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Abstract: Per- and polyfluoroalkyl substances (PFASs) in peri-urban shallow lakes have attracted increasing scientific

attention due to their complex environmental behavior and potential health risks. This study investigated the occurrence,

*2025-11-27 Weka; 2026-04-02 U A& ER «

BRI RS TH (KYQD-2025032) #HRE R K EHRITIE (20240304149SF) Fl b ZHEHH
(hxkt20250081) BEAH Y.

** JE{E/EE, Email: luying9135@163.com



bioaccumulation, and trophic magnification of 15 PFASs in water and tissues (muscle and viscera) of 11 fish species from
Lake Luoma, a representative peri-urban shallow lake in eastern China, and conducted a preliminary human health risk
assessment associated with fish consumption. Results showed that nine PFASs were detected in surface water ( X PFASs:
58.80 - 90.59 ng/L), while all 15 target compounds were present in both muscle and visceral tissues ( X PFASs: 166.59 -
417.65 ng/g (dw) in muscle; 76.04 - 897.83 ng/g (dw) in viscera). PFBA, PFOA, and PFHpA were the predominant
congeners in water, muscle, and viscera, respectively. PFASs exhibited pronounced tissue-specific accumulation, with
concentrations following the order of kidney > liver > gill > muscle > intestine > brain, indicating preferential enrichment
in excretory and metabolic organs. A significant urban—rural gradient was observed: PFAS concentrations in muscle, kidney,
liver, and gill of fish from the urban zone were significantly higher than those from the rural zone, whereas no significant
differences were found in brain and intestine. Long-chain PFASs generally displayed higher bioaccumulation factors (BAFs)
than short-chain analogues. Trophic transfer analysis revealed that long-chain PFASs underwent significant biomagnification
(trophic magnification factor, TMF > 1), whereas short-chain PFASs tended to be bio-diluted (TMF < 1). Health risk
assessment indicated that current dietary exposure to PFASs via consumption of fish from Luoma Lake is within acceptable
limits (HR < 1). Nevertheless, potential risks from long-term low-dose exposure and the relatively high cumulative toxicity
in rural zones warrant further attention. These findings provide valuable insights into the environmental fate, ecological

effects, and health risk management of PFASs in peri-urban shallow lake ecosystems.
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assessment
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Fig.1 Map of sampling points for water and fish in Luoma Lake
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Tab.1 Basic information of fish samples collected from each sampling zone

KA X 3 LU B WT 4 H 2K (cm) HH(g)

L fif Ophiocephalus argus Cantor 6 29.17+11.02 461.45+128.95
filf Cyprinus carpio 3 37.55+14.87 689.22+178.49

i Carassius auratus auratus 14 16.7349.44 125.73454.83

I Odontobutis obscurus 8 8.77+4.06 59.47424.39

Il % A X e itk Misgurnus anguillicaudatus 5 6.6544.51 49.55428.43
g il Pelteobagrus fulvidraco 11 13.9246.62 105.38453.48
i Mylopharyngodon piceus 7 39.12+10.63 702.453387.41
il Parabramis pekinensis 15 21.1148.95 342.63+164.73

e fif Monopterus albus 3 32.6448.09 205.44481.27

R Neosalanx taihuensis 34 5.11+1.23 1.2140.78

filf Cyprinus carpio 5 35.44411.82 671.234247.28

VI g Odontobutis obscurus 6 7.1243.45 57.36423.45

o Monopterus albus 3 33.5446.72 212.83467.46

I 3 7 3 X ] Carassius auratus auratus 14 17.41411.63 137.28+487.81
Vet Misgurnus anguillicaudatus 5 5.8943.46 48.32420.37

g el Pelteobagrus fulvidraco 9 11.9746.85 101.54447.12
5 fil§ Ophiocephalus argus Cantor 3 31.53+10.54 505.48+193.54
fif Hypophthalmichthys molitrix 6 35.68+11.63 761.294297.33
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Tab.2 The quantitative mass spectrometry parameters of PFASs

