0 100.0000 Griffin & Hill (1978)
BSD, Bacillus subtilis rec strains, differential toxicity - - 72.6000 Matsui et al. (1989)
ERD, Escherichia coli, WP2, differential toxicity - 0 2000.0000 Rashid & Mumma (1986)
ERD, Escherichia coli K-12, differential toxicity - 0 2000.0000 Rashid & Mumma (1986)
ERD, Escherichia coli WP2, differential toxicity - - 2000.0000 De Flora et al. (1984)
SAD, Salmonella typhimurium TA1538/1978, differential toxicity - 0 2000.0000 Rashid & Mumma (1986)
SAOQ, Salmonella typhimurium TA100, reverse mutation - - 170.0000 Bartsch er al. (1980)
SAO0, Salmonella typhimurium TA100, reverse mutation ~¢ - 177.0000 Planche er al. (1979)
SAQ, Salmonella typhimurium TA100, reverse mutation - - 35.0000 Probst er al. (1981)
SAQ, Salmonella typhimurium TA100, reverse mutation - 2500.0000 Simmon et al. (1977)
SAQ, Salmonella typhimurium TA100, reverse mutation - 2500.0000 Moriya et al. (1983)
SAOQ, Salmonella typhimurium TA100, reverse mutation - - 2500.0000 Byeon et al. (1976)
SAQ, Salmonella typhimurium TA100, reverse mutation 0 - 500.0000 Glatt & Oesch (1987)
SAOQ, Salmonella typhimurium TA100, reverse mutation - - 250.0000 Bruce & Heddle (1979)
SAQ, Salmonella typhimurium TA100, reverse mutation - - 370.0000 Van Dijck & Van de Voorde

(1976

SAOQ, Salmonella typhimurium TA100, reverse mutation - - 177.0000 Nishi?nura et al. (1982)
SAQ, Salmonella typhimurium TA100, reverse mutation - - 500.6000 De Flora er al. (1989)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 2500.0000 Moriya et al. (1983)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 1250.0000 Marshall er al. (1976)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 35.0000 Probst et a/. (1981)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 2500.0000 Byeon et al. (1976)
SAS, Salmonella typhimurium TA1535, reverse mutation 0 - 2500.0000 Simmon et al. (1977)
SAS, Salmonella typhimurium TA1535, reverse mutation 0 - 500.0000 Glatt & Oesch (1987)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 1250.0000 Marshall et al. (1976)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 35.0000 Probst er al. (1981)
SA7, Salmonella typhimurium TA1537, reverse mutation 0 - 2500.0000 Simmon et al. (1977)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 2500.0000 Moriya et al. (1983)
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Table 14 (contd)

Test system Result? Dose? Reference
LED/HID

Without With

€X0genous  exogenous

metabolic  metabolic

system system
SA7, Salmonella typhimurium TA1537, reverse mutation 0 - 500.0000 Glatt & Oesch (1987)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 250.0000 Bruce & Heddle (1979)
SA8, Salmonella typhimurium TA1538, reverse mutation - - 1250.0000 Marshall et al. (1976)
SA8, Salmonella typhimurium TA1538, reverse mutation - - 2500.0000 Moriya et al. (1983)
SA8, Salmonella typhimurium TA1538, reverse mutation - - 35.0000 Probst er al. (1981)
SA8, Salmonella typhimurium TA1538, reverse mutation ~ - 2500.0000 Byeon er al. (1976)
SA8, Salmonella typhimurium TA1538, reverse mutation 0 - 2500.0000 Simmon et al. (1977)
SA8, Salmonella typhimurium TA1538, reverse mutation 0 - 500.0000 Glatt & Oesch (1987)
SAS, Salmonella typhimurium TA98, reverse mutation - -~ 170.0000 Bartsch er al. (1980)
SA9, Salmonella typhimurium TA98, reverse mutation - - 177.0000 Planche et al. (1979)
SAY, Salmonella typhimurium TA98, reverse mutation - - 35.0000 Probst et al. (1981)
SA9, Salmonella typhimurium TA98, reverse mutation - - 2500.0000 Moriya et al. (1983)
SA9, Salmonella typhimurium TA98, reverse mutation 0 - 2500.0000 Simmon et al. (1977)
SA9, Salmonella typhimurium TA98, reverse mutation - - 2500.0000 Byeon et al. (1976)
SA9, Salmonella typhimurium TA98, reverse mutation 0 -d 500.0000 Glatt & Oesch (1987)
SAS, Salmonella typhimurium TA98, reverse mutation - - 250.0000 Bruce & Heddle (1979)
SA9, Salmonella typhimurium TA98, reverse mutation - - 370.0000 Van Dijck & Van de Voorde

(1976)

SA9, Salmonella typhimurium TA98, reverse mutation - - 177.0000 Nishimura et al. (1982)
SA9, Salmonella typhimurium TA98, reverse mutation - - 500.0000 De Flora ez al. (1989)
SAS, Salmonella typhimurium TA92, reverse mutation 0 - 500.0000 Glatt & Oesch (1987)
SAS, Salmonella typhimurium TA1536, reverse mutation - - 1250.0000 Marshalil et al. (1976)
SAS, Salmonella typhimurium C3076, reverse mutation - - 35.0000 Probst et al. (1981)
SAS, Salmonella typhimurium D3052, reverse mutation - - 35.0000 Probst et al. (1981)
SAS, Salmonella typhimurium G46, reverse mutation - - 35.0000 Probst et al. (1981)
SAS, Salmonella typhimurium TA1978, reverse mutation - - 370.0000 Van Dijck & Van de Voorde

(1976)
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Table 14 (contd)

Test system Result? Dose? Reference
LED/HID
Without With
€X0genous  exogenous
metabolic  metabolic
system system
ECW, Escherichia coli WP uvrA, reverse mutation - - 35.0000 Probst et al. (1981)
ECW, Escherichia coli WP2 uvrA, reverse mutation 0 - 500.0000 Glatt & Oesch (1987)
EC2, Escherichia coli WP2, reverse mutation - - 35.0000 Probst et al. (1981)
EC2, Escherichia coli WP2 hcr, reverse mutation - - 2500.0000 Moriya et al. (1983)
ANN, Aspergillus nidulans, aneuploidy - 0 990.0000 Crebelli et al. (1986)
ANF, Aspergillus nidulans, forward mutation - 0 990.0000 Crebelli et al. (1986)
NCE Neurospora crassa, forward mutation - 0 7500.0000 Clark (1974)
*,  Wasp, recessive/dominant lethal mutation - 0 10.6000¢ Grosch & Valcovic (1967)
DMX, Drosophila melanogaster, sex-linked recessive lethal mutation - 0 20.0000 Pielou (1952)
DMX, Drosophiia melanogaster, sex-linked recessive lethal mutation - 0 0.0000 Clark (1974)
DML, Drosophila melanogaster, dominant lethal mutation + 0 0.0000 Clark (1974)
DMN, Drosophila melanogaster, aneuploidy + 0 0.0000 Clark (1974)
DMC, Drosophila melanogaster, chromosome loss - 0 25.6000 Woodruff et al. (1983)
DIA, DNA damage, Chinese hamster V79 cells - - 354.0000 Swenberg et al. (1976)
DIA, DNA damage, Chinese hamster V79 cells - - 1060.0000 Swenberg (1981)
DIA, DNA damage, rat hepatocytes - 0 106.0000 Sina et al. (1983)
URP, Unscheduled DNA synthesis, rat hepatocytes - 0 35.0000 Maslansky & Williams
(1981)
URP, Unscheduled DNA synthesis, rat hepatocytes -~ 0 35.0000 Probst et al. (1981)
UIA, Unscheduled DNA synthesis, mouse hepatocytes - 0 35.0000 Klaunig et al. (1984)
UIA, Unscheduled DNA synthesis, mouse hepatocytes - 0 35.0000 Maslansky & Williams
’ (1981)
UIA, Unscheduled DNA synthesis, hamster hepatocytes - 0 35.0000 Maslansky & Williams
(1981)
G9H, Gene mutation, Chinese V79 hamster cells, Aprt locus - 0 35.0000 Kelly-Garvert & Legator
(1973)
G9H, Gene mutation, Chinese V79 hamster cells, prt locus - 0 14.2000 ‘Tsushimoto et al. (1983)

yZe
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Table 14 (contd)

Test system Result? Dose? Reference
LED/HID
Without With
€X0genous exogenous
metabolic  metabolic
system system
CIC, Chromosomal aberrations, Chinese hamster V79 cells - 0 45.0000 Kelly-Garvert & Legator
(1973)
CIC, Chromosomal aberrations, Chinese hamster B14F28 cells + 0 49,0000 Mahr & Miltenburger
(1976)
TBM, Cell transformation, BALB/c 3T3 mouse fibroblast cells + + 10.0000 Fitzgerald er al. (1989)
TCL, Cell transformation, mouse embryo cells - 0 15.0000 Langenbach & Gingell
(1975)
UHT, Unscheduled DNA synthesis, HeLa cells - 0 18.0000 Brandt ef a/. (1972)
UHT, Unscheduled DNA synthesis, human fibroblasts - - 354.0000 Ahmed et a/. (1977)
UHT, Unscheduled DNA synthesis, human lymphocytes - 0 500.0000 Rocchi er al. (1980)
GIH, Gene mutation, human fibroblasts = - 35.0000 Tong et al. (1981)
CHL, Chromosomal aberrations, human lymphocytes in vitro - 0 0.2000 Lessa et al. (1976)
HMM, Host-mediated assay, Neurospora crassa - 0 150.0000 x 2 p.o. Clark (1974)
HMM, Host-mediated assay, Salmonella typhimurium his G46 - 0 500.0000 Buselmaier er al. (1972)
MST, Mouse spot test in vivo - 0 250.0000 Wallace ez al. (1976)
CBA, Chromosomal aberrations, mouse bone-marrow cells + 0 100.0000 x 1ip. Johnson & Jalal (1973)
CBA, Chromosomal aberrations, rat bone marrow in vivo - 0 200.0000 x 1i.p. Legatorer al. (1973)
CBA, Chromosomal aberrations, rat bone marrow in vivo - 0 100.0000 x Sip. Legatoret al. (1973)
CBA, Chromosomal aberrations, rat bone marrow in vivo - 0 100.0000 X 1p.o. Legator et al. (1973)
CBA, Chromosomal aberrations, rat bone marrow in vivo - 0 80.0000 x Sp.o. Legator et al. (1973)
CGC, Chromosomal aberrations, mouse spermatocytes in vivo (+) 0 150.0000 Clark (1974)
DLM, Dominant lethal test, mice - 0 130.0000 x 1ip. Epsteineral. (1972)
DLM, Dominant lethal test, mice - 0 1200.0000 x 11ip. Buselmaier et al. (1972)
DLM, Dominant lethal test, mice (+) 0 150.0000 X 2 p.o. Clark (1974)
DLR, Dominant lethal test, rats (+) 0 50.0000 Palmer et al. (1973)
DIM, Dominant lethal test, mice - 0 105.0000 Epstein & Shafner (1968)
CLH, Chromosomal aberrations, human lymphocytes in vivo (+) 0 1.0000 Nazareth Rabello et al.

