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Abstract  

Background: Organophosphorus (OP) pesticides are widely used all over the world and locally. Its toxic 

effects are reported. However, the effects on the pregnant women and their neonates is not fully addressed.  

Aim of the work:  The detection of the potential effects of OP agricultural exposure on pregnancy outcome. 

Methods: The study included 100 pregnant women, living at rural areas of Damietta and the Great Cairo 

Governorates. The study was performed between January 2020 and January 2023. Each woman was clinical 

evaluated by history taking and physical examination. Factors related to the work included OP exposure and 

use of safety measures. The pregnancy confirmed by ultrasound at 6-8 weeks of gestation. Any malformation 

was recognized. Ultrasound was repeated at 12-13 and 19-21 weeks for follow up. Blood samples were 

drawn at 19-21 weeks of gestation to measure pseudo-choline esterase enzyme activity, then women were 

categorized into those with normal or reduced values of AChE. Women followed up to the delivery and the 

detection of major malformation was the primary outcome, while the secondary outcome includes minor 

malformations, miscarriages, premature births, birth weight, gestational age at delivery, and presence of fetal 

distress or other neonatal complications.    

Results: The reduction of activity was reported for 60 women, and it was significantly associated with 

increased previous abortions (20.0% vs 5.0%) and congenital malformations (15.0% vs 2.5%). The 

gestational age at delivery, and birth weight, were significantly reduced in women with lower AChE. The 

neonatal respiratory distress was significantly increased in patients with reduced than normal AChE (26.7% 

vs 10.0%). The AChE values were significantly and proportionately correlated with gestational age, birth 

weight and Apgar scores at the first and fifth minutes.  

Conclusion:  OP exposure exerts a potential developmental health hazards on pregnancy outcome, such as 

reduction of the gestational age, birth weight and increased congenital malformation due to OP exposure.  

 

Keywords: Pesticides; Congenital Malformations; Miscarriage; Birth weight; Agriculture; Pregnancy 

Outcome 
 

 1*,2,3,4
Department of Forensic Medicine and Clinical Toxicology, Damietta Faculty of Medicine, Al-Azhar 

University, Damietta, Egypt.  
5,6

Department of Obstetrics and Gynecology, Faculty of Medicine Al-Azhar University, Cairo, Egypt.  
7
Department of Obstetrics and Gynecology, Damietta General Hospital, Ministry of Health, Damietta, Egypt. 

8
Department of Medical Biochemistry, Damietta Faculty of Medicine, Al-Azhar University, Damietta, 

Egypt.  
9,10,11

Department of Obstetrics and Gynecology, Damietta Faculty of Medicine, Al-Azhar University, 

Damietta, Egypt. 
12

Department of Community Medicine, Damietta Faculty of Medicine, Al-Azhar University, Damietta, 

Egypt. 
 

*Corresponding author: Dr. Mahmoud Helmy Elsaied; 

*Department of Forensic Medicine and Clinical Toxicology, Damietta Faculty of Medicine, Al-Azhar 

University, Damietta, Egypt.  

Email: m.h973@azhar.edu.eg; m.h973@yahoo.com, ORCid: 0000-0002-5150-3818  

mailto:m.h973@azhar.edu.eg
mailto:m.h973@yahoo.com


Pregnancy Outcome In Women Exposed To Agriculture-Organophosphorus Pesticides                                  Section A-Research paper 

 

Eur. Chem. Bull. 2023, 12(Regular Issue 1), 2594 –2600                                                              

2595 

Introduction 

In many developing countries, the pesticides use 

has progressively increased over the years.  

Organophosphorus (OP) was widely used for 

public good for a long time. However, these 

pesticides are associated with variable adverse 

effects on every aspect of the human health (1).  

