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The risk of pesticidal intoxication in humans is severe, especially because of the strongly negative impact on human health. The
consequences of the exposure to these substances may include cancerogenesis or endocrine abnormalities resulting for example in
decreased fertility. Therefore, the aim of our study was to evaluate the content of dichlorodiphenyltrichloroethane (DDT) and its
metabolites in cow milk from two regions of Poland, varying by level of industrialization. Samples were collected from agricultural
(n = 25) and industrial (n = 25) areas, and the concentrations of DDT and its metabolites were evaluated by gas chromatography.
Residues of DDT were detected in all the milk samples tested, mostly in the samples from the agricultural area, where a total DDT
median concentration reached 0.336 pg L. In the milk samples from the industrial area, the median concentration was lower, at
0.131 pg L™'. 4,4-DDT was the main metabolite, constituting 83% of total DDT metabolites. Although none of the samples
exceeded the level above which they should be considered dangerous, the results showed that the problem of DDT had not

diminished and so should be constantly monitored.
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Introduction

The necessity of increasing plant growing efficiency over
the last decades has resulted in numerous studies on more
effective insecticides. Pesticides in which the active sub-
stances paralyze the nervous system of an insect have
gained considerable popularity. An example of those is
dichlorodiphenyltrichloroethane (DDT) which was and is
still used in some countries to combat malaria, typhus and
biting flies.!"! It is a white tasteless and almost odorless
crystal-structured powder, whose insecticidal activity was
discovered after World War I1.”*! The need to reconstruct
industries, economies and populations in many countries,
depleted due to the global conflict, had resulted in a huge
demand for pesticides based on DDT. It acted twofold: as
a substance directly increasing crops, and as a tool to con-
trol diseases spread by insects, especially in the subtropics.
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Over the years, however, studies on pesticides have
shown that the active substances underpinning them are
not species selective and show harmful effect on humans
and other animals.**¥ DDT has an estrogenic activity,
affecting the functioning of the reproductive system, and
the resulting imbalances in hormonal stability may have a
mutagenic or cancerogenic effect, for example, increasing
the rate of breast cancer in women chronically exposed to
DDT.® ' DDT is known to cause disruptions in the anti-
oxidant system and abnormalities in the central nervous
system.®! There is also a relationship between exposure to
DDT and the frequency of general development disorders
(regarding autism) in children.”-'%!

Given the aforementioned facts, many countries intro-
duced a ban on using pesticides containing DDT or its
derivatives; for example, in Poland the usage of DDT was
prohibited in 1975. However, DDT is still widely adminis-
tered in many regions of the world, with the consequences
noticeable on a global scale.'!'?! For example, African
countries still use DDT as an insecticide to prevent the
breeding of insects carrying malaria.l'¥ As a result, large
amounts of DDT have accumulated in tropical and sub-
tropical levels, from where they can move on an interconti-
nental scale and reach Europe by processes of evaporation
and air circulation in the atmosphere.'"” Therefore, the
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percentage of people endangered by the harmful activity of
DDT is a global problem, and is not related only to per-
mission or prohibition of its usage in a selected country.
Despite the withdrawal of DDT itself, it is still one of the
intermediate substrates in the production process of dico-
fol, which is based on DDT and was used worldwide,
including in numerous European countries.!'”)

The main source of DDT in humans is food of animal
origin, which contains large amounts of fat. DDT
obtained with food accumulates in fat tissues, and in
favorable circumstances is released into the bloodstream.
Exposure to this substance starts in fetal life and continues
throughout the whole life.!'® One method to control DDT
is to analyze its content in food products. Milk, as a widely
available and eagerly consumed food product with a large
fat content may provide valuable information about the
threat of DDT to humans.!'” Milk is consumed by adults,
youths and infants and as such allows monitoring of all
age groups within the population for organochlorine pesti-
cides (OCPs), including DDT. Therefore, the aim of our
study was to evaluate the content of DDT and its metabo-
lites in cow milk from two regions of Poland, with different
levels of industrialization.

Materials and methods

Material

Samples of raw milk collected from cows in two areas with
different levels of industrialization were analyzed. 25 sam-
ples were collected from Polish Holstein-Friesian Red-
White variety cows from a farm located in Slaskie voivo-
deship, which is a strongly industrialized region. The cows
were aged from 2 to 10 years. The herd was fed under a
conventional system based on farm feed. In summer, feed-
ing was based on pasturing. Samples were collected during
the summer grazing period. In addition, 25 samples were
collected from the northern part of Zachodniopomorskie
voivodeship, a typically agricultural area. Milk was col-
lected from Montbeliarde cows aged from 2 to 9 years,
housed in a free-stall cowshed. Nutrition was based on a
TMR (Total Mix Ration) system. During the day the ani-
mals stayed out on the pasture.