(1975)
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Table 14 (contd)

Test system Result? Dose? Reference
LED/HID

Without With

€XOZENOUS" EXOgenous

metabolic  metabolic

system system
ICR, Inhibition of metabolic cooperation, rat liver epithelial cells + 0 0.3500 Williams et al. (1981)
ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells  + 0 2.0000 Kurata et al. (1982)
ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells  + 0 3.6000 Tsushimoto et al. (1983)
ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells  + 0 6.0000 Warngérd et al. (1985)
ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells  + 0 10.0000 Zeilmaker & Yamasaki

(1986)
ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells  + 0 0.5000 Aylsworth er al. (1989)
ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells  + 0 7.0000 Warngard er al. (1989)
ICR, Inhibition of metabolic cooperation, mouse hepatocytes + 0 1.0000 Klaunig & Ruch (1987)
ICR, Inhibition of metabolic cooperation, mouse hepatocytes + 0 9.0000 Klaunig et al. (1990)
ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells  + 0 3.5000 Flodstrom et al. (1990)
ICR, Inhibition of metabolic cooperation, rat liver WB-F344 cells + 0 3.5000 Flodstrom et al. (1990)
ICR, Inhibition of metabolic cooperation, Djungarian hamster + 0 100.0000 Budunova et al. (1989)
fibroblasts, SV40 transformed

ICH, Inhibition of metabolic cooperation, human skin fibroblasts + 0 5.0000 Davidson er al. (1985)
ICH, Inhibition of metabolic cooperation, teratocarcinoma cells + 0 5.0000 Zhong-Xiang er al. (1986)
* Reduction of gap junctions, rat liver cells in vivo + 0 500.0000 Sugie et al. (1987)
SPM, Sperm morphology, mice - 0 50.0000 Wyrobek & Bruce (1975)
SPM, Sperm morphology, mice - 0 125.0000 Bruce & Heddle (1979)
SPM, Sperm morphology, mice - 0 100.0000 Topham (1980)
SPR, Sperm morphology, rats 0 200.0000 Krause et al. (1975)

*Not displayed on profile

“+, positive; (+), weakly positive; ~, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)

bIn-vitro tests, pg/ml; in-vivo tests, mg/kg bw

‘With S9 but no cofactors

4Also tested with 1,1,1-trichloropropene-2,3-oxide (microsomal epoxide hydrolase inhibitor)

€10 ug per wasp
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Table 15. Genetic and related effects of parapara’-TDE

Test system Result? Dose? Reference
LED/HID

Without With

€XOgENous  exogenous

metabolic  metabolic

system system
SAO0, Salmonella typhimurium TA100, reverse mutation - - 2500.0000 Moriya et al. (1983)
SAQ, Salmonella typhimurium TA100, reverse mutation - - 500.0000 Glatt & Oesch (1987)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 2500.0000 Moriya et al. (1983)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 500.0000 Glatt & Oesch (1987)
SA7, Salmonella typhimurium TA1537, reverse mutation - ~ 2500.0000 Moriya et al. (1983)
SA7, Salmonella typhimurium TA1537, reverse mutation - ~ 500.0000 Glatt & Oesch (1987)
SA8, Salmonella typhimurium TA1538, reverse mutation - - 2500.0000 Moriya et al. (1983)
SA8, Salmonella typhimurium TA1538, reverse mutation ~ - 500.0000 Glatt & Oesch (1987)
SA9, Salmonella typhimurium TA98, reverse mutation - - 2500.0000 Moriya et al. (1983)
SA9, Salmonella typhimurium TA98, reverse mutation - ~ 500.0000 Glatt & Oesch (1987)
SAS, Salmonella typhimurium TA92, reverse mutation - - 500.0000 Glatt & Oesch (1987)
ECW, Escherichia coli WP2, uvrA, reverse mutation - - 500.0000 Glatt & Oesch (1987)
EC2, Escherichia coli WP2 hcr, reverse mutation ~ - 2500.0000 Moriya et al. (1983)
URP, Unscheduled DNA synthesis, rat hepatocytes - 0 32.0000¢  Maslansky & Williams (1981)
UIA, Unscheduled DNA synthesis, mouse hepatocytes ~ 0 32.0000¢  Maslansky & Williams (1981)
UIA, Unscheduled DNA synthesis, hamster hepatocytes - 0 32.0000¢  Maslansky & Williams (1981)
CIC, Chromosomal aberrations, Chinese hamster B14F28 cells (+) 0 45.0000 Mahr & Miltenburger (1976)
CIA, Chromosomal aberrations, other animals cells in vitro (+) 0 10.0000 Palmer et al. (1972)
TCL, Cell transformation, mouse embryo cells - 0 15.0000¢  Langenbach & Gingell (1975)
HMM, Host-mediated assay, Salmonella typhimurium his G46 - 0 500.0000¢  Buselmaier er al. (1972)
ICR, Inhibition of metabolic cooperation, animal cells in vitro + 0 5.0000 Kurata et al. (1982)

?+, positive; (+ ), weakly positive; -, negative; 0, not tested; ?

study)
PIn-vitro tests, ug/ml; in-vivo tests, mg/kg bw
‘Isomer not specified

, inconclusive (variable response in several experiments within an adequate
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Table 16. Genetic and related effects of ortho,para’-TDE

Test system Result? Dose? Reference
LED/HID

Without With

€X0genous  €xogenous

metabolic  metabolic

system system
SAQ, Salmonella typhimurium TA100, reverse mutation - - 50.0000 Mortelmans et al. (1986)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 50.0000 Mortelmans et al. (1986)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 50.0000 Mortelmans et al. (1986)
SA9, Salmonella typhimurium TA98, reverse mutation - - 166.0000 Mortelmans er al. (1986)
URP, Unscheduled DNA synthesis, rat hepatocytes - 0 32.0000¢ Maslansky & Williams (1981)
UIA, Unscheduled DNA synthesis, mouse hepatocytes - 0 32.0000¢ Maslansky & Williams (1981)
UIA, Unscheduled DNA synthesis, hamster hepatocytes - 0 32.0000¢ Maslansky & Williams (1981)
SIC, Sister chromatid exchange, Chinese hamster cells in vitro - - 16.0000 Galloway er al. (1987)
CIC, Chromosomal aberrations, Chinese hamster CHO cells - - 50.0000 Galloway er al. (1987)
CIA, Chromosomal aberrations, other animals cells in vitro (+) 0 10.0000 Palmer et al. (1972)
HMM, Host-mediated assay, Salmonella typhimurium his G46 - 0 500.0000¢ Buselmaier er al. (1972)
TCL, Cell transformation, mouse embryo cells - 0 15.0000¢ Langenbach & Gingell (1975)

“+, positive; (+), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate

study)
bIn-vitro tests, ug/ml; in-vivo tests, mg/kg bw
‘Isomer not specified
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Table 17. Genetic and related effects of parapara’-DDE

Test system Result? Dose? Reference
LED/HID

Without With

€XOZENOUS  €x0genous

metabolic  metabolic

system system
PRB, Breakage in plasmid DNA in vitro 0 - 100.0000 Mamber et al. (1984)
PRB, Breakage in plasmid DNA in vitro - - 3180.0000 Brams er al. (1987)
ERD, Escherichia coli, WP2, differential toxicity 0 - 1000.0000 Mamber et al. (1984)
SAQ, Salmonella typhimurium TA100, reverse mutation 0 ~ 2500.0000 McCann er al. (1975)
SAO, Salmonella typhimurium TA100, reverse mutation - -~ 370.0000 Van Dijck & Van de Voorde (1976)
SAQ, Salmonella typhimurium TA100, reverse mutation - - 500.0000 Simmon & Kauhanen (1978)
SAQ, Salmonella typhimurium TA100, reverse mutation - - 860.0000 Bartsch e al. (1980)
SA0, Salmonella typhimurium TA100, reverse mutation - - 5000.0000 De Flora (1981)
SAQ, Salmonella typhimurium TA100, reverse mutation ~ - 2500.0000 Moriya et al. (1983)
SAOQ, Salmonella typhimurium TA100, reverse mutation - - 500.0000 Mortelmans et al. (1986)
SAO0, Salmonella typhimurium TA100, reverse mutation - - 2500.0000 Brams et al. (1987)
SAQ, Salmonella typhimurium TA100, reverse mutation 0 - 500.0000 Glatt & Oesch (1987)
SAQ, Salmonella typhimurium TA100, reverse mutation - - 500.0000 De Flora er al. (1989)
SAS, Salmonella typhimurium TA1535, reverse mutation 0 - 2500.0000 McCann et al. (1975)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 500.0000 Marshall et al. (1976)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 370.0000 Van Dijck & Van de Voorde (1976)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 500.0000 Simmon & Kauhanen (1978)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 5000.0000 De Flora (1981)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 2500.0000 Moriya et al. (1983)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 500.0000 Mortelmans et al. (1986)
SAS, Salmonella typhimurium TA1535, reverse mutation 0 - 500.0000 Glatt & Oesch (1987)
SA7, Salmonella typhimurium TA1537, reverse mutation 0 - 2500.0000 McCann et al. (1975)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 500.0000 Marshall et al. (1976)
SAT7, Salmonella typhimurium TA1537, reverse mutation - ~ 370.0000 Van Dijck & Van de Voorde (1976)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 500.0000 Simmon & Kauhanen (1978)
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Table 17 (contd)

Test system Result? Dose? Reference
LED/HID

Without With

€X0ZENOuUs  exogenous

metabolic  metabolic

system system
SA7, Salmonella typhimurium TA1537, reverse mutation - - 5000.0000 De Flora (1981)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 2500.0000 Moriya et al. (1983)
SAT, Salmonella typhimurium TA1537, reverse mutation - - 500.0000 Mortelmans et al. (1986)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 2500.0000 Brams et al. (1987)
SA7, Salmonella ryphimurium TA1537, reverse mutation - 500.0000 Glatt & Oesch (1987)
SA8, Salmonella typhimurium TA1538, reverse mutation -~ 500.0000 Marshall et al. (1976)
SA8, Salmonella typhimurium TA1538, reverse mutation - - 370.0000 Van Dijck & Van de Voorde (1976)
SAS8, Salmonella typhimurium TA1538, reverse mutation - - 500.0000 Simmon & Kauhanen (1978)
SAS8, Salmonella typhimurium TA1538, reverse mutation - - 5000.0000 De Flora (1981)
SAS, Salmonella typhimurium TA1538, reverse mutation - - 2500.0000 Moriya et al. (1983)
SA8, Salmonella typhimurium TA1538, reverse mutation - - 2500.0000 Brams ez al. (1987)
SA8, Salmonella typhimurium, TA1538, reverse mutation 0 - 500.0000 Glatt & Oesch (1987)
SA9, Salmonella typhimurium TA98, reverse mutation 0 - 2500.0000 McCann et al. (1975)
SA9, Salmonella typhimurium TA98, reverse mutation - - 370.0000 Van Dijck & Van de Voorde (1976)
SA9, Salmonella typhimurium TA98, reverse mutation ~ - 500.0000 Simmon & Kauhanen (1978)
SA9, Salmonella typhimurium TA98, reverse mutation - - 860.0000 Bartsch er al. (1980)
SA9, Salmonella typhimurium TA98, reverse mutation - ~ 5000.0000 De Flora (1981)
SA9, Salmonella typhimurium TA98, reverse mutation - - 2500.0000 Moriya et al. (1983)
SA9, Salmonella typhimurium TA98, reverse mutation - - 500.0000 Mortelmans et al. (1986)
SA9, Salmonella typhimurium TA98, reverse mutation ~ 500.0000 Glatt & Oesch (1987)
SA9, Salmonella typhimurium TA98, reverse mutation - 500.0000 De Flora et al. (1989)
SAS, Salmonella typhimurium TA1536, reverse mutation - - 500.0000 Marshall et al. (1976)
SAS, Salmonella typhimurium TA1978, reverse mutation - - 370.0000 Van Dijck & Van de Voorde (1976)
SAS, Salmonella typhimurium TA1950, reverse mutation - - 370.0000 Van Dijck & Van de Voorde (1976)
SAS, Salmonella typhimurium TA92, reverse mutation - 500.0000 Glatt & Oesch (1987)
ECW, Escherichia coli WP2 uvrA, reverse mutation - - 500.0000 Glatt & Oesch (1987)
EC2, Escherichia coli WP2 hcr, reverse mutation - - 2500.0000 Moriya et al. (1983)
EC2, Escherichia coli WP2, reverse mutation 0 - 1000.0000 Mamber et al. (1984)
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Table 17 (contd)