OP compounds are used for pest control in 

different formulations (e.g., powders, sprays, 

shampoos and even systemic insecticides). In 

addition, they are frequently used as household, 

garden and farm pesticides. Examples of OP 

compounds include Chlorpyrifos, parathion, 

diazinon and malathion. OP compounds are 

highly toxic to all animals, including pets, 

livestock and humans. However, some 

compounds are far more toxic than others (2).  

All OP pesticides are fat soluble. Thus, they are 

easily absorbed through the skin and transported 

throughout the whole body. These chemicals exert 

their insecticide and toxic effects by the inhibition 

of the acetylcholinesterase (AChE) enzyme, 

which normally degrades acetylcholine in nerve 

synapses. This results in a buildup of 

acetylcholine (Ach) and overstimulation of its 

receptors. The effect of frequent and multiple 

exposures is additive (3).  

Pesticides exposure can occur via many exposure 

pathways, including household use of pesticides 

products, dietary exposure to pesticides residues, 

and exposure to agricultural drift. Pregnant 

women are at increased risk of exposure with 

widespread use of the pesticide. Pesticides had 

been detected in amniotic fluid, the umbilical cord 

blood and infant urine, indicating fetal exposure 

(4-6). 

Previous literature detected an increased risk of 

major fetal malformations and a trend towards 

adverse pregnancy outcome, self-reported by 

agricultural women exposed to pesticides. 

However, the majority of these studies are 

retrospective in nature (7,8).   

 

Aim of the work 

The current work aiming to detect the potential 

impact of agricultural worker’s exposure to OP 

pesticides, mainly its association with pregnancy 

outcome.  

 

Patients and methods 

Patients:  

The present study included 100 pregnant women, 

living at rural areas of Damietta Governorate and 

the Great Cairo. They were selected from Al-

Azhar University Hospitals (Damietta and Cairo). 

The study was performed between January 2020 

and January 2023.  

The inclusion criteria were pregnant women age 

at 18-35 years to avoid the effect of advanced 

maternal age. Women were excluded if their 

exposure was before pregnancy and for a short 

period, women exposed to substances other than 

OP, women with chronic medical disease, 

multiple pregnancy, and those who refused to 

participate in the study.  

For each woman, the assessment included full 

history taking, including patient demographics 

and obstetric history, defining the method of OP 

exposure, the use of safety measure, complete 

clinical evaluation at the first antenatal visit with 

complete review of all body systems. The 

ultrasound examination was performed at 6-8 

weeks of gestation to confirm pregnancy and 

detect any congenital malformations early in 

pregnancy. Then, the ultrasound was repeated at 

12-13 weeks, and 19-21 weeks for follow up. Any 

medical or obstetric complication during 

pregnancy was confirmed and documented. Blood 

samples were drawn at the third visit (at 19-21 

weeks of gestation), to measure pseudo-choline 

esterase enzyme activity, as the highest 

concentration of AChE were found at 

approximately 20-22 weeks of gestation. The 

analysis of AChE was completed after the method 

described by Wilson et al. (9).   According to 

results of AChE, women were categorized into 

two groups, those with normal activity and those 

with reduced activity. Both were compared for 

studied variables.  

Patients were followed till the delivery, and the 

primary outcome is the detection of major 

congenital malformations.  Major malformation 

was defined as any anomaly that has an adverse 

effect on either the function or the social 

acceptability of the newborn. The secondary 

outcome of interest was the rate of minor 

malformation, miscarriages, premature births, 

birth weight, gestational age at delivery, and 

presence of fetal distress or other neonatal 

complications.    

 

Statistical analysis of data:  

Data were transferred to a personal computer, 

classified, and analyzed with SPSS (version 16) 

(SPSS Inc. Chicago, USA) for windows and for 

all the analysis a p value<0.05 was considered 

statistically significant. Data was shown as mean, 

standard deviation. Chi square test was done for 

qualitative variable analysis. Student ttest is a test 

of significance used for comparison between two 

groups having quantitative variables. Analysis of 

covariance (ANCOVA) was done to adjust the 
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effect of other confounders of pregnancy outcome 

as age in years and education level.  

