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Pollution by Heavy Metals in the Petrochemical Sewage Waters of the Sea Area

of Daya Bay and Assessment on Potential Ecological Risks

XU Shan-nan', LI Chun-hou', XU Jiao-jiao', XIAO Ya-yuan', LIN Lin', HUANG Xiao-ping’

(1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture, Key Lahoratory of Fishery
Ecology and Environment, Guangdong Province, South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Guangzhou 510300, China; 2. State Key Laboratory of Tropical Oceanography, South China Sea Institute of Oceanology, Chinese
Academy of Sciences, Guangzhou 510301, China)

Abstract ; This study aimed to gain a clear understanding on the status of pollution by heavy metals in the petrochemical sewage and the
potential ecological risk caused by heavy metal pollution in the sea area of Daya Bay. The contents and spatial distributions of heavy
metals including Zn, Pb, Cu, Cd, Cr, As and Hg in seawater, sediment and fishes collected from Daya Bay were analyzed. The
comprehensive pollution index (CPT) and ecological risk indexes (ERIs) were used to evaluate the contaminated severity and potential
ecological risks of heavy metals in seawater and sediment. The results showed that the contents of these heavy metals, except for those
of Zn and Pb, in several stations set in Daya Bay from 2011 to 2012 were relatively low, which were lower than the quality standard of
class I according to the China National Standard Criteria for Seawater Quality, suggesting that the seawater in Daya Bay has not been
polluted yet by these heavy metals. The average CPI of heavy metals in seawater during flooding season (0.72) was higher than that
during dry season (0.38) whereas the average CPI of heavy metals in sediment during dry season (7.77) was higher than that during
flooding season (5.70). Hg was found to be the primary contaminating heavy metal in sediment during dry season, which was followed
by As and Zn whereas during flooding season, Hg was the primary contaminating metal in sediment, followed by Zn and Cu. The
contents of these 7 heavy metals in fishes collected from the surveyed areas were lower than those of the standard requirements. A
correlation analysis indicated that there were significant differences in the correlations between the midst of the heavy metals in sea
water and the different periods. The ERIs of heavy metals in sediment during dry season (129.20) was higher than that during flooding
season (102.86), and 25% of the sampling sites among all stations were under the risk of high-level alarm. The potential ERIs of
heavy metals in sediment in offshore waters were higher than those of inshore waters, and were higher in the bay-mouth than in the bay-
head. However, the distributions of potential ERIs showed reversed trend during dry season. The comprehensive assessment results
showed that Hg was the primary heavy metal with a high ecological risk whereas the potential ERIs for the other six heavy metals in the
petrochemical sewage waters in Daya Bay were relatively low.

Key words : Daya Bay; petrochemical sewage area; heavy metals; ecological risk assessment; spatial distribution
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Fig. 1 Ecological environment survey stations of the

petrochemical sewage waters in Daya Bay
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Table 1  Indices of potential ecological risk assessment
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Table 2 Heavy metals content in seawater, sediment and fishes in the petrochemical sewage waters of Daya Bay
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HRIELEATE YRR E 9 (36 3) , FK A A il
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He/MAE (2. 75) HERAE S3 3, Hod S1, S3 i1 S9 Ik
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Table 3 Pollution indices and comprehensive pollution index of heavy metals in seawater and sediment
of the petrochemical sewage waters in Daya Bay
K ViR
HE R
FKM MK FKI iKW
In 1.32 ~5.54 0.33 ~3.27 0.39 ~1.74 1.04 ~1.88
(2.55) (1.04) (1.21) (1.45)
Ph 0.42 ~4.78 0.41 ~1.60 0.23 ~0. 68 0.44 ~0. 81
(1.70) (0.84) (0.54) (0.54)
C 0.15~0.90 0.06 ~0. 55 0.40 ~0.96 0.47 ~1.13
b (0.37) (0.25) (0.77) (0.72)
cd 0.03 ~0.10 0.11 ~0. 68 0.07 ~0.22 0.07 ~0.33
(0.07) (0.38) (0.15) (0.22)
C 0.04 ~0.28 0 0.18 ~1.05 0.20 ~1.00
’ (0. 14) (0.65) (0.55)
A 0.09 ~0.12 0.11~0.13 0.13 ~0.23 1.69 ~2.46
s (0.10) (0.12) (0.19) (1.93)
" 0.01 ~0.21 0.01 ~0. 16 1.02 ~3.22 1.54 ~3.80
& (0.08) (0.03) (2.19) (2.36)
o e 0.37 ~1.10 0.20 ~0.78 2.75~7.53 5.89~10.9
pez AE YL
ECREEE L (0.72) (0.38) (5.70) (7.77)
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Fig. 2 Distribution of comprehensive pollution index of heavy metals

in the petrochemical sewage waters of Daya Bay
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Fig. 3 Distribution of comprehensive pollution index of heavy metals

in sediment of the petrochemical sewage waters in Daya Bay
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2.3 W) IRNESRRE T

