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ABSTRACT

Despite reported effects and synergistic harm, organochlorine pesticides (OCPs) are less studied in Africa children. Therefore, 
concentrations of eight OCPs in blood and urine of children within Owerri municipality were determined. Thirty-six (36) blood and 
urine samples were collected from children aged 4-14 years. Concentrations were determined using 6890 GC systems coupled with 
5971 mass selective detector. 1µl sample was loaded in a split less mode and the GC helium with carrier gas had at temperature of 
80oC to 180oC and finally to 300oC. Result shows that Aldrin (45233±65473ppm) was the highest while mirex (38±5.099ppm) was 
lowest in blood of children. In urine Aldrin (193±22.84ppm) was highest and P’P’DDD (4.56±4.90ppm) was lowest. P’P’DDD was not 
detected in children at UPS, WCP, CSO and HEO. Therefore, both blood and urine concentrations of OCPs had no significant difference 
(P<0.05) between schools. Elimination ratios were highest for DDT (20.390 at MNO. Linden (5.11) at MNO was amongst the lowest 
ER. In blood, Pearson correlation coefficient was highest for DDT-DDD (0.612), DDT-methoxychlore (0.599), DDD-methoxychlore 
(0.658) and aldrine-methoxychlore (0.840) and methoxychlore-chlordane (0.750). OCPs in the urine showed low correlation with 
each other.  Principal component analysis (PCA) plot in rotated space for OCPs in blood and urine revealed two major clustering 
in OCPS in each group highly correlated. The strong association amongst OCPs in each group could be an indication of cochemical 
toxicology effects. Regression analysis revealed poor limpidity between OCPS in blood and urine except P’P’DDT. Therefore, some 
OCPs in blood may not show similar concentrations in urine. The questionable concentrations of OCPs in blood and urine are a 
serious call for concern. 
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INTRODUCTION

Dangers faced by African children have been overlooked as 
regards exposure to pollutants from their environment [1,2]. 
African children are more exposed to xenobiotics because of factors 
such as low literacy and less enforcement of environmental laws 
and standards. In some countries, these standards and laws are 
even completely unknown and absent. Most often the leaders are 
semiliterate and see no need to invest in the health and healthy 
environment for the children. Beyond the question of costs and 
benefits is an ethical issue that society must also consider. Children 
have the right to realize their full potential and when a society 
allows its children to be exposed to pollutants unchecked it is 
directly denying the children of that right [3,4]. Organochlorine 
pesticides (OCPs) are a group of synthetic chlorinated hydrocarbon 
compounds that have been widely used globally in the agricultural 
and chemical industries. They exhibit high bioaccumulation, slow 
degradation and toxicity at even low concentrations. Despite the 
ban at Stockholm convention, developing nations still experience 
vast applications of these chemicals [5,6] and some still use them 
for pest control, and worst of all for fishing as is the case in some 
part of Nigeria.

There exists extensive literature on neurodevelopment, 
neurologic and effects to humans arising from chronic low-level 
exposures to OCPs [7-9]. Research showed a strong relationship 
between low concentrations of OCPs and type 2 diabetes [10,11]. 
There is equally substantial evidence that OCPs interact with 
endocrine systems through estrogen and androgen receptors [12]. 
OCPs such as lindane, chlordane is linked to hematological disorders 
and anemic conditions [13,14]. When absorbed for longer periods, 
OCPs can cause enzyme inducement, a situation that causes 
metabolic disorder. OCPs act chiefly by acute toxic activity on the 
central nervous system. There OCPs can cause hyperexcitable 
brain, a situation that ends up in convulsion or myoclonic jerking, 
paresthesia’s and tremor [15]. OCPs in children are responsible for 
carcinogenic tumors, and neurotoxity psychiatric sequalae reduced 
cocongritiue development and behavioral disorders and depression 
[16]. Xenobiotics have become an issue of concern with exponential 
growth of evidence are currently being exposed to many types of 
toxicants [17]. OCPs fall in this category of toxicants and exert their 
toxicity in many ways leading to pathophysiological mechanisms 
such as damage to mitochondria, oxidative stress, apoptosis and 
epigenetic modifications [18]. OCPs have also been known to 
exhibit synaptic dysregulation Hille 1968. Recently the ‘toxicant 
induced loss of tolerance’ (TILT) has been proposed as another 
potential way of harm from OCPs. When in the presence of other 
toxicants or chemical agents OCPs can function synergistically, to 
harm the organism. This could lead to a multisystem reaction called 
‘sensitivity related illness’ (SRI) [19,20].

