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Like other chemicals of the persistent organic pollutant (POP) group, dichlorodiphenyl-
trichloroethane (DDT), a pesticide, is also persistent in nature and does not readily
degrade in the environment by biological, physical, or chemical processes. In view of
the known toxicity, accumulative, persistent characteristics, and adverse environmen-
tal and health impacts of DDT, an extensive survey of the soil was undertaken in and
around a demolished DDT factory at Nowshera, NWFP, to examine DDT levels of the
contaminated soil. For the present study, 81 soil samples were collected within a half-
kilometer distance from the old gate of the factory and at different depths in eight
different directions. Analytical data indicated that 90.91% of the soil samples studied
were contaminated with DDT, with 66.6% of the samples indicating residual DDT levels
higher than DDT minimum risk level (MRL) in soil (0.05 μg/g). Soil in the southeast
direction appeared to be the most contaminated (average 6.70 ± 1.25 μg/g), showing
5.19 μg/g residual DDT in a soil sample collected as far away as 520 m from the factory.
Soil in the south direction also appeared highly contaminated, with an average DDT
residual level of 7.16 ± 1.70 μg/g between 65 and 390 m from the factory. For soil between
the surface and a depth of 0.60 m, the highest residual DDT level (5.78 ± 3.94 μg/g) was
observed in samples from the northwest direction, followed by samples from the west
direction (4.88 ± 3.80 μg/g).
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Background

DDT (1,1,1-trichloro-2,2-bis-(p-chlorophe-
nyl)ethane), an organochlorine-based pesticide,
is one of the most hazardous group of chemicals
called persistent organic pollutants (POPs), also
known as “The Dirty Dozen.” DDT is sold in
the market under different formulator’s trade
names and is extensively used in many coun-
tries, including Pakistan, as an effective pes-
ticide on a variety of agriculture crops and to
control insects that spread diseases like malaria,
dengue fever, and typhus.1 However, like other
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chemicals of the POP group, DDT is persis-
tent in nature and does not degrade in the
environment by biological, physical, or chemi-
cal processes. Being nondegradable, DDT can
travel long distances and, due to its solubility
in fats, can accumulate in animal and human
bodies. Humans and wildlife can come in con-
tact with DDT through contaminated air, wa-
ter, and food. Traces of DDT contaminations
have been found to be present in the food web,
in animal meat products, fish, and milk in par-
ticular, with significant hazard to those who
consume these foods. Even in extremely small
amounts, DDT can injure human health and
the health of other organisms. It is harmful
to stomach, intestines, liver, and kidneys, and
can affect the nervous system and can cause
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Figure 1. Location map for the DDT factory, Nowshera, NWFP.

reproductive, development defects, and can-
cer and tumors. Women, children, and infants
are especially vulnerable to certain effects of
DDT.2–4

To save public health, especially the health
of the children, the manufacturing and use of
DDT have been banned worldwide under the
Stockholm Convention on Persistent Organic
Pollutants (POPs), enacted in 2001.5

In 1954, pesticides amounting to 254 tons
were imported by Pakistan for the first time,
for the control of locusts. However, agricul-
tural pesticides usage has been substantially in-
creased from 665 tons in 1980 to 69,897 tons
in 2002.6 To meet the country’s need for pes-
ticides, most of these have been imported, ex-
cept DDT, for which a factory was established

in 1963 at Amman Gargh, Nowshera, near
Peshawar, the provincial capital of North West
Frontier Province (NWFP) (Fig. 1). The annual
production of the factory when in operation
was about 6000 tons. In 1994 the manufactur-
ing and the use of 21 pesticides, including DDT,
were banned in Pakistan and the DDT factory
at Nowshera was closed (Fig. 2).

A few studies on DDT and other POP-
contaminated environmental samples from
NWFP have been reported.7–12 Ahad and
Mohammad8 have reported the results (total
pesticides) of chemical analyses of 19 samples of
soil and water from the vicinity of POPs stores
in NWFP. Studies on DDT and other POP
levels in free-range chicken eggs in Peshawar
have been reported by Khwaja and Petrlik.9,10
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Figure 2. Abandoned DDT factory, Amman
Gargh, Nowshera, NWFP; prior to demolition in
2005.

