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Abstract

Infertility is one of the major global problems experienced among women of child bearing age on daily basis, hence neces-
sitating research for the study of reproductive function among female residents of petroleum host communities. The number of 
female subjects in petroleum impacted environment studied was one hundred and twenty-five compared with one hundred and 
twenty-three from non-petroleum impacted environment. Methods used for the determination of serum hormonal profile was 
Tiets and layman method while auscultatory method was employed for blood pressure determination and the weight divided 
by the square of its height for body mass index. The result from this study indicates a percentage increase in the anthropomet-
ric parameters among the test subjects group compared with the control. However, there was a decrease in height percentage 
(-0.63%) among the test group. The duration of menstrual bleeding and loss of pregnancy in the test group was significantly 
higher (4.53days and 0.9) compared with control (4.00days and 0.18) group. The parity (2.73), menstrual cycle (28.29), and 
age at menarche (14.98) was significantly higher among control subjects compared with the test (14.23) group and a non-sig-
nificant p-value observed. The test group hormonal profile indicates a significant level of estrogen and progesterone decrease 
with an increase in luteinizing and follicle stimulating hormone observed among the control compared with test group. Further-
more, there was a positive correlation between pregnancy loss and serum vanadium including serum lead though weak. This 
study has clearly shown the adverse effect of petroleum polluted environment on endocrine and general physiology of females 
within child bearing age resulting in developmental disorders and reproductive malfunction and pregnancy loss among women 
residents in petroleum polluted environment.
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The Impact of Petroleum Polluted Environment on Female Reproductive 
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Introduction 
The continuity of life from its onset of origin to present day 
is possible only because of the normal functioning of the re-
productive organs associated with the endocrine glands. Hor-
mones are chemical substances built in the endocrine glands 
within the body. These chemicals control most major bodily 
functions, from simple primary needs eg hunger to complex 
systems like reproduction, emotions and mood. Hormones are 
vital for natural developmental role such as growth, develop-
ment and Metabolism i.e., how your body gets energy from 
food consumed, Sexual function, Reproduction and Mood. 

Reproductive hormones are the chemicals produced and re-
leased to regulate reproduction while the interaction of these 
hormones controls the reproductive cycle, the female repro-
ductive system is primarily regulated by five major hormones 

including estrogens, progesterone, gonadotropin releasing hor-
mone, FSH and LH. These hormones play crucial role in differ-
ent stages of development in female reproductive system [1,2].
Estradiol and progesterone are produced in ovaries of non-
pregnant females. Sex Hormones such as estradiol and proges-
terone in females and testosterone in males are produced in the 
gonads under the influence of follicle stimulating hormone and 
luteinizing hormone.

FSH, Luteinizing hormone and Progesterone 
Follicle-Stimulating Hormone (FSH) is a gonadotropin, a gly-
coprotein polypeptide hormone synthesized and extracted by 
the gonadotropin cells of the Anterior Pituitary Gland (APG), 
which regulates the development, growth, pubertal matura-
tion, and reproductive processes consisting of two polypeptide 
units. The alpha subunits of the glycoprotein’s of FSH consist 
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of 96ᾳ and has a beta subunit of 111 amino acids (FSH β), 
which confers its specific biological action, and is answerable 
for interaction with the FSH receptor [3]. 

In females, FSH initiates follicular growth, specifically affect-
ing granulosa cells, but with the concomitant rise in inhibin B, 
FSH levels reduce in the late follicular phase. It induces the 
growth and recruitment of immature ovarian follicles in ova-
ries. It is also shown that gonadotropin surge-attenuating fac-
tor produced by small follicles in the first half of the follicular 
phase also apply negative feedback on pulsatile LH secretion 
amplitude, thus allowing a more favourable environment for 
follicular growth and preventing premature luteinisation, [4]. 
When a woman draws closer to pre menopause, the quantity of 
small antral follicles recruited in a cycle diminishes. 

Insufficient Inhibin B is produced to fully lower FSH and the 
serum level of follicle stimulating hormone begins to rise, at 
last the FSH level becomes so high that down regulation of 
FSH receptors occurs and by post menopause any remaining 
small secondary follicles has no FSH nor LH receptors [5].The 
increase in serum estradiol cause a decrease in FSH production 
by restraining GnRh production in the hypothalamus [6]. 

FSH regulates the development, growth, pubertal maturation 
and reproductive process in the body, [7]. In both genders, 
FSH stimulates the differentiation of primordial germ cells. 
In males, FSH induces Sertoli cells to secrete androgen-bind-
ing proteins (ABPs) regulated by inhibin's negative feedback 
mechanism on the anterior pituitary gland. Specifically, acti-
vation of Sertoli cells by FSH sustains spermatogenesis and 
stimulates inhibin B secretion. FSH helps control the menstrual 
cycle and eggs growth. FSH reached its highest levels just be-
fore an egg is released by the ovary (Medline plus, 2020).FSH 
is synthesized by gonadotropin cells for development and pu-
bertal maturation processes.

