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Health Risk Assessment of Polycyclic Aromatic Hydrocarbons in Groundwater from Xihe River Area, China
LUO Qing', SUN Li-na'", ZHANG Yao—hua?
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2.Liaoning Acadeny of Geology and Mineral Resources, Shanyang 110032, China
Abstract In order to protect the safety of water used by the residents along the Xihe River Area, 9 groundwater samples along the Xihe were
collected, the concentrations of 16 PAHs in samples were analyzed, and a preliminary assessment of the health risk caused by PAHs was per—
formed by CSOIL model of Holland RIVM. Results showed that the total level of 16 PAHs Y PAHs in groundwater ranged from 159.1
ng L™ to 483.7 ng* L', which were below the concentration limits in the Standards for Drinking Water Quality ~GB 5749—2006 . And the
concentration of ¥, PAHs showed higher in the larger town or township than the other locations. Crop ingestion and drinking water were the
most important exposure pathway in Health Risk Assessment of groundwater. The total Average Indiviual Annual Health Risks caused by
crop ingestion, drinking water, inhalation and demal ingestion in the bathing were 1.19x107°~3.10x107. Health risks at 9 sampling points fol—
lowed the order Zhai Jiao>Qian Miao>Fu Guan>Qian Yue>Shuang Shu>Tu Xi>Da Pan>Huang Latuo>Da Wula. Though risks of PAHs at all
sampling points were less than the recommended maximum acceptable value of the International Commission on Radiological Protection I-
CRP , the health risks could not be ignored.
Keywords Xihe River; groundwater; PAHs; CSOIL model; health risk assessment
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’ Figure 1 Map of sampling sites along the Xihe River area
o 1L 5
RIVM min 6 mL I 6mL 2
CSOIL 1 mL
0.45 pm HPLC °
1.2.3
HPLC Agilent PAHs
o 0.8 mL+*min™ 25 C
1 28 min 3 min,
! DAD I1p 254 nm,
1.1 4 nm 360 nm, 100 nm,
Agilent 1100 DAD  FLD FLD Any 14
PAHs Agilent 2 20 pL 16  PAHs
4.6 mmx250 mm Horizon o 76.4% ~
DEX4790 C18 3M 47 104.6% 6.33%~11.2%
mm RE52-99 0.1~21 ng- 1" 0.3~50 ng- L',
N N PAHs /Nap /
Any /Ane /Fle /Phe /Ant /Fla  /Pyr 1
a /Baa /Chr b /Bbf k Table 1 The gradient elution program of L.C
/Bkf a /Bap 1 23-cd /lp /min 1% /min 1%
ah  /Daa ghi /Bgp 0 50 27 100
400 °C 10 h R 3 50 27.5 50
12 20 100 33 50
1.2.1
2010 4 2 FLD
9 1. Table 2 The detection conditions of FLD
R . / / / ' / / /
SL © 0 280 330 15.6 270 390
1.2.2 12.4 246 370 17.8 265 380
o 13.5 250 406 20.1 290 430
10 mL 6mL 6mL 14.6 280 450 23.6 290 410
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1.3 a’ CDI
1.3.1 mg-kg”'-d?  g-m® CSF
kg-d-mg™
[G]O m3- g—l o
1.3.2
@, CSOIL
USEPA 2 RIVM 1994
[3*910
1
o [10]0
HQ=CDI/RfD 1 CSOIL N
CDI 4
mg-keg?-d?  g-m® RfD o
mg-kg'-d?! gem, 3151
2 1 Dlw
DIw=64xQdwaxCxfalW a +6xQdwexCxfa/We /70
o 4
2
R= CDIXCSF 2 Cbk
0.01 Cbk=| Hsh/ RxTsh xKLxKG]/| Hsh/ RxTsh
R=[1-exp —-CDIxCSF /70 3 XKG+KL]x Ad/Vd xifxVwbxCxidl 2xVbk 5
R¢ AdIVd=3/r
3
Table 3 The relevant parameters of exposure assessment
Qdwa 2L Qdwe 1L
c 6 fa 1
Wa 70 kg We 15 ke
Vwb 0.15 m’ td 0.5 h-d"
Vbk 15 m’ Tsh 313K
R 8.314 4 Pa*m’-mol - K™ r 0.000 5 m
if Is T 283 K
Vp 5 S 5
M 5 kl 0.2 m-h™
kg 29.88 m+h™ Atota 1.8 m?