According to the Centre for Disease Control pollutants now 
cause accrual in adult and children CDC 2013 and Health Canada 
has reported stockpile of toxicants within the populace [21]. There 
are equally reports of nonvolatile OCPs trapped in aerosols or dust 
particles and when swallowed by adults or children could end up 
being absorbed in the intestine. After many years of being banned 
it is expected that OCPs will be on a decrease in the environment. 
However, researchers have shown that OCPs are continually being 
found in the environment and human bodies due to international 
travel, ongoing use of pesticides in mostly third world countries, 
globally exchange of food from areas where OCPs are used to 
areas where use has been discouraged [3] and slow rates of 

degradation in the environment. Being lipophlic OCPs have lower 
vapor pressure and penetrate easily though the gut, lungs and 
skin. These characteristics make them easily adsorbed on skin, gut, 
lungs and inhalation. Chemically OCPs fall into six groups in terms 
of structures; 

(i) DDT and endogues 

(ii) Hexachlorobezene 

(iii) Hexachlorocydolexane 

(iv) Cyclodine 

(v) Chlordecone 

(vi) Toxophene [22]. 

Another grouping criterion of OCPs could be their ability to be 
absorbed across the skin which increases their presence in blood. 
OCPs such as HCH, Lindane, aldrien, dieldrin and heplachlore show 
high dermal efficiency and belong to the first group. The second 
group consist of DDT and analogues, methoxychlore and mirex 
which all show low dermal absorption.

Many researchers employ gas-liquid chromatography to 
identify and quantity OCPs in blood samples within few days of 
pesticide exposure. DDT, dieldrine, mirex, heptachlore, chlorodane 
are known to persist the in tissue and blood for months while others 
may be excreted from the body within days. This reduces detection 
and so blood levels show more correlation to acute toxicity unlike 
adipose tissue concentrations which correlate better with historic 
exposure. Urinary measurements of metabolites of some OCPs 
could be employed in characterizing occupational exposure [23]. 
The U.S. EPA has curtailed the availability of OCPs while some 
countries continue to use it. Even those thought to have less toxic 
effects like lindaine are no longer recommended by the American 
academy of pediatrics while some states like California have banned 
OCPs entirely. Clinically, it is difficult to assess and manage persons 
with xenobiotics related health issues. Rather than remaining in 
blood, many OCPs are sequestered and accumulated in tissues. For 
these reasons, some researchers have opined that biomonitoring 
of OCPs in blood and urine may not reflex actual levels in the 
body. Elimination through induced sweat and re-absorption in the 
gastrointestinal systems are equally some ways by which actual 
concentrations of OCPs in blood may not be measured. However, it 
is shown that OCPs concentrations associated with various health 
problems and many epidemiological studies have shown the strong 
relationship between OCPs and illness. Therefore, there is a need to 
at least have data of OCPs in children. This could indicate the need 
for stringent rules to reduce the risk to children. In addition, such 
studies have not been conducted in Owerri. There exists a myriad 
of sources from which these OCPs can enter our children ranging 
from low sanitation to poor carriages, liberal use of pesticides and 
the importation of food stuffs from various part of the country into 
Owerri such as rice, beans, groundnut, yams and tomatoes, oranges 
[24] all associated with pesticides. The aim of this research was to 
determine the concentrations of a group of OCPs commonly used 
organochlorine pesticides in blood and urine of children from 
selected primary schools in Owerri municipality. OCPs here include 
DDT, DDD, lindane, aldrien, dieldrine, methoxychlore, heptaclore 
and mirex. Current study could make available such information 
that could give policy makers and create awareness on the need 
to formulate policies that would reduce the body burdens of 
xenobiotics in children. 
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METHODOLOGY
Description of the Study Location

Owerri metropolis, lies within latitude 5.48o North and 
longitude 7.03o Imo State, southeast Nigeria. This area falls within 
the heart of the humid African tropical region. Owerri metropolis 
lies within one of the three local government areas (LGAs) that 
make up Owerri city, the capital of Imo state of Nigeria set in the 
heart of the Igbo land. Playgrounds were designated with the 
letters of the words in the name of the school. Out of 25 government 
schools within Owerri metropolis, 9 schools selected and thus were 
used in this study. Playgrounds were selected to reflect spatial 
variability and traffic/commercial influence associated with each 
zone and differences in land use within an urban setting. Samples 
will be collected from schools; along busy roadway/highway, within 
residential, commercial and industrial areas, along a zone where 
industries and factories are located [25].

