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Canadian Soil Quality Guidelines
for the Protection of Environmental
and Human Health

DDT
(TOTAL)

1999
his fact sheet provides Canadian soil quali
guidelines for total DDT for the protection o
environmental health (Table 1). A supporting

scientific document is also available (Environme
Canada 1998). The CCME recognizes that persiste
bioaccumulative substances such as DDT should 
virtually eliminated from the environment. Nevertheles
the CCME also recognizes the need for remediati
guidelines as interim management objectives f
persistent, bioaccumulative substances in soils.

T

The guidelines in this fact sheet are for general guidance only. Site-sp
values. The values may be applied differently in various jurisdictions. T
application of the values.

Canadian Environmental Quality Guidelines
Canadian Council of Ministers of the Environment, 1999

Table 1. Soil quality guidelines for DDT (total) (mg·kg-1 ).

Agric

Guideline 0.7a

SQGHH

Limiting pathway for SQGHH

NCc

ND

Provisional SQGHH

Limiting pathway for provisional SQGHH

NCd

ND

SQGE

Limiting pathway for SQGE
0.7e

Soil a
inges

Provisional SQGE
Limiting pathway for provisional SQGE

NCf

ND

Interim soil quality criterion (CCME 1991) —

Notes: NC = not calculated; ND = not determined; SQGE = soil quality guid
health.

aData are sufficient and adequate to calculate only an SQGE. An interim soil
use, therefore, the SQGE becomes the soil quality guideline.

bIn site-specific situations where the size and/or the location of comme
consumers, the soil and food ingestion guideline is recommended as

cThere is no SQGHH for this land use at this time.

dThere is no provisional SQGHH for this land use at this time.

eThe environmental groundwater check (aquatic life) value has not be
the groundwater check (aquatic life) should be determined on a site-s

fBecause data are sufficient and adequate to calculate an SQGE  for this land
y
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Background Information

The term DDT is commonly applied to 1,1,1- trichloro
2,2-bis(p-chlorophenyl)ethane (p,p'-DDT, CAS 50-29-3)
and to its isomeric forms, including o,p'-DDT and m,p'-
DDT (USEPA 1980; WHO 1989). The term is als
applied to a variety of commercial pesticide formulation
that contain p,p'-DDT and o,p'- DDT as primary active
ingredients (WHO 1989). In the environment, these acti
ingredients are transformed into a number of compoun
ecific conditions should be considered in the application of these
he reader should consult the appropriate jurisdiction before

Land use

ultural
Residential/
parkland Commercial Industrial

0.7a 12a, b 12a, b

NCc

ND
NCc

ND
NCc

ND

NCd

ND
NCd

ND
NCd

ND

nd food
tion

0.7e

Soil and food
ingestion

12e

Soil contact
12e

Soil contact

NCf

ND
NCf

ND
NCf

ND

— — —

eline for environmental health; SQGHH = soil quality guideline for human

 quality criterion (CCME 1991 ) has not been established for this land

rcial and industrial land uses may impact primary, secondary or tertiary
 the SQGE.

en applied in the determination of the soil quality guideline. The applicability of
pecific basis.

 use, a provisional SQGE is not calculated.
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with similar chemical structures. Of these, o,p'-DDE and
p,p'-DDE (1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene,
CAS 72-55-9) tend to be the most abundant and persis
in the environment. The two DDD isomers, o,p'-DDD and
p,p'-DDD (1,1-dichloro-2,2-bis(p-chlorophenyl) ethane,
CAS 72-54-8), are also formed when DDT is degraded
metabolized.

Technical grade DDT (TG-DDT) is made up of 77.1%
p,p'-DDT, 14.9% o,p'-DDT, 4.0% p,p'-DDE, 0.1% o,p'-
DDE, 0.3% p,p'-DDD, 0.1% o,p'-DDD, and a number of
unidentified compounds (3.5%) (USEPA 1980
Technical grade DDT is a nonflammable, tasteless, a
almost odourless white crystalline or waxy solid at roo
temperature (WHO 1989; Worthing and Hance 1991). 
standard temperature and pressure, the p,p'-DDT and o,p'-
DDT isomers form colourless crystals that are sparing
soluble in water (3 µg·L-1), strongly hydrophobic (log
KOW: 6.0), and highly soluble in organic solvents such 
ethanol (20 g·L-1) or acetone (580 g·L-1) (Suntio et al.
1988; Budavari et al. 1989). All of the DDE and DDD
isomers have notably higher vapour pressures and w
solubilities than the DDT isomers.

