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Abstract

Concentrations of organochlorine pesticides (OCPs) residues in six different popularly consumed evaporated milk samples
available in Nigeria (coded A, B, C, D, E and F) were analysed. This was done in order to determine the extent of exposure
of consumers to OCPs through regular consumption of the milk samples. The OCPs content of the milk samples, obtained
using liquid-liquid extraction (LLE) technique, were qualitatively and quantitatively analyzed using Gas Chromatography-
Mass Spectrometry (GC-MS). Eighteen OCPs congeners detected included a-HCH, f-HCH, y-HCH, 6-HCH, Heptachlor,
Heptachlor epoxide, Aldrin, Dieldrin, Endosulfan I, Endosulfan II, Endosulfan sulphate, p,p’-DDD, p,p’-DDE, p,p’-DDT,
Endrin, Endrin aldehyde, Endrin ketone and Methoxychlor at levels ranging from total OCPs concentrations of 21.632 pg/
mL in B t0 39.010 pg/mL in C. Most of the milk samples had various OCPs contents above the stipulated WHO/FAO aver-
age daily intake (ADI) threshold. The highest cumulative HRI and HR value for non-carcinogenic and carcinogenic health
risks for both adults and children were found in sample C suggesting that long-term non-carcinogenic health problems could
emanate from the unguarded consumption of this particular milk product over a long period of time.
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1 Introduction

Consumable milk is one of the main forms of animal protein
often obtained from animals such as buffalo, cow and goat.
Milk production is a distinctive feature of the female ani-
mals and human being because they possess the udder and
the breast, respectively which contains the mammary gland
[1]. Milk is highly consumed by human beings at all stages
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of life because it serves as a reliable source of energy, fat,
minerals, vitamins and proteins [2].

A good number of evaporated milk products are available
in Nigeria markets with the raw milk coming from the dairy
farm. The primary source of such milk products (the cows)
are often allowed to graze over a wide expanse of land such
as the farm lands and the forest since open grazing is more
economical. More often than not, these cows have direct
contact with agricultural products and sometimes feed on
farm produce during such open grazing. Beyond this, the
cows are fed from streams and rivers which are sometimes
not too distant from the grazing region.

Between 1948 and 1949, synthesized chemicals were
of great relevance starting with the use of dichlorodiphe-
nyltrichloroethane (DDT) for malaria control and hexa-
chlorocyclohexane (HCH) for locust control. Dichlorodi-
phenyltrichloroethane was effective for malaria control in
the 1940s. It showed a decisive role in the eradication of
malaria from Europe and the United States. Within a short
time, DDT got a unique position by saving millions of lives
and by preventing disease outbreaks much more than any
other man-made chemicals in history [3]. A huge success
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was recorded in the use of these organochlorine pesticides
(OCPs) up to 1980 when suggestions were made for con-
trolled usage of OCPs because of the serious health risks
such as cancers, endocrine disruption, immune system dis-
order, reproductive problems among other chronic diseases
that could emanate from their persistence or high resistance
under ambient environmental conditions [4]. Increase in
agricultural productivity and the affordable price of these
pesticides were the major considerations of farmers. Hence,
the drastic increase in the application of these substances to
agricultural produce all over the developing world despite
the public health risks and outcries that have led to their
being banned in developed countries [5]. Unfortunately, less
than one percent of the applied pesticides in agriculture usu-
ally reach the target pest while the remainder is stored in the
various compartments of the environment [6]. For example,
upon application, most part of the pesticides volatilize from
the soil are transported to non-target components [7], pen-
etrate into the soil through percolation-related phenomena,
get to aquatic bodies through run-off [8, 9], and aerial fall-
out especially as a result of wet precipitation [7, 8].

The main entry points of pesticides into biotic factors
include contaminated feed, water and udder. Quite a num-
ber of studies have confirmed the presence of these OCPs
in water bodies in various countries of the world such as
Nigeria [10-13], Ghana [14], South Africa [15] and China
[16]. Pesticides find their way into meat and milk as a result
of open grazing of animals on contaminated feedstock prior
to milking and thus may enter the upper echelon of the food
chain where they bioaccumulate as a result of their lipo-
philicity [17]. Contamination of milk with organochlorines
such as Hexachlorocyclohexane (HCH) isomers, Dichlo-
rodiphenyltrichloroethane (DDT) and isomers, Heptachlor,
Chlordane, Aldrin, Dieldrin and so on (Fig. 1) may cause
neurodevelopment delay [18], reproductive defects, preterm
and immune toxicity [19, 20].

Evidently, awareness about the levels, health impacts
and reduction or total removal of xenobiotics such as OCPs
from human consumables is both a matter of necessity and
urgency. A number of methods have been employed for the
quantitative detection of OCPs in water and other consuma-
bles [9, 21]. The bulk of these methods are chromatographic
techniques coupled to suitable detectors such as the elec-
tron capture, thermal conductivity and mass spectrometry
[21-23]. Selectivity and specificity for analytes [24], ability
to characterize such analytes [25], availability and cost of
instrumentation are the major factors considered for select-
ing a suitable chromatographic technique for the quantifica-
tion and identification of OCPs in various matrices. These
factors, coupled with the high vapour pressure of OCPs have
made the use of Gas Chromatography (GC) coupled to Mass

@ Springer

Spectrometry (GC-MS) a highly preferred technique for
OCPs determination [26]. Although, the more expensive GC
coupled to a tandem Mass Spectrophotometer (GC—-MS-MS)
is considered more sensitive [23], meticulous sample prepa-
ration processes involving LLE technique followed by clean-
up that reduces matrix effect prior to quantification helps to
mitigate the lower sensitivity of the GC-MS [27, 28] and
bridge the gap in effectiveness between the liquid-liquid
extraction and microextraction.

The present study was aimed at investigating the con-
tent of OCPs in six popularly consumed evaporated milk
products in Nigeria. This was done to provide reliable sci-
entific data bothering on the possible carcinogenic and non-
carcinogenic health risks associated with their long-term
consumption. The novelty of this work is that most of the
previous studies were based on evaluation of OCPs in ran-
domly selected milk brands. However, a preliminary survey
based on respondents randomly interviewed prior to sample
collection to determine the consumers’ choice as regards
commonly consumed evaporated milk were used for the
choice of the samples used for this study.

2 Methodology
2.1 Sample Collection

The response of 210 respondents randomly interviewed prior
to sample collection to determine the consumers’ choice as
regards commonly consumed evaporated milk samples in
Nigeria informed the selection of the six types of evaporated
milk samples eventually used for this study. The milk sam-
ples (coded A-F) were purchased from sales outlets within
Ile-Ife environment and kept in a refrigerator prior to the
extraction to achieve a storage temperature of about 4°C.

2.2 Reagents Used and Their Sources

Reagents such as ethanol, acetone, dichloromethane (DCM)
and sodium chloride used for this procedure were supplied
by GFS Chemicals, Columbus. Silica gel was supplied by
Labtech chemicals while the anhydrous sodium sulphate
was supplied by Merc, Germany. They were all of analyti-
cal grade.