Progesterone is among steroid hormones called progestogens 
[8]. Progesterone form corpus luteum, a temporary endocrine 
gland that is produced after ovulation. Progesterone prepares 
endometrial linings during pregnancy after ovulation. It trig-
gers the lining to accept a fertilized egg. It also prohibits the 
uterus muscular contraction which will reject an egg. This 
change sparks menstruation and if the body does conceive, 
progesterone will continue to increase for vasculatures that 
will feed the growing foetus. Once the placenta develops, 
progesterone continues to increase throughout the pregnancy 
so that the body does not produce more eggs. It prepares the 
breasts for milk production. (The Hormone Health Network, 
2021). Decreased progesterone result in irregular periods, dif-
ficulty conceiving, pregnancy complications while estrogen 
helps develop and maintain the sex organs. It helps to stimulate 
the eggs follicular growth, maintains the thickness trusted and 
promotes lubrication.

Luteinizing hormone is a heterodimeric glycoprotein produced 
by gonadotropic cells in the APG and is regulated by GnRh 
from the hypothalamus [9]. Each monomeric unit is a glyco-
protein molecule consisting of one alpha and one beta subunit 
making it the full functional protein. An acute rise of LH trig-
gers ovulation and growth of the corpus luteum [10]. The pro-
tein dimer contains 2 glycopeptides subunits labelled alpha- 
and beta- subunits that are non-covalently associated [3]. LH 
has a beta subunit of 120 amino acids (LHB) that confers its 

specific biologic action and is answerable for the occurrence 
with the LH receptor. It supports theca cells in the ovaries that 
provide androgens and hormonal precursors for estradiol pro-
duction. In females LH surge triggers ovulation, which initiate 
the turning of the residual follicle into a corpus luteum that in 
turn produces progesterone to prepare the endometrium for a 
possible implantation. LH is necessary to maintain luteal func-
tion for the second two weeks of the female periodic cycle. 
LH levels are normally low during childhood but increases in 
women after menopause. During the reproductive years, typi-
cal levels are between 1–20 IU/L.

According to Rehman (2018) [11], ovarian cycle consists of 
alternating follicular and luteal phases. Menstrual phase is by 
interaction of luteinizing hormone and follicle-stimulating hor-
mone [1]. FSH and LH raised levels is of ovarian malfunction 
[12]. 

FSH feedback mechanism will be lost and LH rise-Turners 
syndrome in women. Around day 14, LH levels rise causes 
ovarian follicle to rupture and release a mature oocyte (egg) 
from ovary, a process called ovulation [13]. Estrogen level is 
high at this phase while the Progesterone and estrogen cause 
uterus linings to thicken more, for possible fertilization and if 
the egg is not fertilized there will be corpus luteum degenera-
tion with no progesterone production while the estrogen level 
decreases, the top layers break down and menstrual bleeding 
occurs- called hypergonadotrophic- hypogonadism, due to 
ovarian failure.

Estrogen
Estrogen is the primary female sex hormone needed for de-
velopment, regulation of female reproductive system and sex 
characteristics with influence on fertility and infertility in 
mammals. They are members of steroid hormone family pro-
duced principally by the gonads and placenta, but in other nu-
merous tissues such as breast, bone, skin, vasculature, adipose 
tissues, mesenchymal cells, and numerous sites in the brain. 
They have negative and positive control effects on the hypo-
thalamic pituitary axis [14]. It was established that estrogens 
acted on target organs such as uterus, hypothalamus, pituitary, 
bone, mammary tissue, and liver, including having local ac-
tions within the gonads [15]. 

Estrogen enhances and maintains the mucous lining of the 
uterus. This hormone also helps prevent flow of milk after 
weaning. An imbalance of estrogen leads to irregular or no 
menstruation, light/heavy bleeding during menstruation, more 
severe premenstrual or menopausal symptoms, mood changes 
sleeping disorders, low sexual desire, vaginal dryness and vag-
inal atrophy, feelings of anxiety, infertility, painful intercourse 
etc. Estrogen increase serotonin, a chemical that boosts mood 
and serotonin decline that contributes to mood swings or de-
pression. Low estrogens’ levels can affect sexual functions and 
your risk for obesity, osteoporosis, and cardiovascular diseases.

