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ABSTRACT

Introduction: Dermal exposure is the primary concern for glyphosate exposure, particularly in occupational setting 
mainly due to the nature of the work with varying degrees of pesticide. This study evaluates the potential dermal 
health risks associated with exposure to glyphosate at concentrations commonly used in agricultural settings, at 
1–2%. Method: A quantitative risk assessment was conducted using the Hazard Quotient (HQ) approach, where 
HQ is defined as the ratio of the estimated average daily dose (ADD) to the established Reference Dose (RfD). The 
absorbed dose was calculated by incorporating key parameters such as chemical concentration, skin permeability, 
contact time, and exposed skin surface area. Results: This study models the risk for males at average body weight of 
80.2 kg and exposed skin area of 4210 cm2 and females at average body weight of 67.3 kg and exposed skin area 
of 3260 cm2. With the exposure to glyphosate concentrations between 0.0001% and 3.5%, the calculated HQ for 
male was ranged from 7.5x10-8 to 2.65x10-3 and from 7.0x10-8 to 2.45x10-3 for female. All HQ values remained well 
below the threshold of 1, indicating low likelihood of adverse health effects under the assessed exposure scenario. 
However, it should be noted that the permeability coefficient (K

p
) used in this assessment was based on glyphosate 

alone, not on commercial formulations. Conclusion: These finding highlight the need for continued adherence to 
PPE usage as a precautionary measure especially when the extent of dermal absorption with the presence of adju-
vants remains underreported. 
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INTRODUCTION

Glyphosate-based herbicides (GBHs) are the most widely 
used broad-spectrum, non-selective herbicides globally, 
with glyphosate serving as the active ingredient [1, 2]. 
In Malaysia, it is the most used herbicide accounting 
for 70% of the country total pesticide consumption [3, 
4]. Approximately, 15 million litters are sold annually in 
Malaysia [5, 6].

Glyphosate was first authorised as an herbicide in 1974 
in the U.S. following Environmental Protection Agency 
(EPA) approval for its use [7, 8]. It underwent several 
renewal and re-evaluation processes by EPA as well 
as other international regulatory bodies after the initial 

authorisation and consistently identified as no concern 
for human health [9]. In 2015, International Agency for 
Research on Cancer (IARC) classified glyphosate and 
its derivatives as probable human carcinogens (Group 
2A). Following this, regulatory authorities re-evaluated 
glyphosate carcinogenic potential. In 2016, following 
comprehensive reviews of epidemiological, animal, 
and genotoxicity data, it is concluded that glyphosate is 
unlikely to pose a carcinogenic risk to humans [10, 11].
Despite the potential health risks concluded from 
various regulatory bodies, concerns remain regarding 
occupational exposure, particularly through dermal 
contact. Dermal exposure is a significant route of 
glyphosate exposure for agricultural workers during 
mixing, loading, and application activities [12]. Studies 
have detected glyphosate in the urine of farmers around 
the application periods indicating systemic absorption 
occurs primarily through skin contact [13]. More recent 
study in Iowa and North Carolina also echoing the 
same sentiment in which glyphosate detected in urine 
of farmers primarily reflects recent exposure and that 
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dermal contact is the predominant route occupationally 
[14]. Dermal penetration experiments indicated that 
the percutaneous absorption of glyphosate was less 
than 2% when left undisturbed on the skin surfaces of 
experimental animals and on human skin in vitro [13].

Commercial GBH are composed of glyphosate as the 
active ingredient and adjuvant as inert ingredient added 
into the formulation to improve herbicidal effectiveness 
[15, 16]. A growing body of in vitro research consistently 
demonstrate that GBHs, which include active ingredient 
and adjuvants, are significantly more toxic than 
glyphosate alone. Gasnier et al. showed that various 
GBHs provoked liver cell death in HepG2 and Hep3B 
cells, with greater effects attributed to the presence of 
adjuvants [17]. Similarly, Koller et al. found that GBH 
exposure caused strong cytotoxic responses in buccal 
epithelial cells exceeding the effects of glyphosate 
alone [18]. While glyphosate by itself often required 
high concentrations to caused measurable cytotoxic 
effects, its formulations consistently caused more severe 
responses even at lower doses [19, 20].

