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Abstract  Original Research Article 
 

Plastics have a widespread use globally. The chemicals referred to as additives used in its manufacturing are capable 

of exerting a number of toxicological effects on biological tissues especially the endocrine system. This cross sectional 

study was aimed at assessing the effect of exposure to plastics on some biochemical parameters among workers in 

plastic industries in Port Harcourt, Nigeria. The study population comprised of 80 subjects divided into two groups: 

the exposed group consisting of 40 workers, occupationally exposed to plastic additives and an age-matched control of 

40 workers who were not occupationally exposed. Serum samples were obtained from the participants and laboratory 

investigations such as total cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol and 

triglycerides, superoxide dismutase, reduced glutathione, malondialdehyde, testosterone and estrogen levels were 

determined using standard procedures. Statistical analysis was done using Graph Pad Prism version 5.03 and variation 

in means was considered significant at p<0.05. The results show a significantly decreased values in triglycerides and 

malonaldehyde, and increased values in testosterone, estrogen, testosterone/estrogen ratio when compared with the 

control group at p<0.05.There was, however, no significant difference among the groups in total cholesterol, high 

density lipoprotein, low density lipoprotein, atherogenic indices, superoxide Dimutase (SOD) and reduced glutathione. 

In conclusion, the exposed subjects exhibited a change in lipid profile, atherogenic indices, oxidative stress markers 

and reproductive hormone levels which may predispose them to cardiovascular diseases. 
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INTRODUCTION 
The plastic industry is one of the most 

profitable and significant industries worldwide with 

massive production each year.  Plastic workers are 

occupationally exposed to variety of chemicals used in 

the production of plastics such as styrene, bisphenol A 

(BPA), phthalate, brominated flame retardants and 

heavy metals [1]. The main route of exposure to these 

chemicals in the industry is through inhalation; 

however, exposure can also occur because of ingestion 

or skin absorption [2]. Some individual chemicals or a 

mixture of them can contribute to the development of 

cancer (breast and prostate), metabolic disorders and 

reproductive problems [3]. This is because some of 

these chemicals are endocrine disrupting chemicals 

capable of distorting the regulated hormonal system of 

the body [4] and they tend to be ubiquitous in the 

industry. Significant adverse health effects by action at 

the endocrine level can be produced at concentrations 

thousands of times lower than presumably safe levels 

[5, 6].  

 

Our everyday lives have been changed by the 

increasing use of plastic made products. The production 

in plastic industries started flourishing between the 

1940s and 1950s and the annual global production of 

plastics in the last fifteen years has doubled to 

approximately 299 million tonnes in 2013. The global 

demand of plastics is, however, governed by 

thermoplastic types with polypropylene having 21%, 

low and linear low density polyethylene-18%, polyvinyl 

chloride-17%, high density polyethylene-15%, 

expandable PS-8%, polyethylene terephthalate-7% and 

the thermosetting plastic polyurethane [7]. 

 

One of the most significant industries in the 

globe is the plastic industry due to the widespread usage 

of its products. Workers employed in such industries are 

potentially exposed to the chemicals used in production 

referred to as plastic additives examples are bisphenols, 
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phthalates, polybrominated diphenyl ether, flame 

retardants and styrene [1]. Plastic polymers are used to 

make synthetic fibers, coatings, sealants used in many 

application, foams and consumer products. Almost all 

sectors of life, involve the use of plastics such as in 

transportation, telecommunications, clothing, footwear, 

packaging materials facilitating the transportation of 

food and drinks and other goods, also as innovative 

materials used as engineered tissues, prosthetics, 

absorbable sutures and other medical applications [8]. 

Nevertheless, huge amounts of plastic wastes are 

generated mainly due to diverse consumption and short 

life span of plastic products, these waste cause severe 

environmental hazard and management problems [9]. 

 

Inhalation is the basic route of exposure of 

these additives in the industry however; exposure can 

occur through ingestion or skin absorption [2]. Some 

individual additives or a mixture of them have been 

reported to cause adverse health effect such as breast 

and prostate cancers, metabolic disorders and 

reproductive problems probably due to the endocrine 

disrupting effects some of them possess [3]. The exact 

mechanism of these health effects is not fully 

understood but it is known that occupational exposure 

to some chemicals induce oxidative stress and DNA 

damages. Despite the proliferation of plastic industries 

in Port Harcourt, reports of studies on the implication of 

plastic products on the life of residents and or workers 

in these industries is rare. This study is thus designed to 

assess some biochemical parameters such as lipid 

profile, oxidative stress parameters and some 

reproductive hormones among workers in some plastic 

industries in Port Harcourt, Nigeria. 

