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ABSTRACT

The use of agrochemicals to boost food production in other to meet ever increasing population leaves the
environment contaminated with disease consequences associated with the residues. Therefore, the need to ascertain
the chemical levels in humans becomes imperative. Some pesticide residues were analysed in the blood samples of
cancer patients in the Jos University Teaching Hospital using modified version of the QUEChERS technique. The
order of results showed the mean concentration (ug/L) of Mirex>Dimethoate> DDT > Chlordane > Dieldrin >
Chlorpyrifos. Statistical analysis shows that there was significant correlation between DDT and Chlordane at 0.05;
between Mirex and Chlordane at 0.01 levels and between Dimethoate and Dieldrin at 0.01 levels. Generally, most
of the pesticide residues detected in cancer patients were higher compared to those in the control, highlighting a
possible link between human exposure to pesticides and the development of cancer.

Keywords: Blood,Pesticide Residues, Cancer Patients, Gas Chromatography—Mass
Spectometry,University Teaching Hospital, Plateau State

1.0 INTRODUCTION

Researchers have predicted that the world population is expected to grow to nearly 10 billion by 2050 [1]. The
overgrowing world population has aroused mechanization of agricultural practices to enhance food production to
cater for this population, in turn, attracting increase use of pesticides worldwide [2]. Applications of pesticides to
crops and animals may leave residues or their derivatives in or on food at toxicological significance [3]. Pesticides
being used to protect agricultural crops are often involved in human poisoning throughout the world [4].
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Exposure of the general population to these residues most commonly occurs through consumption of treated food
sources, or being in close contact to areas treated with pesticides such as farms or lawns [5]. The primary routes by
which pesticides enter the body are ingestion in food, soil, or water; inhalation, through the skin, and
through the eyes [6]. Organochlorine compounds (OCs) are absorbed through the lungs, stomach and skin, and
excreted only slowly, sometimes over a period of years [7]. Many of these chemical residues exhibit
bioaccumulation which could build up to harmful levels in the body as well as in the environment [8]. It has been
asserted that the increased risk of developing ailments such as endometriosis, breast cancer, other cancers,
hypospadias, cryptorchidias, genotoxic and disruption of the endocrine system can be the results of exposure to
pesticide residues [9, 10]. Furthermore, the carcinogenicity and endocrine disruption potential in mammals due to
exposure to pesticides has been stressed [11]. There is evidence that organophosphate and carbamate pesticides can
negativelyaffectearlyrodent brain development by interfering with gene signaling by cholinesterase as well as induc
ing faulty wiring of thebrain via other mechanisms (12, 13). The aim of this research was to assess the level of
pesticide residues in serum of cancer patients seen in the Jos University Teaching Hospital (JUTH), Plateau State.

2.0 MATERIALS AND METHODS
2.1Ethical Consideration

Ethical approval for this research was obtained from the Ethical Committee of the Jos University Teaching
Hospital.

2.2 Sample Collection

A total of 100 Cancer patients and 3 healthy controls of different age groups were enrolled into the study. Blood
samples (10 mL) were collected from consented cancer patients aged 18 years and above into residue free
heparinised glass vials with sterilized syringe and centrifuged at 900 rpm within two hours of collection. The Serum
was then separated into plane plastic tube and stored at —20 °C until chemical analysis [14, 15].

2.3 Determination of pesticide residues
2.3.1Preparation of standard solutions/calibration curves:

Exactly 100mgL? of each pesticide standard was prepared in acetonitrile of HPLC grade and then serially diluted to
produce different concentrations (ranging from 0.005 to 10.0 pg/L) of the individual pesticide. Stock standard
solutions were then stored in amber coloured bottles at 4°C in a refrigerator and working standard solutions were
prepared fresh before use.