Given the widespread use of GBHs and their potential 
for dermal exposure, there is a clear need to assess the 
associated health risks under realistic occupational 
exposure conditions to the agriculture workers. While 
glyphosate is generally considered to have low dermal 
toxicity, questions remain regarding its safety at 
concentrations commonly used in the field. Furthermore, 
commercial formulations of GBHs often contain 
adjuvants that increase their overall cytotoxicity, which 
may also contribute to enhanced dermal toxicity [21].
 
Despite extensive research on glyphosate toxicity, and 
occupational exposure, most studies focused on in vitro 
toxicity or biomonitoring data, with limited application 
of the Hazard Quotient (HQ) approach to evaluate 
dermal exposure under realistic agricultural conditions. 
While GBH dominate pesticide use, limited studies have 
incorporated usage patterns as well as gender specific 
exposure assessment. Therefore, this study aims to 
evaluate the potential dermal health risks of glyphosate 
exposure by conducting a quantitative risk assessment 
using the HQ approach. It will integrate the exposure 
models, toxicological reference values, and realistic 
agricultural-use concentrations to determine risk 
estimate for both male and female agricultural workers.

MATERIALS AND METHODS

Study Design
This study employed a scenario-based quantitative 
risk assessment to model potential human health 
associated with glyphosate exposure at field-use 
concentrations. The assessment focused primarily on 
agricultural workers. However, no human participants 
were recruited, and no primary field measurements or 
biological samples were collected at any stage of the 

study. Instead, all data inputs were derived from existing 
field measurements, regulatory reports, and established 
toxicological databases reported in the literature.

The modelling approach integrates exposure parameters 
(glyphosate concentration, dermal permeability, contact 
duration, and skin surface area) with toxicological 
reference values to estimate absorbed doses and hazard 
quotients under realistic occupational scenarios. This 
assessment assumes that exposure occurs exclusively 
through dermal contact, dermal absorption is uniform 
across all exposed skin areas, and the skin surface area 
values represent the maximum exposed area during 
glyphosate handling and application. 

Risk Assessment 
Risk assessment was conducted specifically for 
agricultural workers, who are directly involved in the 
preparation, handling, and application of glyphosate 
in the field and was quantitatively focused on dermal 
exposure. The assessment followed the basic framework 
for carrying out health risk assessments established by 
the National Research Council (NRC) in 1983 [22]. 
It is a four-step framework used in human health risk 
evaluations that includes hazard identification, dose-
response assessment, exposure assessment, and risk 
characterization. Fig. 1 show the flow diagram of the 
risk assessment steps [22].

Fig. 1: Flow diagram of the risk assessment step
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risks [25]. 

Table I list all the parameters included in the 
determination of absorbed dose, average daily intake and 
hazard quotient through dermal exposure. Glyphosate 
concentrations ranged was based on the typical 
agricultural use concentration of glyphosate, which 
falls between 1% and 3%, reflecting typical agricultural 
used formulations [19, 26-28]. The permeability 
coefficient (Kₚ) of 5.9 x 10-6 cm/h was based on pure 
glyphosate, not commercial mixtures. This is the most 
recent permeability coefficient published for glyphosate 
[29]. Time of contact (h) per events were extracted 
from various studies, where selected exposure duration 
aligns with common occupational exposure times to 
pesticides, which typically range between 30 minutes 
and 7 hours during agricultural or pesticide-related 
tasks. However, this duration was extended up to 24 
hours to see possible variation of risk potential [30-34]. 
The skin surface area available for contact (SA) for male 
was 4210 cm2, and for female 3260 cm2 [35]. These 
values were obtained from United States Environmental 
Protection Agency (USEPA), Exposure Factors Handbook 
for the arms and hands, which are the body parts most 
exposed during pesticide-related work. Differentiating 
the risk assessment between male and female was done 
because dermal exposure is directly proportional to 
the skin surface area available for contact, in this case, 
males have a larger skin surface area than females [35]. 

I. Hazard Identification
While glyphosate is generally considered to have low 
acute dermal toxicity, repeated or chronic exposure 
particularly through commercial formulations 
containing adjuvants may alter absorption potential [2, 
12]. Information on glyphosate concentration used in 
field was gathered from various literatures. 

II. Dose-Response Assessment
The Reference Dose (RfD) of 1.75 mg/kg/day used 
in this study is based on the oral RfD for glyphosate, 
as a dermal RfD is not available due to glyphosate's 
low dermal absorption [23]. This value was used as a 
surrogate benchmark for toxicity. RfD allows for the 
establishment of a dose-effect relationship.

