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Abstract

Cypermethrin and permethrin are two widely used pyrethroid insecticides in

agriculture and household pest management, which can enter surface water
sources through urban sewage and agricultural runoff due to their relative
stability and high tendency to bind to sediment particles. The aim of the present
study was to assess the environmental risk and human health hazard index based
on the concentrations of cypermethrin and permethrin toxins in the Gorgan Rood
River. Sampling was conducted at five stations and in two seasons, spring and
summer 2024, repeated 3 times a week. After solid phase extraction, the samples
were analyzed by high-performance liquid chromatography. The limit of
detection was determined based on the signal-to-noise ratio (S/N=3) and using
data from the HPLC instrument used in this study. The results showed that
permethrin was not present in any of the samples, while cypermethrin increased
from the upstream station to the downstream, especially in summer (maximum
0.43 ppm). In addition, the increase in cypermethrin concentration was
accompanied by an increase in EC, TDS, water temperature, and a decrease in
dissolved oxygen. The environmental risk assessment showed that in the summer
season, the PEC/PNEC ratio at Basirabad station approached the warning
threshold (0.22), while other stations were at a lower risk level. The health hazard
quotient for humans at all stations was less than 1, indicating a direct non-
carcinogenic risk through water consumption. This study, by providing empirical
evidence, highlights the need for integrated water resources management to
reduce ecological exposure to pyrethroids and emphasizes the need to develop
management strategies based on continuous monitoring and reduction of
pollutant loads in the Gorgan Rood River.
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1. Introduction Solid phase extraction' was used to extract
The widespread use of pesticides in recent decades, ~ insecticides, —and  high-performance liquid
although it has played an important role in chromatography” was used to measure the
increasing agricultural production and controlling ~ concentrations of cypermethrin and permethrin.
disease vectors, has also become a serious Data quality control and assurance, including
environmental and health challenge on a global ~ recovery review, instrument calibration, and
scale (Shattuck et al., 2023). A significant portion ~ determination of the detection limit and
of pesticides used, especially in developing quantification limit, were performed. In addition,
countries, directly or indirectly enter the  Physical-chemical parameters of water including
environment and cause pollution of surface and ~ PH, temperature, electrical conductivity’, total
groundwater resources (Wang et al., 2025, Weston ~ dissolved solids and dissolved oxygen were
and Lydy, 2010). Among them, pyrethroid Measured. To assess the environmental risk, the
insecticides are of particular importance in water ratio of predicted environmental concentration® to
pollution monitoring studies due to their  Predicted no effect concentration® was calculated.
widespread use, relative stability, hydrophobicity, — Also, to assess the risk to human health, the non-
and high tendency to adsorb to sediments (Duan et ~ carcinogenic health hazard quotient’ was
al., 2025). These compounds can enter rivers calculated based on the standard models of the
through agricultural runoff, drainage, and urban ~US Environmental Protection Agency and
wastewater and affect the quality of aquatic hypothetical — drinking — water — consumption.
ecosystems and human health (Wang et al., 2025). Statistical analyses including normality tests,

As one of the most important rivers in the analysis of variance and correlation between
north of the country, the Gorgan Rood River toxicant concentrations and water quality factors
plays a vital role in providing agricultural water, were performed using SPSS software.
sustaining aquatic ecosystems, and supporting the
livelihoods of local communities in Golestan 3. Results and discussion
Province. However, the influx of urban The results showed that permethrin was not
wastewater, agricultural runoff, and reduced river detected in any of the river water samples in both
flow in hot seasons have exposed the river to a spring and summer, which could be due to lower
variety of chemical pollutants, especially consumption, shorter half-life, or faster
agricultural pesticides. Despite the importance of decomposition of this compound in the
this issue, studies on the specific monitoring of environmental conditions of the region. In
pyrethroid insecticides in the rivers of northern contrast, cypermethrin was detected in the
Iran, especially the Gorgan Rood River, are downstream stations of the river, especially
limited. Therefore, the present study aimed to Basirabad station, and showed a clear spatial and
measure the concentrations of two widely used seasonal variation pattern (Fig. 1). Cypermethrin
pyrethroid insecticides  (cypermethrin  and concentration increased from upstream to
permethrin), investigate their spatial and seasonal downstream and reached its maximum value in
changes, and assess the environmental and human the summer season. This increasing trend can be
health risks in the Gorgan Rood River. attributed to the increase in pesticide consumption

