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Abstract

Anzali Wetland, as an internationally protected area under the Ramsar Convention, has Keywords:

been exposed to increasing concentrations of PAHs due to various factors such as = Polycyclic Aromatic
transportation bridges, military facilities, urban sewage systems, gas stations, fishin Hydrocarbons
boats, tourism, and fishing activities. PAHs emissions pose significant health risks to loca p dA '
populations who depend heavily on the wetland ecosystem, leading to the transfer and rotected Area,

accumulation of pollutants in biological tissues through the food chain and dermal contact Cancerogenic Risk,
with sediments. Accordingly, the concentration of 16 priority PAH compounds, as Sediment Pollution,
identified by USEPA, was assessed in sediments from two re?ions: the central-northern Wetland

area with high PAH emissions and the southern area of the wetland with lower emissions. :
PAH compounds in sediment samples were extracted using a Soxhlet apparatus. The
extracted samples were then analyzed using column chromatography and gas spectrometry
to identify and quantify the 16 PAH compounds present. To compare PAH concentrations
between the northern-central and southern regions of Anzali Wetland, PERMANOVA was
performed. Human health risks associated with PAH ingestion and dermal exposure were
assessed using ILCR approach and TEQg,. The findings indicated that the total PAH
concentration in sediments from the northern and central regions ranged from 2168.87 to
11403.56 ng/g dry weight, with an average of 6897.60 ng/g dry weight. In contrast, the
total PAH concentration in the southern region was between 48.02 and 276.03 ng/g dry
weight, averaging a dry weight of 132 ng/g. PERMANOVA results indicated a significant
difference in PAH concentrations between different wetland regions (Pseudo-F=127.05,
p=0.001). Furthermore, TEQgq levels in the northern-central region (166.43) were
considerably higher than in the southern region (26.67). Based on ILCRjngestion
assessments, the cancer risk due to sediment ingestion in the wetland was evaluated as
negligible at 7x1077. However, ILCRyerma Values obtained in the wetland at 1x1073
indicate a high carcinogenic risk from dermal exposure to PAH _compounds in these
sediments. Given that Anzali Wetland is classified as contaminated and the total
incremental cancer risk is estimated at 1x1073, this indicates a high carcinogenic risk for
local residents. The elevated cancer risk in Anzali Wetland-particularly in the northern- SEN
central region, which constitutes a large portion of the wetland-is strongly associated with ACCESS
high concentrations of petroleum derivatives and methylation. Among the 16 PAH :
compounds measured, naphthalene exhibited the highest concentrations in more polluted
locations. To mitigate pollution impacts, replacing asphalt with permeable pavement in @ Received: Oct. 23, 2024
areas surrounding the wetland is recommended, as this can help reduce runoff durin Revised: Nov. 24, 2024
rainfall. Additionally, reducing traffic by relocating parking areas farther away is advise Accepted: Dec. 21, 2024
to prevent pollutants from entering the wetland environment.
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1. Introduction

The widespread use of fossil fuels and discharge
of industrial and municipal wastewater has led to
the release of significant amounts of persistent
organic pollutants® into the environment (Qiu_ et
al., 2021). Among these, polycyclic aromatic
hydrocarbons? are particularly concerning due to
their toxic, lipophilic, and semi-volatile nature,
enabling them to accumulate in aquatic organisms
and persist in marine sediments. PAHs have been
associated with various adverse health effects in
humans, including respiratory and neurological
disorders, congenital abnormalities, genetic
mutations, and cancer (Adeniji et al., 2023;
Gonzalez-Gaya et al., 2019; Kumar et al., 2021).

Anzali Wetland, a vital freshwater ecosystem
in northern Iran, is increasingly contaminated
with petroleum-based compounds from urban
runoff, Caspian Sea hydrocarbons, fuel
consumption, and aquaculture activities. These
pollutants threaten both biodiversity and human
health, as local populations consume fish,
shellfish, and birds that may bioaccumulate PAHs
from sediments. Additionally, direct dermal
contact with contaminated sediments poses
another exposure pathway (Nozarpour et al.,
2025).