2.3.2 Extraction of pesticide residues:

Extraction and clean-up was carried out according to a modified version of the QUEChERS method. The Sample
was properly mixed and 2 mL measured into a 50 mL centrifuge tube. Anhydrous sodium sulphate (1g) previously
heated at 650 °C for one hour was added and mixed with the sample to absorb any moisture. The main extraction
involved the addition of 20 mL of acetic acid—water—acetonitrile (1:5:94, v/v) mixture. The tube was closed and
shaken vigorously by vortex shaker for 1 minute. To induce phase separation and pesticide partitioning, a buffer—
salt mixture (consisting of 0.5 g sodium acetate and 3 g anhydrous MgS0O4) was added to the suspension. The tube
was closed, vigorously shaken for 1 min, and centrifuged for 5 min at 2500 rpm. The supernatant was carefully
transferred into a flask and the residue was further extracted twice as described above. The solution was then
transferred to a sample tube and reduced to about 1 mL under a gentle stream of nitrogen gas using a nitrogen
evaporator at 36 °C.

2.3.3 Clean-up procedure:

A column of about 15 cm (length) x 1 cm (internal diameter) was packed first with glass wool and then with about
7.5 g activated silica gel prepared in a slurry form in acetonitrile. About 5 g of anhydrous sodium sulfate was placed
at the top of the column to absorb any water in the sample or the solvent. Pre-elution was done with 15 mL of
acetonitrile, without exposing the sodium sulfate layer to air, so as to prevent the drying up of the silica gel
adsorbent. The reduced extract was run through the column and allowed to sink below the sodium sulfate layer.
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Elution was done with 3 x 10 mL portions of the acetonitrile. The eluate was collected, dried with anhydrous
sodium sulfate and evaporated to dryness under a stream of analytical grade nitrogen (99.99%) for GC-MS analysis.
Finally, 1 uL of this solution was injected into the GC-MS system.

3.0 Results and Discussion

In this study, the pesticide residues analysed were Chlordane, Dieldrin, DDT, Mirex,
Chlorpyrifose and Dimethoate. A representative GC - MS chromatogram of the pesticides of interest  in  blood
samples of cancer patients obtained from Jos University Teaching Hospital site is shown in figure 1. Figure 2 is the
mean concentration with Mirex, 0.16 pg/L as highest, follow by Dimethoate 0.14 pg/L, DDT 0.13ug/L, Chlordane
0.11 pg/L, Dieldrin 0.11 pg/L and Chlorpyrifos 0.08 pg/L as lowest.

.....

O-Terphenyl

et el

Figure 1: A typical Pesticide Chromatogram for sample 003
02: BHC
12: Dieldrin
18: Dimethoate
3.2.1 Chlordane

Chlordane is one of the pesticide residues detected in 66 out of 100 participants.
It was measurable in11 (16.7%) patients with mean concentration of 0.11+0.07 pg/L. The highest concentration wa

s 0.23 pg/L while 0.04 pg/L was the lowest. Other researchers have reported a concentration of 5ug/L for cis-chlor

dane and 10 pg/L for trans-chlordane in human blood [16]. Both results negate the concentration found in this
study as they were on the high side. The variation in concentration may have to do with geographical location of
participants. It is expected that people from tropical region where temperature is high and involve in manual work
may have more of those pesticide residues escape through sweats and urine thus reducing their concentrations in
blood than people in the temperate region where temperature is low. Age or exposure differences could also be a
factor in results variations. Cis-Chlordane concentration
of 5 pg/L and 0 pg/L for human sweat and urine respectively, while trans-Chlordane concentration of 15 pg/L and

10 pg/L in human sweat and urine respectively were also documented [16].

In female patients, Chlordane appeared in 7 (13.2%) and 4 (30.8%) in male patients. The Chlordane was detected in
patients aged greater than 31 years. The highest mean concentration (0.23+£0.07 pg/L) was in the age bracket of 31
— 40 years while the lowest value (0.05+0.02 pg/L) was in patients 71 years and above. The residue did not show up
in the first two groups which could mean that patients were not exposed to it or had little exposure, or the residue
might have degraded fast. A high mean concentration of residue within the age bracket of 31 — 40 could be due to
sudden over or gradual exposure of the patients to the chemical. At age of seventy years and above, the
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concentration was low probably due to little or no contact with the chemical as well as elimination of what had
accumulated earlier in active life.