In this fact sheet, the term total DDT (tDDT) refers to th
sum of the concentrations of p,p'-DDT, o,p'-DDT, p,p'-
DDE, o,p'-DDE, p,p'-DDD, and o,p'-DDD. The more
general term, DDT, refers to any or all of the s
substances identified above, as well as the metabolites
degradation products of these six compounds.

The extensive use of DDT resulted both from its effica
as an insecticide and from its low cost of manufacturin
DDT was commonly sold as an emulsifiable concentra
a wettable powder, or a dustable powder. It was also s
for household use in granules, aerosols, smoke cand
lotions, and charges for vaporizers. Agricultural produc
containing DDT were first sold in 1941 by Ciba-Geigy i
Switzerland under the trade name Gesarol. DDT produ
were later patented and produced in Germany, Gr
Britain, and the United States (USEPA 1980). DD
became available to the Canadian public in 1945 (Tw
1947).

In the United States, approximately 1.5 million t we
produced between 1945 and 1983. The production
DDT in Europe has never been fully reported, but is like
to be on the order of 0.7–0.8 million t (Environmen
Canada 1995). DDT was never manufactured in Cana
but was imported from the United States until 1985.

DDT has been used extensively for the control of vect
transmitted diseases (e.g., as a delousing agent to co
typhus and as a mosquito control agent against mala
and for the control of insects in forests and on agricultu
crops. DDT was used primarily in Canada to comb
2

ent

or

.
nd

t

ly

s

ter

e

x
and

y
g.
e,
old
les,
ts

cts
at

n

e
of
ly
t
da,

r-
trol
ia)
al
at

agricultural and forest pests. The bulk of DDT us
occurred from the mid-1940s to the late 1960s (Niga
1975) and was applied in Canada using both aerial a
land-based spraying operations. After the early 1970
only two DDT products, Sanex Rodentrak and Poulin
Bat and Mouse Doom Powder, were registered for use
Canada.

Kelthane, an acaricide containing the active ingredie
dicofol, is still mainly used on fruit crops, but is also
registered for use on vegetables, ornamental and flower
plants, deciduous trees, coniferous trees, soil, a
dwellings. Kelthane has been found to contain DD
impurities in the formulation (Riseborough et al. 1986)
and may, therefore, be a contributing source of DDT an
DDE to wildlife residing near orchards. Kelthane is
registered for use in Canada until 1999 (Agriculture an
Agri-Food Canada 1996).

Current Status of DDT in Canada and Other Countries

Pesticides are regulated in Canada under the Pest Con
Products Act and Regulations. As a result of environ
mental and human health concerns, registration of all us
of DDT were suspended in 1985. Use of existing stoc
was permitted until December 31, 1990, after which an
use was in violation of the Pest Control Products A
(PMRA 1995).

DDT is included on the Tier 1 Substance List with 
management target of zero discharge under the Cana
Ontario Agreement Respecting the Great Lakes Bas
Ecosystem. Pursuant to the Great Lakes Water Qua
Agreement between the governments of Canada and of 
United States, the International Joint Commission h
included DDT on its critical pollutants list of substance
to be virtually eliminated from the Great Lakes Basin.

As a result of its high persistence, bioaccumulatio
toxicity, and long-range transport, DDT has bee
identified as a candidate for the United Nations Econom
Commission for Europe Convention on Long-Rang
Transboundary Air Pollution Possible Protocol fo
Persistent Organic Pollutants (UNECE 1994). DDT ha
been banned or severely restricted in several forei
jurisdictions, including Austria, Finland, Switzerland, the
United Kingdom, the United States, and the Europea
Union (IRPTC 1990). Various jurisdictions in Canada an
around the world have set guidelines/criteria for DDT an
its isomers.