Participant demographics: 36 children residing in Owerri 
municipal were recruited as follows; 18 boys and 18 girls. Child 
participation was limited to those aged 4-14 years because that was 
the age for most children using playgrounds at selected schools. 
Child participant was checked for any differences between age and 
gender using p-values. Children were 50% male and 50 % were 
male and sample collected lasted for two weeks.

Human subjects interactions: Approval was sought and 
obtained from the Imo State University ethics committee and 
permission sought from the parents with written informed consent 
obtained from each mother for her child’s participation, along with 
the child’s assent. Participants were met either at their school 
and it was established that they frequent the playgrounds. All 
children were confirmed to come from low-income homes, as it was 
confirmed that all children frequenting the playgrounds were from 
poor backgrounds.

Surveys and biological samples: A written survey was filled 
out by each mother to capture diet, self-reported health, activity, and 
household information. Mothers were asked to provide the same 
information for their children. Fish consumption, with species, over 
the most recent six months was addressed along with consumption 
of local produce and game. Participant recollection was reinforced 
by a 24-hour recall survey. From children, biological samples were 
collected for analysis. Participants were instructed to give a mid-
stream urine sample into acid-washed 120 mL BD Vacutainer urine 
cups (urine reflects exposure to inorganic mercury). Intravenous 
blood samples were collected following sterile procedures by 
a licensed phlebotomist from the antecubital fossa into BD 
Vacutainer. Blood samples were analyzed for whole blood analyzed 
directly after being vortexed.  All samples were stored at -20 °C in a 
locked freezer at the Imo state university [26;27] prior to analysis.

DETERMINATION OF OCPS
Instrumentation

The OCPs of interest were analyzed using a 6890 GC system 
coupled with a 5971-mass selective detector (Agilent Technologies). 
Chromatographic separation of the components was done using 
a capillary column (30 m x 0.25 mm internal diameter, 0.25 µm 
film thickness) HP-5MS and helium as the carrier gas flowing at 
1.5 mℓ/min–1. Conditions of gas chromatography separation were 
as follows: injector temperature was set at 250 °C, initial column 
temperature was at 70 °C and held for 0.5 min. This ramped at 

25 °C∙min-1 to 150 °C. It was then ramped at 30°C.min-1 to 200 °C. 
This further ramped at 8 °C∙min-1 to 280 °C and held for 20min. 
Detection of the separated OCPs was achieved using a GC/MS 
system operated in selected ion monitoring mode with the electron 
impact ionization set at 70eV. The temperatures of the ion source, 
transfer line and the quadrupole were held at 230 °C, 280 °C and 
150 °C, respectively. Quantization of the residues was accomplished 
using a 7-point standard calibration curve in the concentration 
range of 0 to 1000 ng/ℓ-1. GC-MS was used for indicator and OCPs 
analysis. 6890N GC (Agilent, USA) equipped with a 60m x 0.25mm 
x 0.25 μm DB5-MS column (Agilent J&W, USA) coupled to Quattro 
Micro GC-MS (Waters, Micromass, UK) operated in EI+ was used; at 
least 2 MRM transitions was recorded for each compound analyzed. 
Injection was done in split less mode at 280°C and 1 μℓ sample 
loaded. Helium gas was used as carrier gas at the flow of 1.5 mℓ/
min-1. The GC temperature was programmed at 80 °C (1-min hold), 
then 15 °C∙min-1 to 180°C, and finally 5 °C∙min-1 to 300 °C (5-min 
hold) [28]. Raw data was processed using Target Lynx soft- ware 
Waters, Micromass, UK [9].

Statistical Analysis

In order to retain maximum interpretability, data was analyzed 
and reported without transformations. Statistical analyses were 
performed in SPSS version 18.0. Using elimination ratios principal 
component analysis, regression and correlation analysis was 
interpreted. Primary comparisons of interest were differences 
between schools and amongst children as well as comparison 
to benchmark values as seen throughout literature. Coefficient 
of variation (CV %) was calculated using the equation described 
by [29]. Variation was categorized as: CV % less than 20 as little 
variations; CV % between 20 to 50 as moderate variation and CV 
% greater than 50 as high variations. Analysis of variance (one-way 
ANOVA): ANOVA was employed for the purpose of comparing mean 
metal concentrations among the playgrounds and statistically 
significant differences were described when P < 0.05 [30].