Studies on POP levels in different samples
of hospital waste incineration and brick-kiln
residues from hospital incinerators in Peshawar,
Islamabad, Lahore, and brick kilns in the out-
skirts of Peshawar have also been carried out
and reported.11,12

In our earlier report, soil samples from
within the factory formulation unit showed
residual DDT in the 242.28 ± 0.81 to
573.02 ± 0.94 μg/g range. DDT levels in
the soil samples at different points outside the
factory compound were found to be in the
558.35 ± 0.71 to 780.40 ± 0.54 μg/g range.
Soil samples taken a few meters outside the
storerooms showed 1631.70 ± 0.61 μg/g resid-
ual DDT. However, DDT was not detected in
the soil samples taken from Azakhel, 10 km
from the DDT factory. The observed DDT lev-
els in soil samples were many times higher than
the recommended minimum risk levels.13–15

It was evident from the preceding data from
our earlier study15 on a few soil samples that the
soil of the areas surrounding the factory could
still be highly contaminated with DDT, despite
the closure of the DDT factory many years ago.
DDT like other POP chemicals is known for its
persistency, transportation, and accumulative
characteristics, toxicity, and its adverse envi-
ronmental and health impacts, even if present
in extremely small amounts. Therefore DDT

Figure 3. Samples points directions: north (N),
northwest (NW), west (W), southwest (SW), south (S),
southeast (SE), east (E), and northeast (NE). Distance
(in m) from the gate of DDT Factory: 1 = 65; 2 =
130; 3 = 195; 4 = 260; 5 = 325; 6 = 390; 7 =
450; 8 = 520.16

exposure in and around the DDT factory in
Amman Gargh may cause most serious conse-
quences for the ecosystem function, food safety,
and other aspects of human health.

In view of the preceding, it was thought that
it was worthwhile and necessary to carry out
an extensive survey of the Amman Gargh area
to examine the soil for DDT levels and the
likely impacts of DDT exposure on the gen-
eral public, especially the health of infants,
children, women, and other vulnerable groups.
The study’s findings and data have also helped
us in raising public awareness about the health
hazards caused by DDT and other POP chem-
icals, and in drawing government attention to
taking necessary remedial measures, at the ear-
liest, for cleaning up. The present chapter is a
brief preliminary report of the results of inves-
tigations carried out on soil samples taken in
different directions from the gate of the DDT
factory.
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TABLE 1. DDT Levels in Soil around the DDT Factory16

Distance (m) A AD D BD B BC C AC Average

65 11.3 10.46 9.96 9.59 8.27 0.01 8.27 ± 4.92
130 8.96 8.29 8.89 7.99 8.55 7.82 0.01 7.22 ± 3.91
195 3.06 7.7 5.08, 4.61, 7.86 5.96 0.03 4.79 ± 3.29

2.70, 3.35
2.26, 2.94

260 0.01 7.58 5.75 6.24 0.04 3.92 ± 3.61
325 0.02 0.01 6.53 7.43 3.87 0.02 2.98 ± 3.45
390 0.02 0.04 6.14, 6.95 6.28 4.14 0.01 2.70 ± 3.01

5.51 2.70 ± 3.01
455 0.01 0.03 5.86 0.01 1.48 ± 2.92
520 0.01 0.01 5.19 0.01 1.31 ± 2.59
Average 0.02 ± 2.93 ± 9.38 ± 7.16 ± 4.82 ± 6.70 ± 6.05 ± 0.02 ±

0.01 4.61 1.53 1.70 2.66 1.25 1.82 0.01

Minimum risk level (MRL) for soil = 0.05 μg/g.
Samples points directions from the DDT Factory gate: A = north; AD = northwest; D = west; BD = southwest;

B = south; BC = southeast; C = east; AC = northeast.
Distance (in m) from the gate of DDT factory: 65, 130, 195, 260, 325, 390, 450, 520.
Each composite soil sample was from a depth of 0.15–0.30 m.

