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Abstract

Background and objectives: Harm caused by crude oil spillage and its associated environmental toxicants manifests slowly.
This study examined the impact of crude oil environmental toxicants on neonates’” thyroid and cognitive functions in crude
oil-producing communities.

Methods: The case-control study comprised 55 crude oil-exposed expectant mothers and 33 non-crude oil-exposed expectant
mothers as controls. Serum Benzo Pyrene Dihydrodiol Epoxide (BPDE), triiodothyronine (T3), thyroxine (T4), and thyroid
stimulating hormone (TSH) were assayed in expectant mothers and neonates. Intelligence quotient and APGAR scores were
determined in the children using Fagan’s test of infant intelligence.

Results: Serum TSH (p < 0.05) and BPDE (p < 0.001) were higher, while T3 and T3 /T4 ratio were significantly lower (p < 0.001)
in exposed pregnant women compared to the control. Cord blood TSH and T3/T4 ratio were lower (p < 0.001) while T4 and
BDPE were higher (p < 0.001) in prenatally exposed neonates than prenatally non-exposed infants. Serum TSH correlated with
BDPE (R? = 0.080, p < 0.036) and APGAR score (R? = 0.341, p < 0.012), while T3 and T4 were not associated with BDPE and
APGAR score. TSH correlated with T3 (R? = 0.0.082, p < 0.05), T3 correlated with T4 (R2 = 0.111, p < 0.013) and TSH (R? = 0.082,
p < 0.05). Exactly 54.5% (30/55) of prenatally exposed neonates had a low intelligence quotient compared to 36.4% (12/33) in
prenatally non-exposed neonates.

Conclusion: Crude oil and associated environmental pollutants might significantly affect the thyroid function. Environmental
surveillance, biomonitoring and environmental cleanup are emphasized. Future research on the mechanisms of the observed
toxicological effects on thyroid hormones and targeted protection of pregnant women and their offspring is suggested.

Introduction (PAHs), as well as other sulfur and nitrogen containing compounds
and metals. When oil is burned, additional PAHs can form as com-
bustion by-products, along with inhalable fraction PM10 (particles
measuring less than 10 microns), and respirable fraction PM2.5
(particles measuring less than 2.5 microns). Petroleum hydrocar-
bons differ with respect to their behavior in the environment and
it is this behavior that defines whether they are more likely to be

Crude oil contains many compounds, primarily volatile and semi-
volatile organic compounds volatile and semi-volatile organic
compounds, including some polycyclic aromatic hydrocarbons
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toxicants that are regarded as “slow poisons”, because it may take
several months or years for the harm they cause to manifest physi-
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Assessment is done every year in Nigeria, it does not sufficiently
highlight the instant and persistent reproductive health consequenc-
es of the associated risk on the people living in the environment.

In a review of studies on “human health implications of crude
oil spills in the Niger Delta, Nigeria”, it was reported that there was
a comprehensive existence of components of crude oil in the envi-
ronmental accessibility of the areas where crude oil exploration and
exploitation occur. These crude toxicants such as PAHs, of which
Benzo(a)pyrene (BaP) is one, are known reproductive health haz-
ards and were found in both surface water and soil in these com-
munities.>5 Benzo(a)pyrene diol epoxide (BPDE) is an epoxide
derived from hydride of a Benzo(a)pyrene. It is used as a surrogate
of PAHs, which can be measured to provide valuable information
on toxicological exposure and disease risk. The consumption of
food, airborne and soil exposure have been reported to be predic-
tive of PAHs accumulation in the circulation.* According to the US
Environmental Protection Agency guidelines, to adequately iden-
tify the source and harmful health effects associated with environ-
mental exposure to PAHs, an assessment of an important priority
list must be conducted.* Previous studies have detected very high
concentrations of PAHs in soil, air, water and crops in the Niger
Delta region including Warri South.%8 Although petroleum prod-
ucts are of low toxicity, local, systemic toxicity, and mutagenicity
occur in mice at high doses.® These toxic effects are attributed to
the aromatic constituents of these substances. Some PAHs such
as BaP can inhibit thyroid peroxidase, which is a rate-limiting en-
zyme in thyroid hormone biosynthesis. Increased expression of the
enzyme is induced by thyroid stimulating hormone (TSH), and is
responsible for the iodination of tyrosine to form mono, di, triiodo-
thyronine and thyroxine.!? It has been hypothesized that prenatal
exposure to chemicals that disrupt thyroid hormone, with iodine
deficiency potentially exacerbating the situation, most likely con-
tributes to increased incidence of neurodevelopmental diseases,
and also to a hidden but socioeconomically consequential loss in
1Q.'12 An influence of iodine status on the relationship between
PAHs and thyroid hormones has been observed in adolescents and
adults.!? Finally, untreated thyroid diseases during pregnancy, such
as subclinical hypothyroidism or maternal hypothyroxinemia due
to preconception iodine deficiency in the mother, are associated
with a moderate delay in the child’s neurological development.!3:14

