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Abstract: The contents of polycyclic aromatic hydrocarbons ( PAHs) and polychlorinated biphenyls (PCBs) in surface water and sediment samples from the middle and upper
reaches of Beijiang River basin were determined using gas chromatography-mass spectrometry ( GC-MS). The pollution level and spatial distribution of PAHs and PCBs were
analyzed, and the health and ecological risks of pollutants were evaluated. The results showed that 16 PAHs monomers were detected in all surface water and sediment
samples, with detection ranges of 41, 82-443. 04 ng-L ™" and 59. 58-635.73 ng-g ™", respectively. The pollution levels of PAHs in the middle and upper reaches of Beijiang
River were medium and mild. PAHs in water were mainly composed of bicyclic aromatic hydrocarbons and tricyclic aromatic hydrocarbons, whereas tricyclic aromatic
hydrocarbons and tetracyclic aromatic hydrocarbons were mainly in sediments. There were 17 monomers of PCBs detected in the water samples with concentrations in the range
of 0. 81-287. 50 ng-L. =", which mainly consisted of hexachlorobiphenyls and heptachlorobiphenyls. Eight monomers of PCBs were detected in sediments ranging from 0. 13 to
3.96 ng+g ™", which were mainly pentachlorobiphenyls and heptachlorobiphenyls. The lifetime carcinogenic risk index of PAHs and PCBs in surface water of the whole survey
area was less than 10 ™* | and the non-carcinogenic risk index was less than 1, indicating that the carcinogenic risk of PAHs and PCBs was at a medium and low level, and
there was no non-carcinogenic risk in surface water. The risk quotients (RQ) method was used to evaluate the ecological risk of pollutants in surface water. The ecological risk
of PAHs and PCBs in surface waters in the study area was generally at a low to moderate risk level, including individual points with the presence of heavily risky pollutants that
deserve attention. The method of sediment quality guidelines (SQGs) was used to assess the ecological risk of pollutants in sediments. The results showed that PAHs and PCBs
were at a low ecological risk level in sediments of Beijiang River.

Key words Beijiang River; polycyclic aromatic hydrocarbons ( PAHs) ; polychlorinated biphenyls (PCBs) ; pollution characteristics; risk assessment
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Types of PAHs and PCBs detected in the Beijiang River Basin
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[(kg-d) -mg™' ], BUEZS% EPA L5 KIS B RS
TEQ FHEIE &R EE (mg-L™"), C, AHFl PAHs H
AW (mg-L~") , TEF A Y B, TN, %
ILCR <10~ Ao AT J8 O S5008 XU 7T 1L 2200 5 10 ~°
<ILCR < 10 ~*, 15 BA X AR 1] B8 47 7 B8 AR5 A
ILCR=10 ", 3 B B0 KBS AN T 2.
1.5.2 B KEEN

A5 R RS B (risk quotients, RQ) P
7K H PAHs F1 PCBs (94 25 XU, RQ (1883 X
M= (6) Fin. 2 RQ <0. 1 BB RIS YL iy Ak 2
KBS TT 20 5 %5 0. 1 <RQ < 1 Ui B i5 Qe /K Fh k5
A AR AR R AR SRR, 45 1 <RQ <10 ¥
W Y %Xﬁktti%ﬁftlﬂ#ttﬁﬂ ; A RQ=
10, BB V5 Yy i e B AR A XU ﬁﬁ»%xﬂx?&ﬁﬁ