Test system Result? Dose? Reference
LED/HID

Without With

€XOgenous exogenous

metabolic  metabolic

system system
*,  Saccharomyces cerevisiae, intrachromosomal recombination  + 0 100.0000  Schiestl et al. (1989)
*,  Saccharomyces cerevisiae, intrachromosomal recombination  + 0 100.0000  Schiestl (1989)
SCH, Saccharomyces cerevisiae, homozygosis - - 25000.0000  Simmon & Kauhanen (1978)
DMX, Drosophila melanogaster, sex-linked recessive lethal + 0 10000.0000  Valencia et al. (1985)

mutations

DMH, Drosophila melanogaster, heritable translocation test - 0 10000.0000  Valencia et al. (1985)
DIA, DNA damage, rat hepatocytes [?] + 0 95.0000  Sina er al. (1983)
URP, Unscheduled DNA synthesis, rat hepatocytes ~ 0 31.0000  Maslansky & Williams (1981)
URE Unscheduled DNA synthesis, rat hepatocytes - 0 2000.0000  Williams ez al. (1982)
UIA, Unscheduled DNA synthesis, mouse hepatocytes - 0 31.0000 Maslansky & Williams (1981)
UREP, Unscheduled DNA synthesis hamster hepatocytes - 0 31.0000  Maslansky & Williams (1981)
GCO, Gene mutation, Chinese hamster ovary cells in vitro + 0 16.0000  Amacher & Zelljadt (1984)
GS5T, Gene mutation, mouse lymphoma 1.5178Ycells, tk locus + - 40.0000  Clive er al. (1979)
SIC, Sister chromatid exchange, Chinese hamster cells in vitro - (+) 5.0000 Galloway et al. (1987)
CIC, Chromosomal aberrations, Chinese hamster V79 cells (+) 0 35.0000  Kelly-Garvert & Legator (1973)
CIC, Chromosomal aberrations, Chinese hamster B14F28 cells (+) 0 44.0000  Mahr & Miltenburger (1976)
CIC, Chromosomal aberrations, Chinese hamster CHO cells - - 60.0000  Galloway e al. (1987)
CIA, Chromosomal aberrations, other animals cells in vitro (+) 0 10.0000  Palmer ez al. (1972)
HMM, Host-mediated assay, Salmonella typhimurium hisG46 - 0 500.0000  Buselmaier et al. (1972)
TCL, Cell transformation, mouse embryo cells - 0 15.0000  Langenbach & Gingell (1975)
ICR, Inhibition of metabolic cooperation, animal cells in vitro + 0 10.0000  Kurata et al. (1982)

*Not displayed on profile

“+, positive; (+), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)

bIr_l-vitro tests, ug/ml; in-vivo tests, mg/kg bw
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S. Summary of Data Reported and Evaluation

5.1 Exposure data

Technical-grade DDT is a complex mixture of para,para’-DDT, its isomers and related
compounds. It has been used since 1943 as a nonsystemic insecticide with a broad spectrum
of activities. DDT has been used extensively for the control of vectors of malaria, typhus,
yellow fever and sleeping sickness, and also on food crops. Its use is banned in some countries
and has been restricted since the 1970s in many others to the control of vector-borne
diseases.

DDT has been formulated in almost every conceivable form, including granules and
powders, solutions, concentrates, aerosols and others, alone and in combination with other
insecticides.

DDT is ubiquitous in the environment. It is highly persistent and has been found
extensively in foods, soils and sediments. Residual levels in human tissues have been
declining slowly with the decreasing use of DDT worldwide.

Exposure may occur during its production and application and as a result of persistent
residual levels in surface water and sediments, and in foods.

5.2 Carcinogenicity in humans

Slight excess risks for lung cancer were observed among workers at two DDT producing
facilities in the USA. A nested case-control study in one of these investigations found a slight
deficit of respiratory cancer. No other cancer occurred in sufficient numbers for analysis. In a
prospective cohort study in which exposures were estimated on the basis of serum levels of
DDT, the risk for lung cancer rose with increasing concentration but was based on small
numbers.

Several investigators have compared serum or tissue levels of DDT and/or DDE among
individuals with and without cancer, with inconsistent results.

Results from case-control studies of soft-tissue sarcoma do not point to an association.

An elevated risk for non-Hodgkin’s lymphoma in relation to potential exposure to DDT
was found in a study from Washington State in the USA, but not for other agricultural
exposures. An elevated risk for malignant lymphomas was also found in a case-control study
in northern Sweden, with adjustment for exposure to herbicides. The only study available
found no association between exposure to DDT and primary liver cancer. In the USA, a slight
increase in the risk for leukaemia occurred among farmers who reported use of DDT and
many other agricultural exposures. The relative risks for leukaemia rose with frequency of
use of DDT on animals.

Epidemiological data on cancer risks associated with exposure to DDT are suggestive,
but limitations in the assessments of exposure in the studies and the finding of small and
inconsistent excesses complicate an evaluation. The slight excesses of respiratory cancer seen
among cohorts exposed to DDT are based on differences of five or fewer cases between
exposed and unexposed groups. In case-control studies of lymphatic and haematopoietic
cancers, exposure to agricultural pesticides other than DDT resulted in excesses as large as or
larger than those associated with exposure to DDT. In most of the case-control studies,
adjustment was not made for the potential influence of other exposures.
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The cohort and case-control studies that have become available since the last evaluation
was made in 1987 (see IARC, 1987) add to some extent to the concern about DDT. Most of
these investigations were not specifically designed to evaluate the effects of DDT:
consequently, the findings for DDT were not reported as fully as would have been desirable.

5.3 Carcinogenicity in experimental animals

DDT has been tested adequately for carcinogenicity by oral administration in mice, rats
and hamsters, and by subcutaneous administration in mice. Following oral administration to
mice, it caused liver-cell tumours, including carcinomas, in animals of each sex and
hepatoblastomas in males. In one study, the incidence of lung carcinomas was increased, and
in three studies the incidence of malignant lymphomas was increased; the incidence of
lymphoma was decreased in two studies (see also General Remarks). The incidence of liver
tumours was increased in mice following subcutaneous injection of DDT. Oral adminis-
tration of DDT to ratsincreased the incidence of liver tumours in female rats in one study and
in male rats in two studies. In two studies in which DDT was administered orally to hamsters
at concentrations similar to or higher than those found to cause liver tumours in mice and
rats, some increase in the incidence of adrenocortical adenomas was observed.

A metabolite of DDT, para,para’-DDE, has been tested for carcinogenicity by oral
administration in mice and hamsters. A second metabolite, TDE, was tested by oral
administration in mice and rats. TDE increased the incidence of liver tumours in male mice
and of lung tumours in animals of each sex in one of the two studies in mice. An increase in
the number of thyroid tumours was observed in one study in male rats. DDE produced a high
incidence of liver tumours in male and female mice in two studies. An increased incidence of
neoplastic liver nodules was observed in one study in male and female hamsters.

5.4 Other relevant data

The liver is the target organ for the chronic toxicity of DDT. This compound induced
liver microsomal enzymes in rodents and primates and increased the frequency of
enzyme-positive foci in rat liver.

DDT impaired reproduction and/or development in mice, rats, rabbits, dogs and avian
species.

In one study, higher DDT levels were noted in the serum of women who had delivered
prematurely than in those who had had a normal delivery. Studies of spontaneous abortion,
gestational period and newborn status showed no clear association with body levels of DDT.

In one study, increased frequencies of chromatid-type but not chromosome-type
aberrations were observed in peripheral lymphocytes of workers with increased plasma
levels of DDT. No data were available on the genetic and related effects of metabolites of
DDT in humans.

DDT reduced gap-junctional areas in rat liver cells in vivo and inhibited gap-junctional
intercellular communication in rodent and human cell systems. Conflicting data were
obtained with regard to some genetic endpoints. In most studies, DDT did not induce
genotoxic effects in rodent or human cell systems nor was it mutagenic to fungi or bacteria.
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para,para’-DDE weakly induced chromosomal aberrations in cultured rodent cells and
caused mutation in mammalian cells and insects, but not bacteria. para.para’-DDE inhibited
gap-junctional intercellular communication in cultured rodent cells.

In most studies, para,para’-TDE did not induce genetic effects in short-term tests in vitro.
It inhibited gap-junctional intercellular communication in cultured rodent cells.

There is no evidence that ortho para’-TDE induced genetic effects in short-term tests in
vitro on the basis of the few studies available.

5.5 Evaluation!

There is inadequate evidence in humans for the carcinogenicity of DDT.
There is sufficient evidence in experimental animals for the carcinogenicity of DDT.

Overall evaluation
DDT is possibly carcinogenic to humans (Group 2B).

6. References

Adeshina, F & Todd, E.L. (1990) Organochlorine compounds in human adipose tissue from North
Texas. J. Toxicol. environ. Health, 29, 147-156

Agarwal, H.C,, Pillai, M.K K., Yadav, D.V, Menon, KB. & Gupta, R.K. (1976) Residues of DDT and
its metabolites in human blood samples in Delhi, India. Bull. World Health Organ., 54, 349-351

Agency for Toxic Substances and Disease Registry (1989) Toxicological Profile for p,p'-DDT,
p.p'-DDE, and p,p'-DDD, Springfield, VA, National Technical Information Service

Agthe, C, Garcia, H., Shubik, P, Tomatis, L. & Wenyon, E. (1970) Study of the potential
carcinogenicity of DDT in Syrian golden hamsters. Proc. Soc. exp. Med. (N.Y.), 134, 113-116

Ahmed, FE., Hart, RW. & Lewis, N.J. (1977) Pesticide induced DNA damage and its repair in
cultured human cells. Mutat. Res., 42, 161-174

Albone, E.S., Eglinton, G., Evans, N.C., Hunter, J M. & Rhead, M.M. (1972) Fate of DDT in Severn
estuary sediments. Environ. Sci. Technol., 6, 914-919

Al-Omar, M.A,, Tameesh, A H. & Al-Ogaily, N.H. (1985) Dairy product contamination with
organochlorine insecticide residues in Baghdad district. J. biol. Sci. Res., 16, 133-144

Amacher, D.E. & Zelljadt, I. (1984) Mutagenic activity of some clastogenic chemicals at the
hypoxanthine guanine phosphoribosyl transferase locus of Chinese hamster ovary cells. Mutat.
Res., 136, 137-145

American Conference of Governmental Industrial Hygienists (1989) Threshold Limit Values and
Biological Exposure Indices for 1989-1990, Cincinnati, OH, p- 19

Arbeidsinspectie (Labour Inspection) (1986) De Nationale MAC-Lijst 1986 [National MAC List
1986], Voorburg, p. 10 (in Dutch)

Arbejdstilsynet (Labour Inspection) (1988) Graensevaezdier Jor Staffe og Materialen [Limit Values for
Compounds and Materials] (No. 3.1.0.2), Copenhagen, p. 15 (in Danish)

Austin, H., Keil, J.E. & Cole, P. (1989) A prospective follow-up study of cancer mortality in relation to
serum DDT. Am. J. public Health, 79, 43-46

IFor definition of the italicized terms, see Preamble, pp. 26-28.



DDT AND ASSOCIATED COMPOUNDS 235

Aylsworth, C.E, Trosko, J.E., Chang, C.C., Benjamin, K. & Lockwood, E. (1989) Synergistic inhibition
of metabolic cooperation by oleic acid or 12-O-tetradecanoylphorbol-13-acetate and
dichlorodiphenyltrichloroethane (DDT) in Chinese hamster V79 cells: implication of a role for
protein kinase C in the regulation of gap junctional intercellular communication. Cell Biol.
Toxicol., 5, 27-37

Baker, M.T. & Van Dyke, R.A. (1984) Metabolism-dependent binding of the chlorinated insecticide
DDT and its metabolite DDD, to microsomal protein lipids. Biochem. Pharmacol., 33, 255-260

Baloch, U K. (1985) Problems associated with the use of chemicals by agricultural workers. Basic Life
Sci., 34, 63-78

Banerjee, B.D. (1987) Effects of sub-chronic DDT exposure on humoral and cell-mediated immune
responses in albino rats. Bull. environ. Contam. Toxicol., 39, 827-834

Bang, Y.H., Arwati, S. & Gandahusada, S. (1982) A review of insecticide use for malaria control in
central.Java, Indonesia. Malays. appl. Biol., 11, 85-96

Bartsch, H., Malaveille, C., Camus, A.-M., Martel-Planche, G., Brun, G., Hautefeuille, A., Sabadie,
N.,, Barbin, A, Kuroki, T, Drevon, C., Piccoli, C. & Montesano, R. (1980) Validation and
comparative studies on 180 chemicals with S. typhimurium strains and V79 Chinese hamster cells
in the presence of various metabolizing systems. Mutat. Res., 76, 1-50

Bennison, B.E. & Mostofi, EK. (1950) Observations on inbred mice exposed to DDT. J. natl Cancer
Inst., 10, 989-992

Bergenstal, D.M,, Hertz, R., Lipsett, M.B. & Moy, R.H. (1960) Chemotherapy of adrenocortical
cancer with o,p’-DDD. Ann. intern. Med., 53, 672-682