 

MATERIALS AND METHODS 
Study subjects 

This study was conducted on eighty (80) 

subjects, forty (40) of which were employees of plastic 

industries along the Trans Amadi Industrial Layout in 

Port Harcourt, Nigeria and the other forty (40) were age 

matched unexposed subjects used as controls.  

 

Inclusion criteria 

Male workers exposed to plastic additives for 

at least one (1) year, who were non-smokers, do not 

consume alcohol and were not using medication or 

supplements were included in the study. Informed 

consent of participants was also obtained. 

 

Exclusion criteria 

Those who have worked in the industry for 

less than one (1) year, smokers and alcohol consumers, 

workers with metabolic diseases, chronic diseases, 

cardiovascular diseases with other illness and 

complications before employment to the factory and 

those on medication or multivitamin supplementation 

were excluded. 

 

 

Ethical Approval 

 Ethical approval was obtained from the Rivers 

State Hospital Management Board before the 

commencement of the study. Questionnaires were used 

to collect information such as age, alcohol consumption, 

smoking status, employment history (including years of 

working in the industry and use of personal protective 

clothing), past history of disease (such as hypertension, 

diabetes mellitus). 

 

Anthropometric and blood pressure measurement 

The following anthropometric measurements 

of weight were done to the nearest 0.1kg and height to 

the nearest centimeter (cm) according to the method of 

[10]. Body mass index (BMI) which is defined as the 

ratio of weight (kg) by the square of the height (m
2
) was 

measured in accordance with [11]. The blood pressure 

was recorded using a standard mercury 

sphygmomanometer and stethoscope. All blood 

pressure measurements were performed with the 

participants in a seated position for at least five minutes 

resting their feet on the floor comfortably. It was 

measured twice on the left arm on each subject and 

measurements were spaced 20 minutes apart and this 

was performed before collecting blood samples. The 

average of the two measurements was used for all 

analyses [12]. 

 

Sample Collection 

About 5mls of venous blood after at least ten 

(10) hours of fasting was withdrawn (between 8:00am – 

10:00am) by sterile syringe through venipuncture of the 

antecubital vein and put into plain tubes (no 

anticoagulant) and left to clot and then centrifuged at 

1500 rpm for 10 minutes and stored in dry plain plastic 

screw-capped containers and samples were stored 

frozen at -20
0
C until required for analysis.  

 

Laboratory Analysis 

Serum total cholesterol and HDL-C were 

analysed enzymatically by method described by [13]. 

Triglycerides were assayed using method described by 

[14]. LDL was calculated using Friedewald et al. [15] 

equation. Castelli Risk Index 1 & 11 (CRI- 1 & 11) and 

atherogenic index were calculated using established 

formulas as described by Akpinar et al. [16]. 

Atherogenic Index of Plasma (AIP) was calculated 

using base 10 logarithm of the ratio triglycerides to high 

density lipoprotein as described by Dobiasova & 

Frohlich, [17]. Superoxide Dismutase (SOD) activity 

was determined by a method described by Xin et al. 

[18]. Reduced glutathione (GSH) was determined 

according to the method of King & Wooton [19]. 

Malondialdehyde (MDA) was measured by the method 

described by Wallin et al. [20].Testosterone was 

determined by enzyme linked immunosorbent assay 

(ELISA) method described by Elder & Lewis, [21] and 

estrogen was determined by a method described by 

Manickum et al. [22]. Estrogen to Testosterone ratio 

was calculated as T/E2 as described by Gong et al. [23]. 
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STATISTICAL ANALYSIS 
All values were expressed as mean and 

standard deviation (SD) and the differences in more 

than two groups were determined by performing the 

one-way analysis of variance (ANOVA) while variation 

between two was done using the Student’s t-test. The 

collected data were analyzed using Graph Pad Prism 

version 5.03 and the statistical significant difference 

was considered at p < 0.05. 

 

RESULTS 
Table 1 shows the demographic characteristics 

of the study population. Eighty (80) male participants 

were divided into exposed and control groups. Forty 

(40) subjects each in a group were enlisted into the 

study. Majority of the subjects were in age group 20-29 

years in exposed group (47.5%) and 50% in control 

group followed by the age group 30-39 year with 37.5% 

in the exposed and 30% in the control group and then 

15% in age group 40 and above in the exposed group 

and 20% in the control. Seventeen (17) subjects were 

found to be underweight representing 12.5% in exposed 

group and 30% in control group while 42.5% were 

overweight in the exposed group and 10% in the control 

group, however, 15% and 7.5% were obese in the 

exposed and control groups respectively. The time of 

occupational exposure was not less than 1 year.  