Milk was collected in 100 mL polypropylene containers.
Until the laboratory procedures, samples were stored at
—20°C. Data concerning fat content in particular samples
were obtained from the farmers responsible for either herd.

Chemicals

Reagents used in the analysis were: n-hexane, acetone, sul-
furic acid from Merck (KGaA, Darmstadt, Germany),
anhydrous sodium sulfate, sodium chloride from Chempur
(Piekary Slaskie, Poland). Reagents such as n-hexane and
acetone were of HPLC grade. Sulfuric acid (95-97%) and
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anhydrous sodium sulphate were pro analysi grade. Inter-
nal standard Pesticide Surrogate Spike Mix (decachlorobi-
phenyl and 2.4,5,6-tetrachloro-m-xylene in acetone) was
obtained from Sigma-Aldrich (St. Louis, MO, USA). The
standards for gas chromatography were obtained from
AccuStandard Inc. (New Haven, CT, USA).

Chemical analysis

The samples were prepared according to a modified proce-
dure of Skrajnowska.!'?! Milk samples (10 mL each) were
poured into conical flasks with glass wool. Then 20 mL of
acetone was added and the mixture was trickled into a sep-
arating funnel. The flask and the wool were washed twice
with acetone (2 x 5 mL) and twice with n-hexane (2 x
10 mL). Then 60 mL of distilled water and 3 mL of satu-
rated sodium chloride solution were placed into the funnel.
This mixture was shaken for 5 min after which the water
layer was removed while the organic layer was transferred
into a new flask. This extract was concentrated in a rotary
vacuum evaporator to a volume of 2 mL and then trans-
ferred to stoppered glass tubes.

The extract was purified with 8 mL of concentrated sul-
furic acid. After separation of the layers, the n-hexane
layer was trickled through a glass column with a filter and
anhydrous sodium sulfate into the tubes. Eluted samples
were concentrated on a water bath under vacuum using a
rotary evaporator to 0.5 mL. Later the samples were sepa-
rated using capillary gas chromatography with mass spec-
trometry GC/MS. Analyzed chemicals were separated on
an ELITE-5MS column (60 m x 0.25 mm x 0.5 wm).
Chromatographic analysis was performed under the fol-
lowing conditions: column oven programme: 140°C
(1 min), increased by 10°C min~' to 200°C (5 min), by
10°C min~" to 280°C (5 min) and by 10°C min~! to 300°C
(15 min). The flow rate (splitless) was 1 cm?® min™", injec-
tion volume was 2.5 pL.

Standard solutions were prepared at six different con-
centrations: blank, 0.24, 0.48, 2.4, 24 and 240 ng pL~ " in
n-hexane. The accuracy of analyses was verified through
the addition of known amounts of internal standard solu-
tion, Pesticide Surrogate Spike Mix, containing decachlor-
obiphenyl (50 wL of concentration 80 wg L~'). The
recoveries gained were in the range of 80%-91%. The limit
of detection (S/Ns = 3) was 0.01 ng ml™'. The quality of
the analytical procedure was checked by analysis of blank
samples. No cross-contamination was found.

Statistical analysis of the data

Statistical analysis of the data was performed using Statis-
tica software (Statsoft Inc., ver. 10 Statsoft, Tulsa, OK,
USA). Prior to analyses, data were investigated to deter-
mine their distribution using Shapiro-Wilk W tests. The
data was not normally distributed. Differences in DDT
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and its metabolites concentrations in milk between indus-
trial and agriculture areas and between conventional and
TMR (Total Mix Ration) feeding systems were compared
by Mann-Whitney U test. Differences were considered sig-
nificant at P < 0.05.

Results and discussion

Results concerning DDT and metabolite concentrations in
milk samples from agricultural and industrial areas are
shown in Table 1. For comparison of all the results,
median values were chosen as they illustrate the most fre-
quent values, excluding the effect of maxima and minima.