Bhuiya, Z.H. & Rothwell, D.E (1969) Gas chromatographic analysis of technical DDT, Pak. J. Sci.
Res., 21, 94-96

Bitman, J. & Cecil, H.C. (1970) Estrogenic activity of DDT analogs and polychlorinated biphenyls.
J. agric. Food Chem., 18, 1108-1112

Bitman, J., Cecil, H.C,, Harris, S.J. & Fries, G.F. (1969) DDT induces a decrease in eggshell calcium.
Nature, 224, 44-46

Bledsoe, T, Island, D.P, Ney, R.L. & Liddle, G.W. (1964) An effect of o0,p’-DDD on the extra-adrenal
metabolism of cortisol in man. J. clin. Endocrinol., 24, 1303-1311

- Boyle, E., Jr (1970) Biological patterns in hypertension by race, sex, body weight and skin color. J. Am.
med. Assoc., 213, 1637-1643

Brams, A., Buchet, J.P, Crutzen-Fayt, M.C., De Meester, C., Lauwerys, R. & Léonard, A. (1987) A
comparative study, with 40 chemicals, of the efficiency of the Salmonella assay and the SOS
chromotest (kit procedure). Toxicol. Lett., 38, 123-133

Brandt, VN, Flamm, W.G. & Bernheim, N.J. (1972) The value of hydroxyurea in assessing repair
synthesis of DNA in HeLa cells. Chem.-biol. Interactions, 5, 327-339

Brooks, G.T.(1974) Chlorinated Insecticides, Vol. 1, Technology and Application, Cleveland, OH, CRC
Press, pp. 7-83

Brown, L.M,, Blair, A,, Gibson, R., Everett, G.D., Cantor, K.P, Schuman, L.M., Burmeister, L.F,, Van
Lier, S.E & Dick, F. (1990) Pesticide exposures and other agricultural risk factors for leukemia
among men in fowa and Minnesota. Cancer, 50, 1685-1691

Bruce, WR. & Heddle, J.A. (1979) The mutagenic activity of 61 agents as determined by the
micronucleus, Salmonella, and sperm abnormality assays. Can. J. Genet. Cytol., 21, 319-334

Bryan, TE., Gildersleeve, R.P. & Wiard, R.P. (1989) Exposure of Japanese quail embryos to o,p’-DDT
has long-term effects on reproductive behaviors, hematology, and feather morphology.
Teratology, 39, 525-535



236 IARC MONOGRAPHS VOLUME 53

Budavari, S,, ed. (1989) The Merck Index, 4th ed., Rahway, NJ, Merck & Co., p. 446

Budunova, 1.V, Mittelman, L.A. & Belitsky, G.A. (1989) Identification of tumor promoters by their
inhibitory effect on intercellular transfer of Lucifer yellow. Cell Biol, Toxicol., 5, 77-89

Buselmaier, W, Rohrborn, G. & Propping, P.(1972) Mutagenicity investigations with pesticides in the
host-mediated assay and the dominant lethal test in mice (Ger.). Biol. Zbl., 91, 310-325

Bustos, S., Denegri, J.C., Diaz, E & Tchernitchin, A.N. (1988) p.p’-DDT is an estrogenic compound.
Bull. environ. Contam. Toxicol., 41, 496-501 ‘

Byeon, W.-H., Hyun, H.H. & Lee, S.Y. (1976) Mutagenicity of pesticides in the Salmonella/microsome
system (Korean). Korean J. Microbiol., 14, 128-134

Cabral, J.R.P. (1985) DDT: laboratory evidence. In: Wald, N.J. & Doll, R,, eds, Interpretation of
Negative Epidemiological Evidence for Carcinogenicity (IARC Scientific Publications No. 65),
Lyon, IARC, pp. 101-105

Cabral, J.R.P, Hall, R K., Rossi, L., Bronczyk, S.A. & Shubik, P. (1982a) Effects of long-term intake of
DDT on rats. Tumori, 68, 11-17

Cabral, J.R.P, Hall, R.X,, Rossi, L., Bronczyk, S.A. & Shubik, P (1982b) Lack of carcinogenicity of
DDT in hamsters. Tumori, 68, 5-10

Caldwell, G.G., Cannon, S.B,, Pratt, C.B. & Arthur, R.D. (1981) Serum pesticide levels in patients
with childhood colorectal carcinoma. Cancer, 48, 774-778

Campbell, M.A., Gyorkos, J., Leece, B., Homonko, K. & Safe, S. (1983) The effects of twenty-two
organochlorine pesticides as inducers of the hepatic drug-metabolizing enzymes. Gen.
Pharmacol., 14, 445-454

Chhabra, R.S. & Fouts, J.R. (1973) Stimulation of hepatic microsomal drug-metabolizing enzymes in
mice by 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT) and 3,4-benzpyrene. Toxicol. appl.
Pharmacol., 25, 60-70

Clark, J.M. (1974) Mutagenicity of DDT in mice, Drosophila melanogaster and Neurospora crassa.
Aust. J. biol. Sci., 27, 427-440

Clive, D., Johnson, K.O., Spector, J.ES,, Batson, A.G. & Brown, M.M.M. (1979) Validation and
characterization of the L5178 Y/TK */~ mouse lymphoma mutagen assay system. Mutat. Res., 59,
61-108

Codex Committee on Pesticide Residues (1989) Codex Alimentarius (Room Document 14), Geneva

Codex Committee on Pesticide Residues (1990) Guide to Codex Maximum Limits for Pesticide
Residues, Part 2 (CAC/PR2-1990; CCPR Pesticide Classification No. 021), The Hague

Cook, WA., ed. (1987) Occupational Exposure Limits—Worldwide, Washington DC, American
Industrial Hygiene Association, pp. 119, 135, 177

County Natwest WoodMac (1990) Agrochemical Services, London, Wood Mackenzie & Co., p. 41

Crebelli, R., Bellincampi, D., Conti, G., Conti, L., Morpurgo, G. & Carere, A. (1986) A comparative
study on selected chemical carcinogens for chromosome malsegregation, mitotic crossing-over
and forward mutation induction in Aspergillus nidulans. Mutat. Res., 172, 139-149

Datta, PR. & Nelson, M.J. (1968) Enhanced metabolism of methyprylon, meprobamate and
chlordiazepoxide hydrochloride after chronic feeding of low dietary level of DDT to male and
female rats. Toxicol. appl. Pharmacol., 13, 346-352

David, D. (1977) Influence of DDT on the germinal gonadal population of quail embryos throughout
five successive generations (Fr.). C.R. Acad. Sci. Paris, 284, 949-952

Davidson, J.S., Baumgarten, I. & Harley, E.H. (1985) Use of a new citrulline incorporation assay
to investigate inhibition of intercellular communication by 1,1,1-trichloro-2,2-bis(p-chloro-
phenyl)ethane in human fibroblasts. Cancer Res., 45, 515-519



DDT AND ASSOCIATED COMPOUNDS 237

Dean, M.E., Smeaton, TC. & Stock, B.H. (1980) The influence of fetal and neonatal exposure to
dichlorodiphenyltrichloroethane (DDT) on the testosterone status of neonatal male rat. Toxicol.
appl. Pharmacol., 53, 315-322

De Flora, S. (1981) Study of 106 organic and inorganic compounds in the Sa/monella/microsome test.
Carcinogenesis, 2, 283-298

De Flora, S., Zanacchi, P, Camoirano, A., Bennicelli, C. & Badolati, G.S. (1984) Genotoxic activity
and potency of 135 compounds in the Ames reversion test and in a bacterial DNA-repair test.
Mutat. Res., 133, 161-198

De Flora, S., Camoirano, A., Izzotti, A., D’Agostini, F & Bennicelli, C. (1989) Photoactivation of
mutagens. Carcinogenesis, 10, 1089-1097

Deichmann, WB. & Keplinger, M.L. (1966) Effect of combinations of pesticides and reproduction of
mice (Abstract No. 11). Toxicol. appl. Pharmacol., 8, 337-338

Deichmann, W.B., Keplinger, M., Sala, E & Glass, E. (1967) Synergism among oral carcingoens. I'V.
Simultaneous feeding of four tumorigens to rats. Toxicol. appl. Pharmacol., 11, 88-103

Deichmann, WB., Keplinger, M., Dressler, I. & Sala, F. (1969) Retention of dieldrin and DDT in the
tissue of dogs fed aldrin and DDT individually and as a mixture. Toxicol. appl. Pharmacol., 14,
205-213

Deichmann, W.B., MacDonald, W.E., Beasley, A.G. & Cubit, D. (1971) Subnormal reproduction in
beagle dogs induced by DDT and aldrin. Ind. Med., 38, 10-20

Del Pup, J.A., Pasternack, B.S., Harley, N.H., Kane, PB. & Palmes, E.D. (1978) Effects of DDT on
stable laboratory mouse populations. J. Toxicol. environ. Health, 4, 671-687

Deutsche Forschungsgemeinschaft (1989) Maximum Concentrations at the Workplace and Biological
Tolerance Values for Working Materials 1989 (Report No. 25), Weinheim, VCH
Verlagsgessellschaft, p. 29

Ditraglia, D., Brown, D.P, Namekata, T. & Iverson, N. (1981) Mortality study of workers employed at
organochlorine pesticide manufacturing plants. Scand. J. Work Environ. Health, 7 (Suppl. 4),
140-146

Durham, WE, Ortega, P. & Hayes, W.J. (1963) The effect of various dietary levels of DDT on liver
function, cell morphology and DDT storage in the rhesus monkey. Arch. int. Pharmacodyn., 141,
111-129

Eden, W.G. & Arthur, B.W. (1965) Translocation of DDT and heptachlor in soybeans. J. econ.
Entomol., 58, 161-162

Epstein, S.S. & Shafner, H. (1968) Chemical mutagens in the human environment. Nature, 219,
385-387

Epstein, S.S., Arnold, E., Andrea, J, Bass, W. & Bishop, Y. (1972) Detection of chemical mutagens by
the dominant lethal assay in the mouse. Toxicol. appl. Pharmacol., 23, 288-325

Eriksson, M., Hardell, L., Berg, N.O., Moller, T & Axelson, O. (1981) Soft-tissue sarcomas and
exposure to chemical substances: a case-referent study. Br. J. ind. Med., 38, 27-33

Eriksson, M., Hardell, L. & Adami, H. (1990a) Exposure to dioxins as a risk factor for soft tissue
sarcoma: a population-based case-control study. J. narl Cancer Inst., 82, 486-490

Eriksson, P, Nilsson-Hakansson, L., Nordberg, A., Aspberg, A. & Fredriksson, A. (1990b) Neonatal
exposure to DDT and its fatty acid conjugate: effects on cholinergic and behavioural variables in
the adult mouse. Neurotoxicology, 11, 345-354

Fabro, S., McLachlan, J.A. & Dames, N.M. (1984) Chemical exposure of embryos during the
preimplantation stages of pregnancy: mortality rate and intrauterine development. Am. J. Obstet.
Gynecol., 148, 929-938



238 IARC MONOGRAPHS VOLUME 53

Fahmy, M.A.H., Fukudo, TR., Metcalf, R.L. & Holmstead, R.L. (1973) Structure-activity correlations
in DDT analogs. J. agric. Food Chem., 21, 585-591

FAO/WHO (1964) Evaluation of the Toxicity of Pesticide Residues in Food: Report of a Joint Meeting of
the FAO Committee on Pesticides in Agriculture and the WHO Expert Commiittee on Pesticide
Residues (FAO Meeting Report No. PL/1963/13: WHO/Food Add. 23), Rome

FAO/WHO (1965) Evaluation of the Toxicity of Pesticide Residues in Food: Deliberations of the Joint
Meeting of the FAO Committee on Pesticides in Agriculture and the WHO Expert Committee on
Pesticide Residues (FAO Meeting Report No. PL/1965/10/1; WHO/Food Add./27.65), Rome

FAO/WHO (1967a) Pesticide Residues in Food. Joint Report of the FAO Working Party on Pesticide
Residues and the WHO Expert Committee on Pesticide Residues (FAO Agricultural Studies, No.
73; WHO Technical Report Series, No. 370), Rome