 

Table-1:  Demographic Characteristics of the Study Population 

 
 

In table 2, the average age (years) of the 

exposed and control groups was 30.98±7.26 years and 

31.33 ±8.16 years respectively which was not 

statistically significant (p>0.05). The BMI of the 

exposed group was significantly higher than that of the 

control group (p<0.05). The average BMI of the 

exposed and control groups were 25.53 ± 5.82 kg/m
2 

(borderline of overweight) and 21.79 ± 5.56 kg/m
2
 

respectively. The systolic pressure of the exposed group 

was 123.7±15.9 mmHg and it was significantly 

(p<0.05) increased than the value in the control group 

which was 114.6±13.5 mmHg depicting borderline 

hypertension. Also, the diastolic pressure was observed 

to be significantly increased in the exposed group 

(86.9±15.2 mmHg) than the control group 

(77.3±9.8mmHg) at p< 0.05.  

 

Table -2: Comparison of Age, BMI and Blood Pressure of Exposed and Control Groups 

Subjects Age 

(yrs) 

BMI 

(kg/m
2
) 

SBP 

(mm/Hg) 

DBP 

(mm/Hg) 

Exposed 

N = 40 

30.98 ± 7.26 25.53 ± 5.82 123.7 ± 15.9 86.9 ± 15.2 

Control 

N = 40 

31.33 ± 8.16 21.79 ± 5.56 114.6 ± 13.5 77.3 ± 9.8 

p-value 0.8399 0.0043 0.0068 0.0013 

Summary NS S S S 

Key: N – Number of subjects, NS – not significant, S – significant, BMI-Body Mass Index, SBP- systolic blood pressure, 

DBP- diastolic blood pressure 
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It was observed in table 3 that there were 

significant (p<0.05) increase in triglycerides level 

between exposed group (1.09±0.26 mmol/L) and 

control group (1.30±0.55mmol/L). No significant 

(p>0.05) differences were observed in TC, HDL-C and 

LDL-C although the level of HDL-C was higher in the 

control than in the exposed groups. LDL-C was, 

however, insignificantly (p>0.05) higher in the exposed 

than in the control groups.   

 

Table-3:  Lipid Profile among the Exposed and Control Groups 

Subjects TC (mmol/L) Trigs (mmol/L) HDL (mmol/L) LDL (mmol/L) 

Exposed 

N = 40 

4.75 ± 1.04 1.09 ± 0.26 1.26 ± 0.23 3.00 ± 0.86 

Control 

N = 40 

4.68 ± 0.91 1.30 ± 0.55 1.30 ± 0.23 2.79 ± 0.92 

p-value 0.7321 0.0315 0.4587 0.2970 

Summary NS S NS NS 

Key: N = Number of subjects, NS = not significant, S = significant, TC=total cholesterol, Trigs = Triglycerides, HDL-C 

= high density lipoprotein cholesterol, LDL- low density lipoprotein cholesterol. 

 

Table-4: Comparison of Lipid Ratios between the Exposed and Control Groups 

Subjects TC/HDL LDL/HDL Non-HDL/HDL AIP 

Exposed 

N = 40 

3.82 ± 0.74 2.42 ± 0.71 2.82 ± 0.74 0.09 ± 0.01 

Control 

N = 40 

3.74 ± 1.01 2.26 ± 0.89 2.74 ± 1.01 0.08 ± 0.01 

Risk level* >3.5 >3.3 >3.37 >0.1 

     

Key: N = Number of subjects, NS = not significant, S = significant, TC= Total Cholesterol, Trigs = triglycerides, HDL = 

high density lipoprotein cholesterol, LDL= low density lipoprotein cholesterol, AIP- Atherogenic Index of Plasma.  

*Milan et al. [24] 

 

The Castelli Risk index I shows moderate risk 

for both the exposeed and control groups while Castelli 

Risk Index II and non-HDL –C level was normal for 

both populations. AIP computed for both populations 

was also normal. These ratios were computed based the 

recommendation as reported by Milan et al. [24]. 