Sixteen PAHs have been identified by the
U.S. EPA as priority pollutants, many of which
are carcinogenic or mutagenic, as classified by
the International Agency for Research on
Cancer®. High molecular weight PAHs are
considered more toxic, with BaP
(benzo[a]pyrene) listed in Group 1 for sufficient
evidence of carcinogenicity in humans (World
Health Organization, 2003).

Given their lipid solubility, PAHs can
infiltrate cellular membranes, disrupting DNA via
cytochrome P450-mediated metabolism and
promoting carcinogenesis (Gaber et al., 2021). In
Anzali Wetland, vehicular sources such as tires
and asphalt contribute significantly to PAH
pollution. Integrated data modeling and
ecological monitoring suggest population growth,
agricultural activities, industrial expansion, and
urbanization as key drivers of ecosystem
degradation (Azimi et al., 2018; Nozarpour et al.,
2025).

Despite growing concerns, there remains a
lack of comprehensive studies assessing cancer
risk from PAH exposure via ingestion and dermal
contact in surface sediments of Anzali Wetland.
This study aims to fill that gap by evaluating

! persistent Organic Pollutants (POPs)
2 Polycyclic Aromatic Hydrocarbons (PAHSs)
® International Agency for Research on Cancer (IARC)
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carcinogenic risk across northern-central and
southern regions of the wetland along the
southern Caspian Sea.

2. Methodology

2.1. Sediment sampling

A total of 49 surface sediment samples (0-3 cm)
were collected from 24 stations in the northern-
central region and 25 stations in the southern
region of the Anzali Wetland using a Van Veen
grab sampler deployed from a boat. Sampling
sites were selected based on pollutant distribution
and anthropogenic activity to provide a
representative  overview of  environmental
conditions. Samples were preserved in aluminum
foil, transported in dry ice to the central
laboratory of the Faculty of Natural Resources
and Marine Sciences, Tarbiat Modares
University, and stored at —20 °C until processing
(USEPA, 1996).

2.2. Sample preparation and instrumental
analysis

All glassware and tools were pre-cleaned with
detergent, followed by ethanol, acetone, and n-
hexane, then oven-dried at 105°C for 24h to
eliminate any residual organics. Sixteen priority
PAHs-including  naphthalene,  acenaphthene,
phenanthrene, pyrene, BaP, among others-were
targeted for concentration and source analysis.
Quality assurance was maintained using an
internal  standard  (P-terphenyl-d14), four
surrogate standards (Nap-d8, Ant-d10, Pry-d12,
Chr-d12), and a laboratory blank for each batch.
Gas Chromatography-Mass Spectrometry* was
employed for PAH quantification (USEPA
1996).

2.3. Sediment sample extraction protocol
Freeze-dried and homogenized sediment samples
were weighed (10 g) and subjected to Soxhlet
extraction with 80 mL dichloromethane over
10 hours. Sulfur interference was removed using
acid-activated copper granules. Extracts were
concentrated to 2 mL under gentle nitrogen flow,
followed by primary column chromatography
with 20 mL dichloromethane/hexane (3:1 v/v) and
5% deactivated silica gel. A  second
chromatographic step further purified PAHs using
an additional 14 mL of the same solvent mixture,
and samples were dried and spiked with 100 pL
of internal standard prior to GC-MS injection
(Zakaria et al., 2002).

* Gas Chromatography-Mass Spectrometry (GC-MS)
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2.4. Human health risk assessment Naphthalene was identified_ as the most
The Incremental Lifetime Cancer Risk! was abundant PAH compound, especially near urban
calculated to assess carcinogenic potential via two gttg)i?)Sggign;e}t(;o?:&]ﬁqa{eg&gﬂI.ulrtgaﬁnr?&/r?g‘?cgnlg
exposure pathways: sediment ingestion and maritime  fuel  discharge, " exacerbated . b
dermal contact (Akpan et al., 2022; Di Duca et infrastructure such as dock% and asphalt roads thaﬁ
2023). Toxicity equivalency (TEQgm) was promote sediment trapping (USEPA, 2017).