FAO/WHO (1967b) Evaluation of Some Pesticide Residues in Food: Deliberations of the Joint Meeting
of the FAO Committee on Pesticides in Agriculture and the WHO Expert Committee on Pesticide
Residues (FAO/PL:CP/15; WHO/Food Add./67.32), Rome

FAO/WHO (1968a) Pesticide Residues. Report of the 1967 Joint Meeting of the FAO Working Party and
the WHO Expert Committee (FAO Meeting Report, No. PL:1967/M/11; WHO Technical Report
Series, No. 391), Geneva

FAO/WHO (1968b) 1967 Evaluations of Some Pesticide Residues in Food: Deliberations of the Joint
Meeting of the FAO Committee on Pesticides in Agriculture and the WHO Expert Committee on
Pesticide Residues (FAO/PL:1967/M/11/1; WHO/Food Add./68.30), Rome

FAO/WHO (1969) 1968 Evaluations of Some Pesticide Residues in Food (FAO/PL:1968/M/9/1;
WHO/Food Add./69.35), Geneva

FAO/WHO (1970a) Pesticide Residues in Food. Report of the 1969 Joint Meeting of the FAO Working
Party of Experts on Pesticide Residues and the WHO Expert Group on Pesticide Residues (FAO
Agricultural Studies. No. 84; WHO Technical Report Series, No. 458), Geneva

FAO/WHO (1970b) 1969 Evaluations of Some Pesticide Residues in Food: Deliberations of the Joint
Meeting of the FAO Committee on Pesticides in Agriculture and the WHO Expert Committee on
Pesticide Residues (FAO/PL:1969/M/17/1; WHO/Food Add./70.38), Rome

FAO/WHO (1978) Pesticide Residues in Food—1977. Report of the Joint Meeting of the FAO Panel of
Experts on Pesticide Residues and Environment and the WHO Expert Group on Pesticide Residues
(FAO Plant Production and Protection Paper 10 Rev.), Rome

FAO/WHO (1980a) Pesticide Residues in Food—1979. Report of the Joint Meeting of the FAO Panel of
Experts on Pesticide Residues in Food and the Environment and the WHO Expert Group on
Pesticide Residues (FAO Plant Production and Protection Paper 20), Rome

FAO/WHO (1980b) Pesticide Residues in Food: 1979 Evaluations. Data and Recommendations of the
Joint Meeting of the FAO Committee on Pesticides in Agriculture and the WHO Expert Commuttee
on Pesticide Residues (FAO Plant Production and Protection Paper 20), Rome

FAO/WHO (1981) Pesticide Residues in Food: 1980 Evaluations. Data and Recommendations of the
Joint Meeting of the FAO Committee on Pesticides in Agriculture and the WHO Expert Committee
on Pesticide Residues (FAO Plant Production and Protection Paper 26 Sup.), Rome

FAO/WHO (1984) Pesticide Residues in Food— 1983. Report of the Joint Meeting of the FAO Panel of
Experts on Pesticide Residues in Food and the Environment and the WHO Expert Group on
Pesticide Residues (FAO Plant Production and Protection Paper 56), Rome

FAO/WHO (1985) Pesticide Residues in Food— 1984. Report of the Joint Meeting on Pesticide Residues
(FAO Plant Production and Protection Paper 67), Rome



DDT AND ASSOCIATED COMPOUNDS 239

Fawcett, S.S.,, King, L.J., Bunyan, PJ. & Stanley, P1. (1987) The metabolism of 1#C-DDT, 4¥C-DDD,
%C-DDE and *C-DDMU in rats and Japanese quail. Xenobiotica, 17, 525-538

Fitzgerald, D.J., Piccoli, C. & Yamasaki, H. (1989) Detection of non-genotoxic carcinogens in the
BALB/c 3T3 cell transformation/mutation assay system. Mutagenesis, 4, 286-291

Fitzhugh, G.O. & Nelson, A.A. (1947) The chronic oral toxicity of DDT (2,2-bis(p-chloro-
phenyl)-1,1-trichloroethane. J. Pharmacol. exp. Ther., 39, 18-30

Flodin, U., Fredriksson, M., Persson, B. & Axelson, O. (1988) Chronic lymphatic leukaemia and
engine exhausts, fresh wood, and DDT: a case-referent study. Br. J. ind. Med., 45, 33-38

Flodstrom, S., Hemming, H., Warngard, L. & Ahlborg, U.G. (1990) Promotion of altered hepatic foci
development in rat liver, cytochrome P450 enzyme induction and inhibition of cell-cell
communication by DDT and some structurally related organohalogen pesticides.
Carcinogenesis, 11, 1413-1417

Foxall, C.D. & Maroko, J.B.M. (1984) Persistence of DDT in soil and on foliage following its
application to cotton crops in Kenya. Environ. Contam., 91-95

Fransson, R., Nicotera, P, Wirngérd, L. & Ahlborg, U.G. (1990) Changes in cytosolic Ca2* are not
involved in DDT-induced loss of gap junctional communication in WB-F344 cells. Cell Biol.
Toxicol., 6, 235-244

Fry, D.M. & Toone, C.K. (1981) DDT-induced feminization of gull embryos. Science, 213, 922-924

Fuhremann, TW. & Lichtenstein, E.P. (1980) A comparative study of the persistence, movement, and
metabolism of six carbon-14 insecticides in soils and plants. J. agric. Food Chem., 28, 446-452

Galloway, S.M., Armstrong, M.J., Reuben, C., Colman, S., Brown, B., Cannon, C., Bloom, A.D,,
Nakamura, F, Ahmed, M., Duk, S., Rimpo, J., Margolin, B.H,, Resnick, M.A., Anderson, B. &
Zeiger, E. (1987) Chromosome aberrations and sister chromatid exchanges in Chinese hamster
ovary cells: evaluations of 108 chemicals. Environ. mol. Mutagenesis, 10 (Suppl. 10), 1-175

Gargus, J.L., Paynter, O.E. & Reese, WH., Jr (1969) Utilization of newborn mice in the bioassay of
chemical carcinogens. Toxicol. appl. Pharmacol., 15, 552-559

Gellert, R. & Heinrichs, W. (1975) Effects of DDT homologs administered to female rats during the
perinatal period. Biol. Neonate, 26, 283-290

Gellert, R., Heinrichs, W. & Swerdloff, R. (1974) Effects of neonatally administered DDT homologs
on reproductive function in male and female rats. Neuroendocrinology, 16, 84-94

Gingell, R. (1976) Metabolism of 14C-DDT in the mouse and hamster. Xenobiotica, 6, 15-20

Gingell, R. & Wallcave, L. (1974) Species differences in the acute toxicity and tissue distribution of
DDT in mice and hamsters. Toxicol. appl. Pharmacol., 28, 385-394

Glatt, H.R. & Oesch, E (1987) Species differences in enzymes controlling reactive epoxides. Arch.
Toxicol., Suppl. 10, 111-124

Gold, B. & Brunk, G. (1982) Metabolism of 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane in the
mouse. Chem.-biol. Interactions, 41, 327-339

Gold, B. & Brunk, G. (1984) A mechanistic study of the metabolism of 1, 1-dichloro-2,2-
bis(p-chlorophenyl)ethane (DDD) to 2,2-bis(p-chlorophenyl)acetic acid (DDA). Biochem.
Pharmacol., 33, 979-982

Gold, B. & Brunk, G. (1986) The effect of subchronic feeding of 1,1-dichloro-2,2-bis(4’-chloro-
phenyl)ethene (DDE) on its metabolism in mice. Carcinogenesis, 7, 1149-1153

Gold, B., Leuschen, T, Brunk, G. & Gingell, R. (1981) Metabolism of a DDT metabolite via a
chloroepoxide. Chem.-biol. Interactions, 35, 159-176

Government of Canada (1990) Report on National Surveillance Data from 1984/85 to 1988/89, Ottawa



240 IARC MONOGRAPHS VOLUME 53

Graillot, C., Gak, J.C., Lancret, C. & Truhaut, R. (1975) On the modes and mechanisms of toxic
activity of organochlorine insecticides. II. Study in hamster of long-term toxicity of DDT (Fr.).
Eur. J. Toxicol., 8, 353-359

Griffin, D.E., III & Hill, WE. (1978) In vitro breakage of plasmid DNA by mutagens and pesticides.
Mutat. Res., 52, 161-169

Grosch, D.S. & Valcovic, L.R. (1967) Chlorinated hydrocarbon insecticides are not mutagenic in
Bracon hebetor tests. J. econ. Entomol., 60, 1177-1179

Halver, J.E. (1967) Crystalline aflatoxin and other vectors for trout hepatoma. In: Halver, J.E. &
Mitchell, L.A., eds, Trout Hepatoma Research Conference Papers (Bureau of Sport Fisheries and
Wild Life Research Rep. No. 70), Washington DC, Department of the Interior, pp. 78-102

Hardell, L. (1981) Relation of soft-tissue sarcoma, malignant lymphoma and colon cancer to phenoxy
acids, chlorophenols and other agents. Scand. J. Work Environ. Health, 7, 119-130

Hardell, L. & Eriksson, M. (1988) The association between soft tissue sarcomas and exposure to
phenoxyacetic acids. Cancer, 62, 652-656

Hardell, L. & Sandstrém, A. (1979) Case-control study: soft-tissue sarcomas and exposure to
phenoxyacetic acids or chlorophenols. Br. J. Cancer, 39, 711-717

Hardell, L., Eriksson, M., Lenner, P. & Lundgren, E. (1981) Malignant lymphoma and exposure to
chemicals, especially organic solvents, chlorophenols and phenoxy acids: a case-control study.
Br. J. Cancer, 43, 169-176

Hardell, L., Johansson, B. & Axelson, O. (1982) Epidemiological study of nasal and nasopharyngeal
cancer and their relation to phenoxy acid or chlorophenol exposure. Am. J. ind. Med., 3,247-257

Hardell, L., Bengtsson, N.O., Jonsson, U., Eriksson, S. & Larsson, L.G. (1984) Actiological aspects on
primary liver cancer with special regard to alcohol, organic solvents and acute intermittent
porphyria—an epidemiological investigation. Br. J. Cancer, 50, 389-397

Harris, C.R. & Sans, W.W.(1967) Absorption of organochlorine insecticide residues from agricultural
soils by root crops. J. agric. Food Chem., 15, 861-863

Hayes, W.J. (1982) Pesticides Studied in Man, Baltimore, MD, Williams & Wilkins, pp. 180-208

Health and Safety Executive (1987) Occupational Exposure Limits 1987 (Guidance Note EH 40/87),
London, Her Majesty’s Stationery Office, p. 21

Health and Welfare Canada (1990) National Pesticide Residue Limits in Foods, Ottawa, Bureau of
Chemical Safety, Food Directorate, Health Protection Branch

Hoar Zahm, S, Blair, A., Holmes, EF, Boysen, C.D. & Robel, R.J. (1988) A case-referent study of
soft-tissue sarcoma and Hodgkin’s disease. Scand. J. Work Environ. Health, 14, 224-230

Hoffman, D.L. & Mattox, V.R. (1972) Treatment of adrenocortical carcinoma with o,p'-DDD. Med.
Clin. N. Am., 56, 999-1012

Hofvander, Y., Hagman, U, Linder, C.-E., Vaz, R. & Slorach, S.A. (1981) WHO Collaborative Breast
Feeding Study: I. Organochlorine contaminants in individual samples of Swedish human milk,
1978-1979. Acta paediatr. scand., 70, 3-8

Horwitz, W, ed. (1975a) Official Methods of Analysis of the Association of Official Analytical Chemists,
12th ed., Washington DC, Association of Official Analytical Chemists, pp. 81-82

Horwitz, W, ed. (1975b) Official Methods of Analysis of the Association of Official Analytical Chemists,
12th ed., Washington DC, Association of Official Analytical Chemists, pp. 107-109

Horwitz, W, ed. (1975¢) Official Methods of Analysis of the Association of Official Analytical Chemists,
12th ed., Washington DC, Association of Official Analytical Chemists, pp. 518-528

Horwitz, W, ed. (1975d) Official Methods of Analysis of the Association of Official Analytical Chemists,
12th ed., Washington DC, Association of Official Analytical Chemists, pp. 540-542



DDT AND ASSOCIATED COMPOUNDS 241

Hrdina, PD., Singhal, RL. & Ling, GM. (1975) DDT and related chlorinated hydrocarbon
insecticides: pharmacological basis of their toxicity in mammals. Adv. Pharmacol. Chemother.,
12, 31-88

