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Distribution Characteristics and Risk Assessment of Polycyclic Aromatic
Hydrocarbons in the Water of Yuqiao Reservoir Watershed During the Water

Delivery Period
CHANG Sheng'*, ZHAO Xing-ru"*, FU Qing'”** , GUO Rui'”*, WANG Shan-jun"”’

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. State Environmental Protection Key Laboratory of Drinking Water Source Protection, Chinese Research
Academy of Environmental Sciences, Beijing 100012, China)

Abstract: In order to understand the pollution status of polycyclic aromatic hydrocarbons ( PAHs) in the groundwater of Yuqiao
Reservoir Watershed, the 16 US EPA priority control PAHs in the groundwater of this region were analyzed by gas chromatography-mass
spectrometry. Not only the distribution characteristics and sources of PAHs, but also the potential probabilistic carcinogenic risk
through drinking water and the ecological risk were assessed in this study. The results showed that PAHs could be detected in all the 18

samples. The results showed that the contents and concentration of PAHs were different between the upstream river and Yugiao
Reservoir. For the upstream river, the concentrations of ZPAHS ranged from 13.7 ng-L™" to 104.1 ng-L™", and the low-ring
number PAHs was dominant except the site of Sahe river bridge, and 2-3 ring number PAHs accounted for about 86% -95% of the

Z PAHs . The heavier contaminant level was monitored among the intensive fishery breeding areas located in Dahei river reservoir.
For the Yuqiao Reservoir, the mass of 2-3 ring and 4-6 ring number PAHs was similar and the concentration of z PAHs ranged from

1.6 ng-L™" to 3512.5 ng-L™". The highest Z PAHs was measured at the sampling sites located in the north of reservoir. The
resource pollution of PAHs in this region was appointed by the molecular ratio of Flu/Pyr and Fla/(Fla + Pyr) and it showed that the

combustion of coal and biomass was predominant during the sampling campaign. The health risk of drinking water in the study area was
evaluated using the recommended method by US EPA and the cancer risk exceeded 10 ™®. The ecological risk was assessed by the value
of risk quotient (RQ) adopted by Kalf and the RQs of B[ a]A, B[ k]F and BaP were all higher than 1. The above results indicated
that the government should pay enough attention to the health risk and ecological risk of PAHs in the water of reservoir.
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Fig. 1 Locations of sample points in the study field
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2.1 PAHs & H 10

THKEE B Bdemi sk b PAHs (946 A 50 40
F 1. AU T K B A LA
PAHs Kt Hirp 2 ~ 3 PR PAHS £ H 3R,
112 #44 Dih, Ace. Flu 13 3/ Phe ., Fla B4 H
FIH 100% , X T 4 ~ 6 3 PAHs T &5, K& Pyr.
BlalA % H100% A1, HAth JLFF PAHs 1 £

F1 FTHKEREKS PAHs R HER" /ng-L!
Table I  Detection of PAHs in water of Yugiao Reservoir Watershed/ng-L ~!
TR K LKk THREREX
PAHs 414} i %/ % o I KMH e /M SN SE{E
/M /ng-L’1 /ng-L’1 /ng-L’1 /ng-L’1 /ng-L’1

Nap 78 nd 11.3 4.6 nd 261. 1 43.3
Dih 100 0.1 2.0 1.0 nd 233.6 36.8
Ace 100 1.8 8.1 3.8 nd 251.0 40.9
Flu 100 1.6 21.3 10. 1 0.1 238.4 40.2
Phe 100 6.6 51.0 25. 1 0.1 278.2 52.4
Ant 17 nd nd nd nd 209.9 32.1
Fla 100 1.6 6.3 3.6 0.1 258.7 41.4
Pyr 100 1.2 3.6 2.4 0.1 251.5 40.0
Bla]A 100 0.5 31.0 4.3 0.3 295.4 54.5
Chr 17 nd nd nd nd 264.0 39.8
B[k]F 33 nd 4.7 0.4 nd 326. 1 50.7
B[b]F 17 nd nd nd nd 310.9 46.3
BaP 17 nd nd nd nd 333.6 50.1
Ind nd nd nd nd nd nd nd
Dib nd nd nd nd nd nd nd
B[ ghi]P nd nd nd nd nd nd nd
2~3 %% ZPAHS 100 11.7 99.3 48.2 0.3 1731.0 287. 1
4~6 3 ZPAHS 100 2.0 32.2 7.0 1.3 1781.5 281.5
ZPAHS 100 13.7 104. 1 55.2 1.6 3512.5 568. 5