during the growth period of agricultural products,
2. Materials and methods the inflow of urban wastewater, and the decrease
This research was conducted along the Gorgan in river flow in the warm season. Statistical
Rood River at five sampling stations, including ~ analysis of water quality factors showed that the
the downstream cities of Kalaleh, Gonbad- ~increase in cypermethrin concentration is
Kavoos, Aliabad-Katul, Aqgala, and Basirabad. ~associated with an increase in EC, TDS, and
The stations were selected based on the water temperature, and a decrease in dissolved
identification of potential point and non-point OXxygen.
sources of pollution, the hydrological conditions
of the river, and the distribution of human ! Solid Phase Extraction (SPE)
activities. Sampling was conducted in the spring 2 High-Performance Liquid Chromatography (HPLC)
and summer of 2024, at the same time as the peak ® Electrical Conductivity (EC)
use of agricultural pesticides and the reduction in * Total Dissolved Solids (TDS)
river flow. At each station, three replicate % Predicted Environmental Concentration (PEC)
samples of river water were collected and ® predicted No Effect Concentration (PNEC)
transferred to the laboratory after being stored in " Hazard Quotient (HQ)
cold conditions.
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Fig. 1. Seasonal variation of cypermethrin concentration and risk ratio (PEC/PNEC)
and human risk level Gorgan Rood River

These results indicate the effective role of urban
wastewater and agricultural drainage in the
transport and accumulation of this insecticide in
the downstream sections of the river. From an
environmental perspective, the risk assessment
results showed that the PEC/PNEC ratio is in the
low-risk range in spring at all stations, but in
summer and at Basirabad station, it approaches
the warning threshold. Given the high toxicity of
pyrethroids to aquatic organisms even at low
concentrations, this situation can be considered a
potential threat to the Gorgan Rood River
ecosystem. In terms of human health, the HQ
values were obtained at all stations and in both
seasons, which indicates the absence of direct
non-carcinogenic risk through drinking water
consumption. However, it should be noted that
cumulative exposure from indirect routes such as
consumption of agricultural products, dermal
contact, and the food chain can be more important
in the long term.
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4. Conclusions

The results of this study showed that although the
direct risk to human health through the
consumption of water from the Gorgan Rood
River is negligible under current conditions, the
presence and seasonal accumulation of
cypermethrin at downstream stations, especially
in the summer, can pose a significant
environmental risk to aquatic ecosystems. The
increase in the concentration of this insecticide is
directly related to human activities, especially
agriculture and the discharge of urban
wastewater. Accordingly, continuous monitoring
of river water quality and sediments, improving
wastewater  treatment  processes, managing
pesticide consumption, and educating agricultural
operators are among the most important proposed
solutions to reduce the burden of pyrethroid
pollution in the Gorgan Rood watershed. This
research can be used as a scientific basis for
management  decisions and  environmental
policies to protect surface water resources in the
region.
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Table 1. Seasonal comparison of physicochemical parameters (Spring vs. Summer)

Variable Mean + SD (n=3) Mean + SD (n=3) F-value p- Test result
(Spring) (Summer) (ANOVA) value
No significant
oH 7.98 +0.12 8.05 +0.09 1.42 0.254 0 signitican
difference
S .
EC (mS/cm) 9.83 +0.85 11.52 +0.97 4.27 0042 Significantincrease in
summer
o .
TDS (g/L) 5.26 +0.62 6.87 +0.71 6.19 0018 “gnificantincrease in
summer
— .
DO (mg/L) 6.54+ 0.48 5.21 +0.53 5.07 0031 gnificant decrease in
summer
Water temperature 31.440.9 332408 3.92 0.049 Significant increase in
(°C) summer
- — .
Cypermethrin . e . 000s Significantincrease in
(ppb) summer
Permethrin (ppb) ND ND — — Not detected