Chlordane Dieldrin Mirex Chlorpyrifos Dimethoate

Concentration

Pesticide

Figure 2: Mean Pesticide Residues Concentration (pug/L) in Cancer Patients

3.2.2 Dieldrin

Dieldrin was detected in 22 (33.3%) of 66 cancer patients with detectable pesticide residues and had a total
Concentration of 2.36 pg/L. The highest concentration (0.24 pg/L) was found in patient with breast cancer whiles
the lowest, 0.02 pg/L was found in another patient with breast cancer. It had a mean concentration of 0.11+0.06
Hg/L. The difference in Dieldrin concentration between two patients (one with highest and the other lowest) with

breast cancer might be as result of difference in length of individual exposure to the chemical and why the
two could be affected by those different concentrations may be explain in terms of their individual immunity.
Dieldrin concentration of 0 pg/L, 15ug/L and 10 pg/L for human serum, sweat and urine respectively was reported
by Bedi et al.[15].The serum concentration of 0 pug/L reported above did not agree with the result obtained in this
study probably because of different Geographical location of the patients or their exposure. Onuwa et al. [17] had
reported a Dieldrin mean concentration of 0.12 + 0.02 ug/L in edible crops and soil. Although the result stated
above is not directly from human blood but could still be comparable since it is from sources where human can
obtain the residue.

The residue was measurable in 6(46.2%) of the male cancer patients and 15(28.3%) of the female with
pesticide residues. The high percentage of residues in male compared to female was as a result of dieldrin/low male
population ratio compared to Dieldrin/high female population ratio. The concentration of Dieldrin in female ranged
between 0.03 pg/L and 0.24 pg/L with a mean of 0.11+0.07 pg/L, while for male, the concentration ranged between
0.02 pg/L and 0.16 with a mean of 0.11+0.05 pg/L

The residue was detected in all the age group studied with the highest prevalence inage 18 — 20 years (50.0%),
followed by 21 — 30(40.0%) and 41 — 50years (38.9%). It formed the third largest residues in terms of frequencies
in patients within the age group 41 — 50 years. In terms of concentration, age bracket 70 years and above
was highest (0.18+0.08 pg/L) while 18 — 20 years was lowest (0.04=0 pg/L). Dieldrin was detected in several
cancer types with the highest frequency in patients with prostate
cancer followed by myeloma, lymphoma and Gastric cancers. Gastric cancer had the highest mean concentration
(0.1440.02 pg/L) of dieldrin while sinonasal was lowest (0.03£0 pg/L).
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3.2.3DDT

DDT was detected in 28(42.2%) of patients with detectable pesticide residues. It had a mean concentration of
0.13+0.08 pg/L with highest concentration of 0.36 pg/L while 0.02 pg/L was the lowest. It is the second largest in
terms of frequency among other pesticides residues detected in all the patients. The absence of DDT in those
patients that was not detected may be due to their limited or non exposure to the chemical. Bedi et al.[15] had
reported a frequency of 18.0%

for DDE with concentration of 0.02 ug/L in 50 blood samples collected. This result is lower than the ones presented
in this study. Attaullah et al. [18] had reported a mean concentration of 21.4 ug/L for DDE in blood of cancer patie
nts higher than those presented in this study. The variation inconcentrations of the residue reported by
differentauthors may not be unconnected with its rate of usage in a particular environment compared to the other or
exposure of the people to the pesticide. In female cancer patients, DDT had a frequency of 25(47.2%) and mean co
ncentration of 0.12+0.06 pg/L, while male cancer patients had 4(30.8%) and a mean concentration of 0.16+0.13 ug/
L. The highest DDT concentration in female was 0.25 pg/L with 0.02 ug/L as lowest, while 0.36 pg/L was the high

est concentration in male with 0.05 pg/L as lowest. Charlie et al. [19] had reported 3.9 pg/L DDT in women with br
east cancer. Bedi et al.[15] had documented a mean concentration of 20.28+33.59 ng/mL in male blood and
47.89+83.23 ng/mL in female.