1)nd FRAKAH, TR
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2.2.2  LliEsKik PAHs 4345
TR EUEK I vb T | BT | KETTKE 12
A 16 B PAHs R DRI 3 Fis. i
K3 H#A Chr, B[k]F, BaP, Ind, Dib, B[ ghi]P %
6 Ff PAHs AKK i, H B[ b]F {UHE S2 S A7 gk .
H# 3 AT I, FWKBORIS A KB > PAHS Fr it
FE13.7 ~104. 1 ng- L' Z[8], > PAHs 97 {E X 15

FHEAEPLE S5 ~ ST AL Z B KK (76.2 ~ 104. 1
ng-L™") X JEH T S5 AL Tl FRIE % AR X,

S6 REE T HEIL, R ARAR . WG | K bR A R
Wit kG sh 2% | ST A Ab T35 R E T E R M K
B, UAE 3 A s A2 BE AR R HEER B A o v
PAHs 75 47K F-22 N 205 Bl s i K, Rl 2 SZ AR
ARG LA BOR A | Se R sZ e k. A 45

WUFSE TIX 45, U0 S5 ~ S7 i PAHs LMIKFR S A
F R ST A7 3 3R PAHs MYl BGR R T
VT 70% ,Horh3ER &5 PAHs B —2K 45 47 (A
3). Mk, S2 i > PAHs XTI E, b 715
ng-L™'(R3), Mk Rax 3202 S S2 S

x2 THKEERKHE PAHs AHESE/ng-L~!
Table 2 Concentrations of different components of PAHs in Yugiao Reservoir Watershed/ng+L ™!
PAHs 414} RHEA
Y1 Y2 Y3 Y4 Y5 Y6
Nap 0.1 31.6 261. 1 nd 2.5 3.9
Dih 0.1 21.1 233.6 0.1 0.9 0.7
Ace 0.1 23.3 251.0 1.8 3.5 2.8
Flu 0.1 20.0 238.4 1.5 5.1 4.8
Phe 0.1 20. 1 278.2 7.3 18.0 13.7
Ant 0.0 15.1 209.9 nd nd nd
Fla 0.1 19.4 258.7 1.7 4.0 2.4
Pyr 0.1 17.1 251.5 1.2 3.6 2.2
Bla]A 0.3 10. 8 295.4 1.0 36.6 1.9
Chr 0.1 14.6 264.0 nd nd nd
B[k]F 0.4 16.7 326. 1 nd 6.1 nd
B[b]F 0.1 13.3 310.9 nd nd nd
BaP 0.3 17.0 333.7 nd nd nd
Ind nd nd nd nd nd nd
Dib nd nd nd nd nd nd
Bl ghi]P nd nd nd nd nd nd
Z PAHs 1.6 240.0 3512.5 14.5 80.3 32.4
®3 TFHKELFEKESKAFESRETREE /ng- L
Table 3 Concentrations of different components of PAHs in the upstream reaches of Yuqiao Reservoir/ng-L '