III. Exposure Assessment
The estimated dermal exposure was calculated in a step-
by-step manner. The absorbed dose was first calculated 
as shown below in Equation 1 [24]:

Absorbed Dose, DA
event

 = K
p
 x C x t		      (1)

Where:
K

p
 = Permeability coefficient (cm/hr)

C = Concentration of chemical in vehicle contacting 
skin (mg/cm3)
t = Time of contact (hours/event)

The absorbed dose per event (DA
event

) represents the 
amount of glyphosate absorbed through the skin when 
the substance is present as a liquid or aqueous mixture. 
In the next step, the average daily dose (ADD) was 
calculated following the determination of DAevent 
values, as shown in Equation 2:

Average Daily Dose, ADDabs = (DAevent  x SA x EF x   
                                                       ED)/(BW x AT)    (2)

Where:
DA

event
 = Absorbed dose (mg/cm2-event)

SA = Skin surface area available for contact (cm2)
EF = Exposure frequency (events/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (days)

IV. Risk Characterization
The hazard quotient (HQ) was calculated separately 
for males and females across various glyphosate 
concentrations. HQ was calculated as the following 
Equation 3:

Hazard Quotient, HQ = ADD/RfD		      (3)

All HQ values were interpreted relative to the risk 
threshold of 1. HQ values below this threshold indicate 
that under the modelled scenarios, dermal exposure to 
glyphosate is not expected to pose significant health 

Table I: Parameter Values for Human Health Rik Assessment

Parameter Value Reference

Kp = Permeability 
coefficient (cm/hr) for 
glyphosate

0.0000059 cm/h, 5.9X 10-6 cm/h
[29]

C = Concentration of 
chemical in vehicle 
contacting skin (mg/
cm3)

0.001, 0.01, 0.1, 1, 2, 5, 10, 15, 
20, 25, 30, 35 mg/cm3

Concentration of glyphosate and 
its formulation for this study in %, 
therefore, it is was converted to mg/
cm3 prior calculation for health risk 
assessment. 

[27, 28]

t = Time of contact 
(hours/event)

0.5, 1, 4, 6, 9, 12, 15, 18, 24 h [30-34]

SA = Skin surface area 
available for contact 
(cm2)

Arm and hands:

Male (4210 cm2)

Female (3260 cm2)

[35]

EF = Exposure fre-
quency (events/year)

17.07 events/year [36]

ED = Exposure dura-
tion (years)

16.47 years [36]

BW = Body weight 
(kg)

Male 80.2kg

Female 67.3kg
[35]

AT = Averaging time 
(days)

6011.55 [35]

RfD = Reference dose 1.75 mg/kg/day [37]
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RESULTS

The HQ values were calculated for both male and 
female agricultural workers across a range of glyphosate 
concentrations (0.0001% to 3.5%). Table II summarizes 
the corresponding HQ values under different exposure 
scenarios.

For males (body weight: 80.2 kg; exposed skin area: 
4210 cm2), HQ values ranged from 7.5 X 10-8 to 2.65 
X 10-3. For females (body weight: 67.3 kg; exposed skin 
area: 3260 cm2), HQ values ranged from 7.0 X 10-8 to 
2.45 X 10-3. In all modelled cases, HQ values remained 
well below the threshold of 1, indicating low likelihood 
of adverse health effects under the assessed exposure 
scenario. In addition, HQ values assessed in this study 
does not account for mixture effects, adjuvant toxicity, 
or chronic outcomes.

The HQ values increased with glyphosate concentration, 
however, even at highest concentration of 3.5%, the HQ 
did not exceed 1 for either gender, reinforcing the low 
risk across all tested exposure levels.

DISCUSSION

The results of this quantitative risk assessment suggest that 
dermal exposure to glyphosate at agricultural field-use 
concentrations is unlikely to pose significant health risks 
to agricultural workers under typical exposure scenarios. 
The Hazard Quotient (HQ) values in this study remained 

well below the regulatory threshold of 1, indicating that 
the estimated absorbed doses fall within acceptable 
safety levels. This aligns with previous research, which 
shows that glyphosate exhibits low dermal toxicity in 
its pure form [38]. Additionally, studies focusing on 
occupational exposure have similarly concluded that 
glyphosate exposure remains below safety thresholds for 
agricultural workers [39]. 