IMLAE .
RQ = MEC/PNEC (6)
A, RQ AR R (TE i A) 3 MEC S5 YWy 7E 34
B BB (ng- L") 5 PNEC Sk B TG R4 R e
JE (ng-L~"). PNEC %5 F15 Y ¥ 1 8 P 500808 5 17 A
7 (AF) B HUAE. 75 Je ) 3 P K0 i i EPA 22
SLHY ECOTOX B3 P o 5 4% 15 e 1y 30 1 Y
LCs (CEBULIK ) 8 ECy, (e RFRUM L) FfE
PEREPERUE NOEC (S RTCMHk E ) 5 PPA I 71y
WIS RO AR G 0 AR5 o 5 3 AN E R
9,15 AF 1 000.
RAUUBW) RS HETS (SQGs) M T TR
" PAHs Al PCBs F AR 285 XURS:. 38 ik 200 107 IXC 1] G 1L
(effects range low, ERL) FI%L N X [6] /1 {H ( effects
range median , ERM) # % T EL ) v {5 Y %(’%’fﬂ’]’j&
SR, & B < ERL] HTE?XTE%TF’?_EE,U il 112
OV B i ERM IR P 5T
”M’EFFJ TG R ERL AL ERM 2 ST /K 7
gaeml S N £ g

2 %'ﬁ'l‘h" "

2.1 PAHs 5 7J<5F—%n§a\?ﬁ FEAIE
T A RSB PAHS Tt ra&a

mk 2 Fﬂ?r TE 34 A KEERD 8 ANTTRUIIRE f K

WIF] 16 F PAHs HLiA, 43Pl PAHs BRARGYES R A

100% . I\ Frfik AT kot p (S PAHS ) fEIH

FE 41.82 ~443.04 ng-L™' Z 0], SE¥{H N 116.90
ng-L ™" ZK ARGt v B A e R R AR Y B4R 43 5 R
Nap Fil Acy, “F2I1{E 5 %) &y 22.93 ng-L~" Fl 1. 71
ng L™ VOB o () PAHSs ) S HI7E 59.58 -
635.73 ng-g ' Z[0], FH{HE R 209. 32 ng-g ', BIH
Py 1 i A e A AR A4 R 43 53] Phe T Acy,
A M 37.07 ng-g ™' 1. 24 ng-g ™' ARHEE
IS5 5, % PAHs (1975 YK -0k 4 A5 G
SEGR X8 L ) B w430 R s gt (bR K 10
~50 ng-L~" Wi %0~100 ng-g ') FREETT YL (M
F/K 50 ~250 ng-L~", ULAH 100 ~1 000 ng-g™') |
rh RS YL (ﬂﬁ%k 250 ~ 1000 ng-L~", JTA#HI1 000
~5000 ng-g~') A FE 5 Y (H R K >1000
ng-L~" UTR) >5 000 ng- g ), AT LA A
WFIEER T BJA 1 BJ11 3X 2 AN S A7 b 26 7K J& T
FETG G DAL, HoAh SR 5 K R B TR G e
BJ15 . BJ16 F1 PJ5 iX 3 A s A0 T AN %Eﬂ?mﬁ
¢, BJ1, BJ3, BJ4, BJ12 Fl1 BJ25 iX 5 A~ i i TTAR
Y& TR TS Gk
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Table 2 Detection of PAHs in surface water and sediments of Beijiang River basin

PAHSs 4143 A WA K ng-1 A A BB /g™ A
IGNIEN /M A IEYN:] f/MAE TIME
Nap 48.91 4.39 22.93 12.71 1.92 4.71
Acy 11.15 0.34 1.71 3.89 0.29 1.24
Ace 27.5 0. 69 2.51 12.36 0.24 2.53
Flu 17. 86 1.36 4.39 21.91 1.88 7.24
Phe 154.91 4.76 22.24 84. 16 16.35 37.07
Ant 20.31 0.58 2.6 13.97 1.94 6.41
Fla 36.13 1.44 7.96 111.45 11.02 35.35
Pyr 37.3 1.26 5.86 90. 57 7.09 27.19
BaA 13.71 0.25 2.05 47.46 2.19 12. 66
Chry 26.69 2.61 7.56 67.97 3.83 18.92
BbF 126. 4 2.34 12.53 39.02 2. 44 12.77
BKF 55.93 0.25 5.83 16.65 1.08 5.01
BaP 5.01 0.59 2.01 38.17 2.09 11.83
Inp 33. 41 0.9 5.31 31.85 2.19 1150 ]
DahA 27.33 0.18 4.03 6.76 "0 0.45 g 210 _‘
BghiP 24.19 0.48 — 7.4 36. 83 2.17 Fla8 =
> PAHs 443.04 41.82 L7 116.90 635.73 | 145958 ...,269. 3w
] 7 [ 7 7 ]
3, e f
%3 §U4§XTtKT$ﬁﬁﬁ5.W9I\ ﬁﬁKFﬂﬂm ) oL ) UL%H%EF' a)A( ZPAHS) %B%ﬂf%ﬂ% 2016