Prenatal exposure to crude oil toxicants is a great concern to
public health practitioners and reproductive biologists. Therefore,
monitoring exposure in pregnant women may be an acceptable
substitute to evaluate the fetus’s exposure.’ The thyroid gland is
a very important organ because of the influential roles it plays in
growth, early development, and metabolism.'5

Exposure to crude oil toxicants, especially during critical and
sensitive developmental periods such as pregnancy, may lead to sev-
eral health consequences that can manifest in both the pre-natal and
post-natal life of individuals, and has the potential to be transmitted
from one generation to another. Accordingly, the next generations
are born “pre-polluted” owing to this preconception and pre-birth
exposures.!®18 It is in the interest of citizens to know the impact
crude oil contaminants have on the thyroid and cognitive functions
of both mothers and neonates in crude oil-producing communities.

Methods

Ethical consideration

This study was conducted to conform to the ethics guidelines of
the Helsinki Declaration (revised 2013) and approved by the Eth-
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ics and Health Research Committee of the Central Hospital, Warri,
Delta State (reference CHW/ECC VOL 1/168 dated October 9,
2018). Individuals who participated in this study gave informed
consent. The purpose of the research was explained to those who
could not read the participant information sheet. Absolute confi-
dentiality of data was adhered to throughout the study.

Study participants

This is a case-control study conducted at the Central Hospitals,
Warri and Asaba between July 2021 and June 2022. The partici-
pants were adult expectant mothers in their third trimester living
permanently in Warri South Local Government area where there
is active crude oil exploration and exploitation and Asaba town
where there is no crude oil exploration/exploitation. Both regions
are located in Delta state, Nigeria. A total of 55 healthy expectant
mothers residing in Warri (cases) and 33 healthy expectant moth-
ers residing in Asaba (controls) were recruited for the study.

Inclusion and exclusion criteria

Only healthy expectant mothers attending the ante-natal clinic for
care, gave birth in the health care centers and those who had full-
term deliveries were included in the study. Pregnant women who
had lived for more than five years in Warri South where crude oil
exploration and exploitation takes place were included while sub-
jects who reside in Asaba and have never lived in Warri or any set-
tlement where crude oil exploration and exploitation occurs were
selected as controls. Pregnant women with chronic illness, thyroid
dysfunction, hemoglobinopathies, or complicated obstetric condi-
tions were excluded.

Questionnaire

Socio-anthropological data: age, lifestyle habits, educational sta-
tus, medical history, and family history of hypothyroidism were
obtained using an interview-administered questionnaire, Maternal
health and obstetrical information, medication use, and the due
date of delivery were obtained from the hospital records. The in-
fant’s anthropometric measurements were determined using stand-
ard methods.

Sampling

The number of specimens required for the study was determined
using the sample size determination formula for health studies N =
z2pq/d2 and 3.83% prevalence of neonatal mortality due to crude
oil spillage in the Niger Delta region of Nigeria.!%20

Where n = Sample size, z = criteria value at 95% confidence
level (1.96), p = prevalence, q = 1-p, and d = precision of 5%
(0.05).

Calculation using these formulae: n = z2 pq/d2 = (1.96)2 x
0.0383 x (1 -0.9617)/(0.05)2 = 56.59.

Therefore, 57 pregnant women were recruited for this study, but
55 completed the evaluation. The sample consisted of 55 maternal
blood and 55 cord blood of crude oil-exposed participants (mother
and child) and 33 crude oil non-exposed participants (mother and
child).