Atote 0.95 m* Sexp 0.4
DARa 0.005 h! DARc 0.01 h
tde 0.25 h-d" Ofvka 0.122 0 kg-d*
Ofike 0.059 5 kg-d* Ofvba 0.139 0 kg-d*
Ofibe 0.058 3 kg-d" fo 0.1
K., — 5
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4 16 PAHs Bap TEFs BaP BaP,, BaP
Table 4 Toxicity equivalence factors of 16 PAHs!"" PAHs 5 4 16
PAHs TEFs PAHs TEFs PAHS Bap TEFS 5
Nap 0.001 Baa 0.1 BaP i
Ane 0.001 Chr 0.01
Any 0.001 Bbf 0.1 2
Fle 0.001 Bkf 0.1
Phe 0.001 Bap 1 2.1 PAHs
Ant 0.01 Daa 1 9 15
Fla 0.001 Bep 0.01 PAHs 6,
Pyr 0.001 I1p 0.1
Tsh H s h=ell VpxR)TIS 0024 (15h-T)] Phe Fla
KL=kix 44/M /3600 50 ng-L™" Nap.Fle.Baa.Bbf
KG=kgx 18/M "/3600 Bgp Ane . Pyr
3 Chr
DAw Bkf.Bap.Daa  Ilp
DAw = fexp xtde x 1 -Kwa XxC xfax 64 xAtota x ° PAHs 2. PAHs 159.1~
DARa/Wa +6xAtotexDARe [We /70 6 483.7 ng- L GB 5749—
4 2006 ™ 2000 ng-L™ o > PAHs
VI > 0> 0> > > >
VI= foxfax 64x QfvkaxCpr+QfvbaxCps /Wa +6x > >
QfvkexCpr+QfvbexCps [We 170 7
> PAHs N
N o PAHs
Cpr — 10(07Xgko-152) () 89 % (0 PAHs
[21]0
2.2 PAHs
CpS — [10( 0.95xg Kow-2.05 >+082]X[0784X 1 0 (-0434 x (1g Kow—1.78 "2/2.44 ] N
xC 6 BaP,,
1.3.3 N N
IARC 4
WTO 7o PAHs
16  PAHs 9 1.08%107°~2.80x107
7 . 4.94x107
IRIS 6 1.12x107~2.91x10°° 5.12x107
PAHs 1 PAHs
el _ PAHs 1.37x107°~3.57x107® 6.30x
PAH  Nishet " 107
1992 PAH Bap 3.09x107°~8.05x10~
5 BaP [15 18-19]
Table 5 The toxicology data and related model parameters of BaP!"* **I
CSF) CSFil CSFpd M/ S/ Vpl e
kg d-mg™ pg m™ kg+d-mg™ g+mol™ mg-dm™ Pa gRow
BaP 7.3 0.07 37.47 252.3 8.42x10™ 1.25x107 6.22
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6 15  PAHs ng- L
Table 6 The concentrations of the 15 PAHs in groundwater of the sampling points ng-L™
Nap Ane Fle Phe Amt  Fla Py Baa  Chr  Bbf Bkl Bap Daa Bgp 1Ilp BaP,,
16.8 6.3 27.8 111.1 - 713 - 52 - 4.8 - - - 4.0 - 2533  1.28
11.0  46° 46 2002 231 1170 - 1120 0.7 6.7 - - - 3.8 - 483.7 125
55¢ - 16.0 743 - 56.8 - 4.9 - 0.3a - - - 1.3 - 159.1  0.69
42.0 - 18.1 88.8 737 - - 4.7 - 22 - - - L5 - 2310 1.59
6.5 - 17.7 90.2 - 64.6 - 4.9 - 2.7 - - - 22 - 188.8  0.96
14.4 - 159 737 - 60.0 - 32 - - - - - - - 167.2  0.48
23.8 - 259 108.7 22 732 0.9 4.6 - 2.9 - - - 0.7 ¢ - 2429 1.01
38 - 206 101.0 08¢ 727 2.3 3.7 - 1.2 - - - 04* - 206.5 0.70
34 - 173 89.2 - 61.6 2.4 45 - - - - - - - 1784  0.62
- a o
7 BaP,,

Table 7 The Annual Health Risk caused by BaP,,

/ /
/106 107 10° o 10°
2.87 2.97 3.66 8.24 3.17
28.0 29.1 35.7 80.5 31.0 R
1.55 1.60 1.97 4.44 1.71
3.56 3.70 4.55 102 3.94 3
2.15 223 2.75 6.18 2.38
1.08 1.12 137 3.09 1.19 A
2.26 235 2.89 6.50 2.50 °
1.57 1.63 2.00 451 1.73 2. PAHs
1.39 1.44 1.77 3.99 1.54 . N
4
1.42x107, N ICRP
N o PAHs
100~1 000 .
o o
PAHs N N
4
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