In spite of severe restrictions or bans, DDT is still bein
produced, exported, and used in many countries arou
the world (e.g., the former USSR, India, the Netherland
Italy, China, Mexico, Indonesia, Japan, South Kore
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Central America, and South America) (ATSDR 199
Environment Canada 1995). It has been suggested that
DDT consumption worldwide will likely double in the
future as a result of its use in agriculture and public hea
applications in China, the former USSR, India, and oth
countries (Ostromogil’skii et al. 1987).

Levels in the Canadian Environment

Hebert et al. (1994) reported concentrations of DD
DDE, and DDD ranging from 1.7 to 131.7 mg⋅kg-1 , 4.0 to
342.6 mg⋅kg-1 , and not detectable to 11.7 mg⋅kg-1 ,
respectively, in soil samples from the Niagara Peninsu
Ontario. The Ontario Ministry of Environment and Energ
(OMEE 1993a) reported a background concentration
170 µg⋅kg-1  for o,p'-DDT and of 1300 µg⋅kg-1  for p,p'-
DDT in Ontario old urban parkland. The backgroun
concentrations in rural parklands were reported as 5.4 
75 µg⋅kg-1  for o,p'-DDT and p,p'-DDT, respectively.

DDT is distributed throughout the tissues of mammals, 
accumulates preferentially in tissues with high lip
content. Of the tissues commonly sampled, mus
typically has the lowest concentrations of DDT (Bow
and Jonkel 1975; Ronald et al. 1984). In the same w
avian tissues with the highest lipid content are likely 
have the highest DDT levels. Consequently, tDD
residues were roughly 40 times higher in the fat 
northern fulmars than they were in breast muscle (Thom
and Hamilton 1988).

Among terrestrial mammals, the highest levels of DD
have been observed in species that include fish and o
aquatic organisms in their diet. Mink collected in 199
and 1992 from three sites in Alberta had levels of DD
residues in their livers ranging from <2 to 14 µg⋅kg-1  ww
(Wayland 1995). Conversely, terrestrial herbivores, su
as caribou (Rangifer tarandus), tend to have low levels of
tDDT in their tissues. For example, Elkin and Bethk
(1995) reported levels of total DDT ranging from 0.36 
1.49 µg⋅kg-1  ww in the fat of caribou. Similarly,
concentrations ranging from below the detection limit 
2.6 µg DDT⋅kg-1  ww in the fat, liver, and muscle o
caribou were reported in Indian and Northern Affai
Canada (1997).

Avian predators at the highest trophic level of the aqua
food web tend to have the most highly contaminat
tissues, as illustrated by the elevated levels of SUM D
in the muscle of peregrine falcons collected from t
Northwest Territories (up to 1695 µg⋅kg-1  ww) (Johnstone
et al. 1994). Similarly, grazers, dabblers, and divers, s
as Canada geese (Branta canadenis), lesser snow geese
(Chen caerulescens), mallards (Anas platyrhychos), king
eiders (Somateria spectabilis), and common eiders
3

;

lth
er

,

la,
y
of

d
nd

ut
d
le
s

ay,
to
T
f
as

T
her
1
E

ch

e
o

o

s

tic
d
E

(Somateria mollissima), collected from 1988 to 1992 in
the Arctic, generally had relatively low levels of tDDT in
breast muscle tissues (≤40.5 µg⋅kg-1  ww) (Braune 1993).
By comparison, the fish-eating birds from the Arcti
generally had much higher concentrations of DDT, wi
the highest tDDT concentrations measured in surf scot
(Melanitta perspiliiata) (up to 126 µg⋅kg-1  ww), lesser
scaups (Aythya affinis) (up to 92 µg⋅kg-1  ww), and thick-
billed murres (Uria lomvia) (up to 237 µg⋅kg-1  ww in
chick whole body) (Braune 1993; Braune et al. 1994
Differences in DDT residues among the various bird spec
are also reflected in other tissues, such as liver and eggs.