Sample collection, processing, and storage

Approximately 5 mL of blood was obtained from the women dur-
ing the third period of gestation and distributed into a plain con-
tainer. This was allowed to clot at room temperature and then cen-
trifuged after clot retraction at 1,000 g for 10 minutes. The serum
was separated into a new plain container and stored at —80°C until
analysis was done. Also, immediately after delivery, SmL of cord
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blood was obtained from the umbilical vein with the cord clamped
at both ends and emptied into the plain container and labeled. After
clot retraction, the cord blood was centrifuged for 15 mins at 2,500
rpm, and serum was separated and stored at —80°C until analyzed.
The Fagan Test of Infant Intelligence was conducted weeks after
birth.

Principle of Benzo(a)pyrene determination

The sandwich-ELISA technique that contains a strip plate pre-
coated with an antibody specific to Benzo Pyrene Dihydrodiol
Epoxide was used. When standards or serum are dispensed into
appropriate microplate wells, the antigen reacts with the antibody.
Thereafter, the horseradish peroxide (HRP)-conjugate antibody
distinct for Benzo pyrene dihydrodiol epoxide binds the antigen-
antibody complex. The unbound components are washed away
while the bound complex reacts with the Tetramethylbenzidine-
substrate solution. When the stop solution is added, the color turns
from yellow to blue. The absorbance is read spectrophotometri-
cally at 450 nm. The concentration of Benzo pyrene dihydrodiol
epoxide is extrapolated from the graph previously prepared from a
series of Benzo(a)pyrene standards.

Serum triiodothyronine (T3), thyroxine (T4), and thyroid-stimu-
lating hormone (TSH) were assayed using the competitive enzyme
immunoassay technique with commercially available reagents.

Principle of thyroid hormone determination

Based on the competitive reaction between antigen in the serum or
standard and enzyme-antigen conjugate for a few insoluble bind-
ing sites on the immobilized antigen. When the antibody-antigen
complex is set apart from the unbound by washing, the enzyme
in the complex reacts with the substrate to form a product. The
amount of product formed corresponds to the concentration of an-
tigen present in the serum. The concentration is extrapolated from
the calibration curve previously plotted using a series of standards.

Cognitive function assessment using the Fagan test

Purpose

The objective of this test is to extricate potentially cognitively nor-
mal from potentially cognitively deficient infants who may be at
risk for later intellectual deficit as a result of several prenatal or
postnatal conditions.?!

Principle

Fagan’s check of toddler Intelligence was based on the idea that
intelligence comprises a fixed of primary techniques for the ob-
tainment of knowledge: tasks that are innate, incredibly automatic,
dependent on neural integrity, and continuous with age. The pre-
supposition is that the manner by which toddlers distribute their
attention to new and formerly exposed stimuli is essentially the
same procedure used by older youngsters and adults in resolving
intelligence assessments. If infants vary within the rate with which
they accomplish the fundamental tasks of understanding obtain-
ment, then what is measured later measure on in an intelligence
check, while a knowledge based totally solution is requested, is the
continual result of the interplay of the price of extracting with the
surroundings the child has been allowed to process.

The Fagan check of infant intelligence is accomplished at 67,
69, 79, and 92 of gestational age plus natal age in weeks. In order
words, a time period toddler brought after 40 weeks of pregnancy
is evaluated at 27, 29, 39, and 52 weeks thereafter. Also, a toddler
delivered after only 32 weeks of being pregnant is evaluated at
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35, 37, 47, and 60 weeks after delivery. The Fagan test of toddler
Intelligence was performed within one week of the precise date
the baby needed to be evaluated. A primary degree of extracting
records is the potential of the little one to look longer at a brand-
new target than at one formerly seen.?! Proof shows that toddlers’
desire for novelty has shown that the abstraction of statistics is
effective prevalence all through infancy.

Testing time required

The time needed for testing a selected toddler can also fluctuate
due to the age of the child and the child’s state. Overall, not more
than 25 minutes is required for any test.

Conducting the test

The time that the child spends staring at the diverse photographs
is the most essential feature of the Fagan check. Those are the sta-
tistics that ascertain if the infant is judged low-hazard, suspect, or
excessive-hazard for later mental retardation. A similarly critical
component of the test is that the photographs be offered exactly
within the order as pre-arranged. The administrator of the Fagan
takes a look to ensure correct recording of when, where, and how
long the toddler looks at the photographs. The Fagan’s test admin-
istrator is seated behind the stage after the parent and the toddler
have settled down. The peephole is placed close to the baby to
position the extent and distance for viewing are correct. Thereaf-
ter, the picture is placed in a comfortable and attainable position
for testing. The stage is opened and the pictures are trusted one by
one. The time it takes for the baby to stir on the photo is recorded.
Then the level is closed quickly and gently nonetheless peering
through the peephole. As soon as the stage is closed, watch wheth-
er or not he/she is still looking on the photos. How lengthy, and
to which picture the infant focuses is recorded. The administrator
needs to see a photo of the photo targeted over the pupil of the
toddler’s eye when the child is looking at the photograph. The
picture is seen as a bright rectangle in the middle of the pupil. It
is miles handiest while the photo is focused over the pupil that the
time is recorded.