Although estimated risks are low, these findings support 
maintaining basic safety practices, such as minimizing 
direct skin contact and following proper hygiene, to 
account for variability in exposure as well as the potential 
influence of inert ingredient presence in commercial 
formulation. The slightly higher HQ values observed in 
males can be attributed to factors such as larger skin 
surface area and higher body weight. However, these 
physiological differences do not alter the overall risk 
classification.

Risk assessments of glyphosate exposure via ingestion 
have also yielded reassuring results. For instance, studies 
on glyphosate ingestion through water consumption show 
HQ values of less than 1 across all population groups, 
suggesting no significant health risks [40]. Furthermore, 
internal dose estimates based on urinary glyphosate 
concentrations, used as a biomarker of overall exposure, 
also support these findings. Specifically, sprayers 
demonstrated the HQ value for glyphosate exposure of 
less than 1, indicating that systemic exposure, assessed 
from biomarker data, remains within the safe range [36].

Table II: Hazard Quotient (HQ) values with respect to different gender

Gen-
der

BW SA
Concentra-
tion (mg/

cm2)

Hazard Quotient (HQ)
Gen-
der

BW SA
Concentra-
tion (mg/

cm2)

Hazard Quotient (HQ)

AVG±SD Range AVG±SD Range

Male
80.2 
kg

4210 
cm2

0.001
0.0075x10-5 ± 
0.0066×10-5

0.0004x10-5 – 
0.02x10-5

Fe-
male

67.3 
kg

3260 
cm2

0.001
0.0070x10-5 ± 
0.0061x10-5

0.0003x10-5 – 
0.02x10-5

0.01
0.08x10-5 ± 
0.07x10-5

0.0041x10-5 – 
0.20x10-5 0.01

0.07x10-5 ± 
0.06x10-5

0.0038x10-5 – 
0.18x10-5

1
7.57x10-5 ± 
6.59x10-5

0.41x10-5 – 
19.86x10-5 1

6.99x10-5 ± 
6.08x10-5

0.38x10-5 – 
18.33x10-5

2
15.15x10-5 ± 
13.17x10-5

0.83x10-5 – 
39.73x10-5 2

13.98x10-5 ± 
12.16x10-5

0.76x10-5 – 
36.66x10-5

5
37.87x10-5 ± 
32.94x10-5

2.07x10-5 – 
99.32x10-5 5

34.94x10-5 ± 
30.39x10-5

1.91x10-5 – 
91.65x10-5

10
75.7x10-5 ± 
65.87x10-5

4.14x10-5 – 
198.64x10-5 10

69.88x10-5 ± 
60.78x10-5

3.82x10-5 – 
183.30x10-5

15
113.60x10-5 ± 

98.81x10-5

6.21x10-5 – 
297.96x10-5 15

104.83x10-5 ± 
91.17x10-5

5.73x10-5 – 
274.95x10-5

20
151.47x10-5 ± 
131.74x10-5

8.28x10-5 – 
397.29x10-5 20

139.77x10-5 ± 
121.57x10-5

7.64x10-5 – 
366.61x10-5

25
189.33x10-5 ± 
164.68x10-5

10.34x10-5 – 
496.61x10-5 25

174.71x10-5 ± 
151.96x10-5

9.55x10-5 – 
458.26x10-5

30
227.20x10-5 ± 
197.61x10-5

12.42x10-5– 
595.93x10-5 30

209.65x10-5 ± 
182.35x10-5

11.46x10-5 – 
549.91x10-5

35
265.06x10-5 ± 
230.55x10-5

14.48x10-5 – 
695.25x10-5 35

244.59x10-5 ± 
212.74x10-5

13.37x10-5 – 
641.56x10-5
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not disappear. For example, the risk may be generated 
from mechanised or automated spraying such as drone 
or during post-application phase after workers leave 
field.  Human dermal exposure may be minimal, but the 
maintenance workers, equipment cleaners and field re-
entry workers may still face the exposure.

CONCLUSION

In conclusion, the results of this risk assessment following 
dermal exposure to glyphosate at concentrations 
commonly used in agricultural settings (1–2%) suggest 
is generally below established toxicological threshold 
levels. The HQ value of less than 1 for each gender 
suggests a low likelihood of adverse health effects under 
the assessed conditions. However, there is limitations 
presence in short-term HQ models, including the use 
of a glyphosate skin permeability coefficient alone and 
the exclusion of adjuvant effects, highlight the need 
for more comprehensive evaluations. Future study 
also may consider the task-based exposure assessment 
instead of focusing only on job category to break down 
the exposure by specific tasks such as mixing/loading, 
spraying, equipment cleaning etc. This will improve the 
precision in dermal exposure estimation by identifying 
the highest-risk activities and suggest targeted risk 
mitigation strategies.   To address the “no direct human 
involvement”, a scenario-based exposure modelling can 
be applied such as through sensitivity analysis, Monte 
Carlo simulation or worst-case vs realistic exposure 
comparison. This allows broader applicability of the 
results, and the risk can be projected across occupational 
categories and reduce uncertainty. 