2.3 Extraction of OCP Residues from Samples

Five millilitres (5 mL) of each sample was transferred into
500 mL volumetric flask and thoroughly mixed with about
100 mL distilled water. One spatula of sodium chloride was
then added to make OCPs less soluble in the aqueous layer
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Fig. 1 Structure of common organochlorine pesticides
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and more readily available for DCM extraction. The mix-
ture was diluted up to 500 mL in the flask and subjected
to thorough mixing. Each component of the solvent extrac-
tion setup was washed and rinsed properly with the solvent
mixture (1:2:2 of Acetone-Dichloromethane-Ethanol). A
500 mL separating funnel was used to carry out the LLE of
the diluted milk sample in which case half of the separating
funnel was filled with the diluted sample and extracted with
about 20 mL DCM in triplicates. This process was carried
out for the other half of the diluted milk sample. The extracts
were transferred into an amber coloured vial and stored at
4 °C in readiness for clean-up.

Table 1 Percentage recovery of OCPs

OCPs Amount used for Amount recovered ~ Percentage
spiking (ug/mL) from spiking (ug/ recovery
mL) (%R)
Heptachlor 25.62 23.04 89.92
Endrin 19.72 18.23 92.45
Endosulfan 21.57 20.78 96.34
44'-DDT  21.81 20.78 95.28

2.4 Clean-Up Procedure

The clean-up stage is essential to remove or reduce all forms
of impurities which might be associated with the eluate. A
column was packed with glass wool followed by the addi-
tion of activated silica gel earlier prepared in a slurry form.
Anhydrous sodium sulphate was then added to the top of
the silica gel in order to absorb the water in the sample
and the solvent. Dichloromethane was first introduced into
the packed column to prevent any interference by organic
contaminants. The recovered eluate was left to dry com-
pletely under ambient air and then reconstituted with 1 mL
of n-hexane in the amber coloured vials prior to GC-MS
determination.

2.5 Instrumental Analysis, Quality Assurance
and Quality Control

The qualitative identification and quantification of the OCPs
was carried out using the GC-MS at CTX-ION Analytical
Limited, Ikeja, Lagos, Nigeria. The efficiency of this ana-
lytical procedure was validated by recovery analysis since

Table 2 Concentrations (ug/mL) of OCPs in analysed evaporated milk samples

OCPs EU MRL ADI (ug/g/day) Samples

A B C D E F
Aldrin 0.05 0.0001 0414 1.102 2.468 0.520 0.832 1.026
Dieldrin 0.02 0.0001 1.882 4.584 2.860 3.812 5.742 8.330
Endosulfan I 0.10 0.006 0.758 0.620 1.486 4.230 4.028 1.920
Endosulfan II 0.10 0.006 1.536 1.100 1.420 1.084 0.432 1.786
Endosulfan sulphate 0.006 1.054 BDL BDL 0.028 0.042 0.302
Endrin 0.01 0.0002 0.176 0.170 0.164 0.000 0.174 0.000
Endrin aldehyde 0.01 0.0002 5.188 4.120 4.486 10.412 3.114 5.150
Endrin ketone 0.0002 1.358 0.842 10.020 7.604 1.766 2.240
Heptachlor 0.02 0.0001 7.832 5.228 7.100 2.750 5.064 3.626
Heptachlor epoxide 0.02 0.00013 BDL BDL BDL 0.346 BDL 0.374
Methoxychlor 0.01 0.1 2.100 0.950 2.836 1.082 3.414 1.506
p.p’- DDD 0.05 0.01 4.718 1.326 0.632 0.220 0.532 0.444
p.p’- DDE 0.05 0.01 0.278 0.170 0.732 0.382 0.106 0.196
p.p'- DDT 0.05 0.01 0.306 0.066 0.434 0.336 0.220 0.214
a- HCH 0.05 0.005 0.750 0.344 1.970 0.854 1.142 0.944
f- HCH 0.05 0.005 0.358 0.282 0.774 0.342 0.860 1.044
y- HCH 0.05 0.005 0.312 0.292 0.884 0.346 0.192 0.464
8- HCH 0.05 0.005 1.270 0.436 0.744 0.664 1.134 0.732
Total 30.290 21.632 39.010 35.012 28.794 30.298
Mean+SD 1.683+2.057 1.272+1.618 2.295+2.600 1.945+2.814 1.600+1.793 1.683+2.062
Variance 4231 2.618 6.760 7.920 3.215 4251
Coefficient of Vari- 1.22222 1.27201 1.1329 1.44679 1.12063 1.22519

ation
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Fig.2 OCP contents of evaporated milk sample

a certified reference material was unavailable. A standard
solution of mixture of Heptachlor, Endrin, Endosulfan and
p.p’-DDT was prepared and 10 mL of this solution was used
to spike the measured value of milk sample (5 mL) while the
equivalent milk volume (5 mL) was kept unspiked. These
two milk samples were taken through the extraction, clean-
up and reconstitution procedures as enumerated earlier. The
samples were subjected to GC—MS analysis and percentage
recovery (% R) was evaluated using Eq. 1.

%R=(A—B)

x 100 6]

where A and B are the amounts of OCPs recovered from
spiked and unspiked samples respectively; and C represents
the amount of OCPs used for spiking. In order to achieve
reliable results, the quality assurance of the analytical pro-
cedures was given special attention. All materials for sam-
ple preparation were thoroughly washed and rinsed with
acetone. Blank determination was equally carried out. All
reagents used were of analytical grade.

2.6 Health Risk Assessment

Carrying out the health risk assessment is important to assess
the health risks associated with dietary exposure of consum-
ers to pesticides content of the milk samples. This was done
by investigating the carcinogenic and non-carcinogenic health
risks through the Estimated Average Daily Intake (EADI),
Cancer Benchmark Concentrations (CBC) and the Health
Risk Index (HRI). Estimated Average Daily Intake of the pes-
ticides was used to obtain the long term health risk associated
with contaminated food consumption, HRI was used for the
assessment of the carcinogenic and non-carcinogenic health
risk with an assumption of body weights of 60 kg and 16.7 kg
for adults and children, respectively [21]. The carcinogenic
effect of each of the OCPs was obtained from the Hazard Ratio
(HR) calculated using CBC.

Estimated Average Daily Intake was determined by multiply-

ing the Residual pesticide concentrations of each OCP (ug/g)
by the food consumption rate (kg/day) and dividing by body

@ Springer



354

Chemistry Africa (2021) 4:349-366

weight. Calculations were performed for adults and children
who were considered to have average weight of 60 kg and
16.7 kg, respectively at a consumption rate of 0.00983 kg/day
of milk [29].

EADI = FxCr )
Mean body weight

where F=food consumption data and Cr is the concentration
of the residue in the food sample. Samples with HRI> 1 are
classified toxic and unsafe for consumption [29].