 

Results 

In the current work, 40 women had normal AChE 

activity. But the reduction of activity was reported 

for 60 women. The reduction of AChE was 

significantly associated with increased previous 

abortions (20.0% vs 5.0%) and congenital 

malformations (15.0% vs 2.5%). In addition, the 

gestational age at delivery, and birth weight, were 

significantly reduced in women with reduced 

AChE than those with normal values. 

Furthermore, the neonatal respiratory distress was 

significantly increased in patients with reduced 

than normal AChE (26.7% vs 10.0% 

respectively). The neonatal Apgar score was also 

significantly reduced in the groups of reduced 

than Normal AChE. However, no significant 

difference was reported for women’ age, parity, 

diseases associated with pregnancy, and 

congenital major malformations (Table 1).   

In the current work, the acetyl choline esterase 

values were significantly and proportionately 

correlated with each of gestational age, birth 

weight and Apgar scores at the first and fifth 

minutes (Table 2). This confirms the association 

between pesticides toxicity and unfavorable 

outcome.      

 

Table (1): Choline esterase activity and women characteristics in the study groups  
 Normal (n=40) Reduced (n=60) Test  P value  

AchE activity (mean±SD) 7749.00±1413.76 3062.86±453.86 23.90 <0.001* 

Age (years) (mean±SD) 25.37±2.20 25.98±2.84 1.14 0.26 

Parity (mean±SD) 2.42±0.78 2.33±0.91 0.52 0.60 

Previous abortion (n,%) 2 (5.0%) 12 (20.0%) 4.48 0.034* 

Disease associated  

with pregnancy 

Gestational diabetes 2 (5.0%) 9 (15.0%) 2.45 0.11 

Preeclampsia  2 (5.0%) 8 (13.3%) 1.85 0.17 

Congenital major malformation  0 (0.0%) 2 (3.3%) 1.36 0.24 

Congenital minor malformation  1 (2.5%) 9 (15.0%) 4.17 0.041* 

Gestational age at delivery  38.15±1.05 35.47±2.78 5.82 <0.001* 

Birth weight (g) mean±SD 3299.00±122.26 2789.08±334.54 9.22 <0.001* 

Neonatal respiratory distress  4 (10.0%) 16 (26.7%) 4.16 0.041* 

Apgar score First minute  7.52±0.93 5.58±0.89 10.49 <0.001* 

Fifth minute  8.70±0.46 7.65±0.82 7.34 <0.001* 

 

Table (2): Correlation between AchE and other variables  
 AChE 

r        p 

          Age -0.141 0.162 

         Parity 0.031 0.756 

           GA 0.501** <0.001* 

    Birth weight 0.666** <0.001* 

        Apgar 1 0.695** <0.001* 

        Apgar 5 0.583** <0.001* 

 

Discussion 

The current work aimed to investigate the 

potential impact of agricultural OP pesticides 

exposure on the pregnancy outcome.  The 

significant reduction of Acetylcholine esterase 

(indicating organophosphorus toxicity) was 

reported in 60% of all exposed females. Women 

with reduction of AchE was significantly 

associated with higher rates of previous abortion, 

congenital malformations, preterm delivery and 

reduced birth weight. Neonatal respiratory 

diseases were significantly increased in women 

with reduced AChE. This was confirmed by 

significant and proportionately correlation 

between AchE levels and each of gestational age, 

birth weight and Apgar scores at the first and fifth 

minutes. Women with normal levels of AchE 

irrespective of their exposure could be explained 

by different duration of exposures, different doses 

of different OP substances. In addition, it may 

reflect the response of individuals to OP exposure 

and whether it is the first time of exposure or it is 

a re-exposure (10).  