Quality Control and Quality Assurance

Analytical grade chemicals and reagents purchased from FinLab 
Owerri were used without further purification. These include 
nitric acid (HNO3) 6.5% v/v HCl, sodium sulphate and potassium 
hydrogen carbonate which all purchased from Merck through 
FinLab agents while double distilled water used throughout the 
analysis; working standard of OCPs for references sourced from 
Fluka (Buch’s, Switzerland).

RESULTS AND DISCUSSION
The concentration of OCPs analysis including P’P’DDT, P’P’DDD, 

aldrine, dieldrin, lindane, methoxychlore, mirex and chlordanein 
whole blood and morning urine sample from different schools are 
presented in Table 1. In blood, the concentration of DDT ranged from 
179ppm at LKS to 465ppm at HEO with mean of 282.89±105.10ppm. 
DDD concentrations ranged from 49ppm at WSP to 115ppm 
at HEO with mean of 87.78±23.52ppm. Aldrine concentrations 
ranged from 134ppm at SCP to 2193ppm at WSP with mean of 
452.33±654.73ppm. Dieldrin concentrations ranged from 177ppm 
at WCP to 390ppm at TSO with mean of 272.89±69.32ppm. Lindane 
concentrations ranged from 23ppm at SCP to 46ppm at MNO with 
mean of 32.89±6.01ppm. Metho concentrations ranged from 
18ppm at MNO to 54ppm at TSO with mean of 42.11±12.84ppm. 
Mirex concentrations ranged from 29ppm at UPS to 43ppm at HEO 
with mean of 38±5.10ppm while chlordane ranged from 289 at 
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CSO to 451ppm at MNO with mean of 329.44±48.24ppm. In order 
of decreasing OCPs concentration; mean values revealed; Aldrin> 
Chlordane > DDT > Dieldrin> DDD >Metoxychlore>Lindane>Mirex, 
DDT had the highest value in children’s blood at HEO (465ppm) and 
TSO (429ppm) while methoxychlore was lowest.

The concentrations obtained in the current study were very 
high when compared to other related studies [31] detected only 
chlorpyrifos (0.009ppm) and pyributicarb (0.001ppm) in the 
blood samples of villagers involved in pesticide application at 
District Vehari (Punjab), Pakistan. Similarly, [32] reported very low 
concentrations of OCPs for blood compared to the current study. 
The high concentrations of blood-OCPs reported in this study are 

probably due to the high exposure to OCP in the environment, air, 
foods and water [33,34]. Generally, the high concentrations of DDT 
and DDD in blood are probably due to the fact that the urbanized 
environment have more of these pollutants in the air and can be 
absorbed through the gut and lungs during inhalation. Foods such 
as fish and tomatoes have been found to have these OCPs in them 
and it has been observed that city dwellers consume large quantities 
and are likely to take in these pollutants. The OCPs concentration in 
blood had low to moderate variations (Table 1). The concentrations 
of OCPs in the blood showed significant differences (p< 0.05) 
while between schools the concentrations showed no significant 
difference (p > 0.05).

Table 1: Concentration of OCPs in whole blood and morning urine samples of children.