iR Q1 (Da) Q3 (Da) EEEmse) > ﬁfj&% R A it (volts)
PFBA 212.9 168.9 7.0 -23.0 -12.0
PFPeA 262.9 218.9 7.0 -40.0 -11.0
PFBS 298.9 80.0 7.0 -70.0 -65.0
PFHXA 312.9 268.9 7.0 -35.0 -11.0
PFHpA 362.9 318.9 7.0 -30.0 -13.0
PFHXS 398.9 80.0 7.0 -70.0 -75.0
PFOA 412.9 368.9 7.0 -30.0 -15.0
PFENA 462.9 418.7 7.0 -21.0 -14.0
PFOS 498.9 80.0 7.0 -60.0 -96.0
PFHpS 448.9 99.0 7.0 -50.0 -80.0
PFDA 512.9 468.9 7.0 -31.0 -16.0
PFUNDA 562.9 518.9 7.0 -29.0 -15.0
PFDoDA 612.8 568.8 7.0 -30.0 -16.0
PFTrDA 662.8 618.8 7.0 -60.0 -17.0
PFTeDA 712.8 668.8 7.0 -30.0 -17.0
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Tab.3 Recovery rate of the target PFASs
IKEFEA fRFEA
o . 77/% WIRES 77/2 WIRES
- W g B EE O mMck RW ER EMoE
FR FR FR FR
ng) (o) gy "9 (%) o om (%)
PFBA 0.39 1.17 0.014  0.058 108.15+6.85 0.1 0.5 103.71£10.21
PFPeA 0.97 291 0.017  0.063 91.21£7.46 0.05 0.15 118.59+7.61

PFHXA 0.495 1.485 0.008  0.028 102.15+12.47 0.02 0.07 95.93+10.16
PFHpA 1.174 3.522 0.015  0.051 82.2649.56 0.03 0.1 112.05+12.82

PFOA 0.401 1.203 0.019  0.053 100.12+14.44 0.01 0.05 115.52+7.9
PFNA 0.169 0.507 0.005  0.010 96+8.42 0.01 0.05 117.28+6.07
PFDA 0.2 0.6 0.019  0.060 102.91£13.95 0.02 0.06 84.96+9.99
PFUNDA 0.148 0.444 0.011  0.031 94.7+8.42 0.03 0.1 91.03+6.54

PFDoDA 0.243 0.729 0.007  0.026 110.38+12.7 0.02 0.06 103.03+£12.52

PFTrDA 0.4 1.2 0.009  0.030 89.43+£14.66 0.01 0.05 109.15+12.55
PFTeDA 0.49 1.47 0.028  0.078 93.4+£8.31 0.01 0.04 119.73+£10.62
PFBS 0.302 0.906 0.012  0.032 114.74+9.55 0.01 0.04 88.92+9.28
PFHXS 0.04 0.12 0.009  0.032 91.97+13.39 0.02 0.04 99.86+12.94
PFOS 0.548 1.644 0.008  0.030 106.65+13.24 0.02 0.05 117.248.7
PFHpS 0.721 1.411 0.007  0.014 98.13+8 0.01 0.04 108.04+8.77
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Fig. 2 Trophic relationships among fish species in Luoma Lake
2.2 7k{keh PFASs iRE B9 %
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(PFBA. PFPeA. PFBS. PFHxA. PFHpA. PFHxS. PFOA. PFHpS. PFOS), i Z45>5N 100 %-.
100 %+ 100 %+ 100 %+ 100 %+ 100 %- 100 %-. 100 %AH175 %. Y PFASsIK/E JiH N 58.80~90.59 ng/L,
FIIMEN 77.09£9.07 ng/L. MALREFER, PFBA 2K EEGEY), Sthimm (40.11 %), HX
R PFPeA (20.00 %)+ PFBS (10.07 %). PFOA (9.43%). PFHxA (8.41%). PFHpS (4.15%).
PFHpA (4.07%). PFOS (3.84%) Al PFHxS (1.12%).
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Fig. 4 The concentrations and proportions of various PFASs in the muscles of fish
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Table 4 The bioaccumulation factors of PFASs in the food chain
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Fig. 7 The results of human health risk assessment
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