Table 2. Seasonal changes in cypermethrin and permethrin concentrations at sampling stations

SeriElfie Cypermethrin Permethrin Cypermethrin Permethrin
Row station spring season spring season summer season  summer season
(ppm) (ppm) (ppm) (ppm)
1 Kalaleh ND ND ND ND
2 Gonbade-Kavos ND ND ND ND
3 Aliabad Katul 0.03+0.01 ND 0.05+0.01 ND
4 Aqg Qala 0.04+0.01 ND 0.04+0.01 ND
5 Basirabad 0.25+0.03 ND 0.43+0.05 ND
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Table 3. Seasonal changes in PEC/PNEC concentrations at sampling stations

PEC/PNEC PEC/PNEC PEC/PNEC PEC/PNEC
Row Sampling cypermethrin permethrin cypermethrin permethrin
station spring season spring season summer season  summer season
(Ppm) (Ppm) (ppm) (Ppm)
1 Kalaleh ND ND ND ND
2 Gonbade-Kavos ND ND ND ND
3 Aliabad Katul 0.015 ND 0.02 ND
4 Aq Qala 0.018 ND 0.016 ND
5 Basirabad 0.12 ND 0.22 ND
Sl 5o sl 5 b fad s Slsl S, ks SU5,1-F Jsue
Table 4. Human risk assessment in seasons and sampling stations
Sampling Human r_|sk Remarks Human risk Remarks
Row . level (spring . level (summer
station (spring season) (summer season)
season) season)
1 Kalaleh Low No detgctaple Low No pesticide
contamination residues detected
. Clean sample, no
2 Gonbade-Kavos Low BeIOV\I/itrjneittectlon Low detectable
pollutants
Minor
cypermethrin Slight increase due
3 Aliabad Katul Low input likely from Low to reduced river
agricultural discharge
runoff
contasrlr:?:;tion Minor
4 Aq Qala Low ossibl ' Low contamination
P . y detected
nonpoint sources
Noticeable Highest
5 Basirabad Medium contamination Medium-High conf:entratlon_;
from urban potential ecological
effluents risk zone
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Fig. 2. Seasonal Variation of Cypermethrin Concentration and Risk Ratio (PEC/PNEC)
and human risk level Gorgan Rood River
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Table 5. HQ based on cypermethrin concentration

Station Season Concentration (ug/L) HQ (drinking water) Risk category
Station 1 Spring 0.021 0.001 Negligible
Station 2 Spring 0.018 0.001 Negligible
Station 3 Spring 0.011 0.0005 Negligible
Station 4 Spring 0.007 0.0003 Negligible
Station 5 Spring 0.004 0.0002 Negligible
Station 1 Summer 0.032 0.0016 Negligible
Station 2 Summer 0.027 0.0013 Negligible
Station 3 Summer 0.019 0.001 Negligible
Station 4 Summer 0.012 0.0006 Negligible
Station 5 Summer 0.006 0.0003 Negligible
Water and Wastewater oMb 5 of O
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Table 6. Results of water quality factors at Gorgan Rood River sampling stations

Parameter Station 1 Station 2 Station 3 Station 4 Station 5
Do (mg/L) 9.56 6.53 2.3 0.59 0.41
Do saturation (%) 133.7 93.8 32.7 8.3 6.9
Air temp (°C) 355 36.2 37.1 39.6 40.2
Water temp (°C) 31.3 31.5 32.9 334 33.7
Air pressure (mb) 1008 1009 1008 1008 1007
EC (ms/cm) 8.48 10.64 12.44 7.72 6.85
TDS (g/L) 4,59 7.45 5.84 4.15 3.21
Salinity 4.74 7.75 6.05 4.25 3.34
pH 8.02 8.17 7.94 7.89 7.76
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Table 7. Correlation matrix between cypermethrin concentration and water quality parameters

Variable C(C)::fr];irgilslr:lto(r;) p-value
EC 0.78 <0.05
TDS 0.81 <0.01
Temperature 0.69 <0.05
DO -0.74 <0.05
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