TABLE 2. DDT Levels of Soil at Different Depths around the DDT Factory, Nowshera16

Depths (m) ADD DD BDD BB BCD CC Averages

Soil surface 9.95 10.62 1.73 8.31 2.14 4.94 6.28 ± 3.90
0.15 8.18 6.30 1.77 4.50 2.14 3.90 4.47 ± 2.46
0.30 7.03 3.91 0.05 1.28 0.85 0.02 2.19 ± 2.77
0.45 3.74 3.02 0 0 0 0 1.13 ± 1.76
0.60 0.01 0.58 0 0 0 0 0.10 ± 0.22

ABBREVIATIONS: Direction points of the samples from the DDT factory gate: ADD = northwest; DD = west;
BDD = southwest; BB = south; BCD =southeast; CC = east.

Experimental

For the present study, 81 composite soil sam-
ples (weighing 1 kg each) were collected (in
clean polythene bags) on clear dry days within
a half kilometer from the gate of the factory,
in eight different directions, which as indicated
by the field compass, were north (N), north-
west (NW), west (W), southwest (SW), south
(S), southeast (SE), east (E), and northeast (NE).
Sampling was started around noon and com-
pleted before evening. The distance kept be-
tween two samples in the same direction was
65 m and 100 m between two samples in ad-
jacent directions (Fig. 3). Five samples each

were also collected from the soil surface and at
0.15-, 0.30-, 0.45-, and 0.60-m depths from a
single sampling point in all six directions. Trip-
licate samples (clean, dry, free of organic matter,
well-grounded, and weighing 50 g each) were
extracted by the Soxhelt extraction apparatus,
with methanol DDT in the extracted methanol
solutions measured on Shimadzu gas chro-
matograph model CC-14A with an electron-
capture detector.15,16

Results and Discussion

Results are described in Tables 1 and 2 and
Figures 4–6.16
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Figure 4. Comparative DDT levels of soil sam-
ples (at 0.15–30 m) at different distances (m) from
the DDT factory gate, Nowshera, NWFP.

Figure 5. DDT levels (μg/g) of soil between 0.0-
and 0.6-m depths around the DDT factory, Now-
shera, NWFP.

Figure 6. Comparative DDT levels at different
depths (m) around the factory, Nowshera, NWFP.
1 = surface soil; 2 = 0.15; 3 = 0.30; 4 = 0.45,
and 5 = 0.60.

As a consequence of their extensive use since
the industrial revolution, an increase in the
amount of organochlorine compounds, such
as DDT, in the global environment has been
observed for many years.17–20 In the 1970s,
concern over their potential toxicity and high
persistence led to the implementation of many
regulations for their restricted use or phase-

out.21–24 Under the United Nations Environ-
ment Program program of regionally based as-
sessment of persistent toxic substances, levels of
DDT, and other POPs have been monitored
in samples from different environmental seg-
ments, as well as in food items in 12 regions
of the world, including Southeast Asia and the
South Pacific. DDT has been reported in sed-
iment samples from rivers and lakes. Sediment
samples from Indian rivers showed the high-
est values. High levels of DDT have also been
reported in the East Asian region and in the for-
mer USSR.25,26 However, evaluation of long-
term changes in/around chemically contami-
nated remote sites has been barely investigated.

DDT residues in the soil of areas surround-
ing a DDT manufacturing factory in Delhi
have been reported by Yadav et al. and Saxena
et al.27,28 The reported data clearly indicate
an upward trend in residual DDT in the soil
surrounding the DDT manufacturing factory,
from a mean value 0.34 ± 0.49 ppm of total
DDT in 1974 to 1.43 ± 1.16 and 1.67 ± 1.16
in 1978 and 1983, respectively. The results also
indicated an increase in the highest DDT level
of 7.27 ppm in 1983 compared to 2.61 ppm
in 1974. In the studied soil samples around the
DDT factory, residual DDT decreased with in-
creasing distance from the factory. Soil samples
from agricultural land also indicated less total
DDT residue as compared to samples from ur-
ban soils.27,28