DDT was detected in all the age brackets though not in all patients. Age groups 18 — 20 yrs, 31 — 40 yrs, 61 — 70 yrs
and 71yrs and above each had a frequency of 50.0%, 51 — 60(27.3%) while the frequency among the age 21 — 30
yrs was lowest (20.0%). Age bracket 51 — 60 had the highest mean concentration of 0.16+£0.12 pg/L while 18 — 20
was lowest (0.05+0 ug/L).
DDT mean concentrations for different age groups were reported by other researchers as follows: 20 — 30

years (0.01+£17.17), 31 — 40 yrs (0.01+21.34 pg/L), 41 — 50 yrs (0.03£36.60 npg/L), and 51 - 60 years
(0.08+85.40 ug/L)[15]. All the concentrations were lower than those obtained in this study. The age group (51 — 60
yrs) with highest DDT mean concentration is this study agreed with that reported by Bedi et al. [15] for the same
age group.

Most cancer types had DDT present with highest frequency 8(72.7%) in patients with cervical cancer and least
frequent in those with skin cancer 1(33.3%). Patients with maxillofacial cancer had the highest mean concentration
(0.21£0.15 pg/L) of DDT while the lowest concentration (0.05+0.00 pg/L) was found in patients with colon cancer.
The residue was not detected in patients with prostate and gastric cancers. For patients exposed to pesticides, DDT
frequency was 15(55.6%) with the mean concentration of 0.13+0.06 pg/L. The concentration ranged between
0.02 pg/L and 0.25 pg/L.

3.2.4 Mirex

The study revealed that mirex was detected in 11 (15.2%) of cancer patients with detectable pesticide residues and
had a total residue  concentration  of  1.70 ug/L. It had the highest  mean
pesticide concentration of 0.16+0.08 pg/L with arange of (0.05 - 0.32) ug/L. This disagreed with a geometric mean
of 0.286 ppm in lipids obtained from analysis of Samples collected from 8 South Eastern US States [20].

In female cancer patients, mirex had a frequency of 8 (15.2%) and mean concentration of 0.08+0.03 pg/L, while
the detection rate was 4 (30.8%) in male with a mean concentration of 0.08+£0.03ug/L. The concentration range of
Mirex in female patients was 0.10 — 0.32 pg/L while 0.05 — 0.12 pg/L was found in male. In female, Mirex was
found only in patients with Breast, Cervical, Parotic, Colon and Nasopharyngeal cancers while Stomach, Prostate,
Nasopharyngeal cancer and Leukemia in male patients. Mirex was detected in 5 out of the 7 different age groups
and was highest (30.0%) in cancer patients within 31 — 40 years, followed by 41 — 50 years 3(16.7%), 61 — 70
years 2(16.7%), while, it was not detected in patients within 18 — 20 years and 51 — 60 years age groups. The mean
concentration of mirex ranged between 0.03+0.00 pg/L and
0.20£0.07 ng/L for aged 71years and above, and 30 40 years respectively. Grindler et al. [21]

had reported a serum mirex concentrateon range of 0.50 — 2960 ng/g for menopausal women of aged 30 — 55 years.

Mirex was detected in 7 of the different cancer types with highest percentage frequency in 1(50.0%) patient with
prostate cancer followed by colon 1(33.3%), Gastric 1(33.3%), Breast 3(23.1%). The highest mean concentration of
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mirex (0.24+0.02 pg/L) was found in patients with maxillofacial cancer, followed by Breast cancer (0.18+0.12
pg/L) while prostate (0.05+£0.00 pg/L), was the lowest. Mirex was present in 6(22.2%) of the 27 patients exposed to
pesticides with mean concentration of 0.16+0.08 pg/L.

Animal studies indicate that mirex exposure may result in a variety of adverse health effects in exposed
populations. The primary organs affected by mirex in experimental animals included the liver, kidneys, selected
developmental end points, and thyroid [22]. A Minimal Risks Level concentration of 0.3 pg/L for mirex is required
for health effect [22].

Table 1: Age distribution for Mean Pesticide Residues Concentration (pg/L).