Concentration (ppm) of OCPs in Blood

S/n School P’P’DDT P’P’DDD Aldrine Dieldrin Lindane Metho Mirex Chlordane

1 HEO 465 115 276 310 35 52 43 320

2 MNO 220 65 251 179 46 18 38 451

3 SCP 182 102 134 288 23 52 42 318

4 CSO 291 90 270 312 34 48 45 289

5 TSO 429 102 219 390 32 54 38 334

6 WSP 234 49 2193 219 30 39 38 326

7 WCP 217 97 275 177 33 29 37 326

8 LKS 179 61 175 285 32 34 32 312

9 UPS 329 109 278 296 31 53 29 289

Mean 282.89 87.78 452.33 272.89 32.89 42.11 38 329.44

SD 105.1 23.52 654.73 69.32 6.01 12.84 5.099 48.24

CV (%) 37.15 26.79 1.45 25.4 18.27 30.49 13.42 14.64

Concentration (ppm) of OCPs in Urine

1 HEO 132 ND 208 205 18 22 125 28

2 MNO 108 12 205 187 9 12 120 21

3 SCP 123 11 189 200 12 16 125 32

4 CSO 124 ND 185 203 11 17 124 26

5 TSO 172 5 201 169 19 21 109 23

6 WSP 123 5 160 180 10 20 120 24

7 WCP 107 ND 165 169 10 22 122 21

8 LKS 108 8 235 202 13 26 126 20

9 UPS 125 ND 189 201 11 22 121 22

Mean 124.67 4.56 193 190.67 12.56 19.78 121.33 24.11

SD 19.9 4.9 22.82 14.77 3.57 4.15 5.148 3.92

CV (%) 15.96 107.46 11.82 7.75 28.42 20.98 4.24 16.26

In urine, the concentration of DDT ranged from 107ppm at WCP 
to 132ppm at HEO with mean of 124.67±19.90ppm; DDD was not 
detected at WCP, HEO, CSO and UPS but was 12 ppm at MNO with 
mean of 4.56±4.90ppm. Aldrine had a range of 160ppm at WSP 
to 235ppm at LKS with mean of 193±22.82ppm. Dieldrin had a 
range of 169 at TSO and WCP to 205ppm at HEO showing mean of 
190.67±14.77ppm.  Lindane ranged from 10ppm at WCP and WSP 
to 19ppm at TSO with mean of 12.56±3.57ppm. Metho ranged from 
12 ppm at MNO to 26ppm at LKS with mean of 19.78±4.15ppm. 

Mirex ranged from 109ppm at TSO to 126ppm at LKS with mean 
of 121.33±5.15ppm while chlordane ranged from 20ppm at LKS to 
32ppm at SCP with mean of 24.11±3.92ppm. The concentrations 
obtained in the current study were very high when compared to 
other related studies. [23] studied OCPs residue in urine of male 
and female sample from El-Hosh town community, South Gezira and 
detected only DDE in the mean range of 4.18 to 5.17ppm. Similarly, 
[35-40] reported very low concentrations for urine compared to 
the current study. The high concentrations of urine-OCPs reported 
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in this study are probably a reflection of the high concentrations 
in the blood of the children studied. In decreasing order, the 
concentrations of OCPs in urine were Aldrin > Dieldrin > DDT 
>Mirex> Chlordane > Lindane > DDD. While Adrien (208ppm) was 
highest amongst OCPs in children urine, DDD (5ppm) was lowest 
and in some DDD was not detected. Even at low concentrations 
OCPs are disease initiating agents in human body [10]. (Table 1) 

shows that the variation of OCPs concentration in blood (aldrin; 
1.45%) ranged from low to moderate variation (P’P’DDT; 37.15%) 
while variations of OCPs concentrations in urine ranged from low 
variation (mirex; 4.24%) to high variation (P’P’DDD; 107.46%). The 
concentrations of OCPs in the urine showed significant differences 
(P<0.05) while between schools the concentrations showed no 
significant difference (p > 0.05).

Elimination Ratios

Figure 1: Elimination ratios for OCPs.

Ratios of OCP concentrations in blood to OCP concentrations 
in urine were computed and presented in (Figure 1) as elimination 
ratios. Large values of ratios are indicative of low excretion of the 
OCP in urine and thus a dangerous pointer, while low values of 
ratios are a pointer of good removal of OCP in urine. Recall that 
many excretion routs exist for OCP in human body including sweat 
and feces. In generally, large values of ratios were obtained except 
for mirex in all schools, dieldrin at MNO, Aldrin at SCP and LKS 
while DDD had zero at HEO, CSO and UPS due to no detection of OCP 
in urine indicating a harmless situation. The ratios for DDT at MNO 
(20.37); DDD at MNO (5.42), SCP (9.27), TSO (20.40), WSP (9.80) 
and LKS (7.63); Aldrin at WSP (13.71); lindane at MNO (5.11) and 
chlordane in all schools were considered very high and therefore 
harmful conditions may prevail. The overall large values could be 
due to enterohepatic reabsorption and affinity to adipose tissue 
and so some types of OCPs are not efficiently eliminated from the 
human body and may accrue in tissues [40-45].