The soil samples around the DDT factory
at Amman Gargh, Nowshera, were found to
belong to the sandy loam texture class, with clay,
silt, and sand content of 1.6, 48.0, and 50.4%,
respectively.17 All of the 51 soil samples taken at
a depth of 0.15–0.30 m showed the presence of
residual DDT (Table 1). Only soil samples ex-
amined in the northeast (AC) indicated a resid-
ual DDT level (average 0.02 ± 0.01) below
the minimum risk level (MRL) of 0.05 μg/g.
Also, soil samples collected between 325 and
520 m in the north and northwest directions
indicated residual DDT levels, below MRL, be-
tween 0.01 and 0.04 μg/g. The highest residual
DDT level (11.30 μg/g) was found at 65 m
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from the factory gate in the northwest direc-
tion. However, soil in the southeast direction
appeared to be the most contaminated (aver-
age 6.70 ± 1.25 μg/g), showing the highest
level of DDT (5.19 μg/g) in a soil sample col-
lected as far as at 520 m from the gate of the
DDT factory. Soil in the south direction also ap-
peared highly contaminated, with an average
DDT residual level of 7.16 ± 1.70 μg/g be-
tween 65 and 390 m from the factory (Table 1).
Figure 4 describes average DDT levels of soil
samples in all directions at different distances
from the gate of the factory, indicating a de-
creasing trend in DDT levels with increasing
distance. The highest (8.27 ± 4.9 μg/g) and
lowest DDT levels (1.31 ± 2.5 μg/g) were in-
dicated in soil samples, respectively, at 65 and
520 m from the gate of the factory (Fig. 4). A
comparison (Fig. 5) of average DDT levels in
all six directions did not show any increasing
or decreasing trends of residual DDT in soil,
from soil surface to a depth of 0.6 m, around
the DDT factory.

Table 2 and Figure 6 show comparative
residual DDT levels in six directions for soil
samples from the surface and at depths of 0.15,
0.30, 0.45, and 0.6, m. At all of the different
depths studied (soil surface to 0.60 m), higher
residual DDT levels were found in soil sam-
ples from the northwest (9.95–0.01 μg/g) and
west (10.62–0.58 μg/g) directions. No increas-
ing or decreasing trends in the residual DDT
levels at any depth were observed for soil sam-
ples from the six directions around the factory
area. It was observed that in all soil samples,
there was a decrease in the level of residual
DDT as one goes from top (surface soil) to bot-
tom (0.60 m), indicating little leaching into the
soil. This could be attributed to the soil texture,
which had a silt content of 48%. In most of the
soil samples, the level of residual DDT dropped
to below detection level on reaching a depth of
0.45 m (Table 2). A comparison of the average
residual DDT levels at different depths (Fig. 6)
also indicated a similar decreasing trend in
residual DDT from 6.28 ± 3.90 to 0.10 ± 0.22
with increasing depth from the surface to

0.60 m of the soil around the demolished fac-
tory area.

Conclusions

Of the soil samples studied, 90.91% were
contaminated with DDT, with 66.6% of the
samples indicating residual DDT levels higher
than the DDT MRL in soil (0.05 μg/g). It is
evident from the data that the soil in the area is
still highly contaminated with DDT, despite the
closure of the factory and the cessation of DDT
production for many years. During field visits,
highly contaminated sites southwest, south, and
southeast of the factory were observed to be in
mostly residential areas, with houses less than
200 m distant from the factory gate. It was
also observed that the demolished factory com-
pound had already become playing grounds for
children and a grazing/feeding place for stray
cattle and free-range chickens.

The toxicity, persistency, accumulative na-
ture, transportation, and adverse environmen-
tal and health impacts of DDT, even if present
in extremely small amounts, are well estab-
lished and known. DDT contamination in and
around the abolished DDT factory areas in
Amman Gargh may be the cause of the most
serious consequences for ecosystem function,
food safety, and other aspects of human health.
It is therefore strongly recommended that effec-
tive immediately the factory area be declared
a dangerous area and be closed for any hu-
man activities. The sale of the land within and
around the demolished factory, for any activity,
should be allowed only after submission and ap-
proval of an IEE/EIA report of the area by the
environmental protection agency, Government
of NWFP.

In order to evaluate the risk associated
with the DDT-contaminated site, studies us-
ing bioindicators, such as eggs, adipose tis-
sues, milk, fish, birds, endocrine disruption,
and cholinesterase levels, should be initiated in
these areas. Earlier reports have indicated high
DDT levels in the eggs sampled near Peshawar,
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NWFP.10,11 Further work is needed to see if de-
graded products of DDT, like DDE, are present
in the vicinity of the demolished DDT factory.
There is also a need to identify and imple-
ment processes for decontamination of DDT
from the soil in and around the factory area. A
number of soil decontamination processes have
been developed and reported.29
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