IARC (1974) IARC Monographs on the Evaluation of Carcinogenic Risk of Chemicals to Man, Vol. 5,
Some Organochlorine Pesticides, Lyon, pp. 83-124

TARC (1987a) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Suppl. 7, Overall
Evaluations of Carcinogenicity: An Updating of IARC Monographs Volumes 1 to 42, Lyon, pp.
186-189

TARC (1987b) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Suppl. 7, Overall
Evaluations of Carcinogenicity: An Updating of IARC Monographs Volumes 1 to 42, Lyon, pp.
192-193

IARC (1989a) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol. 47, Some
Organic Solvents, Resin Monomers and Related Compounds, Pigments and Occupational
Exposures in Paint Manufacture and Painting, Lyon, pp. 125-156

IARC (1989b) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol. 45,
Occupational Exposures in Petroleum Refining; Crude Oil and Major Petroleum Fuels, Lyon, pp.
39-117

Innes, J. R M,, Ulland, B.M,, Valerio, M.G., Petrucelli, L., Fishbein, L., Hart, E.R., Pallotta, A.J., Bates,
R.R., Falk, H.L., Gart, J.J., Klein, M., Mitchell, I. & Peters, J. (1969) Bioassay of pesticides and
industrial chemicals for tumorigenicity in mice. A preliminary note. J. natl Cancer Inst., 42,
1101-1114

Ioannides, C., Lum, P.Y. & Parke, D.V.(1984) Cytochrome P-448 and the activation of toxic chemicals
and carcinogens. Xenobiotica, 14, 119-137

Ito, N., Tsuda, H., Hasegawa, R. & Imaida, K. (1983) Comparison of the promoting effect of various
agents in induction of preneoplastic lesions in rat liver. Environ. Health Perspect., 50, 131-138

Izmerov, N.E, ed. (1983) International Register of Potentially Toxic Chemicals. Scientific Reviews of
Soviet Literature on Toxicity and Hazards of Chemicals: DDT (Issue 39), Moscow, Centre of
International Projects, United Nations Environment Programme

Jelinek, R., Peterka, M. & Rychter, Z. (1985) Chick embryotoxicity screening test— 130 substances
tested. Indian J. exp. Biol., 23, 588-595

Jensen, S. & Jansson, B. (1976) Anthropogenic substances in seal from the Baltic. Methyl sulfone
metabolites of PCB and DDE. Ambio, 5, 257-260

Johnson, G.A. & Jalal, S.M. (1973) DDT-induced chromosomal damage in mice. J. Hered., 64, 7-8

Kashyap, S K., Nigam, S K., Karnik, A B., Gupta, R.C. & Chatterjee, S.K. (1977) Carcinogenicity of
DDT (dichlorodiphenyl trichloroethane) in pure inbred Swiss mice. Int. J. Cancer, 19, 725-729

Keil, J.E., Loadholt, C.D., Weinrich, M.C., Sandifer, S.H. & Boyle, E., Jr (1984) Incidence of coronary
heart disease in blacks in Charleston, South Carolina. Am. Heart J., 108, 779-786

Kelly-Garvert, F. & Legator, M.S. (1973) Cytogenetic and mutagenic effects of DDT and DDE in a
Chinese hamster cell line. Mutat. Res., 17, 223-229

Klaunig, J.E. & Ruch, RJ. (1987) Strain and species effects on the inhibition of hepatocyte
intercellular communication by liver tumor promoters. Cancer Lett., 36, 161-168

Klaunig, J.E., Goldblatt, P.J., Hinton, D.E., Lipsky, M.M. & Trump, B.E (1984) Carcinogen induced
unscheduled DNA synthesis in mouse hepatocytes. Toxicol. Pathol., 12, 119-125

Klaunig, J.E,, Ruch, R.J. & Weghorst, C.M. (1990) Comparative effects of phenobarbital, DDT, and

lindane on mouse hepatocyte gap junctional intercellular communication. Toxicol. appl.
Pharmacol., 102, 553-563



242 IARC MONOGRAPHS VOLUME 53

Klein, D., Diilon, J.C., Jirou-Najou, J.L., Gagey, M.J. & Debry, G. (1986) The elimination kinetics of
organochlorine compounds during the first week of maternal breast feeding (Fr.). Food chem.
Toxicol., 24, 869-873

Krause, W, Hamm, K. & Weissmiiller, J. (1975) The effect of DDT on spermatogenesis of the juvenile
rat. Bull. environ. Contam. Toxicol., 14, 171-179

Kreiss, K., Zack, M.M. & Kimbrough, R.D. (1981) Cross-sectional study of a community with
exceptional exposure to DDT. J. Am. med. Assoc., 245, 1926-1930

Kurata, M., Hirose, K. & Umeda, M. (1982) Inhibition of metabolic cooperation in Chinese hamster
cells by organochlorine pesticides. Gann, 73, 217-221

Lacassagne, A. & Hurst, L. (1965) Experimental tumours of the interstitial gland of rats during
oncogenesis by o,p-dichlorodiphenyldichloroethane in the testicle (Fr.). Bull. Cancer, 52, 89-104

Langenbach, R. & Gingell, R. (1975) Cytotoxic and oncogenic activities of 1,1,1-trichloro-2,2-bis(p-
chlorophenyl)ethane and metabolites to mouse embryo cells in culture. J. natl Cancer Inst., 54,
981-983

Larsen, K.D. & Jalal, S.M. (1974) DDT induced chromosome mutation in mice —further testing. Can.
J. Genet. Cytol., 16, 491-497

Legator, M.S., Palmer, K.A. & Adler, L.-D. (1973) A collaborative study of in vivo cytogenetic analysis.
L Interpretation of slide preparations. Toxicol. appl. Pharmacol., 24, 337-350

Lessa, J.M.M., Begak, W, Nazareth Rabello, M., Pereira, C.A.B. & Ungaro, M.T. (1976) Cytogenetic
study of DDT on human lymphocytes in vitro. Mutat. Res., 40, 131-138

Lillard, D.A. & Noles, R.K. (1973) Effect of force molting and induced hyperthyroidism on the
depletion of DDT residues from the laying hen. Poultry Sci., 52, 222-228

Lipsky, M.M., Trump, B.F. & Hinton, D.E. (1989) Histogenesis of dieldrin and DDT-induced
hepatocellular carcinoma in BALB/c mice. J. environ. Pathol. Toxicol. Oncol., 9, 79-93

Luke, M.A., Masumoto, H.T, Cairns, T, & Hundley, H.K. (1988) Levels and incidences of pesticide
residues in various foods and animal feeds analyzed by the Luke multiresidue methodology for
fiscal years 1982-1986. J. Assoc. off anal. Chem., 71, 415-433

Lund, B.-O. (1989) Formation and Toxicity of Reactive Intermediates in the Metabolism of DDT in Mice
(Thesis), Uppsala, Swedish University of Agricultural Sciences

Lund, B.-O., Klasson-Wehler, E. & Brandt, 1. (1986) 0,p’-DDD in the mouse lung: selective uptake,
covalent binding and effect on drug metabolism. Chem.-biol. Interactions, 60, 129-141

Lund, B.-O., Bergman, A. & Brandt, I. (1988) Metabolic activation and toxicity of a DD T-metabolite,
3-methylsulphonyl-DDE in the adrenal zona fasciculata in mice. Chem.-biol. Interactions, 65,
25-40

Luquet, F-M., Goursaud, J. & Casalis, J. (1974) Pollution of French human milk by organochlorine
pesticide residues (Fr.). Aliment. Vie, 62, 40-69

Luton, J.P,, Mahoudeau, J.A., Bouchard, P, Thieblot, P, Hautecouverture, M., Simon, D., Laudat,
M.H., Touitou, Y. & Bricaire, H. (1979) Treatment of Cushing’s disease by 0,p'-DDD. Survey of
62 cases. New Engl. J. Med., 300, 459-464 '

Mahr, U. & Miltenburger, H.G. (1976) The effect of insecticides on Chinese hamster cell cultures.
Mutat. Res., 40, 107-118

Mamber, S.W,, Bryson, V. & Katz, S.E. (1984) Evaluation of Escherichia coli K12 inductest for
detection of potential chemical carcinogens. Mufat. Res., 130, 141-151

Marshall, T.C., Dorough, H.W. & Swim, H.E. (1976) Screening of pesticides for mutagenic potential
using Salmonella typhimurium mutants. J agric. Food Chem., 24, 560-563



DDT AND ASSOCIATED COMPOUNDS 243

Maslansky, C.J. & Williams, G.M. (1981) Evidence for an epigenetic mode of action in organochlorine
pesticide hepatocarcinogenicity: a lack of genotoxicity in rat, mouse and hamster hepatocytes.
J. Toxicol. environ. Health, 8, 121-130

Mason, R.R. & Schulte, G.J. (1981) Interaction of o,p’-DDT with the estrogen-binding protein (EBP)
of DMBA-induced rat mammary tumors. Res. Commun. chem. Pathol. Pharmacol., 33, 119-128

Matsui, S, Yamamoto, R. & Yamada, H. (1989) The Bacillus subtilis/microsome rec-assay for the
detection of DNA damaging substances which may occur in chlorinated and ozonated waters.
Water Sci. Technol., 21, 875-887

McCann, J., Choi, E., Yamasaki, E. & Ames, B.N. (1975) Detection of carcinogens as mutagens in the
Salmonella/microsome test: assay of 300 chemicals. Proc. natl Acad. Sci. USA, 72, 5135-5139

Mehrotra, K.M. (1985) Use of DDT and its environmental effects in India. Proc. Indian natl Sci. Acad.,
B51, 169-184

Meister, R.T, ed. (1990) Farm Chemicals Handbook 90, Willoughby, OH, Meister Publishing Co.,
p. C91

Mellanby, K. (1989) DDT in perspective. In: Progress and Prospects in Insect Control (BCPC
Monograph 43), Thornton Heath, British Crop Protection Council, pp. 3-20

Mes, J., Doyle, J.A., Adams, B.R., Davies, D.J. & Turton, D. (1984) Polychlorinated biphenyls and
organochlorine pesticides in milk and blood of Canadian women during lactation. Arch. environ.
Contam. Toxicol., 13, 217-223

Milham, S.Y. (1983) Occupational Mortality in Washington State 1950-1979 (DHHS No. 83-116),
Cincinnati, OH, National Institute for Occupational Safety and Health

Mitjavila, S., Carrera, G. & Fernandez, Y. (1981) I1. Evaluation of the toxic risk of accumulated DDT
in the rat: during fat mobilization. Arch. environ. Contam. Toxicol., 10, 471-481

Morgan, D.P. & Roan, C.C. (1971) Absorption, storage and metabolic conversion of ingested DDT
and DDT metabolites in man. Arch. environ. Health, 22, 301-308

Morgan, D.P, Lin, LI & Saikaly, H.H. (1980) Morbidity and mortality in workers occupationally
exposed to pesticides. Arch. environ. Contam. Toxicol., 9, 349-382

Moriya, M., Ohta, T, Watanabe, K., Miyazawa, T, Kato, K. & Shirasu, Y. (1983) Further mutagenicity
studies on pesticides in bacterial reversion assay systems. Mutat. Res., 116, 185-216

Mortelmans, K., Haworth, S., Lawlor, T, Speck, W, Tainer, B. & Zeiger, E. (1986) Salmonella
mutagenicity tests: II. Results from the testing of 270 chemicals. Environ. Mutagenesis, 8 (Suppl.
7), 1-119

Moser, G.J. & Smart, R.C. (1989) Hepatic tumor-promoting chlorinated hydrocarbons stimulate
protein kinase C activity. Carcinogenesis, 10, 851-856

Murphy, P.G. (1971) The effect of size on the uptake of DDT from water by fish. Bull. environ. Contam.
Toxicol., 6, 20-23

Nazareth Rabello, M., Becak, W, de Almeida, WF, Pigati, P, Ungaro, M. T, Murata, T. & Pereira,
C.A.B. (1975) Cytogenetic study on individuals occupationally exposed to DDT. Mutat. Res., 28,
449-454

Nishimura, N., Nishimura, H. & Oshima, H. (1982) Survey on mutagenicity of pesticides by the
Salmonella-microsome test. J. Aichi med. Univ. Assoc., 10, 305-312

