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Pollution and ecological risk assessment of polycyclic aromatic hydrocarbons in the water environment of
Shaying River Basin, China

DU Shi-lin'?, DING Ting—-ting’, DONG Huai—jin*, LIU Xiao—xue’, ZHANG Ya—hui*’, ZENG Hong—hu', HE Lian—-sheng’

(1.College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541004, China; 2.Environmental Analysis
Technology Testing Center, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: To investigate the spatial distribution, source, and ecological risk of polycyclic aromatic hydrocarbons (PAHs) in the water envi-
ronment of Shaying River Basin, 16 PAHs in the overlying water and sediment samples obtained from 30 sites were analyzed in July 2018;
the samples were analyzed using Gas Chromatography / Mass Spectrometry (GC/MS) techniques. The concentrations of total PAHs detected
in the samples was found to be in the range of 356.60~2 275.04 ng- " in the overlying water and 64.27~11 433.63 ng-g¢™"in the sediments,
with average concentrations of 1 051.23 ng-L™" and 965.77 ng-¢', respectively. The PAHs concentration in the overlying water of each trib-
utary was in the sequence of Jialu River>Yinghe>Shahe>Lihe, whereas a roughly opposite trend was observed for the surface sediments.
The PAHs with 4~6 rings were the dominant PAHs monomers in the overlying water and sediments. Compared with other rivers in China
and foreign countries, a higher pollution level was observed in the overlying water, and a lower pollution level was observed in the surface
sediments. A source analysis indicated that the PAHs in overlying water and sediment mainly originated due to high temperature combus-

tion. Furthermore, an ecological risk assessment revealed that the PAHs in the surface water were at high risk levels, especially for PAHs
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monomers with high molecular weight (4~6 rings), such as Fla, Pyr, BaA, BbF, BaP, IcdP, and BghiP. The concentration of each PAHs

monomer in the surface sediment did not exceed the Effect range median (ERM) and the Frequent effect level (FEL), except in site S27.

This reveales the low probability of potential ecological risk due to PAHs in the surface sediments of the Shaying River Basin.

Keywords : Shaying River Basin; polycyclic aromatic hydrocarbons; source; ecological risk
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Figure 1 Distribution of samples in the Shaying River Basin
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Table 2 Content of PAHs in surface sediments and surface waters of Shaying River Basin

e AL _— DU Sediments/ng - ¢! B K Overlying water/ng+ L™
Compounds Ring number i [l Range 1 Mean Ll Range YJ{i Mean  EPAF5ifE EPA Standard