HRI = ——— 3)

where ADI is an estimate (with uncertainty spanning per-
haps an order of magnitude) of a daily exposure to the
human population (including sensitive subgroups) that is
likely to be without an appreciable risk of deleterious effects
during a lifetime [30].

The Cancer Benchmark Concentration (CBC) was calculated
using the formula of [31] stated as:

cpe - (RL/OSF) x Bw
CR

“
where RL is the maximum acceptable risk level (1 X 1079),
OSF is the Oral Slope Factor (mg/kg/day), Bw is the body
weight (kg) and CR is the consumption rate (kg/day). The
CBC for carcinogenic effect is derived by setting the risk to
one in one million due to lifetime exposure. The OSFs for
the pesticides were obtained from [32]. The Hazard Ratio
(HR) was determined to evaluate the carcinogenic potency
of each sample with respect to each OCP using Eq. 5.

_ EADI

HR = ——
CBC

®

3 Results and Discussion

The reliability of the analytical procedures adopted was
tested in terms of percentage recovery (%R) and the values
obtained are as shown in Table 1 With percentage recovery
values of 89.92% of Hepachlor to 96.34% of Endosulfan,
the analytical procedure was believed to be efficient to
produce reliable results since the %R values of the OCPs
fell within the [33] acceptable range of 70-110%.

The concentrations of organochlorine pesticides (OCPs)
in the six (6) different milk samples obtained using Gas
Chromatography—Mass Spectrometry (GC-MS) are sum-
marized in Table 2.

@ Springer

The results obtained from the study indicated that three
major classes of OCPs (Hexachlorocyclohexane, HCH;
Dichlorodiphenylethanes; and Cyclodienes) were detected.
The highest total concentrations of OCPs (39.010 ug/mL)
were recorded in sample C in which OCPs levels fell within
the range of below detection limit (BDL) of Endosulfan sul-
phate and Heptachlor epoxide to 10.020 pg/mL of Endrin
ketone, while the lowest total concentrations of OCPs
(21.632 pg/mL) were found in Sample B with individual
OCPs concentrations also ranging from BDL of Endosulfan
sulphate and Heptachlor epoxide to 5.228 ug/mL of Hep-
tachlor. The level of OCPs in the milk samples have been
pictorially demonstrated in Fig. 2.

Aldrin levels in the samples ranged from 0.414 ug/mL
in sample A to 2.468 pug/mL in sample C. The International
Agency for Research and Cancer (IARC) classified Aldrin
as a Class 2B Carcinogen [34]. All the milk samples con-
tained levels of Aldrin exceeding the designated ADI value
(0.0001 pg/g/day) for Aldrin in food [35]. Dieldrin occured
at levels that ranged between 1.882 pg/mL in sample A to
8.330 ug/mL in Sample F. Aldrin is readily converted to
Dieldrin under ambient environmental conditions and in the
body system [9]. Thus, the levels of Dieldrin detected in
the samples might be as a result degradation of Aldrin to
Dieldrin. Also, all the milk samples contained amounts of
Dieldrin exceeding the designated ADI value (0.0001 pg/g/
day) for Dieldrin in food [35]. Hence, consumption of these
milk samples should not be too regular. The maximum
amount of Dieldrin and Aldrin reported in this study are
much lower than the values of 10.4 mg/kg and 59.9 mg/
kg, respectively, reported by [36] for the leaf samples of
cabbage from selected agricultural area in northern Nigeria
but higher than the values reported by Adeleye et al. [21]
for Amaranths (0.205 and 0.509 mg/kg, respectively) and
Fluted pumpkin (1.465 and 0.391 mg/kg, respectively) leaf
samples obtained from south-western Nigeria.

Endosulfan is a mixture of two stereoisomers,
a-Endosulfan (Endosulfan I) and p-Endosulfan (Endosul-
fan II) in ratio 70:30, respectively with the former being
the most toxic [37]. Endosulfan I showed levels ranging
from 0.620 pg/mL in sample B to 4.230 ug/mL in sample
D. The recommended ADI value for Endosulfan I in foods is
0.006 pg/g/day [38]. In some studies in animals, Endosulfan
induced alterations in the testes and reduced the amount and
quality of sperm [39]. It is equally implicated in the reduc-
tion of the level of testosterone in the blood [40]. Animal
studies have shown that swallowing Endosulfan in contami-
nated food over long periods affects mainly the kidneys [41].
The milk samples investigated contained levels of Endosul-
fan I exceeding the designated ADI value (0.006 pg/g/day)
for Endosulfan in food [38]. Compared to the level of Endo-
sulfan I in cocoa bean samples (ND—12.11 ug/g) collected
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HRI

6.1

EDI (ug/g)
0.00061

HRI

EDI (ug/g)

HRI

5.7

EDI (ug/g)
0.00057

ADI (ug/g/day) D

OCPs

Table 3 (continued)
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Yes

Yes

0.0001

Heptachlor

epoxide

No

0.0247
0.073

0.00247

No

0.0559
0.087

0.00559

No

No

0.0177
0.036

0.00177

0.1

Methoxychlor
p.p’- DDD
p.p’- DDE
p,p’- DDT

0.00073

No

0.00087

0.00036

0.01
0.01
0.01

0.032 No

0.00032

No
No

0.017

0.00017

0.063 No

0.00063

0.035 No

0.31

0.00035

0.036

0.00036

0.055
0.28

0.00055
0.0014

Yes

0.00155

0.374 Yes

0.282

0.00187

Yes

0.005

o- HCH
f- HCH
y- HCH

Yes

0.342
0.152
0.24

0.00171

Yes

0.00141

0.112 Yes

0.00056

0.005

Yes

0.00076
0.0012

0.114 Yes 0.00031 0.062 Yes

0.00057

0.005

Yes

0.00109 0.218 Yes 0.00186 0.372 Yes

0.005

5- HCH

by Oyekunle et al. [9] from south-western Nigeria, the
Endosulfan I content in sample D can be considered much
lower. Similarly, Endosulfan II showed levels with a range of
0.432 pg/mL in sample E to 1.786 pg/mL in sample F. These
values were equally beyond the recommended ADI value for
Endosulfan in food but much lower than the values obtained
by Oyekunle et al. [9] from cocoa beans (ND—49.29 ug/g)
collected from Ondo State in South-western Nigeria. Peo-
ple exposed to high levels of Endosulfan in contaminated
food or exposed during field spraying suffered tremors and
seizures while some died [41]. Endosulfan sulfate is a prod-
uct of oxidation and the major metabolite of Endosulfan.
Compared to the stereoisomers of endosulfan, endosulfan
sulphate is the most persistent. Endosulfan sulphate showed
levels with a range of BDL in sample B and C to 1.056 ug/
mL in sample A. This Endosulfan sulfate level is much
higher than the ADI value (0.006 pg/g/day) for Endosulfan
sulphate in foods but much lower than the values reported
by Oyekunle et al. [9] for cocoa beans (0.48—48.04 pg/g)
collected from Osun State, Nigeria. Tremors and seizures,
including systemic effects which may be secondary to the
seizures have been reported for acute Endosulfan exposure
[41].