O’Leary, J.A,, Davies, J.E. & Feldman, M. (1970) Spontaneous abortion and human pesticide
residues of DDT and DDE. Am. J. Obstet. Gynecol., 108, 1291-1291

Ottoboni, A. (1969) Effect of DDT on reproduction in the rat. Toxicol. appl. Pharmacol., 14, 74-81

Ottoboni, A., Bissell, G. & Hexter, A. (1977) Effects of DDT on reproduction in multiple generations
of beagle dogs. Arch. environ. Contam. Toxicol., 6, 83-101



244 IARC MONOGRAPHS VOLUME 53

Palmer, K.A,, Green, S. & Legator, M.S. (1972) Cytogenetic effects of DDT and derivatives of DDTin
a cultured mammalian cell line. Toxicol. appl. Pharmacol., 22, 355-364

Palmer, K.A., Green, S. & Legator, M.S. (1973) Dominant lethal study of p,p’-DDT in rats. Food
Cosmet. Toxicol., 11, 53-62

Peraino, C., Fry, RJ.M,, Staffeldt, E. & Christopher, J.P. (1975) Comparative enhancing effects of
phenobarbital, amobarbital, diphenylhydantoin and dichlorodiphenyltrichloroethane on
2-acetylaminofluorene-induced hepatic tumorigenesis in the rat. Cancer Res., 35, 2884-2890

Perini, G. & Ghezzo, F. (1970) Urinary dichlorodiphenylacetic acid (DDA) levels in the rural
population of Ferrara (Ital.). Arcisp. S. Anna di Ferrara, 23, 549-558

Persson, B., Dahlander, A.-M., Fredriksson, M., Brage, H.N., Ohlson, C.G. & Axelson, O. (1989)
Malignant lymphomas and occupational exposures. Br. J. ind. Med., 46, 516-520

Pielou, D.P. (1952) The nonmutagenic action of p,p’-DDT and Y-hexachlorocyclohexane in Drosophila
melanogaster Meig. (diptera: drosophilidae). Can. J. Zool., 30, 375-377

Planche, G., Croisy, A., Malaveille, C., Tomatis, L. & Bartsch, H. (1979) Metabolic and mutagenicity
studies on DDT and 15 derivatives. Detection of 1, 1-bis(p-chlorophenyl)-2,2-dichloroethane and
1,1,-bis(p-chlorophenyl)-2,2,2-trichloroethyl ~acetate (kelthane acetate) as mutagens in
Salmonella typhimurium and of 1,1-bis(p-chlorophenyl) ethylene oxide, a likely metabolite, as an
alkylating agent. Chem.-biol. Interactions, 25, 157-175

Probst, G.S., McMahon, RE. Hil, LE, Thompson, C.Z, Epp, JK. & Neal, S.B. (1981)
Chemically-induced unscheduled DNA synthesis in primary rat hepatocyte cultures: a
comparison with bacterial mutagenicity using 218 compounds. Environ. Mutagenesis, 3, 11-32

Procianoy, R.S. & Schvartsman, S. (1981) Blood pesticide concentration in mothers and their
newborn infants. Relation to prematurity. Acta paediatr. scand., 70, 925-928

Radomski, J.L., Deichmann, WB., MacDonald, WE. & Glass, E.M. (1965) Synergism among oral
carcinogens. 1. Results of simultaneous feeding of four tumorigens to rats. Toxicol. appl.
Pharmacol., 7, 652-656

Rashid, K.A. & Mumma, R.O. (1986) Screening pesticides for their ability to damage bacterial DNA.
J. environ. Sci. Health, B21, 319-334

Reif, VD. & Sinsheimer, J.E. (1975) Metabolism of 1-(o-chlorophenyl)-1-(p-chlorophenyl)-2,2-
dichloroethane (o,p’-DDD) in rats. Drug Metab. Dispos., 3, 15-25

Reuber, M.D. (1978) Carcinomas of the liver in Osborne-Mendel rats ingesting DDT. Tumori, 64,
571-577

Reuber, M.D. (1979) Interstitial cell carcinomas of the testis in BALB/c male mice ingesting
methoxychlor. J. Cancer Res. clin. Oncol., 93, 173-179

Ritter, L. & Wood, G. (1989) Evaluation and regulation of pesticides in drinking water. A Canadian
approach. Food Addit. Contam., 6 (Suppl. 1), S87-594

Roan, C.C. (1970) They’re eating DDT! Farm Chem., 133, 44, 46

Roan, C., Morgan, D. & Paschal, E.H. (1971) Urinary excretion of DDA following ingestion of DDA
and DDT metabolites in man. Arch. environ. Health, 22, 309-315

Robison, A.K., Schmidt, W.A. & Stancel, G.M. (1985a) Estrogenic activity of DDT: estrogen-receptor
profiles and the responses of individual uterine cell types following o,p’-DDT administration.
J. Toxicol. environ. Health, 16, 493-508

Robison, A K., Sirbasku, D.A. & Stancel, G.M. (1985b) DDT supports the growth of an
estrogen-responsive tumor. Toxicol. Lett., 27, 109-113



DDT AND ASSOCIATED COMPOUNDS 245

Rocchi, P, Perocco, P, Alberghini, W, Fini, A. & Prodi, G. (1980) Effect of pesticides on scheduled
and unscheduled DNA synthesis of rat thymocytes and human lymphocytes. Arch. Toxicol., 45,
101-108

Rogan, WJ,, Gladen, B.C., McKinney, J.D., Carreras, N., Hardy, P, Thullen, J., Tingelstad, J. & Tully,
M. (1986) Neonatal effects of transplacental exposure to PCBs and DDE. J. Pediatr, 109, 335-341

Rossi, L., Ravera, M. Repetti, G. & Santi, L. (1977) Long-term administration of DDT or
phenobarbital-Na in Wistar rats. Int. J. Cancer, 19, 179-185

Rossi, L., Barbieri, O., Sanguineti, M., Cabral, J.R.P, Bruzzi, P. & Santi, L. (1983) Carcinogenicity
study with technical-grade dichlorodiphenyltrichloroethane and 1, 1-dichloro-2,2,-bis(p-chloro-
phenyl)ethylene in hamsters. Cancer Res., 43, 776-781

Rovinsky, Y., Afanasyev, M.I,, Burtseva, L.V. & Yushkan, E.I (1988) Methods of background
environmental pollution monitoring applied in CMEA member countries. Int. J. environ. anal.
Chem., 32, 167-176

Sadtler Research Laboratories (1980) The Sadtler Standard Spectra, 1980 Cumulative Index,
Philadelphia, PA

Sadtler Research Laboratories (1990) The Sadtler Standard Spectra, 1990 Cumulative Index,
Philadelphia, PA

Saxena, M.C,, Siddiqui, M.K.J., Agarwal, V. & Kuuty, D. (1983) A comparison of organochlorine
insecticide contents in specimens of maternal blood, placenta, and umbilical-cord blood from
stillborn and live-born cases. J. Toxicol. environ. Health, 11, 71-79

Schiestl, R.H. (1989) Nonmutagenic carcinogens induce intrachromosomal recombination in yeast.
Nature, 337, 285-288

Schiestl, R.H., Gietz,z R.D., Mehta, RD. & Hastings, PJ. (1989) Carcinogens induce
intrachromosomal recombination in yeast. Carcinogenesis, 10, 1445-1455

Scribner, J.D. & Mottet, N.K. (1981) DDT acceleration of mammary gland tumors induced in the
male Sprague-Dawley rat by 2-acetamidophenanthrene. Carcinogenesis, 2, 1235-1239

Shabad, L.M., Kolesnichenko, TS. & Nikonova, TV. (1973) Transplacental and combined long-term
effect of DDT in five generations of A-strain mice. Int. J. Cancer, 11 , 688-693

Shellenberger, TE. (1978) A multi-generation toxicity evaluation of p,p’-DDT and dieldrin with
Japanese quail. I. Effects on growth and reproduction. Drug chem. Toxicol., 1, 137-146

Shivapurkar, N., Hoover, K.L. & Poirier, L.A. (1986) Effect of methionine and choline on liver tumor
promotion by phenobarbital and DDT in diethylnitrosamine-initiated rats. Carcinogenesis, 7,
547-550

Simmon, VE & Kauhanen, K. (1978) In Vitro Microbiological Mutagenicity Assays of 1,3-Dichloro-
propene (SRI International Report Project Lsu-5612), Washington DC, US Environmental
Protection Agency '

Simmon, VE, Kauhanen, K. & Tardiff, R.G. (1977) Mutagenic activity of chemicals identified in
drinking water. Dev. Toxicol. environ. Sci., 2, 249-258

Sina, J.F, Bean, C.L., Dysart, G.R,, Taylor, VI. & Bradley, M.O. (1983) Evaluation of the alkaline
elution/rat hepatocyte assay as a predictor of carcinogen/mutagenic potential. Mutat. Res., 113,
357-391

Southern, A.L,, Tochimoto, S., Strom, L., Ratuschni, A., Ross, H. & Gordon, G. (1966) Remission in
Cushing’s syndrome with o,p'-DDD. J. clin. Endocrinol., 26, 268-278

Sugie, S., Mori, H. & Takahashi, M. (1987) Effect of in vivo exposure to the liver tumor promoters
phenobarbital or DDT on the gap junctions of rat hepatocytes: a quantitative freeze-fracture
analysis. Carcinogenesis, 8, 45-51 '



246 IARC MONOGRAPHS VOLUME 53

Swartz, WJ. (1984) Effects of 1,1-bis(p-chlorophenyl)-2,2,2-trichloroethane (DDT) on gonadal
development in the chick embryo: a histological and histochemical study. Environ. Res., 35,
333-345

Swenberg, J.A. (1981) Utilization of the alkaline elution assay as a short-term test for chemical
carcinogens. In: Stich, H.F. & San, R.H.C,, eds, Short-term Tests for Chemical Carcinogens, New
York, Springer-Verlag, pp. 48-58

Swenberg, J.A., Petzold, G.L. & Harbach, PR.(1976) In vitro DNA damage/alkaline elution assay for
predicting carcinogenic potential. Biochem. biophys. Res. Commun., 72, 732-738

Tarjan, R. & Kemény, T. (1969) Multigeneration studies on DDT in mice. Food Cosmet. Toxicol., 7,
215-222

Taylor, D.G. (1977) NIOSH Manual of Analytical Methods, 2nd ed., Vol. 3 (DHEW (NIOSH) Publ. No.
77/157-C; US NTIS PB-276838), Cincinnati, OH, National Institute for Occupational Safety and
Health, pp. S274-1—S8274-7

Terracini, B., Testa, M.C,, Cabral, J.R. & Day, N. (1973a) The effects of long-term feeding of DDT to
BALBY/c mice. Int. J. Cancer, 11, 747-764

Terracini, B., Cabral, RJ. & Testa, M.C. (1973b) A multigeneration study on the effect of continuous
administration of DDT to BALB/c mice. In: Deichmann, W.B,, ed., Proceedings of the 8th
Inter-American Conference on Toxicology: Pesticides and the Environment, A Continuing
Controversy. Miami, Florida, 1973, New York, Intercontinental Medical Book Corp., pp. 77-85

Thorpe, E. & Walker, A.LT. (1973) The toxicology of dieldrin (HEOD). II. Comparative long-term oral

toxicity studies in mice with dieldrin, DDT, phenobarbitone, B-BHC and y-BHC. Food Cosmet.
Toxicol., 11, 433-442

Tomatis, L., Turusov, V, Day, N. & Charles, R.T. (1972) The effect of long-term exposure to DDT on
CF-1 mice. Int. J. Cancer, 10, 489-506

Tomatis, L., Turusov, V,, Charles, RT & Boicchi, M. (1974) Effect of long-term exposure to
1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene, to 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane,
and to the two chemicals combined on CF-1 mice. J. natl Cancer Inst., 52, 883-891

Tong, C., Fazio, M. & Williams, G.M. (1981) Rat hepatocyte-mediated mutagenesis of human cells by

carcinogenic polycyclic aromatic hydrocarbons but not organochlorine pesticides. Proc. Soc.
exp. Biol. Med., 167, 572-575