When the toddler looks at the picture to the left, it is recorded
and when the baby looks at the image to the right, it is recorded.
If the infant isn’t always looking at both photos, it isn’t always
recorded. As the baby looks at the picture, time is recorded where
and how long until you hear the tone signaling the end of that part
of the test. Whilst the pre-set time tone sounds, the stage is quickly,
but lightly opened and the next photo is inserted at the stage. This
cycle is repeated till the check is completed.

The viable effects of the Fagan check of little one Intelligence
are: If the suggested novelty is >53.1<54.5 the test result line
reads: Suspect: repeat take a look at a Later Age. If the implied
novelty is <53.1 the test effects line reads hazard: Repeat at a later
age. The test consequences are most effectively computed from
a completely implied novelty rating. Aborted exams will produce
data but not a Test Result outcome.

Statistical analysis

Data were scrutinized using Chi-square and independent Student’s
t-test while values were presented as mean =+ standard deviation.
Statistical analyses were conducted using the Statistical Package
for Social Sciences (SPSS) version 25 (IBM Corp, Cal, USA).
Multivariate linear regression was performed with TSH, T3, and
T4 concentrations as dependent variables against APGAR score
and BDPE level as independent variables. A p-value <0.05 was
regarded as statistically significant.
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Table 1. Socio-Demographic features of study participants

Emokpae M.A. et al: Thyroid hormone levels in crude oil community: Maternal impact

Exposed pregnant women Non-exposed pregnant women

Characteristics Variables Chi-Square (X2)
N (%) N (%)

Age of mothers 18-23 years 8(14.5) 6(18.2) p>0.05
24-29 years 17 (30.9) 12 (36.4)
30-35 years 21(38.2) 13 (39.4)
36—41 years 8(14.5) 2(6.1)
42-47 years 1(1.8) 0(0.0)

Gravidae of mothers First Pregnancy 4(7.3) 5(15.2) p > 0.05
Second Pregnancy 15 (27.3) 9(27.3)
Multiple Pregnancy 36 (65.5) 19 (57.6)

Parity of mothers Primigravida 17 (30.9) 16 (48.5) p>0.05
Multiparous 36 (65.5) 14 (42.4)
Nulliparous 2(3.6) 3(9.1)

Educational status of mothers  Primary 4(7.3) 2 (6.1) p>0.05
Secondary 31(56.4) 16 (48.5)
Tertiary 20 (36.4) 1,545.5)

Employment Artisans 15 (27.3) 8(24.2) p>0.05
Students 1(1.8) 0(0.0)
Civil Servant 19 (34.5) 13 (39.4)
Traders 13 (23.6) 8(24.2)
House Wives 5(9.1) 4(12.1)
Farmer 2 (3.6) 0(0.0)

Nature of birth of the women  Cesarean section 7(12.7) 5(15.2) p>0.05
Vaginal delivery 48 (87.3) 28 (84.8)

Results

The findings from the investigation are given in Tables 1-5. Ta-
ble 1 details the socio-demographic data of subjects in exposed
and non-exposed mothers. The comparison of age range, gravidae,
parity, occupation, educational status, and nature of the birth of
exposed mothers and non-exposed mothers were all statistically
insignificant.

Table 2 shows the comparison of levels of measured thyroid
hormones and BaP concentrations of exposed and non-exposed
expectant mothers living in crude oil-producing communities. It
shows that serum TSH (p = 0.036) and BPDE (p < 0.001) were
considerably higher among the exposed expectant mothers than
non-exposed expectant mothers. Also, serum T3 and T3/T4 ratio
were considerably lower (p < 0.001) among exposed expectant
mothers than non-exposed expectant mothers. There was no sig-
nificant difference (p > 0.05) when the mean T4 concentration was
compared between exposed and non-exposed pregnant women.