In accordance with European legislation, the maximum
residue level (MRL) of DDT (sum of p,p’-DDT, o,F’-
DDT, p-p’-DDE and p,p’-DDD) in milk is 40 ug kg~ '.!'®
In this research the determined levels of this pesticide were
much lower. The highest median concentration of total
DDT of 0.336 pg L~' was observed from the agricultural
area. In samples from this region, 4,4'-DDE was the domi-
nant metabolite representing 83% of total DDT. On the
other hand the lowest median concentrations were
observed in 2,4-DDT and 4,4-DDT, corresponding to
only 2% each. The percentage of individual DDT metabo-
lites in this area is shown in Figure 1. In mammalian bod-
ies the biotransformation of DDT occurs in two ways.
One is based on dehydrochlorination and leads directly to
the formation of DDE, and the other involves the reduc-
tive dechlorination and leads to the formation of DDD.
This compound is further metabolized, and the end prod-
uct of these transformations is the DDA. While DDT,
DDE and DDD accumulate in the adipose tissue, DDA is
excreted in the urine.['"!

Agricultural area

x—

2,4'-DDE
4,4'-DDD 4%
5%
2,4'-DDD
4% 4,4'-DDE

83%
4,4'-DDT S
2% J

2,4'-DDT
2%

Fig. 1. Percentage of individual DDT metabolites (%) in the sum
of DDTs in milk samples from the agricultural area.

In the industrial area total DDT median concentration
was lower than in the agricultural area (0.131 vs. 0.336 pg
L™"). The highest median concentration in this region
were similar to the agricultural area: 4,4-DDE was also
the dominant metabolite containing 83% of the sum of
DDT, but a relatively elevated percentage of 4,4’-DDT in
this region of 8% is noticeable. Possibly some chemical
synthesis processes contribute to an unintentional forma-
tion of 4,4'-DDT. Several chemical facilities located in the
southern regions of Poland have only in recent years
improved technological lines to avoid or to utilize such
harmful by-products, but they still produce substances
chemically similar to DDT.””! Many of those are not
metabolized to DDE and therefore a DDT-like substance
may still be present in the environment, while its transfor-
mation process is not expressed by an additional increase
in DDE.'"” This partially explains the level of DDT
observed in the industrial area, also given the fact that the
use of dicofol was allowed in Poland until January 1,

Table 1. Concentration of DDT and its metabolites in milk samples with 4% fat content (ug/L).

2,4-DDT 4,4-DDT 2,4-DDD 4,4'-DDD 2,4-DDE 4,4'-DDE 2 DDT
Agricultural area (n = 25)
Mean 0.020 0.008 0.016 0.020 0.019 0.304 0.387
Median 0.007 0.008 0.013 0.017 0.011 0.265 0.336
Sd 0.031 0.004 0.011 0.017 0.020 0.203 0.250
Min 0.002 0.003 >LoD 0.004 >LoD 0.054 0.074
Max 0.108 0.019 0.053 0.075 0.057 0.879 1.140
Industrial area (n = 25)
Mean 0.023 0.099 0.008 0.010 0.009 0.170 0.319
Median 0.001 0.009 0.002 0.006 0.001 0.097 0.131
Sd 0.059 0.374 0.014 0.016 0.017 0.183 0.444
Min >LoD >LoD >LoD >LoD >LoD 0.009 0.014
Max 0.228 1.848 0.061 0.079 0.063 0.649 1.886
Total milk samples (7 = 50)
Mean 0.022 0.053 0.012 0.015 0.014 0.238 0.354
Median 0.004 0.008 0.010 0.011 0.004 0.200 0.249
Sd 0.047 0.263 0.013 0.017 0.019 0.203 0.356
Min >LoD >LoD >LoD >LoD >LoD 0,009 0.014
Max 0.228 1.848 0.061 0.079 0.064 0.879 1.886
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Fig. 2. Percentage of individual DDT metabolites (%) in the sum
of DDTs in milk samples from the industrial area.

20142 and milk samples were collected during 2013. On
the other hand the lowest median concentrations were
observed in 2,4’-DDT and 2,4’-DDE. This may be related
to the fact that the 2,4'- isomer of DDT is less frequent
and comprises 15%-21% while the abundant and much
more persistent 4,4'-isomer comprises 65%-80% of total
DDT.*? The percentages of individual DDT metabolites
in the industrial area are shown in Figure 2.