Terrestrial birds, particularly raptors at the top o
terrestrial food chains, are also susceptible 
bioaccumulation of DDTs (Elliot and Martin 1994)
Several studies have examined the levels of DDT and
metabolites in the eggs of terrestrial birds in the Okanog
Valley, British Columbia, and the Niagara Peninsul
Ontario (Noble and Elliott 1990; Elliott and Martin 1994
Elliott et al. 1994; Hebert et al. 1994). For example, me
DDE concentrations of 22.0, 11.0, and 1.2 mg⋅kg-1  ww
were measured in eggs of American robins, black-bill
magpies, and California quail, respectively, from centr
British Columbia (Elliot et al. 1994). These birds wer
though to obtain DDE burdens locally, since they we
either occasional migrants or year-round residents. In 
predators, mean DDE levels of 7.23, 4.48, and 0.
mg⋅kg-1  ww were reported for eggs of sharp-shinne
hawks, Cooper’s hawks, and goshawks, respectively,
south-central Ontario from 1986 to 1989 (Elliot an
Martin 1994). It should be noted in the above data th
differences in average concentrations of DDE leve
between top predators and lower-level consumers may
due to differences in sites examined, rather than fo
chain effects.

The two CCME-recommended analytical methods for t
detection of tDDT in soils are “Organochlorine Pesticides a
Polychlorinated Biphenyls by Gas Chromatograph
(USEPA Method 8080B, Revision 2, November 1990) a
“Semivolatile Organic Compounds by Gas Chromatograp
Mass Spectrometry (GC/MS): Capillary Column Techniqu
(USEPA Method 8270B, Revision 2, November 199
(CCME 1993). Details of these methods can be found
CCME (1993). Following corrections for a 30-g soil samp
digested with final extract being brought to 10 mL, a detect
limit of 4 × 10-6 mg DDT·kg-1 ww soil for USEPA method
8080B is calculated.
e

ch
Environmental Fate and Behaviour

DDT enters the atmosphere during spraying operatio
and through volatilization from water, plants, and soil
Under simulated atmospheric conditions, both DDT a
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DDD were subject to photooxidation, with potentia
decomposition to carbon dioxide and hydrochloric ac
with an estimated half-life of 2 d. However, the presen
of DDT residues throughout the atmosphere suggests 
this reaction may occur more slowly under environmen
conditions (WHO 1979; ATSDR 1994). Hence, precipit
tion (including both wet and dry deposition) and dustfa
probably represent the most important environmental f
processes for DDT released into the atmosph
(Woodwell et al. 1971).

In water, adsorption to suspended particulates a
subsequent deposition to aquatic sediments represents
most important fate process for DDT (Picer et al. 197
Zayed et al. 1994). However, considerable losses of D
from water may occur through volatilization (Edward
1975). The potential importance of this process 
emphasized by the reported volatilization half-life of DD
in water, which ranges from several hours 
approximately 50 h (HSDB 1988). In addition, laborato
studies suggest that DDE is likely to volatilize 10
20 times faster from seawater than from freshwater (At
et al. 1982). In contrast, the transformation of DDT 
surface waters is very slow. For instance, the estima
half-life for DDT hydrolysis, dark hydrolysis, direct
photolysis, and photooxidation is 22 years, 8 yea
150 years, and 7–350 d, respectively (Zepp et al. 19
Wolfe et al. 1977; USEPA 1979; Howard et al. 1991).

The cold condensation hypothesis suggests that seque
volatilization and condensation of certain organ
pollutants results in transport toward the poles. Th
hypothesis is generally supported by data on DD
concentrations collected in surficial sediments from eig
Canadian Arctic lakes between 1988 and 1991. DD
concentrations ranged from 0.11 to 9.96 µg⋅kg-1  dw, with
significant declines in concentrations as latitude increa
(Muir et al. 1995). While contemporary data (1985–199
are somewhat limited regarding levels of DDT i
sediments from temperate freshwater environments, m
concentrations of tDDT were generally below 15 µg⋅kg-1

dw (Jaagumagi et al. 1988; Jaagumagi et al. 1989). T
Detroit and Niagara rivers had among the highest rec
levels of tDDT in their sediments, with mean concentr
tions of 140 and 40.7 µg⋅kg-1  dw, respectively, observed
in 1985 (Jaagumagi et al. 1988; Jaagumagi et al. 1989)