i 14, 3R K ’ﬁmf Y b PAHs E’J#tﬂ E
iﬂt/l$ﬁ7kﬁﬂﬂ’1h{mlﬁ&f(54 8 ~951,8 ng-g" ),,

ol ZPAHS) Aﬁﬁiﬁl 52016 4 H '”ﬁ/ﬁl(éll 2 O 21 534, 6 ne-e L) LN
~413. 8 ng1 it )*ﬁth/ﬂlﬁfﬂt ’3%&{:/}:@%0 K (74.030~'579. 20 ng-g ") A0, KT MR T
mykﬁ(ﬂ 04 ~475.79 ng-L~ )%ﬂf Hﬂ!ﬁiﬁ?iﬁ.; KL (144. 55 ~ 1 681. 0 ng'g Yy, B EE T E
(831 ~2425- ng L7 )%nﬁ&)@'?{j(l 2. 70 =" Rt (3 749 ~22 324 ng-g ') , i T L HH AR
4364.30 ng- LY., BTN T 4 (54,7 ~ A /K1 (46. 29 ~403. 9 ng-g D)L EE S TR A
148. 0/ng- L") . 4R % Hr 2E i RHAT (50. 60 ~ 120. 10 W1(0. 19 ~2.43 ng-g ™). MK =, LT3 8K Al
ng-L™") F13E B % P4 7§ LI (22.20 ~ 163.40 mq%thz%%é@;@qa REE K

F3 ENEAR/ AT PAHs i H FRITLEY

Table 3 Comparison of PAHs in surface water of lakes and rivers at home and abroad

ME TR jfi’ji f; i /“f”g ) f; e

S| AW &2 2021 41.82 ~443. 04 116. 90 59. 58 ~635.73 209. 32 BN
Jeit 2016 41.2 ~413.8 90. 8 54.8 ~951.8 285.5 [11]
SR VAR K T 2020 57.04 ~475.79 173. 86 — — [12]
TR K i 2013 86.15 ~177.35 — 144.55 ~1681.0 — [13]
i % T[] 5% 18 2015 184 ~365 280 86.70 ~ 1790 424 [14]
i 2018 831 ~2425 1762 — — [15]
g T R K AR 2012 7.29 ~400. 51 127.36 7.23 ~19 480. 04 738. 34 [16]
LRI 4 2019 54.7 ~148.0 90.2 0.19 ~2.43 — [17]
TN 2019 — — 82.1~534.6 219.2 [18]
57K i) 2019 — — 263.68 ~2038.99  1010.17 [19]
1335 B ST T BT 2020 3.19 ~779 98.4 — — [20]
OoRVEE  BURIT 2016 113 ~549 — — — [21]
Bx Je & 2005 1112.70 ~4364.30  2127.55 — — [22]
THH BT RS 2020 — — 46.29 ~403.9 (23]
W SR 2013 50. 60 ~ 120. 10 — — — [24]
£ PG Y L 2007 22.20 ~163. 40 86. 50 — — [25]
R AR 2017 — — 3749 ~22324 7 544 [26]