Table 3 illustrates the comparison of the serum levels of thyroid
hormones and BDPE in cord blood of prenatally exposed neonates
and non-exposed neonates. Cord blood TSH and T3/T4 ratio were
significantly lower (p < 0.001) while T4 and BDPE were consider-
ably higher (p < 0.001) among prenatally exposed neonates than
prenatally non-exposed infants. Cord blood T3 was however not
significantly different between the two groups (p > 0.05).

86

Table 4 shows Fagan’s test of infant intelligence, APGAR
score, and birth weight of the prenatally exposed and prenatally
non-exposed neonates. The Fagan’s test of intelligence quotient
indicates that 30 (54.5%) of neonates prenatally exposed had low
intelligence quotient versus 12 (36.4%) among the prenatally non-
exposed neonates, while 25 (45.5%) in the exposed group had high
intelligence quotient compared to 21 (63.6%) of the non-exposed
neonates (p = 0.040).

Table 5 shows the multivariate regression between thyroid hor-
mones, BDPE, and APGAR score. It indicates that TSH correlated
with BDPE (R?=0.080, p < 0.036) and APGAR score (R?=0.341,
p <0.012), while T3 and T4 were not associated with BDPE con-
centration and APGAR score. Also, TSH correlated with T3 (R2
=0.082, p < 0.05), T3 correlated with T4 (R? = 0.082, p < 0.05).
There was no association between BDPE and APGAR score.

Figure 1 is a map of Nigeria and Delta State where the study
was conducted, while Figure 2 depicts a selection flow chart of
study participants.

Discussion

Exposure to environmental contaminants during pregnancy is a
potential risk to the healthy growth and well-being of the develop-
ing brain. Benzo(a)pyrene is widespread in the environment due
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Table 2. Comparison of thyroid hormone levels and Benzo(a)pyrene concentration of exposed and non-exposed mothers to crude oil

Parameters Exposed group (n = 55) Non-exposed group p-value
TSH (ulU/mL) (0.39-6.16 plU/mL) 2.81+0.12 2.45+0.16 0.036
T3 (ng/dL) (5.2-18.5 ng/dL) 6.97 £0.20 9.39+0.31 0.001
T4 (ug/dL) (4.8-11.6 pg/dL) 11.38+0.79 12.02 +1.38 0.333
T3/T4 Ratio 0.60 £ 0.02 0.78 £ 0.001 0.001
BPDE (ng/g) 1,723.57 £51.06 1,301.62 + 87.02 0.001

BPDE, Benzo(a)pyrene diol epoxide, reference ranges in parenthesis; TSH, thyroid stimulating hormone; T3, triiodothyronine; T4, thyroxine.

Table 3. Mean levels of thyroid hormones and Benzo(a)pyrene in cord blood of neonates prenatally exposed and prenatally non-exposed infants

Variables Exposed (n = 55) Non-exposed (n = 33) p-Value
TSH (ulU/mL) (0.39-6.16 plU/mL) 2.04 +£0.80 4.33+0.20 0.001
T3 (ng/dL) (5.2-18.5 ng/dL) 1.27 +0.03 1.34 +0.04 0.083
T4 (ug/dL) (4.8-11.6 pg/dL) 12.32 +0.06 8.12 £ 0.08 0.001
T3/T4 Ratio 0.103 + 0.001 0.165 + 0.001 0.001
BPDE (ng/g) 2,508.40 +130.24 2,212.65 +43.22 0.044

BPDE, Benzo(a)pyrene diol epoxide, reference ranges in parenthesis; TSH, thyroid stimulating hormone; T3, triiodothyronine; T4, thyroxine.

to incomplete burning of organic matter, its presence in crude oil
producing communities as a result spillage, exploration, and ex-
ploitation may be higher. Benzo(a)pyrene is a known neurotoxin,
capable of causing neurobehavioral changes in experimental ani-
mals.?? Crude oil spillage is a constant occurrence in the Niger
Delta region, and about 3.1 million barrels of crude oil has been
spilled between 1976 to 2014 in this region. Therefore, individuals
living in this region might be at risk of crude oil associated toxi-
cants. Although oil exploration and exploitation have been going
on in the Niger Delta of Nigeria, there is a dearth of information
on the impact of prenatal exposure to crude-oil-associated toxi-
cants on thyroid hormones and their possible effects on the neu-
rodevelopment of prenatally exposed neonates and their mothers.