PAHS 414 TR PE LUK R A

S1 S2 S3 4 S5 S6 S7 S8 39 S10 S11 S12
Nap nd 2.4 3.7 nd nd 10. 4 11.3 2.5 3.6 3.5 10. 8 6.7
Dih 0.1 1 0.8 0.7 0.8 1.7 2 0.5 1 1.7 0.9 0.8
Ace 1.8 3.5 2.8 2.5 3.8 7 8.1 2.7 3 3.4 4.3 2.6
Flu 1.6 5.4 5 5 15.6 19.6 21.3 8.8 9.7 10. 8 11.5 7
Phe 6.6 16.2 12.3 13.8 44.7 40.1 51 21.2 22.3 26 26.3 21.1
Ant nd nd nd nd nd nd nd nd nd nd nd nd
Fla 1.6 3.8 2.3 2.5 6.3 5.1 5.6 3 3.2 3.8 3.5 2.5
Pyr 1.2 3.6 2.2 2.3 3.5 2.9 3.3 1.7 1.8 2.5 2.1 1.5
Bla]A 0.8 31 1.6 1.3 1.6 1.5 1.6 0.5 1.1 8.4 1.2 0.6
Chr nd nd nd nd nd nd nd nd nd nd nd nd
B[k]F nd nd nd nd nd nd nd nd nd nd nd nd
B[b]F nd 4.7 nd nd nd nd nd nd nd nd nd nd
BaP nd nd nd nd nd nd nd nd nd nd nd nd
Ind nd nd nd nd nd nd nd nd nd nd nd nd
Dib nd nd nd nd nd nd nd nd nd nd nd nd
B[ ghi]P nd nd nd nd nd nd nd nd nd nd nd nd
Z PAHs 13.7 71.5 30.7 28 76.2 88.1 104. 1 40.9 45.7 59.9 60. 5 42.8
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WA TR T /K A 1, SR T8 o) i 26 47 7F 3T
10 Rk, H AR R BB T T K R i s iy A 1
95 B K, T TRT U A0 1 75 % 67 g R A3 el
FLA,iZ S A PAHs Bt MR 42,2, 3. 4 SR8
(1) PAHs 1950 & 538053 5 18% | 27% . 45% Fity
(F3). X TR, TR LA A

KT PAHs =232 KA DR, i RN 830 Bl i
NP BT LIRS R iiE S8, SO WA i PAHs ¥k JE
AN TRl W *%’i‘ﬁ WK YT R
W KR TR PAHs & B AR, HILL 2 ~ 3 2R
PAHs Jy .
2.3 [EWNKIK PAHs 7594 K1 A

F 4 Won T HAETENKAE PAHs 15 34K P-4
KARIE. LRI, TR B 00 AN AR
TL BRI, LA JLR MBS T e T PAHs 5 44 4F
TERFSY  AEOC TR H K U5 PAHs B8 58 (A 2k —
i AR S X A HGE. T PAHS MK, 4R
SRR PR R PAHs ~F BEK R EOR, LW /D, o
PL, 7K PAHs — IR IR %2 ~3 SR A E (£ 4).
il FA & B, [ N PAHS ¥5 %K P55 5 1 25 R 3%
N ECHETS 492 W VR s v . KA+ 32
TSHETS U, KA PAHSs (9 °F ¥ Mk B #8 B  T
1500 ng-L~". AHWF5E (19 F MK B g 7K 380 1)
PAHs 15 27K AR RS, SOl sl A8 4LV 3t bk
FHAKAT ) PAHs ¥R KT AH Y, SF- Y9k i LA
#AE 50 ng- L™ A4 AR A K 2 P2 X K AH v PAHS
SR E AL T 500 ng- LT NGRS e ]
L T — A5 150 B T DX 700 B A 7= A T A AR PAHs

b S R E 2T

F4 ERNRAKS PAHs i5LEKFEHLE" /ng-L-!

Table 4 Comparison of the PAHs pollution levels of surface water in China reported in literature/ng- L ="

W5 K A > PAHs #J¥ FHE % PAHs Hiff 3k
F R T RUK AR 179 ~369 248 2 3 [8]
HE T IS KA 185 ~2 182 663 2 -3 [8]
FARETT SR ACE RO | 58 Z ARV SR AETT T3 23 ~85 50 35 [9]
SURTIN/ 2 % SR 658 ~3 097 1522 2~3 % [10]
BRYLT MR Bt S R VL AR S8 Bt 14 ~83 29 — [11]
UL 130 ~740 200 2~3%% [12]
L/ RN N RARE 800 ~4 230 1758 — [13]
NP URT INSTRTIS B/ S TR T I B2 33 ~109 56 2 [14]
FALI T3 S HES 5 567 ~4 967 2475 3~43F [15]
109 33 %I YT Bt 320 ~3716 1476 2 ~3 3% [16]
KAITR BB 322 ~6235 2095 2 ~4 [17]
KT R IUB S i 242 ~ 1379 681 2 ~4 [17]
BRVL =190 9 A b T 16 MK FH K sl 32 ~755 103 — [18]
JTARAA VIR 3 MK I b 73 ~866 566 2~3 % [19]
36 A~ ST 98 AN FORKT T K 18 ~408 134 — [20]
THKE 1K 38k 13.7 ~104. 1 55.2 2~3 ¥ N
FHEKE 1.6 ~3512.5 568.5 2~5%% PN
1) “—" FR A A BRI , IR