1) =" IR Ik P JCAH SR
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Wz 0 A5 R (P 2), RS IR Kl 0TS IEI S F 05 K A 2 1 06 3. YR
p( S PAHS) WEfEL A BIII (443,94 ngeL ™), (URAH] 8 AMITBUIREY, BI4 1 o ( S PAHs ) =

R T ORI E 3, A A 2 R S U 635.73 ng-g”', WFH W T HAB S AL, H B4 Krp
. . e 5 4 ap >
Birs, G240 BLIEAIR ) SRB S5 220t , AT RER AR p( S PAHS) =307.80 ng-L ™ tukicds, i B4 A

16 AL B FEEY PAHs &0t KA UTEH T A2 TR \ i
973Uk A HIFEK . Y ANETTAE B8 AT Adbyr PR RRIIR ISR O AR WL S5 R R

5, Rl PAHS W BEAT ST M T RE (BII8 ~22) g AR SR APl TR Toll 2 7 R 2R A 7
U] B S B VT A M S TR vk B /NF AT T e B BRI 23055 i iz s (S i 2RI LR
TR BRI 16 5 SE W SE o AP VR b e — 2 PAHSs SRS
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Fig. 3 Proportions of PAHs with different rings in surface water and sediments of Beijiang River Basin
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45. 64% F1 13. 83% ~ 64. 34% , “F-II{H 43 5 K 22. 59%
F128. 15%; JUAW b L =R 55 R AU 3R 35 48 0 3
S A3 RTE 23 9 A 21. 44% ~ 35. 80% F1 38. 26% ~
49. 93% , F-IME 5351 K 29. 69% Fl 43. 01% . 3 i3 Fir
MG AT RE R R RN DT 8 5 M 05 A e, 4 Tt
BN R E  HG AR T K.
2.2 PCBs {54 /KF-F4r A f5HE

VT b F KRR Y PCBs A 17 10
T4 DK & HEORE, R R K 34 A AL P IR
MF] 17 Ff PCBs HLiAk. /K p( D PCBs ) i Ml 18
0.81 ~287.50 ng-L~", F-H{H Ky 38.92 ng-L™". ¥
R B W) BN HexaCBs- 128 (K i &

R BRSO AR OR, Y5 B8 ND ~ 88.31
ng-L~",F¥M{H 35.00 ng-L~"; TetraCBs-66 £ H ik
JE e /N, W ND ~ 1.20 ng-L7', SE {8 0.69
ng- L™ 78 8 MU RAL s A A I £ PentaCBs-
105, PentaCBs- 114 | PentaCBs- 123 | HexaCBs- 128 .
HeptaCBs-170, HeptaCBs-180, HeptaCBs-187 #lI
HeptaCBs-189 3£ 8 #h PCBs P {k. Ui FA ¥y

o ( D PCBs ) JEAN 0.13 ~3.96 ng-g ' (Y

0.99 ng-g " A R i = P BA HeptaCBs-170 Al
HeptaCBs-180 , % i1 #6344y 75. 00% ; #ai it R AR A
Yy 552 PentaCBs- 105 F11 PentaCBs- 123, £ H K15 hy
12. 50% . ZEDUBRY) H PentaCBs- 114 & 8 K, SFH

94.12% ) 5 K i R AKAYY) i 2 HexaCBs- 153 (K& {HM 1. 19 ng-g™'; HeptaCBs-187 &/, “FIME
H32.94% ) AUE—A> R K . HeptaCBs-180 4 0.05 ng-g ™.