computed relative to benzo[a]pyrene using EPA- According to NOAA pollution thresholds,
specified Toxic Equivalency Factors®. Daily northern-central sediment contamination fell into
exposure doses (via ingestion and dermal routes) the “very high” category (>5000 ng/g), while the
were estimated using standard USEPA equations southern region was “moderate” (100-1000 ng/g).
and physiological parameters (USEPA, 2004). Contributing factors include high traffic density,
Cancer i nices (1LCRygear 200 ILCRga)  Sesorl U, peaks, nd locelized e
were then derived based on compound-specific ! : -
cancer slope factors, bioavailability, and contact Los\g?IrBzEI?r::?at:?Zt gijl?zt(c))lg)r.edomlnant agricultural
surface area. Human health risk assessment revealed

elevated values of PAH ingestion (Do0Seingestion:
2.5. Statistical analysis ~2x10" mg/g/day) and dermal  absorption
To determine significant differences in PAH (DoSegerma: ~3%10™ mg/g/day) in the northern-
concentrations between the two regions, one-way ~ central region. Toxic Equivalency Quotient for
PERMANOVA was performed based on Bray— _benz%[a]pyrerlze (TEQBaP)I was significantly higher
Curtis similarity with 999 permutations using |Cr2)mt aeredn%t fr:g_(;%mtrr?ernrer%pgn (12666'6473 ng//g)
PRIMER V7 software (PRIMER-E Ltd, UK).  car " gion (26.67 ng/g).

' arcmogenlc risk values (ILCRingestion: ~6%107";

Pseudo-F values and p-values were examined to ILCRgerma: ~1x10"%) demonstrated greater r|sk
assess the statistical validity of regional from dermal contact, exceeding USEPA
contamination patterns (Legendre and Gallagher, thresholds for significant concern. In comparison
2001; Clarke et al., 2014). to other global estuarine sites, such as

northeastern China and southern Italy, Anzali
3. Results and discussion Wetland exhibited heightened dermal risk levels,
This study investigated the distribution and reinforcing its classification as a hotspot of
carcinogenic potential of 16 priority polycyclic carcinogenic exposure (Cheng et al., 2022; Di
aromatic hydrocarbons® in surface sediments Duca et al., 2023).
across the northern-central and southern regions
of Anzali Wetland. PAH concentrations in the 4. Conclusion
northern-central stations ranged from 2168.87 to Findings  surpass  expectations for  an
11403.56 ng/g dry weight, notably higher than internationally protected wetland and emphasize
values reported in other coastal regions such as the need for sustained environmental
Glorgggli’ay ﬁnd the %Ou'ih Czhoigg)se? (Pﬁgthi_ett management. Elevated naphthalene levels pose a
al., ; Huang et al., . Incontrast, critical threat, necessitating continuous cancer
concentrations in the southern zone ranged from risk evaluation-especially \%a dermal exposure.
48.02 to 276.03ng/g. Statistical analysis via Practical mitigation strategies include replacing
PERMANOVA confirmed significant spatial hydrocarbon-rich asphalt with permeable, non-
differences  (Pseudo-F=127.05, p=0.001), toxic pavement; relocating parking facilities and
highlighting ~ the influence of  regional fuel stations away from wetland boundaries;
urbanization and industrial activities. improving  wastewater infrastructure;  and

regulating docking stations to minimize direct
1 Incremental Lifetime Cancer Risk (ILCR) pollutant  discharge. These interventions are
2 Toxic Equivalency Factors (TEFS) essential to safeguarding human health and
3 polycyelic Aromatic Hydrocarbons (PAHS) \p;\r/eservmg the ecological integrity of the Anzali

etland.
Water and Wastewater oMo 5 ol

Q



AA-VY tamino B ojlod F0 0,95 (oMo g 0T (WA
b g0 50 bl Codlw &y (b 31
SOV 33 PAH Wil §
Mntis o Mol (s Lo s 035 Je

Ol elyaisle ¢ygi ¢ g yin a3 oKl ( liyo pole g (orb alie 0aSLLlS (s jlaiss 05,8 i oluy Kimgss - )
riahi@modares.ac.r (Jstuwe saiwsg) ol oyl ya55ke 095 o o yde o3 ol825ks ol yo pole 5 (ords ailin 0aStils cay jlaues 09,8 oliwl -Y

Ol el ya53ke 593 ¢ yde Can 7 ol ¢ 2l )0 pole g orarb pilie 0USENS cCany jhasee 09,8 o 5S> ais-gal jtils -V

https://doi.org/10.22093/wwj.2025.525270.3495 g3 Ao
LXVLES
: salS claosly ool ()9 70 9 y9s8 Ss JI38 ¢ pudly CyumadlesS Cow Mol oy 2 Clis dilaio ¢ J 331 YU