Although the findings suggest a low dermal risk 
for agricultural workers, continued use of personal 
protective equipment (PPE) and strict adherence to safe 
handling practices remain essential. Given that dermal 
exposure is not the primary exposure route for non-
agricultural populations, the low potential health risk 
observed for agricultural workers may also indicate a 
low likelihood of adverse health effects for surrounding 
communities under normal agricultural practices. Future 
research should focus on evaluating dermal long-term 
effects of commercial formulations containing adjuvants 
and consider chronic or repeated exposures to better 
inform occupational safety guidelines.

ACKNOWLEDGEMENT

This research was funded by the Ministry of Higher 
Education Malaysia under the Fundamental Research 
Grant Scheme (FRGS) [Project code: 5524792] and 
Universiti Putra Malaysia's Geran Putra bagi Inisiatif 
Putra Siswazah (GP-IPS) [Project code: 9612000].

REFERENCES

1.	 Duke SO, Powles SB. Glyphosate: a once-in-a-

When compared to other pesticides, similar risk 
assessments have demonstrated acceptable levels of 
exposure. For instance, Siriwat et al. assessed the health 
risks of skin exposure to chlorpyrifos among children 
in agricultural areas of Sakon Nakhon Province, 
Thailand. Their study found the HQ for child dermal 
exposure to chlorpyrifos to be 0.03, indicating a low 
risk well within the acceptable safety margin [41]. 
Similarly, Chidya et al. conducted a risk assessment for 
pesticides in the Kurose River and its catchment area 
in Japan. Their assessment found that all the pesticides 
evaluated, including cyanazine, simetryn, and diazinon, 
had HQ values below the regulatory threshold of 1, 
posing no significant health risks to humans [42]. These 
comparative assessments supporting the reliability 
of the current dermal risk estimates for glyphosate by 
demonstrating consistent HQ values below regulatory 
thresholds across different pesticides and exposure 
scenarios.

It is important to note that the HQ values reflect only 
short-term exposure and do not account potential long-
term glyphosate exposure. Long-term in vivo studies 
indicate that exposure to GBH may result in cumulative 
physiological changes, including decreased antioxidant 
enzyme activity, alterations in gut microbiota, and 
reproductive hormone disruption [43]. Moreover, there 
are concerns regarding neuroendocrine effects and 
potential neurotoxicity [44]. Such findings suggest that 
traditional HQ assessments based on short-term toxicity 
may not fully capture the subtle, chronic effects of long-
term exposure. However, it is important to exercise 
caution despite the apparent safety of short-term dermal 
exposure. 

Study Limitation
One limitation of this study is that the risk assessment 
used a permeability coefficient (K

p
) based solely on 

glyphosate, therefore excluding the effects of adjuvants 
commonly found in commercial GBH. These adjuvants 
are known to enhance toxicity, potentially elevating 
the risk [19]. Furthermore, the assessment assumed 
homogeneous exposure across the entire skin surface, 
did not model chronic or repeated exposures. These 
simplifications may underestimate real-world dermal 
absorption and long-term risk. Factors such as skin 
damage, repeated or chronic exposures, and potential 
synergistic interactions could also increase the overall 
risk following exposures. This study focuses on specific 
occupational group which is agricultural workers as they 
represent the highest dermal exposure group among 
direct handlers and applicators. The workers exposed to 
repeated field-use concentrations and prolonged contact 
condition. Extrapolation of the dermal glyphosate 
exposure findings to other occupational settings 
should be undertaken cautiously due to differences in 
exposure intensity, application methods, environmental 
conditions, and protective practices. In the context of 
when no human is directly present, exposure risk does 



Mal J Med Health Sci 22(SUPP8): 129-135, August 2026134

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

century herbicide. Pest Manag. Sci. 2008;64(4):319–
325. 

2.	 Wunnapuk K, Gobe G, Endre Z, Peake P, Grice JE, 
Roberts, et al. Use of a glyphosate-based herbicide-
induced nephrotoxicity model to investigate a 
panel of kidney injury biomarkers. Toxicol. Lett. 
2014;225(1):192–200.