DDT forms strong associations with sediment particl
(ATSDR 1989). Photooxidation has the potential 
transform sediment-associated DDT; however, it is like
to be significant only in sediments that are periodica
dewatered (Coulston 1985). Furthermore, hydrolysis 
sediment-associated DDT has not been repor
(Lichtenstein and Schultz 1959). Thus, biodegradation
probably the most important transformation proces
4
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Under aerobic conditions, dehydrochlorination is th
dominant reaction that facilitates the degradation of DD
primarily to DDE (ATSDR 1994). Biodegradation occur
more rapidly under anaerobic than aerobic conditions, a
results primarily in the formation of DDD through
reductive dechlorination (Albone et al. 1972; ATSDR
1994). Oliver et al. (1989) used sediment cores from La
Ontario to estimate the half-life of DDT in sediments a
14–21 years.

The majority of the historical and current globa
production of DDT has been used for application to so
(Bevenue 1976). DDT is usually very stable in soil since
is readily adsorbed, particularly to soil with high organ
matter content. Half-life measurements under fie
conditions for the aerobic degradation of DDT in so
range from 2 years (Lichenstein and Shulz 1959) to mo
than 15 years (Keller 1970; Stewart and Chisholm 197
In flooded soil or under anaerobic conditions
biodegradation is faster, with half-lives estimated fro
16 to 100 d (Castro and Yoshida 1971). DDD is high
persistent in soils, with a half-life estimated to b
190 years (OMEE 1993b). DDT from contaminated so
migrates to other environmental compartments (i.
sediment, water, atmosphere, and biota) throu
volatilization, erosion of soil particles, groundwate
or   surface water transport, and bioconcentratio
bioaccumulation in biota.

Bell and Failey (1991) found that movement of DDT
through the vapour phase was the dominant pathway
DDT contamination in plants. Concentrations o
environmental contaminants in plants are much high
than concentrations in water and resemble those in s
and sediment (Trapp 1993).

Beyer and Gish (1980) examined the transfer a
persistence of tDDT between soil and earthworms and 
potential hazards this accumulation posed to birds. DD
was found to be the most persistent metabolite, w
constant concentrations of 0.4 mg⋅kg-1  in soil and
approximately 7 mg⋅kg-1  in earthworms when test plots
were treated with 9 kg⋅ha-1  TG-DDT. Fries (1991)
reported soil-to-earthworm BCFs from the scientifi
literature ranging from 2.5 to 16. Menzie et al. (1992
determined that the BCF would be highly dependent 
the lipid content of the organism and the organic carb
content of the soil.

Birds and mammals accumulate DDT by ingestin
contaminated foods, often resulting in high BAFs (BAF 
DDT in bird or mammal tissues/DDT in diet). Fo
example, BAFs of 12–29 were observed in mice fed DD
for up to 27 weeks (Laug et al. 1950). Lower BAFs (i.e
<1) were observed in rats that were administered DDE 
16 weeks in their diet (Wrenn et al. 1970). In hen
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10 mg⋅kg-1  of DDT in food for 2 months resulted in
117 mg⋅kg-1  residue in fat and 5 mg⋅kg-1  in egg yolk
(Smith et al. 1970). Field-collected data show that t
highest bioaccumulation levels are generally observed
terrestrial predators that feed primarily on other birds 
aquatic predators that feed largely on fish (WHO 198
For instance, species such as peregrine falcons (Falco
peregrinus anatum), kestrels (Falconidae), and bald
eagles (Haliaeetus leucocephalus) tend to have higher
DDT residues compared to species such as golden ea
(Aquila chrysaetos) and buzzards (Cathartes aura), which
feed primarily on rodents and reptiles (WHO 1989
Carnivorous species tend to have higher DDT BAFs th
herbivorous species. Based on a field study, Forsythe 
Peterle (1984) reported BAFs ranging from 0.90 to 0.
(ww food : ww whole body) for voles (herbivores) an
from 1.31 to 1.77 (ww food : ww whole body) for shrew
(carnivores).
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Behaviour and Effects in Biota