(S rSele g (5,535 SBCuIlad (g pule (S5 (b Faeey (et OIS (S pmmen (ol
4 oo Cmos (gl PAH GLuS 5 (L) .Canl 48,5 )1 8 PAH OS5 clile yinl38] 60 g
Gtsb 51 5 LBl 5 osy¥T meod o JUT 4y oo i)l YU egrcumj 43 (5315 (Simuly
O s Glae PAH sy gyl cuS 5 V8 Clale g (nl 59 -8 00 Sligus) b (awgs (wlod g (2136 00255
YU Olga (Sogl 81313 45 635y — Jloid dilain 95 Coligusy 40 @AV oy jlame Cilis (il Joallygiwd b
19 5290 PAH G835 s iyl 60,15 (g yioS Wil 45 G oigior ailaio 5 Co! PAH a5 Ui
V5 oS ot g Ll (gl it ¢yt 5 ] B! dlinS gur 810 1 00wl b gy sl diged
Sl 0l (251 5 (i g (g (1,5 97leg,S 5 e3lil L ladiged )3 39290 PAH o8 )5
s o3lil Taile y 48,505 (y051 31 I3 OYU oagia 5 (535 0 — Jlowd 3blio (o PAH Calé du lie
AWl s oyl 3,5, 51 o3li! U PAH GLsS 5 b (Fargy wled 5 gl 1 (ol (bl Cuodlsr Sans
V5 Js edaté ol sy (TEQg.p) orb [a] 95 4 Comd PAH LS 5 IS Ciiows ua&h:), ol
391 poiin VI FY/OF NE/E 5 Suid (339 VIFAIAY NE/E o G (555 po — Jlowd ailaio ;3 PAH oS )5
9 Suid 439 FM Y NG/ o Jlade 0wl (WU gin allrio 43 .0ud i35 PAAY/E+ nglg o (il o
Sl 48 b i gilo py (yg03] gl i Cud VY'Y NE/E () il g 291 ylwgs 3 YYS/+Y ng/g
p = Pseudo-F = 127.05) 5,15 5,lolize wglds chdisen 3blio oyl YU Olgw, ;5 PAH WS 5
95 BB sebar (VPEIFY) I3 OB (35 00 — Jlowd dilaio 13 TEQmap fjee <ol 2 05¥s (0.001
51 U oyl s 4 Yot s ILCRipgestion (s2435! (ob! 32 o oS (YEIY) (ogi dilio 31 yiabins
OYU ;3 ILCR germar j1 0] Cowsddy e Jlo o2l b 551 pas a8 (¥ x 3+ 7Y) VB Slgas, ol
~ o=l 32 39290 PAH OLWS 35 L dwgy (whboed 1 U afjolb s 05 shas aida oyl () x \'7’0)
Aecess L VY T OV (ol 43 ol pe Sy g s 458U 209l i ylgrsds J 351 GYU 399 Sligar,
2 05299 50w Jlad 398 o0 Cigmine (092 31,31 (1 I3y 35 sl xR GLIS & 0
S eBle b coniimo BLI | (095 o0 Jolid 1) WU 51 (glod S (yiSu oS YU Jlowd — 635 5o bl
1y CAE o i I oo (55505105 PAH S 5 V5 o 13 23,15 (ygmmodlite 9 ok Coliine
33 32dudg8i g5lwg,y b cdliwl 3Kl ( a9 sl Lol jeliteds Canl o3l LS yioagll sy
Styb 5 Sl LS (omiznod IS o S (S pR Uil IR 4 (VG jgbe bl

395 (555 gl OV Laums a Loty ¥ 39, 51 U 39 0 dpogi )93 b a3 SIS ,L albasls

M9y Ol
cbles adlaio (godl>
Ol yw Sy o

VENYIAY sl s
VEeY/4/8 :an.al

VY b

4y allis oyailes g oSl (gl 095 olKs 3

S ool YT sy o

lo g plodl 93 Dyge & Wlo pl @ gyl Sl p

@- Y5 3PAH Slas 55 L agaige 53 plus! Coodlw Siun ) (LI T+ ¥ (B (otlhe wf (oliidu L) ) 920390
A Y-AA OIYD LBl g ol o I35

https://doi.org/10.22093/wwj.2025.525270.3495

=

© The Author(s).
et This work is licensed under a Creative Commons Attribution 4.0 International License