3.	 Ruzmi R, Ahmad-Hamdani MS, Bakar BB. 
Prevalence of herbicide-resistant weed species 
in Malaysian rice fields: A review. Weed Biology 
and Management. 2017;17:3–16. doi:10.1111/
wbm.12112.

4.	 Sharma A, Kumar V, Shahzad B, Tanveer M, 
Sidhu GPS, Handa N, et al. Worldwide pesticide 
usage and its impacts on ecosystem. SN Appl. Sci. 
2019;1(1446). doi:10.1007/s42452-019-1485-1.

5.	 Ismail AR, Meor Badli Shah AR, Sim KC, Rosnah 
I, Hazimah AH, Shamsuddin B, et al. Performance 
of palm oil-based adjuvants in glyphosate herbicide 
formulations for weed control. MPOB Information 
Series. 2010;467-468.

6.	 Kamaruzaman NA, Leong YH, Jaafar MH, 
Mohamed Khan HR, Afiza N, Abdul Rani NA, 
et al. Epidemiology and risk factors of pesticide 
poisoning in Malaysia: A retrospective analysis 
by The National Poison Centre (NPC) from 2006 
to 2015. BMJ Open. 2020;(10):1–9. doi:10.1136/
bmjopen-2019-036048.

7.	 Peillex C, Pelletier M. The impact and toxicity 
of glyphosate and glyphosate-based herbicides 
on health and immunity. J. Immunotoxicol. 
2020;17(1):163–174. doi:10.1080/154769
1X.2020.1804492.

8.	 Marino M, Mele E, Viggiano A, Nori SL, 
Meccariello R, Santoro A. Pleiotropic outcomes 
of glyphosate exposure: from organ damage to 
effects on inflammation, cancer, reproduction and 
development. Int. J. Mol. Sci. 2021;22(22):12606. 
doi:10.3390/ijms222212606.

9.	 Brookes G, Taheripour F, Tyner WE. The contribution 
of glyphosate to agriculture and potential impact of 
restrictions on use at the global level. Gm. Crops 
Food. 2017;8(4):216–228. doi:10.1080/21645698.
2017.1390637.

10.	Galli FS, Mollari M, Tassinari V, Alimonti C, 
Ubaldi A, Cuva C, et al. Overview of human 
health effects related to glyphosate exposure. 
Frontiers in Toxicology. 2024;6. doi:10.3389/
ftox.2024.1474792.

11.	Williams GM, Aardema M, Acquavella J, Berry 
SC, Brusick D, Burns MM, et al. A review of the 
carcinogenic potential of glyphosate by four 
independent expert panels and comparison to the 
IARC assessment. Crit. Rev. Toxicol. 46 (Suppl. 1). 
2016;3–20. doi:10.1080/10408444.2016.1214677.

12.	MacFarlane E, Carey R, Keegel T, El-Zaemay 
S, Fritschi L. Dermal Exposure Associated with 
Occupational End Use of Pesticides and the 
Role of Protective Measures. Saf Health Work. 

2013;4(3):136–141. 
13.	Acquavella JF, Alexander BH, Mandel JS, Gustin 

C, Baker B, Chapman P, et al. (2004). Glyphosate 
biomonitoring for farmers and their families: Results 
from the farm family exposure study. Environ. 
Health Perspect. 2004;112:321-326.

14.	Chang VC, Ospina M, Xie S, Andreotti G, Parks 
CG, Liu D, et al. Urinary biomonitoring of 
glyphosate exposure among male farmers and 
nonfarmers in the Biomarkers of Exposure and 
Effect in Agriculture (BEEA) study. Environment 
International. 2024;187:108644. doi:10.1016/j.
envint.2024.108644.

15.	Wunnapuk K, Gobe G, Endre Z, Peake P, Grice 
JE, Roberts MS, et al. Use of a glyphosate-based 
herbicide-induced nephrotoxicity model to 
investigate a panel of kidney injury biomarkers. 
Toxicology Letters, 2014;225(1):192–200. 
doi:10.1016/j.toxlet.2013.12.009.

16.	Coalova I, Ríos de Molina M del C, Chaufan. 
Influence of the spray adjuvant on the toxicity 
effects of a glyphosate formulation. Toxicology 
in Vitro. 2014;28(7):1306–1311. doi:10.1016/j.
tiv.2014.06.014.