Soil Microbial Processes

Microorganisms are an important part of terrestri
ecosystems. Thus, changes to the structure and functio
microorganism populations could have adverse effects 
the functioning of the ecosystem. For instance, Bollen 
al. (1954) reported slight reductions in mould counts 
Chehalis silty clay loam and Melbourne clay loam at so
concentrations of 5 and 10 mg⋅kg-1  DDT, respectively.
Jones (1952) added DDT to a fertile black loam, high 
organic matter, and to a sandy loam, low in organ
matter. In both soils, 1250 mg⋅kg-1  of DDT reduced
ammonification by 12%, whereas, 1000 mg⋅kg-1  of DDT
reduced nitrification by 36% compared to control level
Eno and Everett (1958) reported a 31% reduction 
nitrate production after 16 months of exposure followin
the addition of 12.5 mg⋅kg-1  DDT to an Arredondo loamy
fine sand. A 24% and a 22% reduction in nitra
production were also reported after 16 months of expos
to 50 and 100 mg⋅kg-1 , respectively.

Terrestrial Plants

DDT is known to be phytotoxic to a number o
agricultural crops (Tomlin 1994). Moreover, technica
grade DDT (5% impurities) was reported to be more tox
to plants than purified DDT (Thurston 1953; Boswell e
al. 1955). According to the available literature, th
Blakemore strawberry plant is the crop species mo
sensitive to the presence of DDT in soil. As reported 
Goldsworthy and Dunegan (1948), 3 mg DDT⋅kg-1  soil are
sufficient to inhibit root development in this species, whi
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6 mg DDT⋅kg-1  soil can reduce the number of plant
produced by 21%. Boswell et al. (1955) conducted 
extensive experimental field study on the long-term effec
(4 years) of single applications of technical and purifie
DDT on a wide range of crop plants in various Nort
American locations having different soil types. The
reported that harmful and persistent effects of DDT we
more pronounced in fine sandy loam having low organ
matter and relatively low mineral colloids than any othe
soils. The most sensitive crop in this study, stringle
black valentine beans, suffered reduced pod and v
yields of 34 and 36%, respectively, 1 year after the sing
application of 12 mg DDT⋅kg-1  soil.

Terrestrial Invertebrates

Hoy (1955) conducted field experiments in whic
significant earthworm mortality (66 and 74%) occurred 
15 and 30 mg DDT⋅kg-1  soil, respectively, 23 weeks after
pesticide application. Cook et al. (1980) observe
reductions and complete elimination of earthworm surfa
casting activity in DDT-treated plots and laboratory tria
in southern Nigeria. The lowest observed concentration
DDT, which resulted in 35–45% casting reductions 
laboratory trials, was 25 mg DDT⋅kg-1  soil. Furthermore,
surface casting completely disappeared for tw
earthworms species at 125 mg DDT⋅kg-1 soil. However,
the density or biomass of earthworms did not diffe
significantly between treated and untreated plot
regardless of the reductions in casting activity. Th
authors suggest that the worms may have inhabited dee
soils to avoid contact with high concentrations of DD
and continued casting in the subsurface. Perfect et 
(1981) determined that soil DDT concentrations o
25 mg DDT⋅kg-1 resulted in the mortality of 50% of
Cryptostigmatid mites (Archegoztes magna) after 24 h.

Birds and Mammals

DDT is known to reduce longevity in mammals and t
alter cellular metabolism, neural activity, and live
function (USEPA 1980). Furthermore, adverse effects 
reproduction, growth, and immunocompetence have be
observed in both mammalian and avian species expose
DDT. Mutagenic and carcinogenic effects are known 
occur in various species as a result of long-term dieta
exposures (ATSDR 1994). A variety of neurotoxic effect
including tremors, convulsions, hyperexcitability
hyperthermia, and tachycardia (rapid heartbeat), ha
been reported following acute exposures to DDT (WH
1989; ATSDR 1994). Studies have confirmed that DD
effectively mimics the reproductive hormone estroge
Thus, elevated levels of DDT can result in reduce
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fertility, gestation period, fecundity, and fetal weigh
(Wrenn et al. 1970; Hart et al. 1971). DDT can al
influence reproductive success in males by reducing te
weight and seminiferous tubule diameter (Krause et 
1975; ATSDR 1994). In birds, the estrogenic effects 
DDT are expressed by changes in mating behaviour 
thinning of eggshells (WHO 1989).