Reshi et al. (11) in their review showed that, 

reproduction is the most sensitive process in 

human physiology and affected by exposure to 

OP pesticides. It could be associated with ovarian 

dysfunction and disruption of hypothalamic–

pituitary–gonadal axis. Fan s, et al. (12) 

attributed ovarian dysfunction to the interference 
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with the epigenetic modification and disruption of 

the expression of clock genes. Furthermore, 

Vahabi Barzi et al. (13) explained the increased 

abortions, teratogenic and birth defects with OP 

exposure by increased apoptosis in the developed 

embryos. Wang et al. (14) studied the effects and 

mechanism of OP esters on the environment and 

humans. They reported that, these esters are 

associated with harmful effects on nearly each 

organ in the body and ascribed these effects to the 

oxidative stress mechanism of these substances. 

Kaboli Kafshgiri et al. (15) found different 

histological changes in the ovarian and uterine 

tissue, and increased oxidative stress levels after 

exposure to OP pesticides.  Patisaul et al. (16) 

demonstrated that OPs can alter 

neurodevelopment by interfering with non-

cholinergic pathways. It includes perturbation of 

glutamate and gamma-aminobutyric acid and 

disruption of the endocrine system.  

Combining the results of the previous studies, it 

could be evident that, OP pesticides exerts its 

harmful effects on the pregnant women, 

pregnancy outcome and their neonates by 

different mechanisms, mainly direct on the 

reproductive system by alteration in hormonal 

levels, or direct oxidative stress process. 

Otherwise, indirect effects were also presented by 

the different effects on other systems mainly 

neuronal transmitters and genotoxic effects (17-

21).  

In line with the current study, it had been reported 

that, chronic low exposures to OP during a 

specific window (e.g., preconception and perinatal 

periods) have been reported to be associated with 

a range of adverse birth outcomes. For example, 

in experimental studies, the chronic maternal and 

paternal exposures to some OP pesticides during 

preconception and early pregnancy are associated 

with increased risk for a range of congenital 

anomalies. In addition, the clinical human studies 

revealed that maternal and in utero exposures to 

OP induced neural tube defects (22, 23), 

anencephaly (24, 25), spina bifida (23), cleft lip 

with or without cleft palate (26), nervous system 

defects, limb reductions (23), cryptorchidism and 

hypospadia (27), multiple anomalies and fetal 

death (28). In addition to these organ-specific 

defects, Regidor et al. (8) has described 

significant increases in fetal death from congenital 

anomalies in regions where higher amounts of 

pesticides were being used. In addition, Hanke 

and Jurewicz (29), reported that there is evidence 

to suggest that exposure to pesticides, both 

occupational and environmental, may contribute 

to spontaneous abortion, stillbirth and female 

infertility. However, it is not known if OP 

exposure per se leads to fetal deaths.  

Women with lower values of AchE had preterm 

birth and reduced birth weight than those with 

normal values. These results are in line with 

Shirangi et al. (30) who reported that, there was a 

5-fold increase risk of small for gestational age 

(SGA) for mothers exposed to OP pesticides. 

They concluded that, the maternal exposure to OP 

pesticides is associated with impaired fetal 

growth. In addition, Gan H et al. (2023) 

conducted a scoping review and suggested that 

OP exposure during pregnancy is associated with 

disruption of pregnancy and neonatal health, 

including abnormal thyroid function and reduced 

birth size. 

As regard major malformation, it was reported in 

3.3% of women with reduced AChE; no case was 

reported in women with normal AchE, with 

significant difference between those with reduced 

and normal values of AChE. As regard minor 

malformation, it was significantly increased in 

women with reduced than those with normal 

AchE values (125.0% vs 2.5%). These results 

agreed with those reported by Nurminen (32) 

who reported that, human maternal exposure to 

pesticides used in agriculture has been associated 

with the induction of orofacial clefts. In addition, 

there is considerable evidence of a positive 

association between workers’ pesticide exposure 

and birth defects (33). A higher risk of limb 

anomalies was found to be associated with 

maternal exposure to pesticides (34). Moderate 

increases in risk for spina bifida, hydrocephaly 

and limb reduction defects as well as 

cryptorchidism and hypospadias were reported in 

a study conducted among offspring of Norwegian 

farmers based on data recorded over 34 years 

(23).  
Epidemiological studies have reported that 

maternal–fetal transfer of organophosphate 

pesticides may occur (35), reducing fetal growth 

and shortening gestation (36). In addition, Perera 

et al. (37), reported decreased birth weight and 

length in association with blood measurements of 

the parent compound Chlorpyrifos in pregnant 

women of New York City. 

