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Abstract 

Background. The aim of the present systematic review was to evaluate the correlation between the exposure 
to environmental and/or occupational pollutants and possible alteration of semen quality, focalizing the 
attention on the studies performed using a biomonitoring approach.
Methods. The review was conducted from inception to May 11 2023, according to the PRISMA Statement 
2020 and using the following databases: Scopus, Pubmed and Web of Science. The protocol was registered on 
PROSPERO (CRD42023405607). Studies were considered eligible if they reported data about the association 
between exposure to environmental pollutants and alteration of semen quality using human biomonitoring. 
The quality assessment was carried out by the use of the Newcastle-Ottawa Quality Assessment Scale.
Results. In total, 21 articles were included, conducted in several countries. The main matrices used for 
biomonitoring were urine and blood and the most sought-after contaminants were bisphenols, phthalates, 
pesticides, polychlorinated biphenyls, polycyclic aromatic hydrocarbons, heavy metals and other inorganic 
trace elements. The results of the studies demonstrated a significant positive correlation between the increase 
of the pollutants’ levels in the biological matrices examined and some alterations of the semen quality 
indicators, such as a decrease in motility, concentration and morphology of the spermatozoa.
Conclusions. Male fertility can be negatively affected by the exposure to environmental and/or occupational 
pollutants. Human biomonitoring programs may be considered a useful tool for specific surveillance 
programs devoted to early highlight subjects who are more exposed to environmental pollutants in order 
to reduce risk exposure. 
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biological fluids, such as blood, urine, saliva, 
hair, breast milk, sweat, and human semen, 
evaluating all the pathways of exposure 
(ingestion, inhalation or contact) (12). This 
method can assess the internal dose, giving 
an estimate of the biologically active body 
burden of the chemicals and can contribute 
to understanding the biochemical or cellular 
effect whose alteration may achieve adverse 
health effects (13). Nowadays, there are 
new analytical tools that first identify and 
measure biomarkers, through no-invasive 
and cost-effective spending, quantitative 
endpoint, and intermediate pathways of 
biological tissue and fluids to identify. 
This is of particular importance when the 
altered exposure can be measured before 
manifesting clinical damage, early signs 
of functional or structural modification. In 
order to highlight the importance of human 
biomonitoring as a surveillance tool, notice 
that human biomonitoring is a pillar for 
current European strategies dedicated to 
health risk assessment (10).

The aim of the present systematic review 
was to examine the scientific literature on the 
correlation between environmental and/or 
occupational exposure to pollutants and the 
alteration of human semen quality, focalizing 
the attention on the studies performed on 
humans, considering both general population 
and workers occupationally exposed and 
using a human biomonitoring approach.

Methods

1. Selection protocol and search strategy
The systematic review was performed 

according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA) methodology (14) and the 
protocol was registered on PROSPERO with 
the following ID: CRD42023405607.

The literature search was conducted in 
three different databases (PubMed, Scopus, 
and Web of Science) from inception to May 

Introduction

Over recent decades, several studies 
demonstrated a rapid decline in semen quality, 
including a reduction in semen count, volume, 
motility, and morphology (1). This decline 
often results in male infertility, considered a 
public health top priority because it can lead 
psychological distress, high economic costs 
and, in the future, an excessive generational 
imbalance. Unfortunately, in about 40% 
of the subjects, after an entire diagnostic 
check, the etiology of infertility remains 
hidden (2), suggesting the presence of one 
or more unknown risk factors (3). Scientific 
evidence has been highlighted that male 
fertility can be negatively influenced by 
sexually transmitted infections (4), various 
types of pathologies and various factors 
such as obesity (5) or excessive thinness 
(6), sedentary lifestyle or excessive physical 
activity (7), smoking habits (8) and exposure 
to chemical pollutants in living and working 
environments (3, 9). As for the latter risk 
factor, epidemiological and experimental 
studies recognize that the exposure to 
environmental and occupational pollution 
can be a risk factor for male infertility 
(3, 10). For example, healthy workers 
accidentally exposed to high concentrations 
of pollutants for short periods presented 
a reduction in concentration, motility and 
morphology of the spermatozoa, and sperm 
genetic anomalies compared to the general 
population (10). More strikingly, a very 
recent narrative review concluded that 
environmental pollutants have a significant 
adverse impact on semen quality (11). 

Different assessing methods can be used 
for evaluating the exposure to contaminants 
present in environmental and occupational 
settings and for estimating potential negative 
effects on human health. In this context, 
one of the most appropriate approach is 
represented by human biomonitoring, which 
measures one or more chemicals or their 
metabolites or reaction products in human 
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11 2023 using the following keywords: 
“Biomonitoring”; “human semen quality”; 
“environmental pollution” using the Boolean 
Operators “AND”, “OR”. 