The median values of concentrations observed in both
areas were estimated with Mann—-Whitney U-test to (a)
evaluate whether the regions vary in content of DDT bio-
accumulation and (b) define if there is a difference in DDT
intake according to the cattle feeding system, because in
the agricultural area a TMR system was used while in the
industrial region a conventional feeding system was used.
In the first comparison the differences proved to be signifi-
cant (P < 0.05) for all DDT and its metabolites excluding
4,4-DDT, which means that in both regions the amounts
of this substance were comparable (Table 2). Significantly
higher levels of DDTs in the agricultural area can be
explained by the greater number of roads and the pesticide
input into the soil. In the agricultural area, soil contamina-
tion may have been due to the use of the pesticide directly
onto the soil, spraying of the aerial parts of plants, as well
as the introduction of DDT-treated grain into the soil. In
the industrial areas the main sources of DDT are atmo-
spheric deposition or chemical plants producing pesticides
similar in structure to DDT.!')

In the second comparison, however, no significant dif-
ferences were observed between the two systems of cattle
feeding, suggesting that neither type of cattle farming espe-
cially exposes animals to DDT intake. In the milk of both
herds the concentration of DDT was much lower than the
highest permissible level in milk and in the conventional
and TMR feeding systems the observed DDT concentra-
tions were 0.33% and 0.84% of MRL, respectively. The
results of U tests in the first comparison suggest that the
areas were unequally exposed to DDT bioaccumulation.
A higher content of DDT was observed in the agricultural
area, more exposed to DDT in the past which resulted in
higher bioaccumulation of the described chemicals. In the
industrial area, usage of DDT pesticides was minimal, so
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Table 2. Results of Mann—Whitney’s U test analysis.

P value
Agricultural Conventional feeding
vs. industrial area vs. TMR system
2,4-DDT 0.02090 0.17711
4,4-DDT 0.23013 0.65908
2,4-DDD 0.00008 0.83624
4,4-DDD 0.00126 0.65121
2,4-DDE 0.00350 0.80550
4,4-DDE 0.01331 0.70994
> DDT 0.01389 0.55180

Significant differences at P < 0.05.

the chemical industry is the only possible source of envi-
ronmental exposure to this substance. In every exposed
region DDT undergoes metabolizing processes which
include a transformation into DDD and then into DDE,
the final metabolite. In this study samples collected in the
agricultural area represent the highest levels of DDT
metabolites (2,4-DDD and 4,4-DDD as well as 2.4'-
DDE and 4,4-DDE). Apart from a slightly elevated level
of 4,4-DDT a similar tendency in both isomers of DDD
and DDE in the industrial area was noticeable. Thus, the
highest median concentrations were noticed in 4,4’-DDE
in both agricultural and industrial areas, suggesting that
DDT had already been partially metabolized. It also indi-
cates that in both areas a distant exposure to the studied
substances was present.

Since the environmental presence of DDE results solely
from the conversions of DDT, the ratio of DDE do DDT
is used to determined the potential “fresh input” of DDT.
A ratio higher than 1 generally indicates the past use of
DDT, and lower than 1 suggests recent usage of DDT and
fresh input.*®! To confirm the temporal range between
DDT exposure and sample examination in both regions, a
DDT:DDE ratio was calculated. In our study the ratio
was 1:20 (0.05) in the agricultural area and about 1:7.1
(0.14) in the industrial area, which supports the hypothesis
about both recent and historic usage in the studied regions.
The total in milk samples reached 1:13.6 (0.07), which is
shown in Figure 3. The estimated metabolizing time from
DDT to DDE in the environment could take from 4 to
30 years, depending for example on soil type and other
environmental factors.?+%"

The most important factors influencing the metabolism
of DDT in the soil include the physicochemical properties
of the soil, its moisture and pH, as well as the climatic con-
ditions (temperature), sunlight and microfauna soil com-
position. These factors determine the type and direction of
conversions of a given substance; accordingly, under dif-
ferent environmental conditions, decomposition of a given
substance may take place in different ways. In the case of
DDT it was found that anaerobic conditions accelerated
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Fig. 3. The DDT/DDE ratios determined in milk samples from
agricultural and industrial areas and in the total tested samples
of milk.

the conversion of DDT to DDD, while aerobic conditions
facilitated the conversion of DDT to DDE.?*?”! The basic
reactions in the biodegradation of DDT and other organo-
chlorine compounds include the removal of the chlorine
atom from the molecule via hydrolysis, reductive dehalo-
genation and dehydrohalogenation.!?®!