#4 JLTHBbRAMTEY S PCBs e HIFRY ( =] i
Table 4 Detection of PCBs"in surface water and sediments of Beijiang Riyer Basin ; fo-

HFAKS ] R e ==

PCBs 414 P YN T TTE N Y U T e
/ng-L~! /g-L~" [ i/ng-L7! /% /ngeg 7 gy /ngeg™l L L% A
TetraCBs-66 1.20 'ND | 0 69 11.76 JND ¥y NDy ND ~0s00
.‘.u‘-"—PeITtaCBs—..}lQSl “. 5.6 1\{_,1.) f, % ra 35.29 ..0:;.08 = |y & 0.08 12 ?b

., PentaCB< 144 | 299 NDFY 1,70, 35.29 £ | | N .19 (" 73750
PentaCBs/118 " [ 2.93 ¥ / 1 é8 32.35 *ND “ND ND 1.0.00

/ PentaCBs: 123 F 3.22 I\JII; ‘ u«"1.777 35.29 0:15 | ND 0.15 1250
7 PenjaCBs-126 5.92 | ND 1.95 / 85.29 ND ND .4 ND 0.00
| HexaCBS- 128 581 IS o2 0.22 ND 0.09 37.50
HefiCBs- 138 = 47.62 ND 7.28 88. 24 ND ND ND 0.00
HexaCBs-153 5.67 ND 5.67 2.94 ND ND ND 0.00
HexaCBs-156 24.07 ND 9.57 17. 65 ND ND ND 0.00
HexaCBs-157 10. 04 ND 5.16 26. 47 ND ND ND 0.00
HexaCBs-167 12.55 ND 5.01 35.29 ND ND ND 0.00
HexaCBs-169 26.26 ND 9.13 29.41 ND ND ND 0.00
HeptaCBs-170 21.37 ND 3.11 64.71 0.10 ND 0.06 75. 00
HeptaCBs-180 88.31 ND 35.00 23.53 1.25 ND 0.50 75. 00
HeptaCBs-187 21.77 ND 4.29 55.88 0.08 ND 0.05 37.50
HeptaCBs-189 46.51 ND 7.81 79. 41 0.12 ND 0.07 37.50
> PCBs 287. 50 0.81 38.92 — 3.96 0.13 0.99 —

1) “ND” KRR T4 R

%5 902 T E NN ZOK TR PCBs £
H PR B2 B AN e B, - S ABIE TSRS EE. AEAS B

%*i&%@kﬂlﬂp( ZPCBS) Wy 0. 81 ~287.50

ng L' AR F U i (8 ~485 ng-L7"), B EMT
B2 K Je %2 = P (14 400 ~20 200 ng-L7") , W& =
T E % PE PG I (22.2 ~163.4 ng-L7") , & Tl
JBEI B AT (0. 077 ~ 10 ng-L™") . KW Bk
JEHL(ND ~ 1. 04 ng-L~") Fl a3 V4K FH /K 8 Hb

(ND ~24.84 ng-L™"); UL+ w( ZPCBS) He)
FlA 0.13 ~3.96 ng-g™', 57T 4 1l ik i i
w( S PCBs ) 424 (ND ~3.54 ng-g ™) LT L

i FE KK (0.99 ~46.11 ng-g™') . WL FIPETE
(ND ~37.61 ng-g™") Fl¥ERG =3 (1.75 ~92.75
ng-g”'), BEMTE HFAJE HIR =AM (1 520
~3540 ng-g™") . RMART T, JL VL b i M K RN
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Table 5 Comparison of PCBs in surface water of lakes and rivers at home and abroad

. - HE K/ ng- 1! VIR /ng-g ™!

P RCIinvasibiE FREAEA SCHk
B[ ARV R 2021 0. 81 ~287.50 38.92 0.13 ~3.96 0.99 ENGIE
KT AR K b 2020 ND ~24. 84 9.88 — — [12]
At 2018 — — 0.125~70.6 5.2 [27]
R =3 2019 — — 1.75~92.75 36. 65 [28]
- Ak A 2012 ND ~34. 84 4.42 0.99 ~46. 11 5.87 [16]