17.	Gasnier C, Benachour N, Clair E, Travert C, Langlois 
F, Laurant C, et al. Dig1 protects against cell death 
provoked by glyphosate-based herbicides in human 
liver cell lines. Journal of Occupational Medicine 
and Toxicology. 2010;5(1):29. doi:10.1186/1745-
6673-5-29.

18.	Koller VJ, Fürhacker M, Nersesyan A, Mišík M, 
Eisenbauer M, Knasmueller S. Cytotoxic and DNA-
damaging properties of glyphosate and Roundup 
in human-derived buccal epithelial cells. Archives 
of Toxicology. 2012;86(5):805–813. doi:10.1007/
s00204-012-0804-8.

19.	Mesnage R, Bernay B, Séralini GE. Ethoxylated 
adjuvants of glyphosate-based herbicides are active 
principles of human cell toxicity. Toxicology. 
2013;313(2-3):122–128. doi:10.1016/j.
tox.2012.09.006.

20.	Defarge N, Takács E, Lozano V, Mesnage R, Spiroux 
de Vendômois J, Séralini GE, et al. Co-Formulants 
in Glyphosate-Based Herbicides Disrupt Aromatase 
Activity in Human Cells below Toxic Levels. 
International Journal of Environmental Research 
and Public Health. 2016;13(3):264. doi:10.3390/
ijerph13030264.

21.	Chaufan G, Coalova I, de Molina, MDCR. 
Glyphosate Commercial Formulation Causes 
Cytotoxicity, Oxidative Effects, and Apoptosis on 
Human Cells. Int. J. Toxicol. 2014;33(1):29–38. 
doi:10.1177/1091581813517906.

22.	National Research Council (NRC). United 
States Committee on the Institutional Means 
for Assessment of Risks to Public Health. Risk 
Assessment in the Federal Government: Managing 
the Process. Washington (DC). National Academies 
Press (US);1983. Available from: https://www.ncbi.



Mal J Med Health Sci 22(SUPP8): 129-135, August 2026 135

nlm.nih.gov/books/NBK216619/
23.	Henderson AM, Gervais JA, Luukinen B, Buhl 

K, Stone D, Strid A, et al. Glyphosate Technical 
Fact Sheet; National Pesticide Information Center, 
Oregon State University Extension Services. 2010. 
https://npic.orst.edu/factsheets/archive/glyphotech.
html.

24.	United States Environmental Protection Agency 
(U.S. EPA). Dermal Exposure Assessment: Principles 
and Applications (Interim Report). EPA/600/8-
91/011B. Washington, DC. 1992.

25.	United States Environmental Protection Agency 
(U.S. EPA). NATA: Glossary of Terms: National Air 
Toxics Assessment, US EPA. 2016. 

26.	Richard S, Moslemi S, Sipahutar H, Benachour 
N, Seralini GE. (2005). Differential effects of 
glyphosate and roundup on human placental cells 
and aromatase. Environmental Health Perspectives. 
2005;113(6):716–720. doi:10.1289/ehp.7728.

27.	 INSERM. Glyphosate and glyphosate-based 
herbicides. Extract from « Pesticides and health 
effects: New data ». Collection Expertise collective. 
2021. http://www.inserm.fr/thematiques/sante-
publique/expertises-collectives.

28.	 Stur E, Aristizabal-Pachon AF, Peronni KC, Agostini 
LP, Waigel S, Chariker J, et al. Glyphosate-based 
herbicides at low doses affect canonical pathways 
in estrogen positive and negative breast cancer 
cell lines. PLoS ONE. 2019;14(7):e0219610. 
doi:10.1371/journal.pone.0219610. 

29.	Nielsen JB, Sørensen JA, Nielsen F. The Usual 
Suspects—Influence of Physicochemical Properties 
on Lag Time, Skin Deposition, and Percutaneous 
Penetration of Nine Model Compounds. J Toxicol 
Environ Health A. 2009;72(5):315–323.

30.	 Lesmes-Fabian C, Binder C. Pesticide Flow Analysis 
to Assess Human Exposure in Greenhouse Flower 
Production in Colombia. Int. J. Environ. Res. Public 
Health. 2013;10(4):1168–1185. doi:10.3390/
ijerph10041168.

31.	Del Prado-Lu, J. (2007). Pesticide exposure, risk 
factors and health problems among cutflower 
farmers: a cross-sectional study. J Occup Med 
Toxicol. 2007;2(1):9. doi:10.1186/1745-6673-2-9.