It has been established that exposure to Endrin can cause
various harmful effects including headache, dizziness, nerv-
ousness, nausea, vomiting, convulsions, severe CNS injury
or damage and death [42]. In the milk samples, levels of
Endrin ranged from BDL in samples D and F to 0.176 pg/
mL in sample A. The assigned threshold value for daily
intake for Endrin (ADI value) is 0.0002 pg/g/day [35]. Lev-
els beyond the designated ADI values were observed for
samples A, B, C and E. The level of Endrin in sample A
was very close to that obtained from green algae (0.18 pg/
mL) of a riverine ecosystem of South-South part of Nigeria
in a study carried out by [43]. Levels of Endrin aldehyde
ranged between 3.114 pg/mL in sample E to 10.412 ug/mL
in sample D. The stipulated ADI value for Endrin aldehyde
residues in food is 0.0002 pg/g/day [44]. This ADI value is
much lower than the Endrin aldehyde content of the milk
samples. Also, the Endrin aldehyde content of the milk sam-
ples is much higher than the values reported by [43] for
sediment (0.0005 pg/g), green algae (0.6 ug/mL), daphnid
(0.74 pg/mL) and fresh water fish (1.06 pg/mL) of a riverine
area of Edo state, South-south, Nigeria. Furthermore, Endrin
and Endrin aldehyde were found to be 0.045 and 0.208 mg/
kg, respectively in kolanuts obtained from Osun state, Nige-
ria [45]. The values reported in this study were much higher
than the maximum values obtained for these two OCPs in
the kolanut sample. Adeleye et al. [21] reported values of
0.351 and 3.491 mg/kg for Endrin and Endrin aldehyde,
respectively in fluted pumpkin leaves sourced from South-
western Nigeria. Endrin ketone showed levels ranging from
0.842 pg/mL in sample B to 10.020 pg/mL in sample C (the
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HRI
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HRI

EDI

ADI EDI HRI

0.1

OCP

Table 4 (continued)

@ Springer

No

0.088647
0.261349
0.11537

0.125965
1.11132

1.229044
0.546242
0.861744

0.008865
0.002613
0.001154

No

0.200956
0.313147
0.062394
0.129497
1.344414
1.012431
0.226031
1.334996

0.020096
0.003131

No

0.063689
0.129497
0.224854
0.197777
1.005368
0.402618
0.407327
0.781691

0.006369
0.001295
0.002249
0.001978
0.005027
0.002013
0.002037
0.003908

Methoxychlor

No

No
No

No

0.01
0.01
0.01

p.p’-DDD
p.p’-DDE
p.p’-DDT

No

0.000624
0.001295
0.006722
0.005062
0.00113

No

No

0.00126

No

No

Yes

0.005557
0.006145
0.002731
0.004309

Yes

Yes

0.005

o- HCH
f- HCH
y- HCH

Yes

Yes

No

0.005

No

No

No

0.005

No

Yes

0.006675

No

0.005

5- HCH

highest OCP concentration observed). It is observed to have
a proportional relationship to Endrin and Endrin aldehyde.
The stipulated ADI value for Endrin ketone residues in food
is 0.0002 pg/g/day [44]. A study on rodents suggests that
exposure to Endrin aldehyde or Endrin ketone may cause
liver disease [46]. All the milk samples (A, B, C, D, E and F)
contained levels of Endrin ketone exceeding the designated
ADI value in food as well as the level of Endrin ketone in
the gill (78.8 ng/g) and muscle (11.2 ng/g) of fish (Poma-
dasys commersonnil) sourced by Olisah et al. [47] from the
Swartkops estuary in South Africa.

Heptachlor levels in the samples ranged between
2.750 pg/mL in Sample D and 7.832 pg/mL in sample A.
Acute inhalation exposure of Heptachlor by humans has
been associated with nervous system effects in a few case
studies [48]. Also, gastrointestinal effects such as nau-
sea and vomiting have been reported to occur following
accidental ingestion of Heptachlor [49]. All the samples
showed elevated levels of Heptachlor much higher than the
ADI value (0.0001 pg/g/day) for Heptachlor in food [35]
and also higher than the heptachlor residue level in maize
(0.005 mg/kg) and cowpea (0.01 mg/kg) obtained from
Ghana in a study carried out by Akoto et al. [50]. Hepta-
chlor epoxide showed levels ranging from BDL in Sam-
ple A, B, C and E to 0.374 pg/mL in sample F. The ADI
value for heptachlor epoxide in food is 0.000013 pg/g/day
[35]. Some studies in animals suggest that young animals
exposed during gestation and infancy may be very sensi-
tive to Heptachlor and Heptachlor epoxide. Changes in
nervous system and immune function were found in these
animals [51]. Levels below the designated ADI values
were observed for four of the samples while samples D
and F had values higher than the stipulated ADI value.

Methoxychlor levels in the samples ranged between
0.950 pg/mL in Sample B to 3.414 pg/mL in Sample E.
The ADI value for Methoxychlor is 0.1 pg/g/day [35].
Studies in animals show that exposure to Methoxychlor
adversely affects the ovaries, uterus, and mating cycle in
females, and the testes and prostate in males. Fertility is
decreased in both female and male animals [52]. All the
samples showed elevated levels of Methoxychlor which
are much higher than the expected designated ADI value.
DDD levels in the samples ranged from 0.220 pug/mL in
Sample D to 4.718 pg/mL in Sample E. These concentra-
tions are much higher than the ADI value (0.01 pg/g/day)
for DDD [53]. Tests in animals also suggest that short-
term exposure to DDT and metabolites in food may have
a harmful effect on reproduction. In addition, products
of DDT metabolism such as DDD and DDE can cause
harmful effects on the adrenal gland [52]. DDE level in
the samples ranged between 0.170 pg/mL in Sample B
to 0.732 pg/mL in Sample C. The ADI value for DDE
is 0.01 pg/g/day [53]. A study in humans showed that
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Table 5 (continued)

