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The aim of this study was to assess human health risks of exposure to perfluoroalkyl substances (PFASSs) by
ingestion of water from the Hyeongsan River in Pohang. Ingestion primarily acquired PFBS, PFNA, PFOS, and
PFOA, but PFAAs rather than its precursors. Human exposure to PFASs was affected by the physicochemical prop-
erties of compounds, the emission sources, and the flow rate. The upstream and midstream waters were influenced
by PFCAs due to the domestic sewage, whereas the downstream water contained high levels of PFBS and PFOS
due to the presence of an industrial complex. Exposure levels decreased in the midstream; this result suggests a
dilution effect due to the increasing flow rate. Exposure levels to PFBS were high exposure because they have a
low octanol-water partition coefficient and high aqueous solubility. PFOS at the industrial complex exceeded the
WHO allowable level; this result suggests that ingestion may cause non-carcinogenic toxicity. To our knowledge,
this is the first assessment of the risk of PFAS ingestion in Pohang. The result will provide a useful reference for
future regulations and policies to manage PFAS sources, purify river water, and prevent human exposure.
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Fig. 1. Location of sampling sites.
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Table 1. Physicochemical properties of PFASs. Water solubility (mg/L), melting point and boiling point (C), vapor pressure
(Pa), octano-water partition coefficient (Kqy), and soil adsorption coefficient (K-) are shown

Water solubility (mg/L) Mp/Bp (°C) Vapor pressure (Pa) Log Kow Log Koc

PFBS 4340' 188/447'7 1.49E-6'7 0.26'7 1.07~2.25'7
PFHxA 29.5%1 - - 251 -
PFHpA 3.65% 30/177%? 0.13'7 4.15%Y -
PFHxS 243417 190/45217 1.08E-6'" 2217 2.14~3.36*Y
PFOA 3400%Y 45/188%) 12.129 3.6'% 2112
PFNA 6.25E-2%2 - 8.3E-2'7 5.48%Y -
PFOS 519~570' -/258% 3.31E-49 5.5~7.03%0 2.57~3.3%0

Table 2. Method detection limits (MDL, ng/L) and concentrations (ng/L) of PFASs in surface water at sampling sites. Data

obtained from Seo et al.,

2019. ND: not detected

MDL S1 S2 S 3 S 4 S5 S 6 S 7 S8 S 9 S10 S11

PFBS 0.34 ND ND 8.35 ND ND 1.59 1.79 2213 1431 10.67 11.34
PFHxA 0.25 0.62 1.53 1.64 0.99 0.76 1.40 0.84 2.13 2.95 1.81 1.50
PFHpA 0.36 ND 0.54 1.07 0.37 ND 0.39 0.50 0.82 1.20 1.11 0.99
PFHxS 0.75 ND ND ND ND ND ND 1.19 ND ND ND 1.09
PFOA 0.15 0.53 1.46 2.69 0.95 1.37 1.52 2.14 2.38 2.76 2.43 2.91
PFNA 0.15 1124 141 1.80 6.84 1.61 251 231 3.15 3.18 2.09 4.10
PFOS 0.32 1.93 0.94 1.83 1.91 ND 222 2.63 1.07 1.46 248  11.28
PFDA 0.15 0.55 0.45 0.72 0.83 0.96 1.03 0.30 0.64 0.68 0.62 1.92
PFUnDA 0.11 1.91 ND 0.15 2.10 0.50 0.39 0.26 ND 1.45 0.14 0.35
PFDS 0.16 0.97 ND 0.35 ND ND 0.31 0.47 ND ND 1.09 0.68
PFDoDA 0.10 0.37 0.40 ND ND ND ND ND 0.22 ND ND ND
PFTrDA 0.13 0.49 0.31 0.16 2.34 0.25 0.14 0.41 ND ND ND ND
PFTeDA 0.12 0.45 ND ND 0.44 ND 0.48 ND 0.24 ND ND 0.20
FHEA 0.30 ND 1.88 0.61 1.17 1.09 ND ND ND 1.00 0.52 2.75
FOEA 0.12 ND 1.38 0.18 1.17 ND 0.78 0.45 ND 1.43 ND 0.79
FDEA 0.02 0.93 0.70 ND ND 0.45 ND 1.95 0.09 ND ND 0.22
N-MeFOSAA  0.18 0.42 ND 0.46 ND 0.50 ND 0.23 ND 0.24 ND ND
N-EtFOSAA 0.29 1.13 0.41 0.50 0.44 ND 0.43 ND ND ND 0.35 ND
FOUEA 0.08 ND 0.12 ND 0.22 0.11 ND ND 0.14 0.12 0.11 0.15
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Table 3. Estimated daily PFAS intake (ng/kg-d) of human