Water and Wastewater oMo 5 ol 0
Vol. 35, No. 5, 2025 VEo ¥ Lo i ol ¥ 650


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:riahi@modares.ac.ir
https://doi.org/10.22093/wwj.2025.525270.3495
https://doi.org/10.22093/wwj.2025.525270.3495
https://doi.org/10.22093/wwj.2025.525270.3495
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

dx.doi.org/10.22093/ww;j.2025.525270.3495

A dgzloe 55 olasl Coadls Sy b))

Sy 5108 5 Ladtas plabe Sl asS o b e
Sl 53 0l B oo Dl 3 35790 Slasan VTS o 435
Jizio olesl 4 132 e cnl ook 51 LBz 5 il o LT
S leeas W ot Jlast s 9dke (Zamani et al., 2015) o5 45

5803l sy b oy 313 gy el bl oy b
.(Di Duca et ol olusl yam PAH 55,5 55 Jble wlg o
LS5 sl 5l o5 »al, 2023, Nozarpour et al., 2025)

Js ep & wilond bl 15 g 5 o DS 5 ol e e
PAH (S 518 Diamma sV o s lame 51 2Bl uilsT
Wb asls S Caglal 5 YU Skt e b slosay VT ol e
ol ST e T s s als LS 5 o
WL - [P ETOrS WA P E PRV [E=L Bt
[a] 5= ~W¢,?Jb;—13 [K] 55— ‘wcfﬁ‘u—u b s ~\oo—-i‘§
Ut sTah s oMo G [123-0 od] gasl oLl
(Keith, 2015, Omores et al., 2017, xzs ' 4 s [ghi] 554
Soltani et al., 2015)
= HPAH LS5 Mol e liios (Ml ey uits]
il 03,8 ganadib oy, 8 Jler o (50l e Ol oLl
09,5) Szl slioker (2R 05 8) ke () 25.5) Lol e
.(World Health Organization, (Y s33) 150l . & 5 (2B
s £ U F gl S YL IS0 035 LPAH LS 5 2000)
YY) S JSUs0 035 shls SLS 5 b anglia 55
G—b (Rocha et al., 2017) & 55 o < a5 s o(4il>

United States Environmental Protection Agency (USEPA)
Naphthalene (Nap)
Acenaphthylene (Acy)
Acenaphthene (Ace)
Fluorene (Flu)
10 Phenanthrene (Phe)
u Anthracene (Ant)
12 Fluoranthene (Fla)
13 Pyrene (Pyr)
4 Benzo [a] Anthracene (BaA)
15 Chrysene (Chr)
16 Benzo [b] Fluoranthene (BbF)
o Benzo [k] Fluoranthene (BKF)
18 Benzo [a] Pyrene (BaP)
19 Indeno [1,2,3-cd] Pyrene (Ind)
2 Dibenz [a,h] Anthracene (DahA)
2 Benzo [ghi] Perylene (BghiP)
22 |nternational Agency for Research on Cancer (IARC)

5
6
7
8
9

Water and Wastewater

Vol. 35, No. 5, 2025

doddo —\
G 5 o S oMBl 5 b slacs o 5l aslizd
S shaa 0 15y (AT slassn VT 51 e 5 LS Lk
5 aasd oo Laoasy VT o) (Qiu et al., 2021) 4S5
tale o (Bl e 50 VU gl b 13 e cols e
SUT sl (AT Lo VT YL pans daalsi L
olast 5 05T e 5 Ctlags 5 (350581 Bl 4 g oboks
51 S .(Dachs et al., 2002) o5 138 o sls o Lo 5s
DS 5 w28 o 3 Sl T glanay VT o 35l gt
slys I PAH &S 5 .(Sun_et al., 2021) sz 'PAH
RS s e o e VB Y 516 S JT ol
5 ST OLS 5 ol sl JSer o slize sl T Y

rr sl s e ool ol s e n S x

e ot stolaels SIHIPAH S5 s 5] S g2 50
Ol it el 50 e 5 034l oLl eae 5 i
.(Adeniji et al., 2023, Gonzalez- &35 o =5 s ez 5
,sPAH &L.S s Gaya et al., 2019, Kumar et al., 2021)