Regulation of female reproductive hormones 
Reproduction is regulated by hormones released by the hy-
pothalamus and the pituitary gland. In both sexes, the hypo-
thalamus releases GnRH and the GnRH secretion is pulsatile 
which acts on gonadotropes to stimulate, synthesis and release 
LH and FSH. The pituitary gland produces two different hor-
mones, Follicle-Stimulating Hormone (FSH) and Luteinizing 
Hormone (LH).
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Materials and Methods 
Questionnaires and Consent forms were given to the subjects 
after sensitization to get their history and consent from volun-
teered subjects. Sterile swab, needles, spirit, toniquet, gloves, 
face mask etc were among the materials used during the study.
Collection of blood sample 5ml peripheral apparently healthy 
women of child bearing age blood samples were collected from 
the cubital vein at different location after sanitization from 
each subject and then introduced into a plain sample bottle. 
Samples were centrifuge at 5000rpm for 5min. It was stored in 
freezer and then transported in an ice cube cooler for labora-
tory analysis. 

Determination Methods for Hormones
The Tiets methods was used to determine progesterone (ng/ml) 
and estrogen (pg/ml) while the follicle stimulating and lutein-
izing hormones were determined using the Layman’s method 
in M/u/ml.

Ethical approval
This research was duly approved by the University of Port 
Harcourt Research Ethical Committee in accordance with 
Helsinki declaration with approval number UPH/CEREMAD/
REC/MM67/019, the Rivers and Cross Rivers State ministry of 
Health Research Ethics Committee with the certificate number 
CRCMOH/REC/2020/113 obtained.

Study Population: The study population comprises of two 
hundred and forty-eight apparently healthy women of age 18-
40 years drawn from both Rivers and Niger Delta state of Ni-
geria.

Inclusion criteria: Female resident between 18-40 years of 
age only who must have lived in the petroleum oil impacted 
environment for at least ten years.

Exclusion criteria: Male subjects from the study population.
Females above forty years of age and females outside the study 
population environment were not allowed to participate in the 
study.
 
Results 

Figure 1: Regulation of hormones.

Table 1: Anthropometric Parameters of The Study Population 
(Range in parenthesis).

Parameter
Study Group (n=248)
Control Test % increase
(n=123) (n=125) (1.6)

Age(years)
30.98±.99 35.60±.86 

12.98
(18-50) (19-50)

Weight (kg)
61.17±1.39 65.25±1.36   6.25

(35-108) (36-97) 

Ht (m)
1.60±.00 1.59±.00 -0.63
(1.34-1.76) (1.51-1.75)

BMI (kg/m2)
23.72±.48 25.88±.50 8.35
(14.4-38.3) (15.79-40.37)

Systolic Blood Pres-
sure (mmHg)

117.51±1.45 118.46±2.15 0.80

 (89-170)  (85-210)

Diastolic Blood Pres-
sure (mmHg)

74.66±1.03 71.59±1.48 -4.23

(52-106) (43-118)

Figure 2: Shows a weak positive correlation between preg-
nancy loss and serum vanadium with a linear R²=0.33.

Figure 3: Shows a weak positive correlation between preg-
nancy loss and serum lead with a linear R²=0.23.
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Parameters 
 Study group(n=248) Percentage 

difference P Value
Control (Ogoja) Test (Ogoni)

Age at Men-
arche (yrs)

14.98±.17 14.23±.16
-5.13 0.002

(11-20) (12-19)

Menstrual Cycle 
Length (days)

28.29±.19 26.34±.49
-7.13 0.001

(22-28) (15-35)

Menstrual 
Bleeding Dura-
tion (days)

4.00±.10 4.53±.15
12.42 0.006

(3-7) (3-14)

Number of 
Pregnancy(n)

2.91±.24  3.52±.30
18.97 0.116

(1-8) (1-10)

Parity (n)
2.73±.23 2.58±.22

-5.64 0.631
(1-8) (1-8)

Pregnancy loss 
(n) .18±.05 .90±.15 133.33 0.001

Table 2: Reproductive Characteristics of The Study Population.

Reproductive Hormones Menstrual phase
 Study Group Percentage 

difference P value 
Control (Ogoja) Test (Ogoni) 

Estrogen (Pg/ml)

Follicular phase
35.01±4.84 24.27±3.30

-36.23 0.05
(12.79-104.92) (8.66-86.48)

Luteal phase
35.53±4.92 18.38±2.77

63.62 0.00
(12.88-100.48 (8.63-72.20)

Progesterone (ng/ml)
Follicular phase

4.36±1.08 1.05±.20
-122.36 0.00

(.14-22.93) (.27-4.51)

Luteal phase
2.56±1.05 .77±.20  

0.11
(.14-18.63) (.27-6.14) -107

Luteinizing Hormone (mlU/
ml)

Follicular phase
21.63±5.02 32.69 ± 6.48

40.72 0.02
(.42-125.41) (2.14-180.31)

Luteal phase
11.86±2.57 53.31±9.18  

0.00
(.14-43.11) (7.09-191.92) 127

Follicle Stimulating Hor-
mone (mlU/ml)

Follicular phase
19.17±3.23 28.86±4.75  

0.07
(5.92-85.32) (5.92-102.08) 40.35

Luteal phase
15.52±3.01 30.53±4.33  

0.01
(6.53-66.75) (5.92-93.56) 65.19

Table 3: Female Reproductive Hormones of Studied Population.