2. Study selection
Titles and abstracts acquired from each 

database were transferred to the reference 
software Zotero systematic review manager 
for the relevance-assessment process. The 
articles were first screened for title and 
abstract and secondly from the reading of 
the full text. The screening was conducted 
independently by four authors (LC, IP, GDA, 
FG). Then, full texts were read independently 
by the same four authors (LC, IP, GDA, FG) 
with a later discussion about their inclusion 
in the review and disagreements were 
achieved by consensus among the authors.

3. Criteria for study inclusion
Studies were considered eligible if they 

reported data about the association between 
exposure to environmental pollutants and 
alteration of semen quality, using human 
biomonitoring. Only articles presenting 
original data deriving from observational 
studies were considered eligible, while 
clinical trials, experimental studies, reviews, 
meta-analysis, case studies, proceedings, 
editorials, commentary studies, and any 
other types of studies were excluded. The 
references of the included articles were 
examined to identify further eligible articles 
in their references. We included only articles 
published in English or Italian language.

4. Data extraction and quality assessment
Author, year, country, types of pollutants, 

the biological matrices studied and the 
method used for analytical determinations 
were collected from all studies. Besides, 
specific seminal fluid outcomes (motility, 
concentration, morphology of spermatozoa, 
etc) were also considered. 

The quality assessment of each included 
article was carried out by the use of the 

Newcastle-Ottawa Quality Assessment 
Scale, adapted from cohort and case-control 
studies to perform a quality assessment for 
cross-sectional studies.

Results and discussion

The search yielded 82 articles and, after 
eliminating the duplicates, the remaining 69 
articles were reduced to 37 by reading the 
title and abstract. After reading the full-text, 
17 other articles were excluded, 14 because 
they did not involve observational studies 
and three because they involved animal 
studies. Besides, one article found from the 
citations of the revised articles were added. 
Finally, 21 articles were included in the 
review. 

Figure 1 shows the PRISMA flow chart.
Table 1 reports a summary of the data 

extracted from the included studies.
The studies were conducted between the 

years 2000 and 2023 in various countries 
such as Italy (15, 16), United States (17-
24), Taiwan (25), China (26-28), Poland 
(29), France (30), Spain (31), Turkey (32), 
Denmark (33), Ukraine (34), Australia 
(35).

Various settings were evaluated by 
the included studies, considering both 
environmental (15-20, 24-26, 28, 29, 31) 
or occupational (21-23, 27, 30, 32-35) 
scenarios. Subjects studied were, in all cases, 
apparently healthy males with altered semen 
quality.

Each included study examined many 
possible known causes that negatively 
influenced semen quality, such as chronic 
diseases (diabetes, hyper-hypothyroidism 
or other systemic diseases), prostatitis, 
varicocele, fever, infection, medications, 
exposure to X rays, history of drug abuse. 
Information on these causes were always 
obtained by questionnaires and physical 
examinations, including the urogenital 
evaluation (testis volume and trans-rectal 
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Figure 1 - Flowchart of the study selection process.

prostate evaluation). After the exclusion 
of all investigated causes of infertility, the 
influence of exposure to environmental and/
or occupational pollutants on semen quality 
was evaluated. The exposure to pollutants 
was always examined by searching for 
the studied compounds and/or for their 
metabolites in biological matrices such as 
urine, blood or semen. Both organic and 
inorganic compounds were studied. In 
particular, the instruments mainly used for 
the research of inorganic pollutants were 
AAS (Atomic Absorption Spectroscopy) (31, 
33), ASV (Anodic Stripping Voltammetry) 
(31), ICP-OES (Inductively Coupled Plasma-
Optical Emission Spectroscopy) (16, 32), 
ICP-MS (Inductively Coupled Plasma-Mass 
Spectrometry) (22-24, 32), IV (Inversion 
voltammetry) (34) and for organic pollutants 

were Gas Chromatography- Electron 
Capture Detector (GC-EDC) (30), Gas 
Chromatography-Flame Ionization Detector 
(GC-FID) (27), Gas Chromatography-Mass 
Spectrometry (GC-MS) (29, 35), High 
Performance Liquid Chromatography-
Mass Spectrometry (HPLC-MS) (18), High 
Performance Liquid Chromatography-
Tandem Mass Spectrometry (HPLC-MS/
MS) (17, 19, 24), High Performance 
Liquid Chromatography- Ultraviolet 
(HPLC-UV) (26), High Performance 
Liquid Chromatography with a fluorescent 
detector (15, 21, 28, 29, 35), High 
Resolution Mass Spectrometry (HRMS) 
(20), Liquid Chromatography-Tandem Mass 
Spectrometry (LC-MS/MS) (29, 35).

Specific compounds considered by 
the included studies were bisphenol A 
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(15, 17), phthalates (15, 18, 26, 29, 35), 
insecticides (19), herbicides (19), persistent 
organic pollutants (19), pyrethroids 
(29), polycyclic aromatic hydrocarbons 
(21, 35), organophosphate esters (35), 
polybromodiphenyl ethers (35), glycol ethers 
(30), ethylene glycol monomethyl ether (27), 
perfluoroalkyl acids (28), benzophenone-
type ultraviolet filter (24), metals and other 
inorganic elements (Al, As, B, Ba, Be Ca, Cd, 
Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, 
Pb, Sb, Se, Sr, Zn, Hg, Se, U) (16, 22, 23, 25, 
31-35). All these substances are well-known 
environmental contaminants and they can 
be present both in environmental matrices 
and/or in occupational settings. Thus, there 
are many occasion to be exposed: intake by 
inhalation, ingestion and, to a lesser extent, 
dermal contact from contaminated air, water 
and food.