Nap 2 0.001 ND~94.22 22.44 7.50~359.29 174.17 —
Acy 3 0.001 ND~45.07 10.52 ND~92.60 36.63 —
Ace 3 0.001 0.19~26.44 5.44 11.23~50.15 27.09 —
Flu 3 0.001 1.60~86.34 14.09 2.51~36.42 11.54 —
Phe 3 0.001 1.60~154.39 19.60 4.77~43.03 18.62 —
Ant 3 0.01 1.60~149.53 19.39 4.76~43.05 18.52 —
Fla 4 0.001 4.58~1453.16 114.16 14.01~337.97 118.04 —
Pyr 4 0.001 4.92~1194.28 9221 23.22~335.81 99.04 —
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BkF 5 0.1 0.29~145.23 12.37 1.77~133.01 17.88 4.40
BaP 5 1 0.60~438.65 35.80 10.00~345.81 59.47 4.40
DBA 5 1 0.19~118.34 14.29 1.62~157.76 14.93 4.40
TedP 6 0.1 5.97~2097.92 151.93 25.08~295.58 121.76 4.40
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{H°h429.51 ng- g™, PAHs TE VD BRI S AR v A4
(723 (8] 53 A1 5 BB K R S AR S a3, v >vE
ECID TR = e W= ) WUARAZE 8T e R g =3 i
Jerh PAHs 15 Y 45 Ry 7 5 3k vy T oA 4% 2 300, [
VORI 3 3 A% SRS R R PAHs 7 R AR T
T IR V] R R A R A T
VoIl 2 UUAY o PAHSs &5 8 i 5 T T A 4
KI5 V) 56 3/, P A 1A 4 2% IX 35
SRR Tl AR R E R R 7R TR0 R 32 i B o
Tt B R PAHs 154 . 59— J7 I 5 103
AR FRAEAG 56 , YT (57 0] 1 4 PG 0 1L 3 B i
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Table 3 Content of PAHs in sediments and overlying water in typical rivers in home and abroad
Tt H W5 Xk A2 Epec| HfH E = BTN
Project Study area Check out type Content range Average value References
KAk AL 18 946.1~13 448.5 6471.1 [27]
Water body/ I AuIS 16 6960~26 900 17 000 28]
nel BRVL = T 1 16 247480 367 [29]
Kt 14 263~6372 145.9 [30]
TH Ak 3 200~2340 920 [31]
YAl ALk 16 530~16 002 2378 [32]
BRIEIL 15 70~1844 283 [33]
BT PR i 15 179~2182 — [34]
W Ui — 190~2180 — [35]
ETR 15 79.94~421.07 140.37 [35]
i [H Kyenoggi & 24 9.1~1400 120 [36]
[ Chesapeake 5 8 0.56~180 52 [36]
HPYEF Todos santos 75 33 7.6~813 96 [36]
FE[H Casco Bay 7% 23 16~20 748 2900 [36]
g URLIRITREY 16 356.60~2 275.04 1051.23 ENTIE
DU Ky and Bt 16 72.4~3995.2 1334.5 [37]
Sediment/ BRI M B 25 1090.3~6 792. 5 3403.8 38]
e ISR B 12 242.8~972.6 507.9 [14,39]
e Ui 15 31.1~1007.7 — [40]
BT 15 490.6~2 605.5 793.7 [39]
BT 16 244.0~2 805.0 1599.7 [41]
S| A730) 16 17.7~407.7 212.7 [42]
Eo et SER 15 0~161 000.0 42 950.7 [43]
) Biobio 1] 16 15.0~276.0 104.0 [44]
FLAH Tiber i 6 157.8~271.6 215.2 [45]
Y&[# Tnner Clyde ] 15 630.0~23 711.0 9325.0 [46]
%% Susquehanna {i] 35 74.0~18 073.0 4656.3 [47]
VBT Ak 64.27~11 433.63 956.77 ASHHFY

i, M BEGRREK, RIZUTR Y 1Y PAHs 5 5 Wi &
JEUeH HER IS . BB R IZ DU H PAHS
SRR, FEAS oA B A KT PAHs & A TR
AR =S, 3K AT R -5 /KR X RS ERIT 5 9 ol A G, B
T OB AT 4 K R 3 B R R VD R A 4 S
it , ARG 15 YL 22 M B A T U B
AR, SO A T R i 0 B ] 3R 2 DT
PAHs & 84K, VOB BT AR ) H PAHSs D AR
BRUAE YR IT 14 S27 55, F M 11 433.63 ng- o', T H: |
e AL S17 ULFR Y Z 38 95 18 & 5 644.19 ng- ¢,
B /N T S27 i Z IR 5 R O i i S VT BB A AE
Psi5 g
22 LBEKRRENRYIH PAHs B 5KIESH

— MR UL 4~6 PR A T 2 AT IR T G

(HPAHs) 3% il = iR Be 7™ A, AR B 1 v 1l R e
MELH ACAREH IR . 2~3 IR TR 25
J5 K15 ) (LPAHs ) 228 A i 2805 G 7= A e
AT I R S b PR3 AT, Vb e B A K
MEJZ TR UL 4~6 R0 4> 5 PAHs N T,
1E b A KRR Z DR b 5 43 i PAHs 73 3] 5 Fb
75.36% Fi1 80.44% , Ui, B VD #U ] i B ITC AR 4 A LA K
T Z 305 kTS Y 2 SR A R R e G
XF TR v 2R IR A U 43, b B /K R LPAHSs
SRS TR T LPAHs B9 & &, FAK T 235/
3FREZ IR 9 T 17.17% F17.47% , TLER W vh 2
IR 3 30 22 308 05 8 43 il o L 2.35% 1 7.22%, X 5
PAHs 26K WA 56, H B RAECR AR, &
KPR, PR I A IR D (R 2 38 5 15 Y W R 45 )
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FEAEF 7K o RN TT b v it 3t S K R85 19 BF 5 op
WA T AR B 25181,