ISR VR SN SV N PTR RALT T
sl e pen s Dlisas 50 Solg 5s 50 Qi G
(Awe et al., 2020, b - 2l s bl golul & S

Nasrabadi et al., 2022)

Sl et N GV e 1 (S I3 OV
Wy 5 3aS gl e el 5 sl 5 dilae slasil pals
Ll ¢(Nasrabadi et al., 2022) ol 2LS 5 5,5l slas S

o=l it e 3l (AN OVB @ Sl 3 s DL 5
55 gl s i slage S i mlie o b S OlS 5
C g ctibain 53 5938 5 oo 5 Bolan s ed sl
S VB sy b bs sla sl 5 b ziS 5 g6
sl S Gl J5l un e o030 . (Bakhtiari et al., 2018)

— (ol il  2lSs i 2l Jols . slis CLA 3
\J u\f.uﬁ r:u“ 9 u\f.\.’ﬂ Lliss «QL:hLA 6\.&4}5&)) L;al.n

Persistent Organic Pollutants (POP)
Polycyclic Aromatic Hydrocarbons (PAH)
Benzene

Humic Acid

A W N P

NV'Y'JL-VAO a,l.«.ixa 892



ar

dx.doi.org/10.22093/wwj.2025.525270.3495

Ol 5 550,595 Jeml,

ol 28,8 )15 o me 5o plejns 4 (Soay op Soue
3l Jml glo s 3 51 o land sl g0 5l €l3g5 sboa

al ol O s 4 e wujc_b‘ébm\ wsle
.(Health Canada, 2013, Li et al., 2021, Nozarpour et al.,

d 2 ST a5l o s s 2la a0 Sk 2025)
L sy bt 5 a5 (00 ol cdls S5 b5
sad ool J31 VB (xbas Dlig s 3 552 50 PAH LS 5
5ok 3 20 (R0l s st eyl el
3355 A VU Dby PAH SLS 5L gy e
22V e St Ol DV (o 5 Jlod - (5550 aibe

Ll olazsl 53 sb s g sl

b b, 59l -Y

G5 50 -V -Y

SYU (5550 - Jld i 5o oKanl Y s gy sladises
Ole cp iy slils 5 osls JSis 1, QYU Lol ps oS
Oime S OV sim (isn 53 oK) YO 5 ol Ss o T
0325 S eslital bl a8 o s bl 15T 5 (S
ol sl () JS5) wad s 5.6 g5 3l o
Pl ] slollad 5 ooany VT SLasl bl 505 650
I et End s 3l pals L5 S ad olb gl S5
s Ol y PAH LS 55U 5 g 5Luaslel gl iams
S YU T L el ot 4 (el V6 o)
TR g soma 53 wiad (IS oo snsll s 0500 5 s5lulas
A YU s 5 @550 - Jled gl ik 53 g G50
Sl ¢3S m Bt losT 4 Laa i JUasl oS (551 por
Sheslinal U G pace o 5 o805 (5L ) (j-L‘: s b (jL""
Y e L lss s 5 5 ool S5 &y (g s alS
B 5 5laaslal unl B 65,5 L e sk s
(USEPA, 1996)

P& IUT 5 o a3 ol sl -Y-Y
5&j&dk@bju—\’bcau@‘ajj»&bjjud_,bw\w\
to il 158 5 0 sl 1 S b oo o )

Lo and s b aan . wiud sls s S 2 Las 0

Water and Wastewater

Vol. 35, No. 5, 2025

LS 5 op 5 5 S BaP ) Sl clag olesle 3,158
Sl i L) 58 s 535800 o gmne pludl Cadhes 61
oml mesdhe lons ganaih oLl s ool e
2A 55,5 s ol sl e S 5 S ol s2e4 DahA
,5'lcdP 5 Chr BKF BbF BaA &L 5 vl sid ganails
lazs 5515 gl s Jlemsl b5 g ol 5200 2B 55 S
.(World Health Organization, 2003)
3 s Ol T 4 e 53 PAH LS50k 5 e
e L il 5 b she sl glad 340 5 Iyl clis
PA50 ¢ 5 S g w51 5 oo i ol 0950 DS
b ol 515 su s DNA sS40 35 g 5 sl o o
1,BaP .S 5 P450 ¢ 5 S sz rﬂﬁ Xgdr Ol s 395 Sl
b o e b il 5 e S a8 e Jras Jld Jole S o