32.	Atreya K, Kumar Sitaula B, Overgaard H, Man 
Bajracharya R, Sharma S. Knowledge, attitude and 
practices of pesticide use and acetylcholinesterase 
depression among farm workers in Nepal. Int. J. 
Environ. Health Res. 2012;22(5):401–415. doi:10.1
080/09603123.2011.650154.

33.	Recena MCP, Caldas ED, Pires DX, Pontes, 
ERJC. Pesticides exposure in Culturama, Brazil—
Knowledge, attitudes, and practices. Environ. 
Res. 2006;102(2):230–236. doi:10.1016/j.
envres.2006.01.007.

34.	Zyoud SH, Sawalha AF, Sweileh WM, Awang R, 
Al-Khalil SI, Al-Jabi SW et al. (2010). Knowledge 
and practices of pesticide use among farm workers 
in the West Bank, Palestine: safety implications. 

Environ. Health Prev. Med. 2010;15(4):252–261. 
doi:10.1007/s12199-010-0136-3.

35.	United States Environmental Protection Agency (U.S. 
EPA). Exposure factors handbook: 2011 edition. 
National Center for Environmental Assessment. 
EPA/600/R-09/052F. Washington, DC 2011.

36.	Chaiklieng S, Uengchuen K, Gissawong N, Srijaranai 
S, Autrup H. Biological Monitoring of Glyphosate 
Exposure among Knapsack Sprayers in Khon Kaen, 
Thailand. Toxics. 2024;12(5):337. doi:10.3390/
toxics12050337.

37.	Henderson AM, Gervais JA, Luukinen B, Buhl 
K, Stone D, Strid A, et al. Glyphosate Technical 
Fact Sheet; National Pesticide Information Center, 
Oregon State University Extension Services. 2010. 
Available from: https://npic.orst.edu/factsheets/
archive/glyphotech.html.

38.	Heu C, Elie-Caille C, Mougey V, Launay S, Nicod 
L. A step further toward glyphosate-induced 
epidermal cell death: Involvement of mitochondrial 
and oxidative mechanisms. Environ Toxicol 
Pharmacol. 2012;34(2):144–153. doi:10.1016/j.
etap.2012.02.010.

39.	Kocadal K, Efeoglu Ozseker P, Ceylanli D, Alkas FB, 
Aysal AI, Sayiner S, Battal D, Saygi S. Exposure and 
Risk Assessment of Glyphosate-Based Herbicide 
Among Farmers in Northern Cyprus: A Pilot Study. 
Appl. Ecol. Environ. Res. 2023;21(4):3675–3689. 
doi:10.15666/aeer/2104_36753689.

40.	Pakzad P, Taheri E, Amin MM. Fatehizadeh 
A. Evaluation of health risk of glyphosate 
pesticide intake via surface and subsurface water 
consumption: A deterministic and probabilistic 
approach. MethodsX. 2023;11:102369–102369. 
doi:10.1016/j.mex.2023.102369.

41.	 Siriwat S, Nganchamung T, Ponrachom C, Siriwong 
W, Robson MG. Health risk assessment of dermal 
exposure to Chlorpyrifos among children in 
agricultural areas in Sakon Nakhon Province, 
Thailand. Hum. ecol. risk assess. 2021:1–11. doi:10
.1080/10807039.2021.1976102.

42.	Chidya R, Derbalah A, Abdel‐Dayem S, Kaonga C, 
Sakugawa H. Ecotoxicological and human health 
risk assessment of selected pesticides in Kurose 
River, Higashi‐Hiroshima City (Japan). Water 
Environ Res. 2022;94(1). doi:10.1002/wer.1676.

43.	Ruuskanen S, Rainio MJ, Gómez-Gallego C, Selenius 
O, Salminen S, Collado MC, et al. Glyphosate-based 
herbicides influence antioxidants, reproductive 
hormones and gut microbiome but not reproduction: 
A long-term experiment in an avian model. 
Environ. Pollut. 2020;266:115108. doi:10.1016/j.
envpol.2020.115108.

44.	Cattani D, Pierozan P, Zamoner A., Brittebo E, 
Karlsson O. Long-Term Effects of Perinatal Exposure 
to a Glyphosate-Based Herbicide on Melatonin 
Levels and Oxidative Brain Damage in Adult Male 
Rats. Antioxidants. 2023;12:1825.