 

Table-5:  Oxidative Stress Parameters in Exposed and Control Groups 

Subjects SOD (IU/L) GSH (mg/dL) MDA (nmol/L) 

Exposed 

N = 40 

36.46 ± 3.39 2.59 ± 0.71 5.43 ± 2.14 

Control 

N = 40 

37.33 ± 2.52 2.43 ± 0.31 7.36 ± 2.04 

p-value 0.1963 0.1857 < 0.0001 

Summary NS NS S 

Key: N – Number of subjects, NS – not significant, S – significant, SOD- Superoxide Dismutase, GSH- reduced 

glutathione, MDA-Malondialdehyde 

 

In the exposed group, MDA level was 

significantly reduced (5.43±2.14nmol/l) when compare 

to the control group (7.36±2.04nmol/l) at p<0.05 while 

SOD and GSH showed no significant (p>0.05) 

difference in both groups (Table 5).  

 

Furthermore, table 6 shows a significantly 

higher testosterone concentration in the exposed group 

(6.73±1.64 ng/ml) than in the control group 

(4.22±0.65ng/ml) at p<0.05. Similarly in the 

concentration of estrogen, a significant increase was 

observed in the exposed group having 18.46± 4.84 

pg/ml when compared to the control group (15.95±2.61 

pg/ml) at p<0.05. The values obtained for the exposed 

group in testosterone/estrogen ratio was 0.38±0.10 and 

control group 0.27±0.05 respectively and the value was 

significantly higher in the exposed group at p< 0.001. 

However, the ratio is less than the reference risk limit of 

1.7 ±0.12 Fejes et al. [25].  
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Table-6: Comparison of Testosterone, Estrogen, Testosterone/Estrogen Ratio in Exposed and Control Groups 

Subjects Testosterone (ng/mL) Estrogen (pg/mL) Testosterone/Estrogen ratio 

Exposed 

N = 40 

6.73 ± 1.64 18.455 ± 4.84 0.38 ± 0.10 

Control 

N = 40 

4.22 ± 0.65 15.95 ± 2.61 0.27 ± 0.05 

p-value < 0.0001 0.0052 *1.7 ± 0,12 

Summary S S S 

N – Number of subjects, NS – not significant, S – significant, *Normal value: Fejes et al. [25]. 

 

Table 7 compares testosterone, estrogen and 

testosterone/estrogen ratio among different age groups 

in the exposed group. Subjects within the age group of 

30-39 years had significantly (p<0.05) higher 

testosterone concentration of 7.71±1.29 ng/ml than 

subjects within the age range of 20 – 29 years (6.40 ± 

1.70
 
ng/mL) and 40 years and above (5.33 ± 0.53 

ng/mL). Estrogen level across the age ranges did not 

show any significant variation (p>0.05). The 

testosterone/estrogen ratio within the age ranges studied 

was within the normal reference value.  

 

Table-7: Comparison of the effect of Age on Testosterone, Estrogen and Testosterone-Estrogen Ratio among 

Different Age Groups in the Exposed Group (Mean ±SD) 

Age Groups Testosterone (ng/mL) Estrogen (pg/mL) Testosterone/ Estrogen ratio 

20 – 29 Yrs 

N = 19 

6.40 ± 1.70
a
 18.68 ± 5.25 0.36 ± 0.11 

30 – 39 Yrs 

N = 15 

7.71 ± 1.29
b
 18.93 ± 4.80 0.42 ± 0.08 

40 Yrs and above 

N = 6 

5.33 ± 0.53
ac

 16.50 ± 3.62 0.34 ± 0.07 

p-value 0.0030 0.5692 - 

F-value 6.823 0.5723 - 

Summary S NS - 

Key: N – Number of subjects, NS – not significant, S – significant, mean ± SD with the same superscripts are not 

statistically different. 

 

Table 8 presents the effect of duration of 

exposure of the workers in years on the levels of the 

reproductive hormones and its ratios. The number of 

years of exposure to plastic products within the 

population studied did not significantly (p>0.05) affect 

the levels of testosterone, estrogen and testosterone 

/estrogen ratio. 

 

Table-8:  Effect of Work Duration on Testosterone, Estrogen and Testosterone-Estrogen Ratio 

Work Duration Testosterone (ng/mL) Estrogen (pg/mL) Testosterone Estrogen ratio 

1 – 3 Yrs 

N = 25 

6.74 ± 1.65 18.20 ± 5.01 0.39 ± 0.10 

4 Yrs and above 

N = 15 

6.71 ± 1.68 18.87 ± 4.67 0.36 ± 0.09 

p-value 0.9552 0.6786 0.4780 

Summary NS NS NS 

N – Number of subjects, NS – not significant, S - significant 

 

DISCUSSION 
The presence of plastic materials can be found 

everywhere in the Nigerian environment causing the 

human body to be bombarded daily by it. In this study, 

it was found that BMI, diastolic and systolic blood 

pressures were significantly (p<0.05) elevated in 

workers occupationally exposed to plastics than the 

controls. This finding agrees with the report of 

Mungreiphy et al. [26] who stated that individuals who 

work in plastic industries develops high BMI with 

resultant increase in their blood pressures. The study of 

Balakumar et al.[27] had reported that plastic additives 

are associated with cardiovascular diseases by causing 

an increase in the systolic and diastolic blood pressures, 

a finding that was also observed in this study.  