The evaluation of the traditional indicators 
of seminal quality (vitality, motility and 
morphology of the spermatozoa) was 
performed in all cases by the use of a 
microscope, while the determination of 
spermatic DNA fragmentation in seminal 
fluid was performed using one of the 
following techniques: comet assay (single 
cell gel electrophoresis), TUNEL (terminal 
deoxyuridine nick end labeling assay), 
SCSA (Sperm Chromatin Structure Assay), 
and SCD (Sperm Chromatin Dispersion 
assay).

All the included studies demonstrated 
an association between the exposure to 
environmental and/or occupational exposure 
and the alteration of some indicators of 
semen quality, and such evidence should be 
considered robust because almost all studies 
had a good overall quality, except for one 
case in which the quality resulted fair (19). 
These findings can be attributed to the fact 
that some chemical factors can function as 
potential sources of damage to the testis 

and accessory glands and spermatogenesis 
dysfunction (3) and some others could 
interfere in the endocrine functions by 
simulating the activity of endogenous steroid 
hormones (36-41).

The present review has some limitations. 
Firstly, we did not conduct a meta-analysis 
of the results of the included studies because 
they were different in terms of exposure 
scenarios, type of pollutants, exposure 
assessment methodologies, and study 
design. Thus, statistical heterogeneity and 
publication bias were not assessed. Secondly, 
we included only articles published in 
English or Italian language, excluding a 
priori potentially useful results published 
in other languages. Finally, we considered 
just the studies that evaluated the exposure 
by the use of human biomonitoring and 
excluded those reported results obtained 
with environmental monitoring. However, 
it is well-known that human biomonitoring 
is the most appropriate way to perform an 
exposure assessment study.

Conclusions

The results demonstrated that male 
fertility can be negatively affected by 
the exposure to environmental and/or 
occupational pollutants. Further studies 
should be carried out to produce more 
robust scientific evidence and to understand 
the mechanisms underlying the association 
between exposure to pollutants and semen 
alterations. Besides, human biomonitoring 
programs may be considered a useful tool 
for specific periodic surveillance programs 
devoted to early highlight subjects who are 
more exposed to environmental pollutants 
in order to reduce risk exposure. It would 
be advisable to conduct studies to identify 
threshold levels below which there are no 
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alterations in the quality of the semen and, 
consequently, to protect male fertility.
Riassunto

Qualità del seme umano ed esposizione ambien-
tale e occupazionale ad inquinanti: una revisione 
sistematica

Premessa. Lo scopo della presente revisione sistema-
tica è stato di valutare la correlazione tra l’esposizione a 
inquinanti in ambienti di vita e/o di lavoro e la possibile 
alterazione della qualità dello sperma, focalizzando l’at-
tenzione sugli studi condotti utilizzando un approccio di 
biomonitoraggio.

Metodi. La revisione è stata condotta dalla data di 
inizio di ogni banca dati all’11 maggio 2023, secondo il 
PRISMA Statement 2020 e utilizzando le seguenti ban-
che dati: Scopus, Pubmed e Web of Science. Il protocollo 
è stato registrato su PROSPERO (CRD42023405607). 
Sono stati considerati eleggibili gli studi che riportava-
no dati sull’associazione tra esposizione a inquinanti 
ambientali e alterazione della qualità dello sperma 
utilizzando il biomonitoraggio umano. La valutazio-
ne della qualità è stata effettuata utilizzando la scala 
Newcastle-Ottawa.

Risultati. In totale, sono stati inclusi 21 articoli, 
condotti in diversi Paesi. Le principali matrici utilizzate 
per il biomonitoraggio sono state l’urina e il sangue e 
i contaminanti più ricercati sono stati bisfenoli, ftalati, 
pesticidi, policlorobifenili, idrocarburi policiclici aroma-
tici, metalli pesanti e altri elementi inorganici in traccia. 
I risultati degli studi hanno dimostrato una significativa 
correlazione positiva tra l’aumento dei livelli di inqui-
nanti nelle matrici biologiche esaminate e alcune alte-
razioni degli indicatori di qualità dello sperma, come la 
diminuzione della motilità, della concentrazione e della 
morfologia degli spermatozoi.

Conclusioni. La fertilità maschile può essere influen-
zata negativamente dall’esposizione a inquinanti ambien-
tali e/o professionali. I programmi di biomonitoraggio 
umano possono essere considerati uno strumento utile per 
specifici programmi di sorveglianza dedicati a eviden-
ziare precocemente i soggetti più esposti agli inquinanti 
ambientali, al fine di ridurre l’esposizione a rischio.
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