2.4  PAHs RUG#T B/ (%I al B +38) [ BaA/(BaA + Chr) |, 2%/

O3 H A R I R 5E v PAHSs SR B AY 55
U 2 T AE/ 1B ( Phe/Ant) . K[ a]

(PeH +18) [Fla/(Fla + Pyr) | MBI [ 1,2,3-cd ]
B/ (EIFF[1,2,3-cd ] + &I [al tE) [ InP/(InP +
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BgP) 1% 5 ANt SR AT . T R A
PAHs TEABIF 5 v BEAS R A 4 503 K i R A1,
AR ] Flu/Pyr, Fla/( Fla + Pyr) # 4> Fb (5 %)
PAHs (124 U5 #E 47 ff Mr. AR 4 SCHk [10, 117, 3%
Flu/Pyr /NF 1 B, $878 PAHs £ R T 4 3,
Flu/Pyr KF 1 B, FRBDRIE TR SRR Y4
Fla/(Fla + Pyr) FLf/NTF 0. 40 B, B PAHs £ %
K H AWM, KT 0.50 &Y PAHs FZ2BEFAY)
JE R BETR , A F 0. 40 ~ 0. 50 =2 &) ) 2 A7 i R
W, 2588 R, A SR Fla/(Fla + Pyr) ¥R F
0.50, 3] PAHs FEZERMAY) B RAB IR, (615
RIS, NE 4 0] W, F A 230 A X e, B
WRAKPEEIX S50 Y1 ~ Y6 FIK BT /K FE ST ~ S4 45
fPHY Flu/Pyr, Fla/( Fla + Pyr) 731 H Al L& 42
MM S5 ~S12 gifia T A, i nl Bl A W] /K el
PAHs KIEAFAE—E 5. Ml R, THR KB E X
JAIAA TUE RN Tl 1 S1 ~ S4 FErp7E K BIT
AKEE A s, W AT T, HL b Ak 1y X 382 Al A 7
X, R, Y1 ~ Y6, S1 ~S4 523 Tolb A7 ok s g
BN, BEOR ARSI HEE | AR TR A
S5 ~S12 sy PAHs HAA M F 22 RIR IR R 3 0
S8 ~ S12 FEELT i /K FHE U I | PRINAT 3 I 3/ 3, A7
T 22 TR R 15 BT | T SS ~ ST i TR BT /K I i
b FR5E % B DX Ui Y X, BRI S5 ~ S12 4
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Fig. 4 Isomer ratio of PAHs in the groundwater

2.5 PAHs BfdHE 5 A4 2 XU

RS Xl oK A2 I A PAHs 5L
SRS, A SCR FH EPA R R JXURS: 30 455 80 %o A RE A
o K AT TR, IR, A 5838 2R F R (9 %
PAHs A KBS HEAT T VF4r. BAR 7 B FvEAL 4%
L 371

2.5.1 PAHs AYIR7K Eop KU

% Nisbet 252" % F PAHs [ TEFs ( toxic
equivalent factors, BEE 24 & K ) PEMY J5 v, B DR
Il al EEARESH Y, I TEF H28 1, R T ik
AR PAHs 1Y TEQ,,, W[ a] BN
W

TEQu, = . ¢ x TEF, (1)

K, e B @ A PAHs Y BT & Wk, mg-L7';
TEQ,» AT BaP MM i, mg-L ™",

AR US EPA J5ik ™ K HI 32 PAHs 5 941
TKAR ) 28 B 30988 AL (incremental lifetime cancer
risk , ILCR) ;

TEQ,.», x DR x CSF x EF x ED (2)
BW x AT x 10°

Ao, DR MRk, B h 2 L-d™"; CSF 2}y BaP

HUE AR R R, 10 kg-d-mg™'; EF WRAFREX

B, B4 365d; ED R ZRFRAFEL, 0 70 a5 BW Rik

=L, BEN 70 kg; AT S A HUY A7 6, 25 550 d.

