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Pollution Characteristics/ and | Source Identlficatmn of Polycycllc Aromatlc
Hydrocarbons and Phthallc Ac1d‘ Esters During ngh Watelr Level Periods in the

Wuhan Sectlon of the Yangtze Rlver China o -\ ; .

DONG Lei'? TANG Xian-qiang'* >’ LIN L1‘ LI Chao!*, LI Ruil *, WU Min'?

(1. Qhangpang Rivet Sclentlﬁc Research Insutute Chang_]lang Water Resources Commission, Wuhan 430010, China; 2. Key
Laboratory of Basih Water Resource and Eco-gnvironiiental” Sc1eﬂbe in Hubei Province, Wuhan 430010, China)

Abstract Per51stent organic pollutants ( POPs) have been detected extensively in water and sediments in China, causing potential
risks to Lhe environment and human beings. In this study, the content level, distribution characteristics, and pollution sources of PAHs
and PAEs in the water and sediments collected from 15 sites in the Wuhan section of the Yangtze River in August of 2016 were analyzed
systematically. The following conclusions were made. The total PAHs concentrations were 20.8-90.4 ng:L™' (mean value 40.7
ng-L™") in water and 46. 1-424.0 ng-g™' (mean value 191. 8 ng-g™") in the sediments, while for PAEs, they were 280. 9-779. 0
ng+L™" (mean value 538.6 ng-L™"') in water and 1346.2-7641.1 ng-g™' (mean value 3699.5 ng-¢g™') in the sediment. Both
PAH and PAE concentrations in water meet the Chinese national water environmental quality standard ( GB 3838-2002) with a low
degree of pollution. PAH monomers with two to three rings were dominant in water, while those with two to three rings and four rings
were dominant in the sediment. DEHP and DBP were the dominant PAE pollutants in both the water and sediment. The ratio and
principal component analysis showed that the main source of PAHs in water and the sediment were the emission from coal, biomass
combustion, and petroleum sources, while the main sources of PAEs include the plastic and chemical industries and municipal solid
wastes. Two types of POPs ( PAHs and PAEs) in water and sediment have potentially detrimental effects on human health and
monitoring needs to be strengthened. This research provides basic data and technical support for the protection of the Yangtze River.

Key words: Wuhan Section of the Yangtze River; polycyclic aromatic hydrocarbons (PAHs) ; phthalic acid esters (PAEs) ; pollution
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DBP) ., <F & — W 2 T * fE ( Butyl benzyl
phihalate, BBP) . 45% — HI % (2-2, 360 2 ) B  Di-
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Fig. 1 Scheme of sampling sites in the Wuhan section of the Yangtze River( WSYR)
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°C *min lﬂ‘ﬁ 190°C J‘{%T—r Imin, F LA 5°€min, L-"
Fhi 28 230°C, {45 omin, HRS B 10 °C* min T}k
% 280°C | 1%?1‘8 min , ﬁ‘*ﬁlﬁ‘lﬁj)’j 27.3 min; ﬂ:ﬁé
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Table 1  PAHs concentration in water and sediment from WSYR
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Fig. 2 Concentration of PAHs monomers from WSYR in August
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Table 2 PAEs concentration in water and sediment from WSYR
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#3 AEEZR PAHs KEkR#ED /ng-L-!
Table 3 Standards for water quality of PAHs

by different countries/ng-L "

Yy PAHs 25 0 K VLRI B DU h PAHs B AY
3%, BRI S, KRB F K WK AR F T
t PAHs V5 427K 4K

P Hh 141 ESSe gk
i 2.3.2 PAEs /Mt
Nap — — 1.1x10° . o i
Ace — 6,7)(]()5 — Zlgﬁ\lﬁﬁﬁgfuujﬁ‘{lﬁ‘{lfﬁ7k1$ ZPAES YK};‘F
Acy — — 5.8 x10° M 280.9 ~779. 0 ng-L~". M1 5 al M, KITE
Flu — 1.1x10° 3x10° o
o _ ‘310 S WK S PAEs B TR CARIE ( i s 46k FF
Phe - - 400 R AR E | 38 MR E SO TbR i o
. — 5 =Y [
o - - SERIFBEFAREN ) rFgLE AR (.
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y Table 4 Total PAH§ concentration jifi waler and sediment from various”sites in the yorld i 5
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' <4 gl g gy ) | A % 16 12/ C M-36 20 f 13 g
| F ¥ ) %m%ﬁﬁtmim'“ ] r"1999' 4 18 7 -5, 6~ 68,5 40.8.m  32.9.
ik /ng Lt By (20) \ £/ 8 j 2004 13 159 | 179 =369 248 784
~ 3 i 2 i I 2002 | | 16 16 © 192.9 ~2651 762.3 777.4
7 Ul RT3 ! 2010 4 _ 419 16 1802 ~5 869 3235 —
j G KIIRMBE(ABITY) A aoTes™ 15 16 20.8 ~90. 4 40.7 19.3
F e ir P EF LT ) “1995 32 16 7.6 ~813 9 —
By (29 2004 13 15 31 ~133 76.7 42.3
i)ﬁf,%%/rig-g-‘ i H 24 2002 16 16 127.1 ~927.7 540. 4 291. 8
Krn2 2009 11 16 316 ~792 — —
KAT R B (AT 2016 15 16 46.1 ~424.0 191.8 102.9