Topham, J.C. (1980) Do induced sperm-head abnormalities in mice specifically identify mammalian
mutagens rather than carcinogens? Mutat. Res., 74, 379-387

Tsushimoto, G., Chang, C.C,, Trosko, J.E. & Matsumura, F (1983) Cytotoxic, mutagenic and cell-cell
communication inhibitory properties of DDT, lindane and chlordane on Chinese hamster cells in
vitro. Arch. environ. Contam. Toxicol., 12, 721-730

‘Turusov, V.S,, Day, N.E,, Tomatis, L., Gati, E. & Charlés, R.T.(1973) Tumors in CF-1 mice exposed for
six consecutive generations to DDT. J. nat! Cancer Inst., 51, 983-997

Ty6suojeluhallitus (National Finnish Board of Occupational Safety and Health) (1987) HTP-Azvot
1987 [TLV Values 1987] (Safety Bull. 25), Helsinki, p. 12 (in Finnish)

Unger, M. & Olsen, J. (1980) Organochlorine compounds in the adipose tissue of deceased people
with and without cancer. Environ. Res., 23, 257-263

Unger, M., Olsen, J. & Clausen, J. (1982) Organochlorine compounds in the adipose tissue of

deceased persons with and without cancer: a statistical survey of some potential confounders.
Environ. Res., 29, 371-376



DDT AND ASSOCIATED COMPOUNDS 247

Unger, M., Kiaer, H., Blichert-Toft, M., Olsen, J. & Clausen, J. (1984) Organochlorine compounds in
human breast fat from deceased with and without breast cancer and in a biopsy material from
newly diagnosed patients undergoing breast surgery. Environ. Res., 34, 24-28

Uphouse, L. & Williams, J. (1989) Sexual behavior of intact female rats after treatment with o,p’-DDT
or p,p'-DDT. Reprod. Toxicol., 3, 33-41

US Environmental Protection Agency (1980) Ambient Water Quality Criteria for DDT (US EPA Report
EPA 440/5-80-038; US NTIS PB81-117491), Washington DC, Office of Water Regulations and
Standards

US Environmental Protection Agency (1986a) Method 8080. Organochlorine pesticides and PCBs. In:
Test Methods for Evaluating Solid Waste— Physical/Chemical Methods, 3rd ed. (US EPA No.
SW-846), Washington DC, Office of Solid Waste and Emergency Response

US Environmental Protection Agency (1986b) Method 8250. Gas chromatography/mass spectro-
metry for semivolatile organics: packed column technique. In: Test Methods for Evaluating Solid
Waste— Physical/ Chemical Methods, 3rd ed. (US EPA No. SW-846), Washington DC, Office of
Solid Waste and Emergency Response

US Environmental Protection Agency (1986c) Method 8270. Gas chromatography/mass
spectrometry for semivolatile organics: capillary column technique. In: Test Methods for
Evaluating Solid Waste— Physical/Chemical Methods, 3rd ed. (US EPA No. SW-846), Washington
DC, Office of Solid Waste and Emergency Response

US Environmental Protection Agency (1988a) Method TO-4. Method for the determination of
organochlorine pesticides and polychlorinated biphenyls in ambient air. In: Compendium of
Methods for the Determination of Toxic Organic Compounds in Ambient Air (US EPA Report No.
EPA-600/4-89-017; US NTIS PB90-116989), Research Triangle Park, NC, Atmospheric Research
and Exposure Assessment Laboratory

US Environmental Protection Agency (1988b) Method TO-10. Method for the determination of
organochlorine pesticides in ambient air using low volume polyurethane foam (PUF) sampling
with gas chromatography/electron capture detector (GC/ECD). In: Compendium of Methods for
the Determination of Toxic Organic Compounds in Ambient Air (US EPA Report No. EPA-
600/4-89-017; US NTIS PB90-116989), Research Triangle Park, NC, Atmospheric Research and
Exposure Assessment Laboratory

US Environmental Protection Agency (1988c) Method 508. Determination of chlorinated pesticides
in water by gas chromatography with an electron capture detector. In: Methods for the
Determination of Organic Compounds in Drinking Water (EPA Report No. EPA-600/4-88-039; US
NTIS PB89-220461), Cincinnati, OH, Environmental Monitoring Systems Laboratory

US Environmental Protection Agency (1989a) Method 608 —organochlorine pesticides and PCBs. US
Code fed. Regul., Title 40, Part 136, Appendix A, pp. 354-374

US Environmental Protection Agency (1989b) Method 625—base/neutrals and acids. US Code fed.
Regul., Title 40, Part 136, Appendix A, pp. 447-474

US Food and Drug Administration (1990) Action levels for residues of certain pesticides in food and
feed. Fed. Reg., 55, 14359-14363

US National Cancer Institute (1978) Bioassays of DDT, TDE, and pp'-DDE for Possible
Carcinogenicity (Technical Report No. 131; PB-286 367), Bethesda, MD

US National Technical Information Service (1968) Evaluation of Carcinogenic, Teratogenic and
Mutagenic Activities of Selected Pesticides and Industrial Chemicals, Vol. 1, Carcinogenic Study,
Washington DC

US Occupational Safety and Health Administration (1989) Air contaminants—permissible exposure
limits. US Code fed. Regul., Title 29, Part 1910.1000



248 IARC MONOGRAPHS VOLUME 53

Vainio, H. (1974) Enhancement of hepatic microsomal drug oxidation and glucuronidation in rat by
1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT) Chem.-biol. Interactions, 9, 7-14

Vainio, H. (1975) Stimulation of microsomal drug-metabolizing enzymes in rat liver by
L,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT), pregnenolone-16a-carbonitrile (PCN)
and polychlorinated biphenyls (PCB’s). Environ. Qual. Saf., Suppl. 3, 486-490

Valencia, R., Mason, J.M., Woodruff, R.C. & Zimmering, S. (1985) Chemical mutagenesis testing in
Drosophila. 111. Results of 48 coded compounds tested for the National Toxicology Program.
Environ. Mutagenesis, 7, 325-348

Van Dijck, P. & Van de Voorde, H. (1976) Mutagenicity versus carcinogenicity of organochlorine
insecticides. Med. Fac. Landbouau. Rijksuniv. Gent, 41, 1491-1498

Walker, A.L'T, Thorpe, E. & Stevenson, D.E. (1973) The toxicology of dieldrin (HEOD). I. Long-term
oral toxicity studies in mice. Food Cosmet. Toxicol., 11, 415-432

Wallace, E.Z,, Silverstein, J.N., Villadolid, L.S. & Weisenfeld, S. (1961) Cushing’s syndrome due to
adrenocortical hyperplasia. New Engl. J. Med., 265, 1088-1093

Wallace, M.E., Knights, P. & Dye, A.O. (1976) Pilot study of the mutagenicity of DDT in mice.
Environ. Pollut., 11, 217-222

Ware, G.W. (1975) Effects of DDT on reproduction in higher animals. Residue Rev., 59, 119-140

Ware, G.W, Estesen, B.J. & Cahill, W.P. (1970) Uptake of C'+-DDT from soil by alfalfa. Bull. environ.
Contam. Toxicol., 5, 85-86

Warngard, L., Flodstrom, S, Ljungquist, S. & Ahlborg, U.G. (1985) Inhibition of metabolic
cooperation in Chinese hamster lung fibroblast cells (V79) in culture by various DDT-analogs.
Arch. environ. Contam. Toxicol., 14, 541-546

Wirngard, L., Hemming, H., Flodstrém, S., Duddy, S.K. & Kass, G.E.N. (1989) Mechanistic studies
on the DDT-induced inhibition of intercellular communication. Carcinogenesis, 10, 471-476

Wassermann, M., Ron, M., Bercovici, B., Wassermann, D., Cucos, S. & Pines, A. (1982) Premature
delivery and organochlorine compounds: polychlorinated biphenyls and some organochlorine
insecticides. Environ. Res., 28, 106-112

Weisburger, J.H. & Weisburger, E.K. (1968) Food additives and chemical carcinogens: on the concept
of zero tolerance. Food Cosmet. Toxicol., 6, 235-242

Welch, R.M., Lewin, W. & Conney, A.H. (1969) Estrogenic action of DDT and its analogs. Toxicol.
appl. Pharmacol., 14, 358-367

Wheatley, G.A. (1965) The assessment and persistence of residues of organochlorine insecticides in
soils and their uptake by crops. Ann. appl. Biol., 55, 325-329

White, W.C. & Sweeney, TR. (1945) The metabolism of 2,2-bis(p-chlorophenyl)-1,1,1-trichlorethane
(DDT). I. A metabolite from rabbit urine, di(p-chlorophenyl)acetic acid; its isolation,
identification and synthesis. Public Health Rep., 60, 66-71

WHO (1979) DDT and its Derivatives (Environmental Health Criteria 9), Geneva

WHO (1984) Guidelines for Drinking Water Quality, Vol. 1, Recommendations, Geneva, p. 69

WHO (1985) Specifications for Pesticides Used in Public Health, 6th ed., Geneva

WHO (1989) DDT and its Derivatives— Environmental Aspects (Environmental Health Criteria 83),
Geneva,

Wicklund, K.G., Daling, J. R, Allard, J. & Weiss, N.S. (1988) Respiratory cancer among orchardists in
Washington state, 1968 to 1980. J. occup. Med., 30, 561-564

Williams, G.M.,, Telang, S. & Tong, C. (1981) Inhibition of intercellular communication between liver
cells by the liver tumor promoter 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane. Cancer Lett., 11,
339-344



DDT AND ASSOCIATED COMPOUNDS 249

Williams, G.M., Laspia, M.E & Dunkel, V.C. (1982) Reliability of the hepatocyte primary
culture/DNA repair test in testing of coded carcinogens and noncarcinogens. Mutat. Res., 97,
359-370

Williams, S., ed. (1984a) Official Methods of Analysis of the Association of Official Analytical Chemists,
14th ed., Washington DC, Association of Official Analytical Chemists, pp. 533-543

Williams, S, ed. (1984b) Official Methods of Analysis of the Association of Official Analytical Chemists,
14th ed., Washington DC, Association of Official Analytical Chemists, p. 116

Williams, S., ed. (1985) Official Methods of Analysis of the Association of Official Analytical Chemists,
14th ed., Washington DC, Association of Official Analytical Chemists, pp. 385-386

Wolfe, HR. & Armstrong, J.F. (1971) Exposure of formulating plant workers to DDT. Arch. environ.
Health, 23, 169-176

Wong, O., Brocker, W, Davis, H.V. & Nagle, G.S. (1984) Mortality of workers potentially exposed to
organic and inorganic brominated chemicals, DBCP, Tris, PBB and DDT. Br. J. ind. Med., 41 ,
15-24

Woodruff, R.C,, Phillips, J.P. & Irwin, D. (1983) Pesticide-induced complete and partial chromosome
loss in screens with repair-defective females of Drosophila melanogaster. Environ. Mutagenesis, 5,
835-846

Woods, J.S. & Polissar, L. (1989) Non-Hodgkin’s lymphoma among phenoxy herbicide-exposed farm
workers in western Washington State. Chemosphere, 18, 401-406

Woods, J.S., Polissar, L., Severson, R.K., Heuser, L.S. & Kulander, B.G. (1987) Soft tissue sarcoma
and non-Hodgkin’s lymphoma in relation to phenoxyherbicide and chlorinated phenol exposure
in western Washington. J. natl Cancer Inst., 78, 899-910

Worthing, C.R. & Walker, S.B., eds (1987) The Pesticide Manual—A World Compendium, 8th ed.,

- Thornton Heath, British Crop Protection Council, pp. 231-232

Wyrobek, A.J. & Bruce, WR. (1975) Chemical induction of sperm abnormalities in mice. Proc. natl
Acad. Sci. USA, 72, 4425-4429

Zeilmaker, M.J. & Yamasaki, H. (1986) Inhibition of junctional intercellular communication as a
possible short-term test to detect tumor-promoting agents: results with nine chemicals tested by
dye transfer assay in Chinese hamster V79 cells. Cancer Res., 46, 6180-6186

Zhong-Xiang, L., Kavanagh, T, Trosko, J.E. & Chang, C.C. (1986) Inhibition of gap junctional
intercellular communication in human teratocarcinoma cells by organochlorine pesticides.
Toxicol. appl. Pharmacol., 83, 10-19 '