On the other side, Berkowitz et al. (38), found no 

adverse relationship between any measures of 

fetal growth or length of gestation and maternal 

urinary levels of OP pesticide. Finally, other 

investigators report little or no association 

between OP exposure and adverse health effects 

such as miscarriage, pre-term delivery, small-for-

gestational-age births and sex ratios (36,39, 40), 

and congenital malformations such as nervous 
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system defects, cardiovascular defects, oral clefts, 

hypospadias or epispadias, musculoskeletal 

defects and non-specific anomalies. This 

contradiction could be attributed to the window 

(timing) and duration of exposure.  In addition, 

pesticide formulations, the active ingredients, 

other components such as solvents, carriers and 

emulsifiers, may be responsible to great 

variability of toxic or no effects of pesticides in 

previous literature.  

In conclusion, data of the present study reflect a 

potential developmental health hazards on 

pregnancy outcome, such as lower gestational 

age, reduced birth weight and increased 

congenital malformation due to OP exposure. 

Long-term controlled prospective studies with 

larger numbers of pregnant women and infants is 

needed to generalize the potential adverse health 

hazards of in utero exposure to OP on pregnancy 

outcome. 

 

Conflict of interest:  
None  

 

Financial Disclosure:  

None  

 

Data Availability:  
Data available on reasonable request  

 

REFERENCES 

1. Ndonwi EN, Atogho-Tiedeu B, Lontchi-

Yimagou E, Shinkafi TS, Nanfa D, Balti EV, 

et al. Metabolic effects of exposure to 

pesticides during gestation in female Wistar 

rats and their offspring: a risk factor for 

diabetes? Toxicol Res. 2020 Feb 

4;36(3):249-256. doi: 10.1007/s43188-019-

00028-y.  

2. Choudri BS, Charabi Y. Pesticides and 

herbicides. Water Environ Res. 2019 

Oct;91(10):1342-1349.  

doi: 10.1002/wer.1227. 

3. Barrett ES, Groth SW, Preston EV, Kinkade 

C, James-Todd T. Endocrine-Disrupting 

Chemical Exposures in Pregnancy: a 

Sensitive Window for Later-Life 

Cardiometabolic Health in Women. Curr 

Epidemiol Rep. 2021 Sep;8(3):130-142. doi: 

10.1007/s40471-021-00272-7.  

4. Kalantzi OI, Castorina R, Gunier RB, Kogut 

K, Holland N, Eskenazi B, Bradman A. 

Determinants of organophosphorus pesticide 

urinary metabolite levels in pregnant women 

from the CHAMACOS cohort. Sci Total 

Environ. 2022 Sep 6; 854:158551. doi: 

10.1016/j.scitotenv. 2022.158551. 

5. Lejeune N, Mercier F, Chevrier C, Bonvallot 

N, Le Bot B. Characterization of multiple 

pesticide exposure in pregnant women in 

Brittany, France. J Expo Sci Environ 

Epidemiol. 2022 Dec 10.  

doi: 10.1038/s41370-022-00507-9. 

6. Zhao F, Chen M, Gao F, Shen H, Hu J. 

Organophosphorus Flame Retardants in 

Pregnant Women and Their Transfer to 

Chorionic Villi. Environ Sci Technol. 2017 

Jun 6;51(11):6489-6497.  

doi: 10.1021/acs.est.7b01122. 