Prenatal exposure to toxicants and their hydroxylated metabolites
may affect the thyroid hormones of the offspring.?3?* Even mild
maternal thyroid dysfunction during pregnancy might adversely
affect a child’s neuropsychological development,'! cognitive func-
tion, and decreased intelligence quotient.'*25 Low maternal tetra-
iodothyronine (T4) concentrations during gestation are associated
with the impaired cognitive development of offspring as indicated
by decreased Fagans or Bayleys Scores.2¢ This study, therefore,
is of public health importance and may provide valuable data that
could be used in the formulation of reproductive health policies
aimed at reducing the effects of neurotoxicants on infants.

Data from this study showed significant changes in thyroid hor-
mone concentrations, association with BPDE as a marker of PAHs

Table 4. Fagan’s test of intelligence and Apgar score of prenatally exposed and non-prenatally exposed neonates

Exposed

Non-exposed

Variables Ve p-Value
N (%) N (%)

Intelligence quotient
Low 30 (54.5) 12 (36.4) 2.053 0.040
High 25 (45.5) 21 (63.6)

APGAR Score of mothers
Low 35 (63.6) 16 (48.5) 1.371 0.043
High 20 (36.4) 17 (51.5)

Birth weight class
Low Birth Weight 3(5.5) 2(6.1) 0.014 0.624
Normal Birth weight 52 (94.5) 31(93.9)

Sex
F 32 (58.2) 16 (48.5) 0.440 0.253
M 23 (41.8) 17 (51.5)
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Table 5. Multivariate Regression between measured parameters

Variables R Square F-value p-value
TSH
BDPE 0.080 4.612 0.036
T3 0.082 4061 0.05
T4 0.171 1.386 0.756
APGAR Score 0.341 3.467 0.012
T3
T4 0.111 6.644 0.013
TSH 0.082 4.061 0.05
APGAR Score 0.171 1.386 0.765
BDPE 0.173 1.396 0.600
T4
TSH 0.171 1.386 0.756
T3 0.111 6.644 0.013
APGAR Score 0.208 1.759 0.118
BDPE 0.184 1.990 0.098
BDPE
T3 0.173 1.396 0.600
T4 0.111 1.386 0.760
TSH 0.080 4.612 0.036
APGAR Score 0.121 1.776 0.210

BPDE, Benzo(a)pyrene diol epoxide, reference ranges in parenthesis; TSH, thyroid
stimulating hormone; T3, triiodothyronine; T4, thyroxine.