Pestcide/Concentration (ng/L)

Age Chlordane _ Dieldrin DDT Mirex _ Chlorpyrifos Dimenthoate
18 - 20 ND 0.04+0 0.05+0 ND 0.11+0 ND
21-30 ND 0.11+0.11 0.02+0 0.03+0 ND 0.24+0.36
31-40 0.23+£0.07  0.08+0.03 0.11+0.14 0.20+0.07 ND 0.18+0.14
41-50 0.08+0.01 0.11+0.04 0.13+0.06 0.13+0.10 0.11+0.08 0.13+0.16
51-60 ND 0.18+0.07 0.16+0.12 ND ND 0.17+0.12
61-70 0.10+0.07  0.07+0.05 0.12+0.02 0.07+0.03 0.03+0.06 0.10+0.06
71 and above 0.05+0.02  0.18+0.08 0.14+0.02 0.12+0 0.07+0.02 0.07+0

ND = Not Detected

3.2.5 Chlorpyrifos

Chlorpyrifos was measurable in 10 (15.2%) with a total concentration of 0.83 pg/L and mean concentration of
0.08+0.04 pg/L. The mean concentration obtained in this research work fall within the range of 0.01 — 2.00 pg/L
reported by Dai et al. [23] in a study on determination of chlorpyrifos in human blood. It was higher than mean
concentration of 0.004 ug/L reported by Latif et al [24]. Multiple Myeloma had the highest concentration (0.16
ug/L) while breast cancer was lowest (0.03 ug/L). Age different (47years for Myeloma and 62 years for Breast
cancer) could account for variation in results. In female cancer patients, the residue was measurable in 7 (13.2%)
with mean concentration of 0.07+£0.05 as least among other pesticide residues investigated, while male cancer
patients had 1(7.7%) with concentration of 0.11 pg/L. Chlorpyrifos was detected in 4 of the 7 age groups and was
prevalence at 3(50.0%) in patients of aged 71years and above. The mean concentration ranged between 0.11+0.08
pg/L and 0.03+£0.06 pg/L for age groups 41 — 50 and 61 to 70 respectively. Hayat et al. [14] had reported a
concentration of 9.00 pg/L in blood analysed for human ranging from 16 — 50 years of age which is on the high side
compared to the results obtained for the different age groups.

The residue of chlorpyrifos was detected in 6 cancer types with highest frequency in patients with ovarian (50.0%)
and myeloma (50.0%) cancers, followed by Lymphoma (33.3%), Skin (33.3%) and Lung (25.0%) cancers. The
highest mean concentration (0.24+0.02 pg/L) was found in maxillofacial cancer while Lung cancer was lowest
(0.03+0 pg/L). Chlorpyrifos appeared in only 1 (3.7%) as the lowest percentage frequency among other pesticide
residues investigated in patients exposed to pesticides and had a concentration of 0.8 pg/L. Occurance of
chlorpyrifos in only one patient among those exposed to pesticides is an indication of limited use of the chemical.
Despite its limited use, Institute (NCI) researchers recently reported on the first epidemiologic study that carefully
evaluated cancer among chlorpyrifos applicators. Their findings suggested a possible link between the insecticide
and lung cancer [25]. Similarly, wives of pesticide applicators who used chlorpyrifos in their homes had a
significantly increased risk of developing breast cancer; the effect was most pronounced for women diagnosed with
premenopausal breast cancer [26]. Adult female rats that were fed low doses of chlorpyrifos for eight weeks
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developed several reproductive system abnormalities. They also developed abnormalities in their mammary glands
that are predictive of increased mammary tumor risk (e.g., higher numbers of terminal end buds [TEB] and ductal
branching, larger TEB diameters, higher oxidative stress) [27].

Table 2: Summary of Mean Pesticide Residues Concentration based on Cancer type

Pesticide/Concentration (pg/L)
S/IN  Cancer Chlordane Dieldrin DDT Mirex Chlorpyrifos Dimethoate

1 Breast ND 0.13+0.10 0.11+0.06 0.18+0.12 0.05+0.06 0.08+0.05
2 Cervical 0.04+0 0.13+0.01 0.11+0.06 0.11+0.01 ND 0.08+0.02
3 Uterine ND 0.11+0.11 0.13+0.11 ND ND 0.15+0.10
4 Ovarian ND ND 0.12+0 ND 0.05+0 ND