Jsse 0 JLail b DLS 5 cplians Gsm 0l Gl oo Zaas
o 3 gk (o0 0F S anl b s Sl sbul iz 5e DNA
S sladshe 8 4 Wil e 8l gz 0 b b 2SS
.(Gaber et al., 2021 ) s s ;o
A VB s il slacy Sy b Sosll i s
ﬁr@_go,“;_.;ﬁuu_ubqﬁbgw SV S sl ol
53, (Azimi et al., 2020) wils dibaie s |y i sl Ss 4l

‘4_5.2.;,«_,_36)‘)3\_‘25@‘);;\3 NPV FES\ FIIPLEN N :M
o e S ans ol 6b el oo 5 g5l s il 58
L aSshs ULMUM)_;_: Ci\_:; '-‘-"-‘—‘:rr*“:“’)gbbré-“:"mﬁ
5 b bl 51 2ty SOl S 5 e 035 2y
S 5l mlin g5 0l 55 e sl Jolse b T B
.(Sadeghi Pasvisheh et al., 2021) s1s 31,1 YU 51 Sl
3525 Sl JHl OV s G358 Sy QLT pmines
JUast Jlazsl o 50550 05 S5 5l m 2 5 18 Dbl
{(Nozarpour et al., 2025) s Jls Vs obuil 4 s 4l
U B S S PP W FLUS W S I 51
320 plard sLa S5 T L gzl go a5 Job s ol &
LS5 51 So o = ol e o Ml s ol s s

! World Health Organization (WHO)
2 Indeno [1,2,3-cd] Pyrene (IcdP)

g—é)L'oLéjg_:T 0
W’W"JL.“& Ulﬁ.i‘\"a 099



dx.doi.org/10.22093/ww;j.2025.525270.3495

b agzlys s ol asdles Sy (b5l

Anzali Lagoon

5) a ) * Station

* Station

¢~ River

& ® Anzali Lagoon
Bandar Anzali  §

* Gilan Province

3 Iran Border

APISE APIVE APE APUE 427E AW
D12 4 6 8
Kilometers

s
4P 42TE 4PWE A9E
002945 09 135 1§
— —

Kilometers

Fig. 1. Sampling stations include the central-northern region of Anzali Wetland (N1-N24)
and the southern region of the Wetland (S1-S5)
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Table 1. List of PAH contaminants along with their TEF
used in TEQg.p assessment (USEPA, 2010)

PAH contaminants TEF
Naphthalene 0.001
Acenaphthylene 0.001
Acenaphthene 0.001
Fluorene 0.001
Phenanthrene 0.001
Anthracene 0.01
Fluoranthene 0.001
Pyrene 0.001
Benzo [a] anthracene 0.1
Chrysene 0.01
Benzo [b] fluoranthene 0.1
Benzo [k] fluoranthene 0.1
Benzo [a] pyrene 1
Ideno-[1,2,3-c d] pyrene 0.1
Dibenzo [a,h] anthracene 1
Benzo [g,i,h] perylene 0.01
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(Di Duca et al., 2023; Haghnazar et al., 2024; Massachusetts Department, 2002; Mileti¢ et al., 2024;

Onjia, 2024; Trajkovi¢ et al., 2025; USEPA, 2014, 1989)

Table 2. Parameters utilized in the computation of D0S€ingestion, D0S€dermal, ILCRingestions @Nd TLCRgermal
(Di Duca et al., 2023, Haghnazar et al., 2024, Massachusetts Department, 2002, Mileti¢ et al., 2024,

Onjia, 2024, Trajkovi¢ et al., 2025, USEPA, 2014, 1989)