@ Springer

Yes

9.094388

0.00061

Yes

8.49804

0.00057

6.70743E-05

9.1

Heptachlor

epoxide
Methoxychlor
p,p’- DDD
p.p’- DDE
p.p’- DDT
o- HCH

0.00559 0.00247

0.00177

0.002543235  0.00036

No

0.287036

0.178251

0.194962
15.99833

0.00073

No

0.34208
0.0947

0.00087

No

0.14155

0.24
0.34
0.34

6.3

No

0.00032

No

0.00017

No

0.35093
0.30637
14.4501

0.001795225  0.00063

No

0.00035

0.20053 No
19.3012

0.00036

No

0.001795225  0.00055

9.68851E-05

Yes

0.00155

Yes

0.00187

Yes

0.0014

Yes

0.00171 5.04279

Yes

4.15809
0.66025

0.00141

Yes

1.65144
1.21401
3.21441
7.49649

0.000339098  0.00056

0.00046952

1.8
1.3
1.8

p- HCH
y- HCH
8- HCH

Total

Yes

1.618673
3.5388

0.00076

0.0012

No

0.00031

Yes

0.00057

Yes

Yes

0.00186 5.48514

Yes

0.000339098  0.00109

Yes

0.04965 6.485912

Yes

6.16181

0.047169

Yes

0.007655052  0.057386

increasing concentrations of p,p’-DDE in human breast
milk were associated with reductions in the duration of
lactation. An additional study in humans found that as the
DDE levels in the blood of pregnant women increased,
the chances of having a pre-term baby also increased [52].
DDT levels in the samples ranged between 0.214 pg/mL
in Sample F to 0.434 pug/mL in Sample C. International
Agency for Research on Cancer (IARC) classified DDT
as a Class 2B (possibly carcinogenic to humans) residue
[34]. The ADI value for DDT is 0.01 pg/g/day [53]. People
who swallowed large amounts of DDT became excitable
and had tremors and seizures; they also experienced sweat-
ing, headache, nausea, vomiting, and dizziness [52]. All
the samples showed elevated levels of DDD, DDE and
DDT which were much higher than the expected desig-
nated ADI value. These results are comparable with the
levels of DDD (0.128 mg/kg), DDE (0.053 mg/kg) and
DDT (0.247 mg/kg) obtained by Olutona and Livingstone
[54] in a study carried out on the OCPs content of some
selected malt drinks in Nigeria where the concentration of
the DDE exceeded the ADI value.

o- HCH levels in the samples ranged between 0.344 pg/
mL in Sample B to 1.970 pg/mL in Sample C. The ADI
value for a- HCH is 0.005 pg/g/day [55]. Long-term oral
administration of a-HCH, p-HCH, y-HCH, or technical-
grade HCH to laboratory rodents has been reported to result
in liver cancer [56]. p-HCH levels in the samples ranged
between 0.282 pg/mL in Sample B to 1.044 ug/mL in Sam-
ple E. The ADI value for f- HCH is 0.005 pg/g/day [55].
All the samples had levels exceeding the stipulated ADI
value for «-HCH andf-HCH. y- HCH levels in the samples
ranged between 0.192 pg/mL in Sample E to 0.884 ug/mL
in Sample C. The ADI value for y-HCH is 0.005 ng/g/day
[55]. In humans, breathing toxic amounts of y-HCH and/
or a-, f-, and 8-HCH can result in dizziness, headaches,
and possible changes in the levels of sex hormones in the
blood [56]. All the samples (except sample F) had levels
exceeding the stipulated ADI value for y- HCH.5- HCH lev-
els in the samples ranged between 0.436 pg/mL in sample
B to 1.270 pg/mL in sample A. The ADI value for - HCH
is 0.005 pg/g/day [55]. All the samples had levels exceed-
ing the stipulated ADI value. These results are similar to
the concentrations of a-HCH (0.10-3.10 pg/g), p-HCH
(0.32-1.87 pg/g), y-HCH(0.30-1.3 pg/g) and 8- HCH
(0.06-3.37 pg/g) detected by Oyekunle et al. [9] in cocoa
beans obtained from Ondo State, South-western Nigeria,
based on the fact that they are all greater than their respec-
tive ADI values. The concentrations of the OCPs were above
the respective European Union set maximum residue lim-
its (EU MRLs) for different classes of OCPs. The presence
of these pesticides in these evaporated milk samples is an
indication that farmers in Nigeria still use these pesticides
for crop production despite their prohibition. These crops
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Table 6 (continued)

OCP

@ Springer

Yes

117.8958

0.002201

0.002037 109.1112 Yes

1.8669E—05

9.1

Heptachlor

epoxide

0.008865
0.002613
0.001154

0.020096
0.003131

0.006369

0.000707867  0.001295

Methoxychlor
p.p’-DDD
p.p’-DDE
p.p’-DDT
o-HCH
B-HCH
y-HCH
8-HCH

Yes

3.691371

Yes

4.423147
1.248822
2.591706
249.2735
53.63295
8.646868
70.72302

Yes

1.82944

4.500963
3.958606
186.4174
21.32816
15.58732
41.40608

0.24
0.34
0.34

6.3

Yes

2.30952
2.52166

Yes

0.000624
0.001295
0.006722
0.005062
0.00113

Yes

0.002249
0.001978
0.005027
0.002013
0.002037
0.003908

0.000499671

Yes

0.00126

Yes

Yes

0.000499671

Yes

206.0715
65.10756
20.89787
45.65476

0.005557
0.006145
0.002731
0.004309

Yes

Yes

2.69664E-05

Yes

Yes

Yes

Yes

Yes

9.43823E-05

1.8
1.3
1.8

Yes

0.000130683
9.43823E-05

Yes

Yes

0.006675

Yes

are capable of contaminating the udder of cows as well as
their water and feed during open grazing. Coupled with this,
unsafe and careless farming practice could as well lead to
direct contamination of the milk samples with the OCPs
while milking. The results obtained in this study are con-
sistent with the values earlier reported for OCPs in various
samples where the OCP contents are greater than the EU/
MRLs standards. For instance, Adeleye et al. [21] reported
that the OCPs in amaranths and fluted pumpkin obtained
in South-western Nigeria exceeded the EU MRLs. In the
same vein, Olutona and Livingstone [54] reported that the
OCPs (except y- HCH) content of five different malt drinks
are greater than the EU MRLs. Similar trend was observed
by Akan et al. [36] when the OCPs contents of spinach, let-
tuce, cabbage, onions and tomatoes were compared to that
of EU MRLs.

The non-carcinogenic health risks of the OCPs in the
evaporated milk samples for adults, as seen in Table 3,
revealed that Aldrin, Dieldrin, Endrin, Endrin aldehyde,
Endrin ketone, Heptachlor and all the HCHs have HRI> 1
in sample A. Similar trend was observed in sample B (except
for B-HCH and y-HCH having HRI< 1) and C. In sample
D, Aldrin, Dieldrin, Endosulfan I, Endrin aldehyde, Endrin
ketone, Heptachlor, Heptachlor epoxide and all the HCH
have HRI> 1. Except for Endrin and Heptachlor epoxide,
sample E showed a similar trend to D. Aldrin, Dieldrin,
Endrin aldehyde, Endrin ketone, Heptachlor, Heptachlor
epoxide and the HCH OCPs had HRI > 1 in sample F. Con-
sequently, it can be inferred that in all the milk samples,
Aldrin, Dieldrin, Endrin aldehyde, Endrin ketone and Hepta-
chlor had HRI> 1 which implies that the adult consumers of
these evaporated milk samples might be prone to long-term
potential non-carcinogenic health risk from these OCPs.
However, all the milk samples showed no potential non-
carcinogenic health risk in adults with respect to Endosulfan
sulphate, Methoxychlor, p,p’-DDD, p,p’-DDE and p,p’-DDT.