5) Colon 0.22+0 0.13+0 0.05+0 0.15+0 ND 0.14+0

6 Lung 0.06+0 0.13+0 0.16+0.04 ND 0.03+0 0.22+0.25
7 Lymphoma 0.07+0 0.06£0.35 0.10+0.08 ND 0.08+0 0.26+0

8 Myeloma 0.08+0 0.07%0 0.11+0 ND 0.16+0 0.13+0

9 Prostate 0.08+0.04 0.06+0.06 ND 0.05+0 ND 0.12+0.13
10 Gastric ND 0.14+0.02 ND 0.06+0 ND 0.09+0.06
11 Maxillofacial 0.22+0.01 0.03+0 0.21+0.15 0.24+0.02 ND 0.18+0.12
12 Skin ND ND 0.15+0 ND 0.11+0 0.03+0
13 Spinal cord 0.07+0 ND 0.07£0 ND ND 0.12+0
14 Others 0.07+0 0.11+0.02 0.14+0.02 0.09 ND 0.15+0.08

ND = Not Detected

3.2.6 Dimethoate

Dimethoate was measurable in 37 (56.1%) of 66 cancer patients with detectable pesticide residues and had a total
concentration of 5.08 Mg/l with mean concentration of
0.14+0.12 ng/L. The highest concentration was 0.59 pg/L while 0.03 pg/L was lowest for choriocarcinoma and Lun
g cancer, respectively. The results did not agree with a blood serum dimethoate concentration of 0.038 pg/L
reported by Tarbah et al.[28]. Its frequency in female cancer patients was 30 (56.6%) with average
concentration of 0.15+0.17 pg/L while in male cancer patients, it was 10 (76.9%) with mean concentration of
0.15+£0.09 pg/L. The frequency of Dimethoate was higher in female patients but percentage frequency lower
compared to those of male cancer patients based on the ratio of patients with detectable Dimethoate to the total
number of patients in each group.

Apart from age group 18 — 20 years, Dimethoate was detected in all other cancers with the highest frequency
(100%) at 21 — 30 years followed by 51 — 60 years, 61 — 70 years, 21 — 30 years while 70years and above was
lowest. Patients of age group 21 — 30 years had the highest mean concentration (0.24+0.36 pg/L) while 71 years
and above was lowest (0.07+£0.00 ug/L). At 70 years and above it is expected that one would have little or nothing
to do with pesticide and even if it had accumulated before, the chemical would have degraded and excreted at that
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age, thus leaving nothing or low concentration. This could account for the age 70 years and above having the lowest
concentration in this study.

Dimethoate was detected in all cancer types in this study with exception of ovarian cancer.
Gastric, Lung and prostate cancers each had a percentage frequency of 100%, followed by uterine (71.4%), Breast (
53.9%), while colon, Lymphoma, and skin cancers had 33.3% each. The con centration of Dimethoate ranged
between 0. 26 pg/L and 0.03 ug/L for Lymphoma and skin
Cancers respectively. For patients exposed to pesticides, Dimethoate was the most dominant residue with frequenc
16(59.3%) and mean concentration of 0.16+0.11 pg/L. Dimethoate could be toxic even at lower concentration. This
statement can be supported by a study conducted by Hayat et al. [29] in which fresh-water fish Channa punctatus
were treated for 24h and 96h with different nominal concentrations (i.e. 0.007pg/L and 0.11pg/L) of dimethoate
pesticide and effect on carbohydrate and nitrogenous metabolism was observed by analyzing the different
biochemical parameters in muscle, liver and gonad tissues. Carbohydrate and nitrogenous metabolism were
significantly affected.

4.0 Conclusion

The residue of pesticides used in our environment is prevalent in cancer patients with various cancers attending the
Jos University Teaching Hospital. The pesticide mirex mean concentration was the highest among others.
Concentration of pesticide residues was higher in the active age of 18 — 50 years and declined their after. Also
breast cancer was the most prevalent among women. The dominancy of dimethoate frequency across the different
groups analysed is an indication of its wide use. Almost all the residues detected in cancer patients were higher
compared to those in the control group signifying the possible link between pesticide residue and cancer
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