OIFTER R 18 AN SRAE AL PAHs 28 B 30U X
Bk 2.6x107% ~1.2 x107*. Hrpr, KRR S2
RALEY ILCR B 10, BA 7R Y B0 XU 4, He
A4S UL B0 KUK T L2 i TR X 6
A SR, Y3 s LICR #7107, b TR
452 B0 KR K P R DCHA 5 > sUB2 Y TLCR
EHIAT 107 ~ 10 ~* Z [], HA W AE 0 B0 UK
XU 2 DR I 15 e I AR PAHSs 51 & 9 14
fe R T N R e G
2.5.2  PAHs ZES A

AT K Kalf %524 5% TG 28 25 XU 7 (4
(risk quotient, RQ) XF T4 K JE I Ik K 44 PAHS 3
A7 AEZS AU VP, LA T B2 0 52 o 0 A5 1 9 2
HERRIZY R 16 E 1S5 W AT O, Ik
FEE R T 1 WA A XU 8, /N T 1 WA 2T
WU Y. AR Kalf #9771, 275 e B2 A0 45 1] LA 220 g%
e (the negligible concentrations , NCs) FlHz K foiF
W (the maximum permissible concentrations , MPCs)
X 2 AMUREE RQ NI ok S v B2 43 ) 53X 2 5%
VREE LB, S 3I8 8 - RQ ey P RQ ey
AR s R, U EYE, 2 RQ e, <1 I, &
7R YHTKAR S PAHs (94225 KU AR /)N, 7T LA 2200 | >4
RO ooy > 1 B BEHTY FIK AR PAHs 1925 28 XUES:
AR, B 2GS BR IR It v B PAHs #9975 3%, /b
AR RQ (xeoy > 1, T H RQ ype,y <1 B, IR

ILCR =



7 FORAE ;K IR] TR K TR VAR s ik 25 22 3005 R 9 3 A R AR -5 XU

2537

MHTZK AT PAHSs i B Az 25 XU 4 T o S R
AT AT R BORR N 1) 428 1 48 e, B7 1E PAHs 1Y i —
C2CE St S B I/ o 10 G - I S N
RQ (wpce) ¥I/NF 1,/H Flu, Phe, B[a]A RQ(N(:S)j(
T 1, X B E K T R R 1 45 T 4 it
DI PAHs 5 3¢ /K F; x5 T T B K B &

Bla]JA, B[k]F, BaP HJ RQ(MPCS) BRF L, 15t ]
BlalA, B[k]F, BaP [ i & 68 XF T MK 2 A X
KA = feE Wk, X FHEKX Bla] A,
B[ k]F, BaP Bk I8 5 B 5 7 2 A i — 2P A BF
5, LA 22 38 B B 3 Rt ()R 7 > B Si2 it A
N B T A2 LAREARIZE X PAHSs 1975 S K-

x5 FTHAKEREBIKSZIRFEHN RQne) 1 RQ (ypcs)

Table 5 RQ yc,) and RQ (ypc,) of PAHs in water of Yuqgiao Reservoir Watershed

B0k PAHS W /ng-1~! K TR PR
NCs MPCs e /g - L] RQ (neo RQ () A /g L] RQ (neo RQ (wrcs)
Nap 12 1200 4.58 0.38 0. 00 49. 86 4.15 0. 04
Flu 3 300 10. 11 3.37 0.03 44.99 15. 00 0.15
Phe 3 300 25.10 8.37 0.08 56.25 18.75 0.19
Ant 0.7 70 0.00 0. 00 0. 00 37.51 53.58 0.54
Bla]A 0.1 10 4.26 42.63 0.43 57. 66 576. 56 5.77
Chr 3.4 340 0. 00 0. 00 0. 00 46.43 13. 66 0.14
B[k]F 0.4 40 0. 00 0.00 0.00 54.05 135. 11 1.35
BaP 0.5 50 0. 00 0. 00 0. 00 58.48 116.97 1.17
Ind 0.4 40 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
B[ ghi]P 0.3 30 0. 00 0.00 0.00 0.00 0.00 0.00
Z PAHs 23.8 2380 55.17 2.32 0.02 646. 88 27.18 0.27
of Photochemistry and Photobiology A: Chemistry, 2012, 232.

3 g
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