Correlation of Metals in Blood and Urine

Pearson’s correlation coefficients were used to describe the 
relations between the studied OCPs in the blood and urine. The 
computed Pearson’s correlation coefficients are presented in 
(Table 2). Significant positive correlation was observed among 
the following pairs of OCPs in blood: DDD with DDT and Aldrin, 
metho with DDT, DDD and dieldrin, chlordane and lindane. These 
strong positive correlations found between the OCPs studied 

indicate eventual interactions between them. This can probably 
indicate increase in their toxic effects in children even at a low 
environmental level of exposure [46-56]. Meanwhile in urine only 
mirex-dieldrin (0.725) and lindane-DDT (0.787) showed strong 
correlations. Overall, in urine the OCPs showed low correlations.

Principal Component Analysis 

A Principal component analysis (PCA) plot in rotated space 
for OCPs in blood and urine are presented in (Figure 2) and shows 
two major clustering of the OCPs into two different groups viz the 
Aldrin group and other studied OCPs. The OCPs in each group are 
highly correlated with each other. The principal components were 
extracted with an eigen value of >1, and the variances for the first 
(PC1), second (PC2) and third (PC3) groups were 46.26%, 21.21% 
and 13.39 % respectively for blood while for urine PC1, PC2, PC3 
and PC4 were 32.62 %, 24.44 %, 19.49 % and 16.69% respectively 
(Table 3). Based on the PCA for blood, DDT, DDD, dieldrin and 
methoxychlore were in a particular group (PC1), lindane and 
chlordane were in a different group (PC2) while mirex and aldrine 
are in PC3. OCPs in a given group are seen to have strong association 
and could indicate co-chemical toxicological effects. Based on the 
PCA for urine, the OCPs; DDT and lindane were in a particular group 
(PC1), aldrine, dieldrine and mirex were in a different group (PC2), 
in PC3, DDD and chlordane while again in PC4 DDD were grouped 
with aldrine.
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Table 2: Correlation coefficient matrix for OCPs in blood and urine.

DDT DDD Aldrine Dieldrin Lindane Metho Mirex Chlordane

Blood

DDT 1 0.612 -0.137 0.64 0.114 0.599 0.195 -0.186

DDD 1 -0.6 0.497 -0.261 0.658 0.176 -0.386

Aldrine 1 -0.306 -0.138 -0.098 -0.001 -0.025

Dieldrin 1 -0.382 0.84 0.118 -0.509

Lindane 1 -0.653 0.004 0.75

Metho 1 0.179 -0.719

Mirex 1 0.049

Chlordane 1

Urine

DDT 1 -0.158 0.041 -0.284 0.787 0.105 -0.769 0.219

DDD 1 0.348 -0.021 -0.184 -0.479 -0.033 0.068

Aldrine 1 0.465 0.438 0.225 0.135 -0.151

Dieldrin 1 -0.003 0.015 0.725 0.407

Lindane 1 0.397 -0.385 0.245

Metho 1 0.068 -0.314

Mirex 1 0.283

Chlordane 1

Figure 2: Principal component plot in rotated space diagram for OCPs.

Table 3: Correlation coefficient matrix for OCPs in blood and urine.

Blood Urine

PC1 PC 2 PC 3 PC1 PC2 PC3 PC4

DDT 0.648 0.49 0.299 0.9 0.208 0.299 -0.158

DDD 0.78 0.404 -0.203 -0.242 -0.123 0.661 0.622

Aldrine -0.302 -0.628 0.592 -0.024 0.709 0.078 0.683

Dieldrin 0.86 0.099 0.035 -0.59 0.721 0.084 -0.116

Lindane -0.59 0.715 0.089 0.722 0.646 0.121 -0.023

Metho 0.962 -0.147 0.117 0.289 0.438 -0.763 0.049

Mirex 0.185 0.261 0.745 -0.877 0.363 -0.183 -0.178

Chlordane -0.732 0.536 0.117 -0.136 0.363 0.625 -0.639

Total Eigen value 3.701 1.697 1.072 2.61 1.955 1.559 1.335

% Variation 46.262 21.207 13.398 32.621 24.441 19.494 16.685

% Cummulative 46.262 67.468 80.567 32.621 57.062 76.556 93.241
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Regression Analysis 

Figure 3: Regression plots for OCPs in blood and urine of children.

Table 4: Ratios OCPs concentrations in blood and urine.