7. Handal AJ, Harlow SD. Employment in the 

Ecuadorian cut-flower industry and the risk 

of spontaneous abortion. BMC Int Health 

Hum Rights. 2009 Oct 8; 9:25. doi: 

10.1186/1472-698X-9-25.  

8. Regidor E, Ronda E, Garcia AM, Dominguez 

V. Paternal exposure to agricultural 

pesticides and cause specific fetal death. 

Occup Environ Med. 2004; 61(4):334–339. 

doi: 10.1136/ oem.2003.009043. 

9. Wilson BW, Henderson JD, Ramirez A, 

O'Malley MA. Standardization of clinical 

cholinesterase measurements. Int J Toxicol. 

2002 Sep-Oct;21(5):385-8.  

doi: 10.1080/10915810290096595. 

10. Rauch SA, Braun JM, Barr DB, Calafat AM, 

Khoury J, Montesano AM, Yolton K, 

Lanphear BP. Associations of prenatal 

exposure to organophosphate pesticide 

metabolites with gestational age and birth 

weight. Environ Health Perspect. 2012 

Jul;120(7):1055-60.  

doi: 10.1289/ ehp.1104615.  

11. Reshi MS, Mustafa RA, Javaid D, Haque S. 

Pesticide Toxicity Associated with Infertility. 

Adv Exp Med Biol. 2022; 1391:59-69. doi: 

10.1007/978-3-031-12966-7_4. 

12. Fan S, Zhao X, Xie W, Yang X, Yu W, Tang 

Z, etal.. The effect of 3-Methyl-4-

Nitrophenol on the early ovarian follicle 

development in mice by disrupting the clock 

genes expression. Chem Biol Interact. 2022 

Aug 25; 363:110001.  

doi: 10.1016/j.cbi.2022.110001. 

13. Vahabi Barzi N, Eftekhari Z, Doroud D, Eidi 

A. Maternal exposure during organogenesis 

to Chlorpyrifos insecticide induce apoptosis 

process. J Matern Fetal Neonatal Med. 2022 

Oct; 35 (20):3845-3852.  

doi: 10.1080/14767058.2020.1841161. 

14. Wang X, Li F, Teng Y, Ji C, Wu H. Potential 

adverse outcome pathways with hazard 

identification of organophosphate esters. Sci 



Pregnancy Outcome In Women Exposed To Agriculture-Organophosphorus Pesticides                                  Section A-Research paper 

 

Eur. Chem. Bull. 2023, 12(Regular Issue 1), 2594 –2600                                                              

2599 

Total Environ. 2022 Dec 10;851(Pt 

1):158093.  

doi: 10.1016/j.scitotenv. 2022.158093.  

15. Kaboli Kafshgiri S, Farkhondeh T, Miri-

Moghaddam E. Glyphosate effects on the 

female reproductive systems: a systematic 

review. Rev Environ Health. 2021 Jul 

15;37(4):487-500. doi: 10.1515/reveh-2021-

0029.  

16. Patisaul HB, Behl M, Birnbaum LS, Blum A, 

Diamond ML, Rojello Fernández S, et al. 

Beyond Cholinesterase Inhibition: Develop- 

mental Neurotoxicity of Organophosphate 

Ester Flame Retardants and Plasticizers. 

Environ Health Perspect. 2021 Oct;129 (10): 

105001.  

doi: 10.1289/EHP9285. 

17. Hyland C, Bradshaw P, Deardorff J, Gunier 

RB, Mora AM, Kogut K, et al. Interactions 

of agricultural pesticide use near home 

during pregnancy and adverse childhood 

experiences on adolescent neurobehavioral 

development in the CHAMACOS study. 

Environ Res. 2022 Mar; 204(Pt A):111908.  

doi: 10.1016/j.envres.2021.111908. 