R 4 BT R, v ] 8 8 K H A Ant/(Ant+
Phe {E 3K T 0.1, Flua/( Flua+Pyr ) 4 s 07 S27 #hH:
B AIHKTF 0.5, TIFRYI A Ant/(Ant+Phe ) {H I K
F0.1, 547 S27 (1) Flua/( Flua+Pyr) {H/NF 0.4, 07 S6
H1S11 Y Flua/(Flua+Pyr) BEAL T 0.4~0.5, Ho4x i fir
BIRF 0.5, 50 RH, VRO RS ERZHEY S L
BEK R PAHs UBERIE ] £, XA R 5 A4 T
SRR (5 LR PPN 25 S — 2, FRAR IR T VR I
WK IREE v 2305 b d R B SR IR A ML AR e 4
YIRS . TR T 5 S27, 6 TR BESR TR AN, £
TR IR AL 2 PAHs #F A KIS F 2R R 2 — iR
P AT REAFEIE A ™ S i 8 T B e

2.3 EBAKEESRKEIEMR

%.;qu PAHs ${z|: E/‘J Covmcs)ﬂ] Cov(MPu)'ﬁ‘]’/"ﬁ@ﬁ?ﬂf}ﬁ
3, I 7K 1 PAHs 19 RQe, B RQuwe, WL 3% 40 T
A, Vb R B A 7K H Fla, Pyr, BaA ( BbF ., BaP,
LedP 1 BghiP Y RQuee. V- >1, R W] AKX
S B SRy R KU, LA 9 Bl 2 98 55 12 1 RQuiee. 19T 34
fE <1, 1M RQxe>1, B 7 /K " Nap . Acy . Ace  Flu,
Phe. Ant. Chr, BKF i1 DBA 4 Jy b 25 )UK . AR 38
ROs paseines T RQ's paneowece) 7N , V80 I] I 38 | 35 /K Hp
RQEPAHS(MFCS)B] 7RQZPAHS(NC5)<800, %‘%%@%ﬁiﬂﬁﬁiﬂﬁi%
IR Z IG5 AL F i U 7K, Y FE e %280
Yely ., [A]BF VR ik A 7K o BbF Fl BaA X A 2
UK RQwe. B9 T WK 22 K, 43 00l 3K B 1 38.31% F
31.13%, B8R K Hh Nap AR B, (2 o AR
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Figure 2 Spatial distribution of PAHs in the overlying water and sediments of the Shaying River Basin
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Figure 3 Composition of PAHs in sediments and overlying water in Shaying River Basin
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Figure 4 Analysis of sources of PAHs in surface sediments and overlying water in Shaying River Basin

AR RQwe 1R BTERER /1N, LRI UL HPA Hs X A2 25 K
WS (1) BT RK =5 T LPAHs, JLrf DL 4 RF1 5 3805 48 B i L
ST
2.4 TR ESREE TN

VOB A TR A 25 KU AN 4 SR AN 2 S BT
AN AR E L B R |, U RN I K 22 B A A I
FAON IR AU =22 1], 3 55 FREAS S5 il 12 JR 34
TR 22 TR Y PAHS BFFE AR, {H ZA T K A%
LS W DR h PAHs BORIFFE, s507 S3.54.S8
EANF REL~TEL, X A=) AN K2 i 2R 51K T et
37 S27 K F FEL, /& F 45 B0 , 2 A0 I 3 ¥ ] VR A%
J7 L KA A IR PAHSs 3 2 B K AR 3 TR TR S HE
D R 37 5 B % Ak PAHS X AR B B RS i B
Z K . BbF.BKF. IedP. BghiP Jy /5 3 BUs £ 36 05
K, P IR B A& 4 UE , 7E VD B0 it 3 3R J2 TR
HRAAT AN AR BE A TN O

JoT i E L R, VD BT I R R R DO
Acy.Ant.Fla.Pyr.BaA .Chr.BaP } DBA 7£ s 37 S27 &b
Y T ERL, A F ERL 5 ERM Z [, [fif Flu , Chr I
DBA 7E &0 S9 Zb iR i T ERLAE , A~ F ERL 5 ERM
ZIE] X T Acy AR L BR T s ST/ FERL Y
ERM Z [0 4h,S12 5 S14 L 7E 175 Bl , B Flu i H
ERLAEAY ST 2, bR A SO A1, 8 2547 S1,87 811,
S12.,S20 M1 S22 4b ¥R 3 T ERLAA , {H &/ F ERM
{EL, IE BH AE V0 R0 G Sk OB 0 Hh PA Hs V8 A AR 2 XU
KA TLRA K, (HIE AL S27 445 34> PAHs Bk TS
Jupifa it ERLAA , N Y 25 T 5 s W45 . IRl B JE e A%
4 [ {1 3508 PAHs 144K BKF Ied J&& BbF 7E 75 55
TR Z TR b DR 2R 5 ik L ot A A