Measured variables P r e g n a n c y 
loss

Estrogen (Pg/
ml)

Progesterone (ng/
ml)

LH (mlU/
ml)

FSH (mlU/
ml)

Serum Vanadium 
(µg/L)

R-value 0.22** -0.20* -0.16 0.18** 0.21**

P-value 0 0.02 0.08 0.01 0
      

Serum Lead (µg/L)
R-value 0.22** -0.28** -0.28** 0.18** 0.15*

P-value 0 0 0 0.01 0.03

Serum Cadmium 
(µg/L)

R-value 0.14 -0.17 -0.20* 0.27** 0.22**

P-value 0.05 0.05 0.02 0 0
      

Table 4: Correlation between heavy metals and reproductive function parameters.

**. Correlation is significant at the 0.01 level (2-tailed)
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Discussion 
The findings from this study revealed shorter menstrual cycle 
length among women resident in petroleum impacted areas. 
The study observed heavy and longer bleeding duration among 
the women subjects as well as high level of pregnancy lost due 
to their consistent exposure to petroleum polluted environment 
as area of residence.

Female reproductive Hormones 
The female reproductive hormones in this study were analysed 
based on their menstrual cycle (follicular and luteal) phase. 
The result showed a lower mean value of oestrogen follicular 
phase when compared with the control but significantly on a 
borderline while the luteal phase was significantly lower than 
the control. Progesterone was significantly lower at follicular 
phase when compared with the control but statistically not sig-
nificant at luteal phase though the mean value was low when 
compared with the control. The mean value of Luteinizing 
Hormone at follicular phase for the group is higher than the 
control but not significant while the luteal phase was signifi-
cantly higher in the test group compared with the control. For 
follicle stimulating hormone, the mean values for both follicu-
lar and luteal phase were higher than the control group but was 
not statistically significant.

According to Mahesh et al., (2012) [16] anti-androgens in adult 
animals increase the serum levels of androgens, luteinizing 
hormone and estrogen. Some of the reported adverse effects 
on both farm animals and human on the endocrine system and 
general physiology have resulted in reproductive malfunction 
and developmental disorder [17]. This study is in agreement 
with the study of Uboh et al, [18,19] who evaluated that Ex-
posure to gasoline fumes results in a significant decrease in 
serum estradiol and progesterone levels in female rats but not 
in agreement with the gonadotropic hormones who no signifi-
cant effect on the serum gonadotropin level because this study 
showed significant increase in the serum level of gonadotropic 
hormones. 

According to Mathias et al, (2020) [20] Serum levels of FSH, 
LH, estradiol and progesterone were significantly lower among 
fuel attendants. This is in agreement with the sex hormones in 
this study but opposite for the gonadotropic hormones because 
the mean values for follicle stimulating hormone and lutein-
izing hormone were highly significantly higher compared with 
the control. This finding is also in agreement with [21] that 
says the results of reproductive hormonal profile assay showed 
that the serum levels of estradiol was consistently low in most 
respondents with menstrual irregularities regardless of the 
duration of exposure to petroleum but not in agreement with 
other reproductive hormones (LH, FSH and progesterone) hav-
ing fluctuation because this study shows a significant increase 
in the level of the gonadotropin hormones (LH and FSH) of 
the exposed group and reduction in progesterone level when 
compared with the control. This is to say that petroleum causes 
alteration in women reproductive hormonal level which may 
have adverse effect on reproduction, and this is of serious 
health concern. This could be as a result of low functioning pi-
tuitary gland or alteration in the ovary due to petroleum impac-
tion for estrogen. This study is in agreement with the study of 
[22], who established that Oil-Related Environmental Contam-
inants (OREC) can affect reproductive processes by directly 
influencing ovarian cell proliferation, apoptosis, viability, hor-
mone release, and response to gonadotropins. This study is also 

in congruent with [23,24] who observed an increase in the age 
at menarche among female residents in non-gas flaring com-
munities compared with gas flaring female resident subjects in 
Bayelsa state of Nigeria.

Conclusion
Petroleum causes alteration in women reproductive hormonal 
levels which may have adverse effect on reproduction. The 
decreased in estrogen and progesterone to be précised that 
is adequately needed for foetal development must have been 
responsible for the pregnancy loss while the decrease in the 
menstrual cycle length could be a cause for concern with re-
gards to infertility among women residents in petroleum host 
communities.
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