In children, the milk samples showed potential non-
carcinogenic health risk with respect to Aldin, Dieldrin,
Endrin aldehyde, Endrin ketone and Heptachlor. No poten-
tial non-carcinogenic health risk was obtained for children
with respect to Methoxychlor, p,p’-DDE and p,p’-DDT. This
results (as seen on Table 4) is similar to the values reported
by Adeleye et al. [21] for fluted pumpkin where Aldrin, Diel-
drin, Endrin aldehyde and Heptachlor were found to equally
have HRI values > 1 in the children category. The highest
non-carcinogenic health risk index for children (490.32) was
obtained from Dieldrin found in sample F while the lowest
(0.03885) was found in p,p’-DDT obtained from sample B.

As seen in Table 5, all the samples showed carcinogenic
potencies in adult consumers with respect to Aldrin, Diel-
drin, Heptachlor, a-HCH, f-HCH and 6-HCH. Also, they
all showed no carcinogenic potency with respect to DDE
and DDT. The highest carcinogenic potency value was



363

Chemistry Africa (2021) 4:349-366

uonee1100 Suons sjussaerdar pjog

00T 920- 91°0 91°0 I€0 910— 650 990 TE€0—  6¥0 9z0— STO— 9¢€0 89°0 PI0— 210 9T0— $£0—  HOH-Q
00'1 €0 080 990 160 7o - 610 TO0-— I€0 LLO €00— 100— 1T0— 0S0 80— 0T0— 680 HOH-*
00'1 960 SI'o 100 S0 — €50 €20 €I'0— 900 [¥0— 1T0— 0T0— 0I0 0 890 80 HOH-{
00'T 6L°0 LLO 1€0— 890 +¥I'0— 0£0 SL0 SI'0— <TI0 ST0—  S00 91°0 SI'0— LLO HOH-©
laa
00T T80 700 oo 900 LTO 780 S¢0  600— TIO €C0 120 6v'0— 8€0 -dd
1ad
001 10— 810 600—  $€0 16°0 7o $00 91'0—  €£0 €I0— TS0— ¥LO -dd
aad
001 100 +P0—  IL0 wWwo—  9I'0— L¥0 76°0 0€°0 860— 850— LEO— -dd
JO[YoA
00T €S0—  8%0 €10 960~ +S0 100 oro— €70 10— $€0 -XOUJoA
apt
-xodo
Io[yo
00'1 W 0— LIO 890 00T— €10— 9¢0 o 60 60—  -udoy
JoTyo
00'1 #00— 95°0— T80 50 91°0 $90— S9°0— €€0 -eydoy
QUOJY
001 90 €C0— 10— 110 LT0 €0 — 190 uLpug
opAy
|®ﬁ~m
00T TIL0— SO00— SI0 70 8I'0— 9¢'0—  uupug
00°1 91°0 SE0—  €0— TS0-— 9T0 uLpuyg
Jreyd
-[ns
uejns
00°T L0 S0—  tvE0— 9v0— -opug
11
uejyns
00'T 190— 200 810 -opuy
T ey
00'1 ST0 870— -Insopug
00T 800— uupRIQ
001 uLply
aprxodo areydins

1Laa 4da aaa Io[yok I0[Yd IO qUO0JaY opAyspre uej[ns [ uejns [ ueyns

HOH -@ HOH-*A HOH - HOH -© -dd -dd -d'd -xoypNy -eydoy -eydoy  umpuyg  unpuy umbpug  -opug  -opug  -opug UMPpPRIJ ULPY  SdDO

sodures y[rw oy ur sgOO AY) JO SIUAIILYJI0D UOTB[ALIO) / d|qel

pringer

a's



364

Chemistry Africa (2021) 4:349-366

observed for sample E as 246.667 (Dieldrin) while the low-
est was obtained in sample D as 0.142 (DDD). In children,
the milk samples showed potential carcinogenic health risk
in terms of Aldrin, Dieldrin, Heptachlor, p,p’-DDD, p,p’-
DDE and the HCHs while none of the samples showed no
carcinogenic potency in terms of any of the OCPs as seen
in Table 6. Just like what obtains in the non-carcinogenic
health risk assessment, the highest carcinogenic potency in
children (4617.816) was obtained from Dieldrin in sample
F while the lowest (0.776) was detected in p,p’-DDT from
sample B. This result implies that children are at greater
risk of carcinogenic exposure from the consumption of these
milk samples compared to adults. Hence, need to control
the rate of consumption by children. Furthermore, samples
F and B having very high and low cumulative health risk
indices, respectively confirmed the respective high cumula-
tive OCPs load in both samples (as seen in Table 1) and this
further suggests that the continuous consumption of these
milk samples could put consumers at greater risk of both
carcinogenic and non-carcinogenic health risks compared to
other milk samples. Precisely, the risk of exposure to cancer
from the consumption of these products is about four times
higher than the set benchmark HRI (HRI=1) by the Euro-
pean Commission Regulation (EC) in 1999 [33].

The correlation coefficients of the OCPs in Table 7 indi-
cated that out of 153 possible pairs of different congeners,
17 pairs (11.1%) were very strongly positively correlated, 18
pairs (11.8%) were moderately positively correlated while
60 (39.2%) were weakly positively correlated. Also, 2 pairs
(1.3%) were strongly negatively correlated, 9 pairs (5.9%)
were moderately negatively correlated while 47 (30.7) were
weakly negatively correlated. It could therefore be inferred
that OCPs in the evaporated milk drinks were contributed by
different factors. The r value of 0.80 obtained from a-HCH
and y-HCH pair suggests that both OCP residues are basi-
cally from the same source. The same deductions can also
be made for the y-HCH & p,p’-DDE (r=0.91) and endrin
ketone and p,p’-DDE (r=0.91) pairs.

4 Conclusion

In this study, varying concentrations of OCPs were observed
in the evaporated milk samples with the highest OCP load
was detected in sample E. The study concluded that the high-
est estimated cumulative carcinogenic and non-carcinogenic
potencies of the OCPs in children were found in samples F
and C, respectively, and this could lead to serious health
issues with constant consumption of these milk samples. In
adults, the highest cumulative non-carcinogenic and carcino-
genic health risks were found to come from sample C. Con-
sidering the consumption rate of these products in Nigeria,

@ Springer

the regular consumption of these products (especially sam-
ple C) could possibly pose a long term non-carcinogenic
and carcinogenic health risks to regular consumers due to
the possible accumulation of the studied OCPs in the body.

Compliance with Ethical Standards

Conflict of interest On behalf of all authors, the corresponding author
states that no conflict of interest.