during pregnancy and effects on the infants. Serum TSH was signifi-
cantly higher while T3 and T3/T4 ratio were lower among exposed
expectant mothers than non-exposed expectant mothers. Clinically,
if the determination of serum T3 and T4 without fT3 and fT4 is
done, it is difficult to identify the subtler but important imbalances
in the T3 and T4 levels within the reference range. The calculation
of the T3/T4 ratio may be very vital in this situation. A low T3/T4
ratio is a feature of levothyroxine treatment, as the subjects usually
have a low T3 and higher T4 than healthy subjects. It has been ob-
served that individuals at a higher risk of a T3 deficiency have less
active thyroid tissue. Individuals with impaired functional thyroid
glands have a low T3/T4 ratio. A low T3/T4 ratio is likely to cause
metabolic syndrome, hyperinsulinemia, insulin resistance, impaired
selenium, shorter life span, and other diseases.?” During the onset of
pregnancy, the fetus derives its thyroid hormones entirely from the
mother until fetal thyroid gland function is matured (between the
1820 gestational week). The maternal source, however, remains
a corresponding source of circulating thyroxine for the fetus until
birth. Magnetic resonance imaging studies have indicated that chil-
dren of women with overt hypothyroidism during pregnancy have
abnormal morphology of the cortex, the hippocampal volume, and
regions of the brain responsible for cognitive functions such as per-
ception, analytical thinking, executive function, and memory.?$-30
It is important to know that brain development starts almost im-
mediately after conception, a process that occurs in a sequence of
developmental events. This period corresponds to the time when the
fetus is under increased environmental stressors. Therefore, expo-
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sure of pregnant women to crude oil pollution may cause adverse
health implications and outcomes for both mother and child. Our re-
sults are consistent with that of Kampouri e al.,® who reported that
maternal thyroid hypofunction was linked with reduced offspring
verbal and motor ability scores. During pregnancy, thyroid hormone
homeostasis is essential for normal neural network development.
Also, it was observed that there were significantly lower TSH and
T3/T4 ratio as well as significantly higher T4 among prenatally
exposed neonates than non-prenatally exposed neonates. Neonatal
TSH concentrations were significantly associated with the cognitive
outcomes of neonatal cord blood TSH concentration was associated
with decreased points on general cognitive and executive function
scores. Also, neonatal thyroid deficiency was associated with poor
childhood cognitive outcomes, with cognitive hypothyroidism as the
most common cause.! The regression analysis indicated that TSH
concentration may be the major predictive factor for BDPE level,
APGAR score and a biological driver for T3 and T4. No association
between BDPE concentration and APGAR score was detected (Ta-
ble 5). Serum BPDE concentration correlated positively with T4 and
negatively with TSH and T3/T4 ratio. This finding partially aligned
with a previous study which reported an association between high
PAHs levels and low thyroid function. An association was also re-
ported between PAHs and lower concentrations of T3 and reduced
expression of thyroid receptor genes in cell culture of rockfish em-
bryos exposed to PAHs.3? Since the balance of thyroid hormones is
important for growth, early development, and metabolism of preg-
nancy and fetal development, alterations caused by elevated BPDE
could have adverse effects on birth outcomes. Conversely, some
authors reported an association between PAHs and increased T3 and
T3/T4 ratio, but not with TSH or T4 concentrations, which the au-
thors suggested was a lack of negative feedback on TSH by T3 and
increased thyroid activity. A positive association between high PAHs
concentrations and risk for low IQ in childhood, low birth length,
and attention deficit hyperactivity disorder has been reported.?® The
observed significantly higher levels of BaP in this study align with
previous studies in the Niger Delta region of Nigeria,>* which re-
ported significantly higher levels of BaP on the surface sediments
and waters of a flow station and its environs in the Niger Delta
which was above the WHO recommended limits. Similarly, signifi-
cantly higher amounts of BaP in the soil of Yenagoa town, Bayelsa
State were recently reported.?

The detection of significantly higher concentrations of BPDE
among crude oil-exposed pregnant women and their offspring
than in non-exposed groups was not surprising.3® The significantly
higher serum concentration of BPDE in pregnancy is consistent
with the previous study, which reported that prenatal exposure to
BaP brings about apoptotic germ cell death through activation of
the intrinsic mitochondrial apoptotic pathway in mouse fetal go-
nad. Several PAHs present in crude oil, such as benzo(a)pyrene
have been demonstrated to instigate developmental gonadotoxic-
ity in males and females,*”-® but the contraption or mechanism of
fetal gonadotoxicity of BaP remains unclear. It was recently ob-
served that lifetime carcinogenic risk and BaP mutagenic potency
were attributed to the exposure of adults and children to PAHs in
the dust.’® The detection of significantly higher BaP in the cord
blood of neonates in the study participants may be evidence of
transplacental transfer of BaP during pregnancy. This finding of
significantly higher levels of BaP among prenatally exposed neo-
nates is consistent with previous studies.3”-38 It was observed that
BaP-DNA adduct level in the cord blood of infants was associated
with reductions in the developmental quotient scores at the age
of 12 months.*? In experimental animal studies, similar findings
were reported, as exposure of experimental animals to PAHs dur-
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Fig. 1. Map of Nigeria and Delta State in Nigeria (Britannica.com; maps-nigeria.com)

Study participants

A4 \ 4

Pregnant women who never lived in
crude oil producing communities were
recruited (n=33)

Pregnant women lived in the
communities were recruited (n=80)

Excluded (n=19)

* Pregnant women lived in
the communities for less
than 5 years

v

Pregnant women lived for more than 5
years in the communities were
potentially selected (n=61)

Excluded (n=6)
» Pregnant women had
Y obstetric complications

\4

Pregnant women who completed ante-
natal care without complication were
included (n=55)