KT A AL HE TS i 3 A Py ik (28 R K
HAFARG A  E 4 Jm B i DL 3R 2. FE Rk AR ik
1 Zn, Pb, Cu, Cd, Cr, As, Hg B P& 20590
3.99x 10 °° nd (ARAZH) | 0.31 x10°°, nd (KK
H) L nd CREEHY) L 0.201 x107°, 0.016 x 10 °. #%
K, AEWMAN Zn, Pb, Cu, Cd, Cr, As, Hg EF
Y& 8059 10.79 x 107°, 0. 038 x107°, 0.27 x
10°°, nd (RKH) . 0.02 x107°, 0.075 x 10°°,
0.018 x 10 °. TS EA Weshtk, AR Y i 4
G R & B AURE S E. 45R B, Fokl
IR A H 81 A Vg B R 5 380 ) £ S AR N 45 T B 4 3
KR
2.4 DU MK S A Y () PR 43 ) AR DG

KMV A A HE TS X =E 7K BRI K W 4 o
Z AR (£ 4) , £k Pb, Cu, Cr F1
Hg Z [0] (4 A0 G M 347, A A i 28 IE AR G (P <
0.01), M —FE4JEILE Zn 5 As, Cd, Pb 5 Cu. Cr
ZIA, Cu 5 Cr, Cd 5 As Z [ B FFEMEP
<0.05) , HAth o — i & 8 Ju K 2 (A1 M. A
K, AR S TR & 4 Jm VAR R W3 IEA G (P <
0.05); B& Zn 5 Pb, Cu, Cr, As, Hg fHE Z[H]HA7
e B E EAR R (P <0.01) ,Cd W5 HAlh 4 Jd T &
FIEMEZE, 5 Ph, Cu, Cr, As, Hg RN FAH M
(Zn BRAN) r R - 0.430, - 0.243, - 0.488,
~0.013H1 —=0.411 (P >0.05) ; deAb, BT K+
Zn, Pb, Cu, Cr, As, Hg FHEJERIH 2 B F R
AHOG , HoAh B 43 8 70 DT RR A AN A= 0K 3 1 A DG 34
NS
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Table 4  Correlations between the concentrations of heavy metals in the petrochemical sewage waters of Daya Bay during flooding season and dry season

Zn Pb Cu cd As Hg 3K hiniaty fafk

Zn 1 0. 265 0.494 0.784* 0.174 0.910** 0.317 -0.095 0.523 -0.76
Pb 0.867°* 1 0.969"* -0.374 0.996* * =0. 159 0.997**  -0.301 0.130 -0.051
Cu 0.948** 0.980** 1 -0.137 0.942** 0.089 0.980** —0.294 0.251 -0. 064
Cd 0.077 -0.430 -0.243 1 -0.458 0.965 * -0.316 0.125 0.422 0. 040
Cr 0.833** 0.998**  0.965" * —0.488 1 ~0.250 0.988**  —0.298 0.082 -0.044
As 0.996** 0.908**  0.973** -0.013 0.879"* 1 -0.104 0.031 0. 481 -0. 055
Hg 0.817** 0.945**  0.918" * -0.411 0.943** (.857"" 1 -0.290 0.159 -0.023
K -0.712* -0.736* -0.741" 0.178 -0.725% -0.732* -0.734" 1 0.423 0.616
bigiaty] -0.242  -0.241 -0.251 0.043 -0.236  -0.246 -0.195 0.529 1 0.423
ik -0.395 -0.420 -0.436 0.130 —-0.416  -0.406 -0.283 0.283 0.759* 1

1) RIS A K W8 43 8 5 AR DG R, AR 0 PR BB 48 S AR B « FORMCIERE KT 0.05 (XU ) 5 * = st

B EIKF0.01(BUB) ; n=9

2.5 VIR E & E B A A S KB

F I 7 AL HETS X SRR ) B B 4 )
FEAE G E RECR Z R £ a8 A A S KBS A5 50
IHERIES. RIFANELEBELESEER
B RRENRME (R 1), FKIW, & 2507 Zn | Pb,
Cu, Cd, & Cr 1 As WIS TEAE N fEH RN T
25 RIS E A B XS S5 SO uhii) He WAEA:
BSEHE RN 40. 97, v S W AE A S R S5 2,
S1., S3. S12 %Y He Aom i 7E A SR 555, 4 |
S8, S10., S11 3fifsr iy He AR 5 v 7 A= A5 R S5 4% .
KME SR M ESEE N Hg(87.41) > Cd
(4.52) >Cu(3.85) >Ph(2.69) >As(1.89) > il Cr
(1.30) >Zn(1.21). ARSI Y E SR ETE
A2 RS F8 B0 RT JE LA 53.56 ~ 148.2, ¥{EH K
102.86. I K fH (148.2) B 1E S8 ufi, fx /MA
(53.56) tHIAE SO i, A4 7 0 Az 28 AU 8 Bl 55