Factors Abbreviation Value Unit
CSs CS > 16 TEQgapr ng/g
Sediment ingestion rate IR ngestion 0.1 g/day
Ingestion relative absorption factor RAFin 1 -
Dermal relative absorption factor RAF 0.148 -
Ingestion cancer slope factor CSFing 7.3 1/ (mg/kg/d)
Dermal cancer slope factor CSFer 25 1/ (mg/kg/d)
Body weight BW 70 kg
Exposure frequency EF 365 day/years
Exposure duration ED 70 years
Average life span AT 25550 days
Surface area of the hands SA;, 890 cm?
Sediment load rate on hand skin SL;, 0.0001 g/cm2
Dermal surface area SA 5700 cm?/day
Dermal adherence factor AF 0.07 mg/cm?
Dermal adsorption fraction ABS 0.13 -
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Table 3. Measured concentrations of PAH compounds (ng/g) in sediments from the central-northern and southern
regions of Anzali Wetland. X EPA (16 PAHs) represents the total concentration of 16 measured PAH
compounds. Max: Maximum, Min: Minimum, CV: Coefficient of variation

Anzali Wetland

PAH contaminants

Central-northern region

Southern region

Min Max Mean CcvVv Min Max Mean CcvVv
Naphthalene 678.62 778122  4036.89  46.08  1.36 9.01 3.95 47.47
Acenaphthylene 2.33 117.57 52.53 57.79 063 7.08 3.10 55.92
Acenaphthene 0.41 19.56 8.75 68.73  0.32 1.89 0.90 45.56
Fluorene 12.79 110.30 43.85 60.66  0.11 1.82 0.55 85.82
Phenanthrene 710.12 323438  1839.62 3395 434  23.08 1224  50.30
Anthracene 56.08 283.50 124.48 4865  0.42 2.47 1.15 52.71
Fluoranthene 12.89 121.02 42.11 53.73 196  10.29 5.24 46.08
Pyrene 46.96 220.06 115.34 4330 3.04  19.36 9.67 47.40
Benzo [a] anthracene 10.54 64.22 24.89 49.05  0.28 7.95 1.84  110.56
Chrysene 24.90 270.52 88.27 68.72 151  20.82 6.18 84.59
Benzo [b] fluoranthene 0.86 44.21 14.64 87.08 053  33.02 815 112,55
Benzo [K] fluoranthene  59.01 1051.05 219.27 90.08 1093 96.93 4378  57.79
Benzo [a] pyrene 17.92 195.14 90.33 4960 079 4855 1813  83.02
Ideno-[1,2,3-cd] pyrene  33.87 318.02 144.97 5220  0.44 7.31 2.85 68.88
En'tbhergiggaeh] 5.15 214.87 2072 14832 010  4.42 146  79.48
Benzo [g,i,h] Perylene 10.55 116.66 42.08 67.95 298  31.64  13.07 54.93
Y EPA (16 PAHs) 2168.87 1140356  6897.60  37.34  48.02 276.03 132.00 54.02
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Table 4. Average PAH intake from Wetland sediments via ingestion (D0Se€ingestion), @nd dermal contact (Dosegermar),

along with the total toxicity equivalence of PAHSs relative to benzo [a] pyrene (TEQg,p) in the central-northern
and southern regions of the wetland

. Dos€ingesti Dose, TEQ
Anzali Wetland l_ngestlon _dermal < BaP
(mg g™*/day) (mg g*/day) (mg g™ dw)
Central-Northern region 2x10°7 3x10°® 166.43
Southern region 4x10°° 1x10°8 26.67
Total 3x107’ 4x10°® 193.10

33 ool 5 (ILCRingestion) w3256 51 (I3 VG Dlsasy 53352 50 PAH DLS 5 50l e Jhas b5 :50Le -0 Jsi
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Table 5. Average carcinogenic risk assessment of PAH compounds in Anzali Wetland sediments via ingestion
(ILCRngestion) @and dermal contact (ILCRgerma) in the central-northern and southern regions of the wetland

Anzali

| LCRingestion | I—CRdermaI H H .
Wetland (mg g'l /day) (mg g'1/ day) Carcinogenic risk
Central- 6x107 1x107° ILCR > 10" High risk
Northern region
Southern region 9x10°® 2x107 10 °< ILCR < 10™* Medium risk
Total 7x10°”7 1x1073 ILCR < 10°° Low risk
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