TORIREE g 2 XK A A W A S R, V24 5 R T

(1) 76 V0 7] i 3 b 77K K % 2 VTR Hh 16 Fil
¥ PAHSs ¥ 5 3 [l 43 51 356.60~2 275.04 ng- L'
64.27~11433.63 ng-g ™', F-¥ & #5391 4 1 051.23 ng-
L7.965.77 ng~ g™, 7E 7K M 2 1 JE b 55 £ 5 0 T

R4 @AFE_EE KT PAHs B RQn.FR
RQure. IFH1E
Table 4 Mean of RQxc. and RQupc. of PAHs in the overlying water
of Shaying River Basin

PAHs Covixeo/mg-L™ Covorrco/mg- 1! RQ xc. RQ wre.
Nap 12 1200 14.51 0.15
Acy 0.7 70 52.33 0.52
Ace 0.7 70 38.70 0.39
Flu 3 300 3.85 0.04
Phe 3 300 6.21 0.06
Ant 0.7 70 26.46 0.26
Fla 0.7 70 168.63 1.69
Pyr 0.7 70 141.49 1.41
BaA 0.1 10 1 040.20 10.40
Chr 34 340 20.74 0.21
BbF 0.1 10 1280.10 12.80
BkF 0.4 40 44.70 0.45
BaP 0.5 50 118.94 1.19
DBA 0.4 40 37.33 0.37
TedP 0.5 50 243.52 2.44

BghiP 0.3 30 103.23 1.03

3, PAHs — — 3340.93 33.41
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Table 5 Threshold value and evaluation result of sediment quality standard method and quality standard method in Shaying River basin

o R UETE 452 Jo A
Com;)unds Quality standard method Result Quality benchmark method RCF>1 [ 5 o7
REL TEL OEL PEL FEL i [F Range  gif3 Point ERL ERM
Nap 17 35 120 390 1200 >FEL S27 160 2100
Acy 3.3 5.9 30 130 340 16 500 S14.S12,827
Ace 3.7 6.7 21 89 940 PEL-FEL — 44 640
Flu 10 21 61 140 1200 19 540 S1.89.811,812,87.820.522
Phe 25 42 130 520 1100  OEL-PEL S9 240 1500
Ant 16 47 110 240 1100 85.3 1100 827
Fla 47 110 450 2400 4900 TEL-OEL  HAs500 600 5100 827
Pyr 29 53 230 880 1500 665 2600 $27
BaA 14 32 120 390 760 REL-TEL  S3.S4.S8 261 1600 827
Chr 26 57 240 860 1600 354 2800 $9.827
BaP 11 32 150 780 3200 <REL — 430 1600 827
DBA 3.3 6.2 43 140 200 63.4 260 $9.827
BbF N.A. N.A. N.A. N.A. N.A. N.A. N.A.
BKF N.A. N.A. N.A. N.A. N.A. N.A. N.A.

&3 K SRR PAHSs 5 8 M S PR a3
RZVIYS FEKP L 4~6 Fm AR ZHI5IE N
F2, 5 A AT A B, VB0 i ek B K
PAHs b T4 5 175 G AKCF DU % PAHs 20 T4
XPEARA 15 YLK

(2) A 5t Bt 22 BH YD BT i 3k /K S Ui
R 03 T 5 PAHs o5 46 KFR 0, Bir A s 67 b B — > s BE
A AR A BB , AR RUAK IR EE o PAHS
K F SR B miR RGN

(3) VbR AL Il ALK A4 T PAHS J& T8 KUK 7K
-, HiH Fla Pyr.BaA \BbF BaP lcdP 1 BghiP A & X
5 22 A5 e B o A 285 XU BT R e R 1) S 8 0
LTI (4~63F) .

(4) V0 0] it TR ) v 45 PAHs 165 ) B Wk B2
B A S27 AP 4 A 1o 2500 DX ] H fE (ERM) 5 45 %5
NV AE (FEL) , LAY PAHS 78 A2 285 XU & A A
BRI, TS S27 M Ak T A v I A e
RONLAE , 5 3 R 4R T RO TE

S 3k
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