References

1. Oftedal OT (2002) The mammary gland and its origin during
synapsid evolution. ] Mammary Gland Biol Neoplasia 7:225-252

2. Leser S (2013) The 2013 FAO report on dietary protein quality
evaluation in human nutrition: recommendations and implications.
Br Nutr Found Nutr Bull 38:421-428

3. Gupta PK (2004) Pesticide exposure—Indian scene. Toxicology
198:83-90

4. Augustijn-Beckers PW, Hornsby AG, Wauchope RD (1994)
Additional properties reviews of environmental contamination
and toxicology. SCS/ARS/CES Pesticide Properties Datab Envi-
ron Decisionmaking II 137:1-82

5. Gwary OM, Hati SS, Dimari GA, Ogugbuaja VO (2012) Pesti-
cide residues in bean samples from Northeastern Nigeria. J Sci
Technol 2:97-84

6. Pimentel D (1995) Amounts of pesticides reaching target pests:
Environmental impacts and ethics. J Agric Environ Ethics
8:17-29

7. Kaushik CP, Sharma HR, Gulati D, Kaushik A (1991) Changing
patterns of organochlorine pesticide residues in raw bovine milk
from Haryana, India. Environ Monit Assess 182:467-475

8. Agarwal CH, Kaushik C, Pillai KK (1987) Organochlorine insec-
ticide residues in the rain water in Delhi, India. Water Air Soil
Pollut 32:293-302. https://doi.org/10.1007/BF00225115

9. Oyekunle JAO, Akindolani OA, Sosan MB, Adekunle AS (2017)
Organochlorine pesticide residues in dried cocoa beans obtained
from cocoa stores at Ondo and Ile-Ife, Southwestern Nigeria. Tox-
icol Rep 4:151-159. https://doi.org/10.1016/j.toxrep.2017.03.001

10. Oyekunle JAO, Ogunfowokan AO, Torto N, Akanni MS (2011)
Determination of organochlorine pesticides in the agricultural soil
of Oke-Osun farm settlement, Osogbo, Nigeria. Environ Monit
Assess 177:51-61

11. Akan JC, Battah N, Waziri M, Mahmud MM (2015) Organo-
chlorine, organophosphorus and pyrethroid pesticides residues in
water and sediment samples from river benue in vinikilang, yola,
adamawa state, Nigeria using gas chromatography-mass spectrom-
etry equipped with electron capture detector. Am J Environ Prot
3:164-173

12. Ibigbami OA, Aiyesanmi AF, Adeyeye EI, Adebayo AO, Alade-
sanwa RD (2015) Assessment of organochlorine and organophos-
phorus pesticides residue in water and sediments from ero River
in South western Nigeria. ] Chem Biol Phys Sci 5:4679-4690

13. Olutona GO, Olatunji SO, Obisanya JF (2016) Downstream
assessment of chlorinated organic compounds in the bed-sediment
of Aiba Stream, Iwo, South-Western, Nigeria. SpringerPlus 5:67

14. Akoto O, Azuure AA, Adotey K (2016) Pesticide residues in
water, sediment and fish from Tono Reservoir and their health
risk implications. Springer Plus 5:1849

15. Yahaya A, Okoh OO, Okoh Al, Adeniji AO (2017) Occurrences
of organochlorine pesticides along the course of the buffalo River


https://doi.org/10.1007/BF00225115
https://doi.org/10.1016/j.toxrep.2017.03.001

Chemistry Africa (2021) 4:349-366

365

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

in the eastern cape of South Africa and its health implications. Int
J Environ Res Public Health 14:1372

. Sun H, Giesy JP, Jin X, Wang J (2017) Tiered probabilistic assess-

ment of organohalogen compounds in the han river and danjiang-
kou reservoir, central China. Sci Total Environ 586:163-173
Kapoor SK, Chawla RP, Kalra RL (1985) Contamination of
bovine milk with DDT and HCH residues in relation to their usage
in malaria control programme. J Environ Sci Health B 15:545-557
Ribas-Fito N, Sala M, Cardo E, Mazon C, De Muga ME, Verdu A
(2002) Association of hexachlorobenzene and other organochlo-
rine compounds with anthropometric measures at birth. Pediatr
Res 52:163-167

Longnecker MP, Klebanoff MA, Zhou H, Brock JW (2001)
Association between maternal serum concentration of the DDT
metabolite DDE and preterm and small-for-gestational-age babies
at birth. Lancet 358:110-114

Dalvie MA, Myers JE, Thompson ML, Robins TG, Dyer S, Rie-
bow J, Molekwa J, Jeebhay M, Millar R, Kruger P (2004) The
long-term effects of DDT exposure on semen, fertility, and sexual
function of malaria vector control workers in Limpopo Province.
Environ Res 96:1

Adeleye AO, Sosan MB, Oyekunle JAO (2019) Dietary exposure
assessment of organochlorine pesticides in two commonly grown
leafy vegetables in South-western Nigeria. Heliyon 5:1895

Choi M, Lee IS, Jung RH (2016) Rapid determination of organ-
ochlorine pesticides in fish using selective pressurized liquid
extraction and gas chromatography-mass spectrometry. Food
Chem 15:1-8. https://doi.org/10.1016/j.foodchem.2016.02.156
Durak BY, Chormey DS, Firat M, Bakirdere S (2020) Validation
of ultrasonic-assisted switchable solvent liquid phase microex-
traction for trace determination of hormones and organochlorine
pesticides by GC-MS and combination with QUEChERS. Food
Chem 305:125487

Zabielski P, Ford GC, Persson XM, Jaleel A, Dewey JD, Nair KS
(2013) Comparison of different mass spectrometry techniques in
the measurement of L-[ring-(13)C(6)]phenylalanine incorporation
into mixed muscle proteins. J] Mass Spectrom 48:269-275
Lynch KL (2017) Chapter 6—toxicology: liquid chromatography
mass spectrometry. In: Nair H, Clarke W (eds) Mass spectrom-
etry for the clinical laboratory. Academic Press, San Diego, pp
109-130

Sharma A, Rai PK, Prasad S (2018) GC-MS detection and deter-
mination of major volatile compounds in Brassica juncea L.
leaves and seeds. Microchem J 138:488-493

Sarafraz-Yazdi A, Amiri A (2010) Liquid-phase microextraction,
TrAC Trends. Anal Chem 29:1-14. https://doi.org/10.1016/j.
trac.2009.10.003

Sajid M, Alhooshani K (2020) Ultrasound-assisted solvent
extraction of organochlorine pesticides from porous membrane
packed tea samples followed by GC-MS analysis. Microchem J
152:104464

EPA (US Environmental Protection Agency) (2008) EPA’s report
on the environment, 2008 final report. National Center for Envi-
ronmental Assessment, Office of Research and Development:
Washington, DC, USA

EPA (U.S. Environmental Protection Agency) (1982) List of
Priority Pollutants. Office of Water. Water Quality Standards
Database. Office of the Federal Registration (OFR) Appendix A:
priority pollutants. Fed Reg, vol 47, pp 52309