P KL 2019 4.24 ~14. 46 7.28 1.77 ~57.65 18.03 [29]
Ui 2008 8 ~485 180 4.44 ~79.42 24.941 [30]
WAL FERE 2017 — — ND ~37.61 13.45 [31]
TG L 2017 — — ND ~3. 54 1.36 [32]
AL e AT i 2017 — — 11. 02 ~84. 05 26. 42 [33]
TR K 2012 ND ~1.04 0.54 0.47 ~1.29 0.95 [34]
1) JEE 18] B AT TR 2018 0.077 ~ 10 2.7 — — [

EH GATii=an) 2007 22.2 ~163.4 86. 50 — — )
LEZhAC=A) 2017 — — 18.1/=136. 8 61. 1 7 ;

CUEE A 2008 1.4~8.5 2.8 — —
BARAM &AW 2014 =l 0.19~6.82 2.03 | 73 73/~79.30 33.98
Bl JeEH i =i 2013 14400 ~20 200 — | ¥ A —
JEHF  Je HR= A 72019 7 — - = 1.,5-20L 31540, 2020
1" RO [ 14z [a Y.\ W) = # :
' g - “" g ‘ i 7o = & -
LR P i T sl pBs i PR T E—— 5,«*"*

Wiz 0 i ok 7 (I 4 >‘ y a@;m: Kt PCB Eﬁzu/\;{,ﬂ%ﬂntmﬁwz VLR
( ZPCBS) B %E,J“J 3% PJ3(281 50 ng . *IEUE%@@K@%%%Z&%JI BT 2 A

[ PIHERPER AR e, HOHE 2 P B SRR TR )

TN BJZ#‘” STREAE ", IR BLRE A 5CH AH1E)

fi) w( zpcss) B (3.96 ngeg™ ) BIL B9 GIRBORA KHIATUBU (L. 55 A

. . ST AR | A e Bl w3/ 1R 2 A BU R i L 1D B =S 7 X

w( 3 PCBs ) HAE(0. 13 ngeg ™). R, AL 5 AR PCB A
MUK AR TR P L R T A KR AR AR B —

300 4.0

a ; [0 HeptaCBs-189 PentaCBs-123 Bl b 1
@ Mok {11 HeptaCBs-187 PentaCBs-118 (©) JUpHH
[0 HeptaCBs-180 [ PentaCBs-114 35 F
250 B8 HeptaCBs-170 [ PentaCBs-105 :
%4 HexaCBs-169 [ TetraCBs-66 mi
%% HexaCBs-167 - RE 3.0 F
B2 HexaCBs-157
_ 200 553 HexaCBs-156 s
(" 553 HexaCBs-153 W 25 F /]
o 55 HexaCBs-138 b 7
£ 74 HexaCBs-128 £
;'E 150 F 74 PentaCBs-126 2 20F 7
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= X T 15} %
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Fig. 4 Concentrations of PCBs monomers in surface water and sediments
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Fig. 6 Carcinogenic and non-carcinogenic risks of PAHs and PCBs in surface water
%6 MY PAHs 1 PCBs €25 ERL #1 ERM ML & /ng-g '
Table 6  Comparisons of PAHs and PCBs contents in sediments with ERL and ERM/ng-g ™"
[EES VI ES BRCieE! i ERL ERM
Nap 1.92 ~12.71 160 2 100
Acy 0.29 ~3.89 16 500
Ace 0.24 ~12.36 44 640
Flu 1.88 ~21.91 19 540
Phe 16.35 ~84.16 240 1500
Ant 1.94 ~13.97 85.3 1100
Fla 11.02 ~111.45 600 5100
Pyr 7.09 ~90.57 665 2 600
PAHs BaA 2.19 ~47.46 261 1 600
Chry 3.83 ~67.97 384 2800
BbF 2.44 ~39.02 320 1 880
BkF 1.08 ~16.65 280 1620
BaP 2.09 ~38.17 430 1 600
InP 0.45 ~6.76 — —
DahA 2.19 ~31.85 430 1 600
BghiP 2.17 ~36.83 63.4 260
PCBs Z PCBs 0.13~3.96 22.7 180
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