Ratios of OCPs in Blood

Schools (P’ P’ DDT)/
(P’ P’ DDD)

(P’ P’ DDT)/
Metho

(P’ P’ DDD)/
Metho

Aldrine/
Dieldrin

Aldrine/
Lindane

Deildrin/
Lindane

Mirex/
Chlordane

HEO 4.04 2.21 2.21 0.89 7.89 8.86 0.13

MNO 3.38 3.61 3.61 1.4 5.46 3.89 0.08

SCP 1.78 1.96 1.96 0.48 5.83 12.52 0.13

CSO 3.23 0.02 1.88 0.86 7.94 9.45 0.14

TSO 4.2 1.89 1.89 0.56 6.84 12.19 0.11

WSP 4.77 1.26 1.26 10.01 73.1 7.3 0.12

WCP 2.24 3.34 3.34 1.55 8.33 5.36 0.11

LKS 2.93 1.79 1.79 0.61 5.47 8.91 0.1

UPS 3.01 2.09 2.06 0.94 8.97 9.55 0.1

Ratios of OCPs in Urine

HEO 132 6 22 1.01 11.56 11.39 4.46

MNO 9 9 3.61 1.01 22.78 20.78 5.71

SCP 11.18 7.69 1 630 15.75 16.67 3.91

CSO 124 7.29 687.5 911.33 16.82 18.45 4.77

TSO 34.4 8.19 17 1.19 10.58 12.19 4.74

WSP 24.6 6.15 238.01 888.89 16 18 5

WCP 107 4.86 22 976.33 16.5 5.36 5.81

LKS 13.5 4.15 368.64 1.16 18.08 15.54 6.3

UPS 125 5.68 22 940.21 17.18 18.27 5.5
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Linear regression analysis was done to evaluate relationships 
between the concentration of OCP in blood and urine of children. 
The relationship is presented in (Figure 3) showing the R2 values 
and regression equations. The linear regression provides important 
information on association between the OCPs variables in the two 
media (i.e., blood and urine). The extent of association is measured 
on a scale 1 (perfect positive relationship), 0 (no relationship) and 
-1 (perfect negative relationship) [56-60]. The regression, although 
positive is poorly linear with r values less than 0.5 except for DDT. 
Therefore, suggests that the concentrations of OCPs in blood are 
not totally responsible for these in urine. Some researchers have 
suggested that OCPs could find their way in the bodies of children 
in many ways including adsorption through the skin.

In this way a child exposed to pollutants in soil during play may 
show a different concentration in the morning and another in the 
evening. These high concentrations may not be indicative of body 
burdens of these OCPs because their ADMET are different [61-
64]. In addition, various OCPs are up taken into children through 
such means as inhalation, ingestion, vertical transmission and 
transdermal. This could be reflected as a difference in both blood 
and Urine levels of OCPs. Despite the ban on DDT and DDD were 
higher in both blood and urine of children studied. In order to 
reduce or exposure, the rations of certain OCPs were calculate and 
used to estimate the length of existence in the blood, generally 
small values of OCP ratios indicate long term exposures [65], while 
values greater than 1 indicate fresh exposure (Table 4) shows that 
DDT/DDD, DDT/METHO, DDD/METHO had values greater than 1 
and could be assumed to have been from freshly exposed sources 
of contamination in children’s blood. On the order hand ratios for 
aldrine/dieldrine and mirex/chlordane were generally less than1, 
implying that the concentration of these OCPs in blood are from 
long term exposure. Other ratios were observed to be much greater 
than 1, indicating a fresher exposure. In urine ratio of OCPs were 
generally much greater than I compared to those ratios for blood. 
It was observed that OCPs ratios in urine were attributable to fresh 
exposure (Table 4).

CONCLUSION 

This research has successfully determined and reported 
concentrations and distribution of eight OCPs in blood and urine of 
native African children living and attending selected schools within 
Owerri municipality. This work is perhaps the first of its kind. There 
could be risk arising from these concentrations given that these 
pollutants have typical characteristics of being bio accumulative. 
There is close association amongst OCPs studied and that suggests 
co-chemical toxicity, though concentrations in blood showed 
little influence on those of the urine.  Following the presence of 
questionably high concentrations of these OCPs in blood and urine 
of African children, they may continuously be exposed to both low- 
and high-level exposure of these toxic pollutants. OCPs ratios reveal 
that most of the pollutants were from fresh sources of exposure 
and therefore exposure routes need to be quickly identified 
and eliminated while measures put in place to monitor OCPs in 
playgrounds, water, and food. This work has call for measures 
to reduce OCPs concentrations in children’s blood from Owerri 
municipal. Same can be said for most of African children in urban 
areas.
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