Cases (n=55) and Controls (n=33) were compared

Fig. 2. Flow chart of the selection of study participants, inclusion and exclusion criteria. This flow diagram illustrates the number of pregnant women
recruited from ante-natal clinics, and the number and reasons for excluding some of them based on the predetermined criteria. Following this process, fifty-
five pregnant women and 33 controls who met the selection criteria were recruited in the study.
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ing the prenatal period resulted in impaired memory and learn-
ing, anxiety, and depression behavior effects.*!*? Epidemiological
studies conducted in the USA,** China,** and Poland indicated
neurodevelopment effects among humans exposed to PAHs.* It
has been established that prenatal exposure to PAHs may harm
the neurodevelopment of children aged 2 to 8 years.*! Data on
the effects of thyroid impairments on neurodegenerative disor-
ders are conflicting. Some authors have suggested a link between
thyroid impairments and neurocognitive disorders with improve-
ment reported following treatment with T4. Others have suggested
a non-reversible effect of thyroid hormonal deficiency on brain
structures, particularly among subjects with overt hypothyroidism.
However, neurocognitive disorder associated with overt hyperthy-
roidism can be reversed following treatment.*#” The association
between brain and thyroid hormones (especially T3) is well estab-
lished. Thyroid hormones require network of transport systems to
penetrate the blood brain barrier to reach their target cells. Any
abnormality in these mechanisms can lead to disturbance of the
thyroid dependent brain function irrespective of the blood hormo-
nal levels. Thyroid hormones also require specific transporters to
cross the blood brain barrier, and the most important is the mono-
carboxylate transporter 8 (MCTS), which has high affinity for T3.
An aberrant MCT8 gene can lead to mental retardation and kinetic
disorders. Changes in the concentration of neurotransmitters of
specific sections of the brain can cause cognitive and behavioral
symptoms of thyroid dysfunction.* In this respect, it should also
be taken into account that endocrine disruptors such as PAHs ex-
acerbate this effect in the presence of iodine deficiency. lodine
supplementation before and during pregnancy would help improve
iodine status in pregnancy.*’

Limitations of this study

This study has several limitations. Apart from the small sample
size, the iodine status of the pregnant women was not recorded.
Despite the introduction of universal salt iodization more than two
decades ago in Nigeria, about 60% of pregnant women are still
iodine deficient.*® Apparently, a high prevalence of inadequate
iodized salt consumption is responsible for iodine deficiency in
pregnant women in Nigeria. Furthermore, despite the Universal
Salt Iodisation (USI) program, high cassava consumption leads to
hypothyroidism and increased goiter formation.**->2 WHO recom-
mends iodine supplementation in pregnancy in regions where USI
coverage is less than 90%, for more than 2 years and expanding
the USI program.? Therefore, iodine supplementation before and
during pregnancy is necessary to improve iodine status in pregnan-
cy.*»53 Incorporating iodine nutritional assessment into national
demographic surveys will help identify populations and geograph-
ic locations that may be in need of iodine supplementation, as well
as regular monitoring of the effectiveness of national iodization
programs.*’ In addition to environmental factors, lifestyle factors
such as body mass index, smoking, physical activity and diet can
also influence thyroid function and therefore should be taken into
account.5455

The main sources of PAHs in urban dust, generated by the com-
bustion of biomass, wood and charcoal, as well as vehicle traffic,
should also be taken into account for women in the control group
in the city of Asaba.’® Furthermore, the Fagan tests are not spe-
cific but are accepted as a hint for further intelligence development
study. Despite the limitations listed above, this study is novel. Oil
spills in the Niger Delta are well known, however, there is little
information on the effects of prenatal exposure to crude oil-related
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toxicants on thyroid hormones and their possible effects on the
neurological development of prenatally exposed newborns and
their mothers. To the best of our knowledge, this is the first study
on the effects of prenatal exposure to crude oil toxicants and their
impact on thyroid hormone levels in Niger Delta, Nigeria.

Future directions

Crude oil spillage and environmental pollution should be mini-
mized. Regulatory agencies and governments should ensure that
environmental surveillance and bio-monitoring are regularly con-
ducted in these communities. Also, basic social amenities and
training should be provided to the inhabitants to minimize their
contact with these toxicants.

Conclusions

The data from this study indicated that expectant mothers residing
in crude oil producing communities and their newborn infants are
significantly affected by crude oil and associated environmental
pollutants. Further studies with a larger number of subjects are still
required to confirm these preliminary results. It is recommended
that safe and clean food, including water, be made available to
the population particularly the pregnant women and children who
are more vulnerable to the adverse effects of oil pollution in oil-
contaminated communities. Future research should investigate
the mechanisms of the observed toxicological effects on thyroid
hormones and target the protection of pregnant women and their
offspring in oil-contaminated communities.
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