The results of controlled acute toxicity studies ha
demonstrated that TG-DDT is only moderately toxic 
mammals, while longer-term studies have demonstra
that these substances cause a range of chronic effec
both birds and mammals. Of the species tested, d
appear to be the most sensitive, with acute oral LD50s
ranging from 60 to 75 mg⋅kg-1  (USEPA 1980). Mice are
also relatively sensitive to TG-DDT, with LD50s ranging
from 80 to 95 mg⋅kg-1  (Terracini et al. 1973). Similarly,
long-term exposure to TG-DDT has been demonstrate
affect survival in rodents (Fitzhugh and Nelson 1947).
Daily doses of 29.3 mg⋅kg-1  bw per day greatly reduced
the longevity of male mice from more than 80 weeks 
fewer than 50 weeks (Terracini et al. 1973).

Data from many studies confirm that DDT is carcinogen
in certain laboratory animals (ATSDR 1994). Terracini 
al. (1973) conducted a multigenerational study to evalu
the carcinogenic effects of TG-DDT on weanling BALB
mice. In female mice, 29.3 mg TG-DDT⋅kg-1  bw per day
in the diet for up to 980 d significantly increased th
incidence of liver-cell tumours in both parental (44.4%
and first generation (74.1%) mice. A significant increa
(up to 13%) in the incidence of liver tumour
was   observed in female CF-1 mice administer
5.84 mg⋅kg-1  bw per day of TG-DDT for an average o
707 d (Turusov et al. 1973). In a multigenerational stu
Tarjan and Kemeny (1969) investigated the effects of p,p'-
DDT on both male and female BALBc mice. Incidence 
leukemia and malignant tumours was increased by lo
term exposure to daily doses as low as 0.7 mg p,p'-
DDT⋅kg-1  bw per day. These effects were significant in t
F2 and F3 generations and continued to increase in ea
succeeding generation. At somewhat higher doses (5.5
11 mg⋅kg-1  bw per day), increased liver tumour incidenc
was reported in CF-1 mice during 630- to 730-d exposu
(Walker et al. 1972; Thorpe and Walker 1973).

DDT and its metabolites, DDE and DDD, generally ha
moderate to low toxicities to birds when administered 
acute oral doses or in the diet (WHO 1989). Five-d
LC50s of DDT were 611 mg⋅kg-1  diet in adult bobwhite
quail (Colinus virginianus), 568 mg⋅kg-1  diet in Japanese
quail, and 1869 mg⋅kg-1  diet in mallard ducks (Hill et al.
1971). Pheasants had a more sensitive response with a
LC50 of 311 mg DDT⋅kg-1  diet (Hill et al. 1971).
Sensitivity to DDT differs significantly depending on th
life stage of the species under consideration. For exam
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a 10-d LD45 of 23 mg⋅kg-1  bw per day was reported by
Gish and Chura (1970) for 3-month-old quails. Long-ter
exposure (120 d) to TG-DDT was associated wi
increased thyroid weight in Japanese quail at levels 
45 mg TG-DDT⋅kg-1  bw per day (Hurst et al. 1974).
However, growth rates, as indicated by final body weigh
were not affected in this study. American kestrels (Falco
sparverius) were among the most sensitive species teste
as yearling and 5-year-old males died when administer
0.84 mg⋅kg-1  bw per day of p,p'-DDE for 420–480 d
(Porter and Wiemeyer 1972). Van Velzen et al. (197
emphasized the potential for lethal mobilization of DDT
residues stored in fat during periods of stress, such 
reproduction, cold weather, disease, injury, limited foo
supply, or migration.

Lincer (1975) fed captive American kestrels diet
containing 3 mg DDE⋅kg-1  food, which resulted in a
15.1% thinning of eggshells. The effects of dietary DD
on eggshell thinning in raptors have been confirmed 
other laboratory studies on kestrels and screech ow
(Otus asio) (Wiemeyer and Porter 1970; McLane and Ha
1972; Peakall et al. 1973). Waterfowl species also app
to be very sensitive to DDT. Eggshell index wa
significantly reduced when mallard ducks were give
1 mg⋅kg-1  bw per day of p,p'-DDT for 30 d (Kolaja 1977).
Similar results were obtained when mallard ducks we
administered 1 mg p,p'-DDE⋅kg-1  bw per day for 105 d
(Vangilder and Peterle 1980). On the other han
galliform species seem very resistant to eggshell thinnin
Administration of daily doses of TG-DDT as high a
5.7 mg⋅kg-1  bw to leghorn chickens and Japanese quail f
70 d had no effect on the breaking strength of eggs (Sc
et al. 1975). Field observations reported that a 20%
reduction in eggshell thickness was associated w
population decline in seven out of eight bird specie
(Anderson and Hickey 1972).
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Guideline Derivation