1) “—" FoR o EHE

#5 AREEZX PAEs KEIRE" /ng-L~!
Table 5 Standards for water quality of PAEs by different countries/ng-1.~"
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Table 6 Total PAEs concentration in water and sediment from various sites in the world
T H [ivA=+ Ay BESA PAEs % DBP DEHP PAEs ¥R EEVEE  PAEs ¥{H
W [ R A 4 47 1995 ~ 1996 6 — — 740 ~ 18 000 — —
KyTT g5 Be 23 2004 ~2005 15 6 105 ~286 ND ~ 836 178 ~1474 902
Ktk K= 2010 13 6 ND ~7 188 ND ~28 403 61 ~28 550 4536
/ng L7 R L) 2004 12 5 ND ~ 26 000 347 ~31 800 — —
ENCRCn 2000 14 8 1000 ~ 13 500 ND ~ 18 500 — —
KA ER BB (ABFSY) 2016 15 6 143.8 ~539.5 35.1~347.4 280.9 ~779.0 538.6
N *y@lﬂ%{@%iﬂ[‘”] 1995 ~ 1996 6 — — 840 ~31 000 — —
/ng_/g SARZ N I 2000 14 8 300 ~ 30 300 500 ~23 900 — —
KT R B (AT 2016 15 6 304.8 ~4009.2 611.9~3095.0 1346.2~7641.1  3699.5
1) “—"FRTEHE ; ND Fm RAH
R7 KEEMERE PAHs KEHNREIRAED /pug-L7!
Table 7 Safety guidelines for aquatic organisms exposed to PAHs in water/pwg+L ™!
WiH . 7%%2 ﬁﬂ%jﬁjﬁl& }‘!%7](??% %Eiffﬁ Zliﬁ}fa”f}ﬁfﬁ?&f?
TR AV R[S TR AR (FkH) x1073
Nap — 11.0 1.0 — 0.9~3.5(HH1.7)
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Ant — 0.12 0. 01 — 0.5 ~27. 7C4I16.0) =
Flu 0.5 _ _ = 1.4 ~22. 3(HfiF9.3) 0"
BaA 0.2 — — = N S
BKF 0.1 — ’ — - ' ND /g
BaP 0.1 0.008 — - ' N J
BghiP 0.02 i — xS ND | = A
> PAHs — — = — 0.03 W

4 _20.8~90. 4 (i1 40459,
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IR K 0T v 2 T AR o e A o PR A A
FEAy, X TR PE 4R RGBS A KRB
BYYIE, B RSB RA EEE L. Nk
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Table 8 Toxicity guidelines of PAHs in sediments from VVSYR/‘]’l‘g'g’l

PAHs ERL ERM =& ZRHfFF8 it vk BE (EAk 1)
Nap 160 2100 4.1~25.9(31H9.7)
Ace 16 500 ND ~47.6(¥J{H 15.7)
Acy 44 640 ND ~4. 8(3#{H0.8)
Flu 19 540 2.6 ~23.9(¥MH 14.7)
Ant 85.3 1100 18.7 ~159. 9 (¥{H 81.2)
Phe 240 1500 9.0 ~42.0(¥{H 24.8)
Fla 600 5100 3.3 ~108. 0(#4{E 21.9)
Pyr 665 2 600 0.4 ~64.7(¥ME 11.5)
BaA 261 1600 0.4 ~23.7(¥1H4.2)
Chr 384 2 800 0.8 ~37.4(¥H7.3)
BbF — — ND
BkF — — ND
BaP 430 1600 ND
InP — — ND

DahA 63.4 2 600 ND

BghiP — — ND

1)“—" 2R THHRE ; ND FR ALK

I T A R K BT B (ROK + B HIKAEAE).
DEHP i SR w48 T 28 | DIZSSKAEAEIR
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Table 9 Human health water quality criteria for PAEs by EPA/pg-1.~!

PAES M K T e v ARG S5 e e
Yok + 1 RK A4 KAL) (FK) x1077
DMP 2000 2000 4.8 ~149. 2 (¥E 58. 4)
DEP 600 600 2.6 ~39.7(¥E 19.3)
DBP 20 30 143.8 ~539. 5( {4 264. 8)
BBP 0.10 0.10 ND
DEHP 0.32 0.37 35.1 ~347.5(¥E 160. 7)
DNOP — — ND ~211.3

1) “—" FoR o EHE

HHETA XU PAEs B FREE XU T iiF 5%
A, WMARES RS — M AR HE. Van Wezel
A5 S A K A R N RN AR S R B S B, R DBP
1 DEHP F A ) 52 Wi 3 I AEL ( ERL) 73531 2 700
ng-g ' F11000 ng-g™", AR5 Y R E(RCF =
PAEs/ERL) 855 /N F 1, ANAFTE PAEs 1Y P9 40 i+

PERAESTERR ; 258 KT 1, f£7E PAEs NS
WA ST RS, 152 10 iR, BREKL
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LB T DAY 52 ) DBP Fll DEHP 75 4%, X}
PN R v e S S A

F10 KIIRXETRYFENTEMAERENTRERL
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Table 10 Mean and relative pollution coefficient of organic pollutants/in sediments from WSYR —
- DBP i DBP A5 DEHP ¥t DEHP i1} 5 e 5 ¥
A /ng-g”! 7 REL(RCF) /ngeg™h (REF) 4
Pl 1775.6 2.54 '2053.8 2.0 /)
P2 2356. 5“‘ 3.37 1284.0 1.28) =~ &
P3 903. 9 | N 7 29 Fac2. 4y 1,46
—y P4 610.5 | /1 /LS4 087 J 964. 2, & 0.96 p
y rry b -
f P57 I 2683.6 “‘ / §# = 3.83 2533.2 ’ X758 ar
e ‘ = - v = - -
i ! § ‘ Yy
A - ‘f 0 sxxt! o ¢
3 al f i v 4 f [ 1] Skarphéeinsdotlir H, Ericson. G, Svavarsson J, et al. DNA
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> PAEs #4334 280.9 ~779.0 ng-L™' (¥{H
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