18. Xu C, Ma H, Gao F, Zhang C, Hu W, Jia Y, 

Xu J, Hu J. Screening of Organophosphate 

Flame Retardants with Placentation-

Disrupting Effects in Human Trophoblast 

Organoid Model and Characterization of 

Adverse Pregnancy Outcomes in Mice. 

Environ Health Perspect. 2022 May 

;130(5):57002.  

doi: 10.1289/EHP10273. 

19. Xu C, Zhang C, Liu Y, Ma H, Wu F, Jia Y, 

Hu J. Amniogenesis in Human Amniotic Sac 

Embryoids after Exposures to 

Organophosphate Flame Retardants. Environ 

Health Perspect. 2023 Apr;131(4):47007.  

doi: 10.1289/EHP11958. 

20. Welch BM, Keil AP, Bommarito PA, van T' 

Erve TJ, Deterding LJ, Williams JG, et al. 

Longitudinal exposure to consumer product 

chemicals and changes in plasma oxylipins in 

pregnant women. Environ Int. 2021 Dec; 

157:106787.  

doi: 10.1016/j.envint.2021.106787.  

21. Khoshhali M, Davoodi S, Ebrahimpour K, 

Shoshtari-Yeganeh B, Kelishadi R. The 

association between maternal exposure to 

organophosphate pesticides and neonatal 

anthropometric measures: A systematic 

review and meta-analysis. J Res Med Sci. 

2020 Aug 24; 25:79.  

doi: 10.4103/jrms.JRMS_919_19.  

22. Addissie YA, Kruszka P, Troia A, Wong ZC, 

Everson JL, Kozel BA, Lipinski RJ, Malecki 

KMC, Muenke M. Prenatal exposure to 

pesticides and risk for holoprosencephaly: a 

case-control study. Environ Health. 2020 Jun 

8;19(1):65. doi: 10.1186/s12940-020-00611-

z. 

23. Rappazzo KM, Warren JL, Davalos AD, 

Meyer RE, Sanders AP, Brownstein NC, 

Luben TJ. Maternal residential exposure to 

specific agricultural pesticide active 

ingredients and birth defects in a 2003-2005 

North Carolina birth cohort. Birth Defects 

Res. 2019 Apr 1;111(6):312-323.  

doi: 10.1002/bdr2.1448. 

24. Kalliora C, Mamoulakis C, Vasilopoulos E, 

Stamatiades GA, Kalafati L, Barouni R, 

Karakousi T, Abdollahi M, Tsatsakis A. 

Association of pesticide exposure with 

human congenital abnormalities. Toxicol 

Appl Pharmacol. 2018; 346:58-75.  

doi: 10.1016/j.taap.2018.03.025. 

25. Lacasana M, Vazquez-Grameix H, Romieu I, 

Aguilar-Garuno C, Garcia AM. Maternal and 

paternal occupational exposure to 

agricultural work and the risk of 

anencephaly. Occup Environ Med 2006; 

63(10):649– 656. doi: 

10.1136/oem.2005.023333 

26. Spinder N, Prins JR, Bergman JEH, Smidt N, 

Kromhout H, Boezen HM, de Walle HEK. 

Congenital anomalies in the offspring of 

occupationally exposed mothers: a 

systematic review and meta-analysis of 

studies using expert assessment for 

occupational exposures. Hum Reprod. 2019 

May 1;34(5):903-919. doi: 

10.1093/humrep/dez033. 

27. Mattiske DM, Pask AJ. Endocrine disrupting 

chemicals in the pathogenesis of 

hypospadias; developmental and 

toxicological perspectives. Curr Res Toxicol. 

2021 Apr 1; 2:179-191.  

doi: 10.1016/j.crtox.2021.03.004. 

28. Ronda E, Regidor E, Garcia AM, Dominguez 

V. Association between congenital anomalies 

and paternal exposure to agricultural 

pesticides depending on mother’s 

employment status. J Occup Environ Med 

2005; 47(8):826–828.  

doi: 10.1097/01.jom.0000167274.32157.c3. 