Canadian soil quality guidelines are derived for differe
land uses following the process outlined in CCM
(1996a) using different receptors and exposure scena
for each land use (Table 1). Detailed derivations for DD
soil quality guidelines are provided in Environmen
Canada (1998).

Soil Quality Guidelines for Environmental Health

Environmental soil quality guidelines (SQGEs) are usually
based on soil contact using data from toxicity studies 
plants and invertebrates. In the case of agricultural la
soil and food ingestion toxicity data for mammalian an
avian species are also included. However, since DDTs 
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the location of these land uses may impact primar
secondary, or tertiary consumers, the soil and foo
ingestion guideline is recommended as the SQGE.

Acceptable toxicological data were available for a varie
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the guideline derived from these data should be regard
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Soil Quality Guidelines for Human Health

There are no human health guidelines or check val
available at this time (Table 2).
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Soil Quality Guidelines for DDT

The soil quality guidelines are usually the lower of th
SQGE and the interim soil quality criteria (CCME 1991)
However, since no interim soil quality criteria were
established for DDT, the SQGEs are the soil quality
guidelines for all land uses. (Table 1).

CCME (1996b) provides guidance on potentia
modifications to the recommended soil quality guidelin
when setting site-specific objectives.
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Table 2. Soil quality guidelines and check values for DDT (total) (mg·kg-1 ).

Land use

Agricultural
Residential/
parkland Commercial Industrial

Guideline 0.7a 0.7a 12a, b 12a, b

Human health guidelines/check valuesc

SQGHH NC NC NC NC

Soil ingestion guideline NC NC NC NC

Inhalation of indoor air check NC NC NC NC

Off-site migration check — — — NC

Groundwater check (drinking water) NC NC NC NC

Produce, meat, and milk check NC NC — —

Provisional SQGHH

Limiting pathway for provisional SQGHH

NC
ND

NC
ND

NC
ND

NC
ND

Environmental health guidelines/check values

SQGE 0.7d 0.7d 12b, e 12b, e

Soil contact guideline 12 12 12 12

Soil and food ingestion guideline:

Primary consumer

Secondary consumer (mammal)

Secondary consumer (bird)

Tertiary consumer

1.5

2

0.7

1

1.5

2

0.7

1

—

—

—

—

Nutrient and energy cycling check 547 547 547 547

Off-site migration check — — — ND

Groundwater check (aquatic life) 0.1f 0.1f 0.1f 0.1f

Provisional SQGE
Limiting pathway for provisional SQGE

NCg

ND
NCg

ND
NCg

ND
NCg

ND

Interim soil quality criterion (CCME 1991) — — — —

Notes: NC = not calculated; ND = not determined; SQGE = soil quality guideline for environmental health; SQGHH = soil quality guideline for human
health. The dash indicates guideline/check value that is not part of the exposure scenario for this land use and therefore is not calculated.

aData are sufficient and adequate to calculate only an SQGE. The interim soil quality criterion (CCME 1991) has not been established for this land use,
therefore, the SQGE becomes the soil quality guideline.

bIn site-specific situations where the size and/or the location of commercial and industrial land uses may impact primary, secondary, or tertiary
consumers, the soil and food ingestion guideline is recommended as the SQGE.

cThere are no values for the human health guidelines/check values at this time.

dBased on the lowest of the soil and food ingestion guideline values, which are based on primary, secondary, or tertiary consumer receptors.

eBased on the soil contact guideline value.

fThe environmental groundwater check (aquatic life) value has not been applied in the determination of the soil quality guideline. The applicability of
the groundwater check (aquatic life) should be determined on a site-specific basis.

gBecause data are sufficient and adequate to calculate an SQGE for this land use, a provisional SQGE is not calculated.
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