Chemical S1 S2 S3 S4 S5 S6 S7 S8 S9 SI10 SI1 Mean

PFBS 0.000 0.000 0.131 0.000 0.000 0.025 0.028 0347 0224 0.167 0.178 0.100

PFHxA 0.010 0.024 0.026 0.015 0.012 0.022 0.013 0.033 0.046 0.028 0.024 0.023

PFHpA 0.000 0.008 0.017 0.006 0.000 0.006 0.008 0.013 0.019 0.017 0.016 0.010

PFHxS 0.000 0.000 0.000 0.000 0.000 0.000 0.019 0.000 0.000 0.000 0.017 0.003

PFOA 0.008 0.023 0.042 0.015 0.021 0.024 0.033 0.037 0.043 0.038 0.046 0.030

PFNA 0.176 0.022 0.028 0.107 0.025 0.039 0.036 0.049 0.050 0.033 0.064 0.057

PFAAs  PFOS 0.030 0.015 0.029 0.030 0.000 0.035 0.041 0.017 0.023 0.039 0.177 0.040

PFDA 0.009 0.007 0.011 0.013 0.015 0.016 0.005 0.010 0.011 0.010 0.030 0.012

PFUNDA 0.030 0.000 0.002 0.033 0.008 0.006 0.004 0.000 0.023 0.002 0.006 0.010

PFDS 0.015 0.000 0.005 0.000 0.000 0.005 0.007 0.000 0.000 0.017 0.011 0.006

PFDoDA 0.006 0.006 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.001

PFTrDA 0.008 0.005 0.002 0.037 0.004 0.002 0.006 0.000 0.000 0.000 0.000 0.006

PFTeDA 0.007 0.000 0.000 0.007 0.000 0.008 0.000 0.004 0.000 0.000 0.003 0.003

FHEA 0.000 0.029 0.010 0.018 0.017 0.000 0.000 0.000 0.016 0.008 0.043 0.013

FOEA 0.000 0.022 0.003 0.018 0.000 0.012 0.007 0.000 0.022 0.000 0.012 0.009

Fégg;g‘i;‘:i' FDEA 0.014 0.011 0.000 0.000 0.007 0.000 0.031 0.001 0.000 0.000 0.003 0.006

precursors. \"MEFOSAA 0.007 0,000 0.007 0.000 0.008 0.000 0.004 0.000 0.004 0.000 0.000 0.003

N-EtFOSAA  0.018 0.006 0.008 0.007 0.000 0.007 0.000 0.000 0.000 0.005 0.000 0.005

FOUEA 0.000 0.002 0.000 0.003 0.002 0.000 0.000 0.002 0.002 0.002 0.002 0.001

Total PFASs 0338 0.180 0.321 0309 0.119 0206 0242 0517 0482 0367 0.631 0338
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Table 4. Average daily intake (ADI, ng/kg-day) and hazard quotient (HQ) for ingestion exposure to PFBS, PFOA, and PFOS

PFBS PFOA PFOS

ADI HQ ADI HQ ADI HQ
Site 1 0.966 0.003 2.90 0.145 10.6 0.530
Site 2 0.00 0.000 7.99 0.399 5.13 0.256
Site 3 45.8 0.153 14.8 0.738 10.0 0.502
Site 4 0.00 0.000 521 0.261 104 0.522
Site 5 0.00 0.000 751 0.375 0.00 0.000
Site 6 8.71 0.029 8.34 0.417 12.2 0.608
Site 7 9.82 0.033 11.7 0.585 14.4 0.721
Site 8 121 0.404 13.1 0.653 5.85 0.293
Site 9 78.4 0.261 15.1 0.757 8.03 0.401
Site 10 58.5 0.195 13.3 0.665 13.6 0.680
Site 11 62.2 0.207 16.0 0.799 61.8 3.092
Mean 35.1 0.117 10.5 0.527 13.8 0.691
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