DDT’s route starts in the soil and plants, and because of
its physical features and long-lasting metabolizing process
it may end up in cow milk.**?* DDT and its metabolites
are strongly lipophylic and show an affinity to the fat tis-
sue of animals and humans.®” Fat-rich cow milk is a
cheap and rich source of proteins, fats, minerals such as
calcium, phosphorus or potassium and vitamins: A, B,, B;
and B;,.P!" Milk consumption is quite common in Poland
and in general reaches 2.6 L per person per month. Milk
consumption in agricultural areas is higher than average
and according to statistical data reaches 4.0 L per person
per month in farm households.*?! Therefore, the amount
of DDT consumed with milk may be significant and
requires consideration. The Polish Central Statistical
Office does not specify milk consumption data in industrial
areas, but assuming that it does not differ from the aver-
age, an average person’s daily intake of DDT with milk is
about 0.011 wg kg~ body weight (b.w.). In the agricul-
tural area this value was higher and reached 0.045 pg
kg~! b.w. Acceptable DDT daily intake according to
FAO and WHOM is 10 pg kg™! b.w. but these standards
refer to a complete food ration which includes different
food products like meat, bread, vegetables etc. Therefore
it can be concluded that milk intake does not constitute a
significant part of total DDT daily intake in either of the
examined regions.

According to former studies on milk carried out in
Poland in the 1970s which showed a concentration of
8.3 mg L' and in the 1990s of 1.4 pwg L~" B4 a decreasing
trend is obvious. A decreasing trend in DDT is observed
not only in the milk itself but also in other dairy products,

such as cheese, butter and cream.?>>"! Studies performed
in Spain in the 1990s showed a concentration of 10.9 pg
L~'1" which was more than 7.5 times higher than in
Poland in that time. Nevertheless concentrations observed
in milk in Europe seem to be relatively low in relation to
other continents where concentrations of DDT are much
higher, and may be associated with some countries fighting
malaria. Studies in India show a decreasing tendency since
1998 when a concentration of 90 wg L™! was reported.l*®
In 2007 it was lower at 36.7 ug L™'P% and then 0.7-
30.7 wg L™!in 2014.1% On the other hand the situation in
Latin America looks different. For example, in Mexico
levels of DDT have remained stable, ranging from 139 to
159 wg L= "B Moreover, recent studies on DDT in
milk in Columbia showed surprising levels from 290 to
810 pg L~".*! However, according to a FAO report, the
biggest burden of DDT was observed in the 1980s in
Africa, reaching a level measured in tens of milligrams per
liter of milk.1**! Studies from Ghana in 2008 showed a con-
centration of 13.95 pg L™".1"* As Ghana is located in
a similar region to some countries with reported
extreme values of DDT, it can be expected that the ten-
dency may be downward in the future. However, these
results clearly show that problem of DDT in the envi-
ronment is severe especially that, by consuming dairy
products, people are currently and will probably be in
the future constantly exposed to organochlorine con-
taminants.!'**-4*! Most OCPs are relatively resistant to
the technological processes that are used for milk and
dairy products.[*”!

In spite of the quite low levels of DDT shown in our
study, accumulation in human fat tissue cannot be
ignored. Despite the fact that over several years, there has
been a marked decline in DDT and its metabolites in the
environment and consequently in our food, it is expected
that exposure to these compounds will last for many years
due to the high stability of DDT and its continuous use in
countries where malaria is found.

Maternal milk is considered the last element of the
food chain; therefore, infants are exposed to the highest
concentrations of OCPs.[**! Women’s milk contains sev-
eral times higher levels of DDT in comparison to animal
milk.** The highest amounts of hazardous compounds
are observed in the first stage of lactation.**! Infants
and children belong to a special group at risk by con-
suming much greater quantities of milk than adults.>”
Importantly, some of the effects may not be detected
until puberty or even later in life.l®! Exposure to p,p -
DDT early in life may increase breast cancer risk in
adult life.[! There are also reports on exposure to DDTs
contributing to an increased risk of developing hypothy-
roidism and other disorders of the secretory activity of
the thyroid.®* In addition, maternal serum DDE is
associated with reduced psychomotor development in 6-
month-old infants, and mental development in two year
0lds.”3 In another study it was also found that an

www.manaraa.com



6

elevated maternal serum DDE concentration is associ-
ated with an increased risk of being overweight in chil-
dren at 14 months of age.>¥

Conclusion

To conclude, in this study we detected residues of DDT in
all tested milk samples. None of them exceeded a level
above which the concentrations should be considered as
dangerous. On the other hand, the results show that the
problem of DDT has not ceased and therefore the presence
of this pesticide in milk remains a potential health risk and
should be monitored regularly.
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