 

Our data showed that in the majority of the 

exposed group, total cholesterol, HDL-C and LDL-C 

levels were not significantly (p>0.05) different from the 

controls. A significantly (p<0.05) decreased level of 

triglycerides though within the normal range was 

observed in the exposed group. This agrees with the 

findings which reported that smaller doses of exposure 

to plastic additives such as poly brominated diphenyl 
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ether (PBDE) suppresses the uptake of lipid by the liver 

resulting in the accumulation of serum triglycerides, 

however, higher doses induce the uptake and 

accumulation of lipid by the liver resulting in low serum 

triglycerides concentration [28]. The values for lipid 

ratios reveal that both the exposed and control groups 

were at moderate risk of cardiovascular disease when 

Castelli Risk Index I was used to evaluate the 

atherogenic potential of the studied population. Castelli 

Risk Index II, AIP and non-HDL levels were normal 

within both the exposed and control populations 

indicating that the likelihood of development of 

cardiovascular disease may be low in the studied 

subjects. 

 

MDA is one of the aldehydes which are 

formed as secondary products of lipid peroxidation and 

appears to be the most mutagenic products of lipid 

peroxidation [29 30]. The concentration MDA in the 

exposed population was observed to be significantly 

(p<0.05) decreased indicating the absence of lipid 

peroxidation. This could be attributed to the elevated 

though not significant concentration of GSH and SOD 

elucidating a cell defence response or the presence of a 

stimulant effect of chronic exposure resulting in 

enhanced resistance to oxidative stress in 

occupationally exposed individuals as reported by Eken 

et al. [31]. 

 

It has been reported that plastic additives have 

endocrine disrupting effects resulting in elevated levels 

of testosterone, estrogen as well as the 

testosterone/estrogen ratio [32]. The present study 

shows significantly (p<0.05) elevated concentrations of 

these hormones in the exposed group. Elevated 

concentrations of this hormone in individuals exposed 

to plastic additives have been linked to an increased risk 

for heart disease and certain cancers and can as well 

affect the motility of sperm by lowering its percentage 

[33]. Mann, [34] had earlier reported that men exposed 

to high levels of plastic additives such as bisphenol A 

(BPA) show a small but significantly increased 

testosterone concentration still within the normal range 

suggestive of the fact that BPA being anti-androgenic 

could block the normal action of testosterone in the 

body thereby stimulating the body to produce more 

testosterone to overcome it. It could exert its anti-

androgenic activity indirectly through the regulation of 

aromatase enzyme to convert androgens to estrogens 

[35]. Furthermore, BPA is known to have a high 

potency on estradiol even at low concentrations [36].  

 

In the present study, decline in testosterone and 

estrogen concentrations after age 40 years was 

observed. This finding agrees with the report of other 

investigators who in their studies explained that this 

observation may represent a combination of factors 

such as insulin resistance or depression, decrease in 

function, number or responsiveness of secretory cells of 

the testicle [37, 38]. It was observed in this study that 

duration of exposure had no effect on hormonal levels. 

This observation may probably be due to the fact that 

these plastic additives especially BPA have a long term 

adverse effect. Being that it is lipid soluble, a fraction 

that is absorbed is distributed to sites of storage in the 

body followed by a slow release into the blood stream 

resulting in a low dose continuous exposure as reported 

by Frenandez et al. [39] or it may also be that the years 

of exposure and concentration of the additives to which 

the subjects were exposed were not long and high 

enough to initiate adverse effects. 

 

LIMITATION  
 The results were obtained on a limited number 

of subjects hence it deserves further investigations on a 

larger population of workers which could be a tool 

useful in biomonitoring of workers occupationally 

exposed to hazardous substances. 

 

CONCLUSION 
It is evident that the slight change in lipid 

profile, lipid ratios and reproductive hormones observed 

in this study indicates that workers in plastic industries 

could chronically be occupationally exposed to 

substances that could pose an effective risk on their 

health which could manifest as cardiovascular disease, 

sexual dysfunction and infertility since plastics 

additives are potential endocrine disruptors.  
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