29. Hanke W, Jurewicz J. The risk of adverse 

reproductive and developmental disorders 

due to occupational pesticide exposure: an 

overview of current epidemiological 

evidence. Int. J. Occup. Med. Environ. 

Health 2004; 17, 223—243. PMID: 



Pregnancy Outcome In Women Exposed To Agriculture-Organophosphorus Pesticides                                  Section A-Research paper 

 

Eur. Chem. Bull. 2023, 12(Regular Issue 1), 2594 –2600                                                              

2600 

15387079 

30. Shirangi A, Wright J, Blair EM, McEachan 

RR, Nieuwenhuijsen MJ. Occupational 

chemical exposures in pregnancy and fetal 

growth: evidence from the Born in Bradford 

Study. Scand J Work Environ Health. 2020 

Jul 1;46(4):417-428.  

doi: 10.5271/sjweh.3878. 

31. Gan H, Zhang Y, Wang YF, Tao FB, Gao H. 

Relationships of prenatal organophosphate 

ester exposure with pregnancy and birth 

outcomes: A systematic scoping review of 

epidemiological studies. Ecotoxicol Environ 

Saf. 2023 Mar 1; 252:114642.  

doi: 10.1016/j.ecoenv.2023.114642. 

32. Nurminen T. Maternal pesticide exposure 

and pregnancy outcome. J Occup Environ 

Med 1995; 37:935–940. doi: 

10.1097/00043764-199508000-00008 

33. Chia SE, Shi LM. Review of recent 

epidemiological studies on paternal 

occupations and birth defects. Occup Environ 

Med. 2002 Mar;59(3):149-55.  

doi: 10.1136/oem.59.3.149. 

34. Engel LS, O’Meara ES, Schwartz SM. 

Maternal occupation in agriculture and risk 

of limb defects in Washington State, 1980–

1993. Scand J Work Environ Health 2000; 

26(3):193– 198. doi: 10.5271/sjweh.531 

35. Whyatt RM, Barr DB, Camann DE, Kinney 

PL, Barr JR, Andrews HF: Contemporary use 

pesticides in personal air samples during 

pregnancy and blood samples at delivery 

among urban minority mothers and 

newborns. Environ Health Perspect 

2003;111(5):749–56. doi: 10.1289/ehp.5768. 

36. Eskenazi B, Hurley K, Furlong CE, Holland 

NT. Association of in utero organophosphate 

pesticide exposure and fetal growth and 

length of gestation in an agricultural 

population. Environ Health Perspect. 2004; 

112:1116– 1124. doi: 10.1289/ehp.6789 

37. Perera FP, Rauh V, Tsai WY, Kinney P, 

Camann D, Barr D. Effects of transplacental 

exposure to environmental pollutants on birth 

outcomes in a multiethnic population. 

Environ Health Perspect 2003; 111:201–206. 

doi: 10.1289/ehp.5742. 

38. Berkowitz GS, Wetmur JG, Birman-Deych 

E, Obel J, Lapinski RH, Godbold JH, 

Holzman IR, Wolff MS. In utero pesticide 

exposure, maternal paraoxonase activity, and 

head circumference. Environ Health 

Perspect. 2004 Mar;112(3):388-91. doi: 

10.1289/ehp. 6414.. 

39. Arbuckle TE, Lin Z, Mery LS. An 

exploratory analysis of the effect of pesticide 

exposure on the risk of spontaneous abortion 

in an Ontario farm population. Environ 

Health Perspect. 109(8):851–857. doi: 

10.1289/ehp.01109851. 

40. Zhu JL, Hjollund NH, Andersen AM, Olsen 

J. Occupational exposure to pesticides and 

pregnancy outcomes in gardeners and 

farmers: a study within the Danish National 

Birth Cohort. J Occup Environ Med. 2006 

Apr;48(4):347-52. doi: 10.1097/01.jom. 

0000201566.42186.5f. 

 