Dougherty CP, Holtz SH, Reinert JC, Lily PL, Axelrad DA,
Woodruff TJ (2000) Dietary exposures to food contaminants
across the United States. Environ Res 84:170-185

EPA (U.S. Environmental Protection Agency) (2014) Integrated
risk information system (IRIS), United States environmentalpro-
tection agency. www.popstoolkit.com/toolssHHRA/SFUSEPA .asp

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

EPA (US Environmental Protection Agency) (1999) Integrated
Risk Information System (IRIS) onCarbaryl; National Center for
Environmental Assessment, Office of Research and Development:
Washington, DC, USA

International Agency for Cancer Research (IARC) (2010) Cancer
Incidence and Mortality worldwide. Lyon, France. Globocan.iarc.
fr

FAO/WHO (1994) Food and Agriculture Organization of the
United Nations/World Health Organization. Pesticide residues in
food

Akan JC, Jafiya L, Chellube ZM, Mohammed Z, Abdulrahman FI
(2014) Determination of some organochlorine pesticide residues
in vegetable and soil samples from Alau dam and Gongulong agri-
cultural sites, Borno State, North Eastern Nigeria. Int J Environ
Eco Engr 8:325-332

Stringer R, Johnston P (2001) Chlorine and the environment—an
overview of the chlorine industry, 1st edn. Kluwer Academic Pub-
lishers, The Netherlands, p 430

FAO/WHO (1998) Plant Production and Protection Paper, 148.
Pesticide residues in food. Report of the Joint Meeting of the FAO
Panel of Experts on Pesticide Residues in Food and the Environ-
ment and the WHO Core Assessment Group

Sebastian R, Raghavan SC (2015) Exposure to Endosulfan can
result in male infertility due to testicular atrophy and reduced
sperm count. Cell Death Discovery 1:15020

Saiyed H, Dewan A, Bhatnagar V, Shenoy U, Shenoy RD, Rajmo-
han H, Patel K, Kashyap R, Kulkarni P, Rajan B, Lakkad B (2004)
Effect of endosulfan on male reproductive development. Environ
Health Perspect 111:1958-1962

ATSDR (2015a) Agency for Toxic Substances and Disease Reg-
istry. In: Toxicological Profile for Endosulfan. https://www.atsdr
.cdc.gov/phs/phs.asp?id=607&tid=113

ATSDR (1994) Agency for Toxic Substances and Disease Regis-
try. In: Toxicological profile for endrin. Atlanta, GA: U.S. Depart-
ment of Health and Human Services, Public Health Service
Ogbeide O, Uhunamure G, Okundaye F, Ejeomo C (2019) First
report on probabilistic risk assessment of pesticide residues in
a riverine ecosystem in South-South Nigeria. Chemosphere
231:546-561

FAO/WHO (1992) Pesticide Residues in Food. In: Evaluations
Part 1—Residues p.871 Plant Prod Protection Paper

Sosan MB, Oyekunle JAO (2017) Organochlorine pesticide resi-
due levels and potential human risks in kolanut from selected
markets in Osun State, South Western Nigeria. Asian J Chem Sci
2:1-11

ATSDR (2015b) Agency for Toxic Substances and Disease Reg-
istry. Toxic substances portal-Endrin (Endrin aldehyde). Public
health statement for endrin https://www.atsdr.cdc.gov/phs/phs.
asp?id=615&tid=114

Olisah C, Okoh OO, Okoh AI (2019) Distribution of organochlo-
rine pesticides in fresh fish carcasses from selected estuaries in
Eastern Cape Province, South Africa, and the associated health
risk assessment. Mar Pollut Bull 149:110605

Fendick EA, Mather-Mihaich E, Houck KA, St Clair MB, Faust
JB, Rockwell CH, Owens M (1990) Ecological Toxicology and
Human Health Effects of Heptachlor. Rev Environ Contam Toxi-
col 111:61-142. https://doi.org/10.1007/978-1-4612-3340-4_2
WHO (1984) EHC No. 38: Heptachlor, Geneva, World Health
Organization, pp 81

Akoto O, Andoh H, Darko G, Eshun K, Osie-Fosu P (2013) Health
risk assessment of pesticides residue in maize and cowpea from
Ejura, Ghana. Chemosphere 92:67-73

. ATSDR (2007) Agency for Toxic Substances and Disease Regis-

try. In: Toxicological profile for Heptachlor and Heptachlor Epox-
ide. Atlanta, GA: U.S. Department of Health and Human Services,
Public Health Service

@ Springer


https://doi.org/10.1016/j.foodchem.2016.02.156
https://doi.org/10.1016/j.trac.2009.10.003
https://doi.org/10.1016/j.trac.2009.10.003
http://www.popstoolkit.com/tools/HHRA/SFUSEPA.asp
https://www.atsdr.cdc.gov/phs/phs.asp?id=607&tid=113
https://www.atsdr.cdc.gov/phs/phs.asp?id=607&tid=113
https://www.atsdr.cdc.gov/phs/phs.asp?id=615&tid=114
https://www.atsdr.cdc.gov/phs/phs.asp?id=615&tid=114
https://doi.org/10.1007/978-1-4612-3340-4_2

366

Chemistry Africa (2021) 4:349-366

52.

53.

54.

ATSDR (2002) Agency for Toxic Substances and Disease Regis-
try. In: Toxicological profile for Methoxychlor. Atlanta, GA: U.S.
Department of Health and Human Services, Public Health Service
FAO/WHO (2000) Food and Agriculture Organization of the
United Nations/World Health Organization. In: Pesticide residues
in food

Olutona GO, Livingstone ST (2018) Detection of organochlorine
pesticide (OCPs) residues and trace metals in some selected malt
drinks in Nigeria. Beverages 4:65. https://doi.org/10.3390/bever
ages4030065

@ Springer

55.

56.

FAO/WHO (2002) International Code of Conduct on the Distribu-
tion and Use of Pesticides. In: Food and Agriculture Organization
of the United Nations, Rome, p 6

ATSDR (2005) Agency for Toxic Substances and Disease Regis-
try. In: Toxicological profile for Hexachlorocyclohexane. Atlanta,
GA: U.S. Department of Health and Human Services, Public
Health Service


https://doi.org/10.3390/beverages4030065
https://doi.org/10.3390/beverages4030065

	Determination of Organochlorine Pesticide Residues in Some Evaporated Milk Samples in Nigeria Using Gas Chromatography-Mass Spectrometry
	Abstract
	1 Introduction
	2 Methodology
	2.1 Sample Collection
	2.2 Reagents Used and Their Sources
	2.3 Extraction of OCP Residues from Samples
	2.4 Clean-Up Procedure
	2.5 Instrumental Analysis, Quality Assurance and Quality Control
	2.6 Health Risk Assessment

	3 Results and Discussion
	4 Conclusion
	References