KRN IPHE(R 1), 81, S3, 89 Fl S12 MR TE
S IUBGA54% ,S4 . S8, S10 Fll S11 Ay H 48 vBe e A 745
DA S5 20, P 7E A 25 RV $8 B0 T 1T 43 A7 S /s T A
T3 VY P 5 R R AR TR ) B 4 T G A A X ™
T, ORI A0 A 25 RV 28 B0k 3z o T 3 o 130 2
VI,V T TS T B4 (a) .

MK & 07 Zn, Pb, Cu., Cd. & Cr fll As
P TE A A E REI/NT 25, MRS EE S K
K554, S3. S4. SO, S10 Ml SI11 ¥ i He M5k T
ARSI, ST, S2 Ml S12 s i He MR 38
WA FHR. SFMES BB EESEE R
Hg(94.44) > As(19.30) > Cd(6.61) >Cu(3.62) >
Ph(2.69) >7Zn(1.45) > & Cr(1.09). V&AL
TR T 4 R T8 e A2 A XURS: 48 2L RISy 88. 87 ~
195. 4, ¥1{H R 129.20. 5 KAH (195.4) HIAE S2
i, /M (88. 87 ) Y BLTE SO wh MR 4R v AE A A A
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Table 5 Potential ecological risk coefficients and potential ecological risk indices of heavy metals
in sediment of the petrochemical sewage waters in Daya Bay
WH Zn Pb Cu Cr As Hg RI
kg 09-L74 0 L14-342 0 108-4.82 211~6.62  0.35-2.09  1.32-2.33  40.97~129.0 53.56~148.2
~ (1.21) (2.69) (3.85) (4.52) (1.30) (1.89) (87.41) (102. 86)
1.04~1.88  2.19~4.04  2.33~5.63  2.12~9.89  0.40~1.99 16.92~24.63 61.67~151.9 88.87 ~195.4
iK1
. (1.45) (2.69) (3.62) (6.61) (1.09) (19.30) (94.44) (129.20)
1) 1555 PR - 2
B FE B SR bRt (2 1) ,S4 . SO Fl S11 M4 114740 114e42 114%44° 114°46' E
it e A XL 2 Y 22239’ - (a) KM
TE TR A SN S5 4%, ST, S2, S3, S10 A1 S12 N
N 5 S w FhE o
Sy ARV A 25 KUK S, VT A 2 KU B g 1321
., , - . 22°3%' um 118.9-132.
T 434 7 2 R A 2R R B 8 95 2 = 1020-1189
B T OB AR S R R IR 2 (S G
SR TR Y O TS I [P 4(h) . | nred x
UURRW) o 4 Ja VA A S KU P 25 R B, UL -
TR 42 )8 Hg R A1 4k HE TS DX 0 A 2834 B
BEAFAE A R T TE A 2 XU, HC At 4 s %o )] 4 g ik _— ‘:"-mw
L L TS —
ASEENT. RS RERES e = , “
TEA S XU P55 RI(102. 86) < A7k (129.20) , F N | o mht
ARV K 391 e R 3 A VR e R 240 T 238 2 60145
AR A 2 U S iy | 0251001
22°37 |- i
2.6 ULBUITE G A MR T VA meas
HR VTR o 4 A 25 XU U DF-A T ik iy 2°36' !
RIRAEXT BRI IR 2O h i &R AT TR %:5
\ . " 22°35' |-
DA U PEAL  PPAE 45 R L3R 6. MR BT EURE » .
FAVEAE A 75% FE S ACTE TCE L ), JE T i 220347 | | ReLiE

MERAEZSIRURE , AT 25% R i A TARE HXBOIRES ; Al
AT A IHIRAT 50% FE S ALAETCE G, Ja T ik
HES I, A 25% B AL TIE SO R ZS, A
25% FE 1AL T B GUXRARES.
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Fig. 4 Distribution of potential ecological risk index of heavy

metals in sediment of the petrochemical sewage waters in Daya Bay
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Table 6  Ecological risk warning assessment of heavy metals in sediment of the petrochemical sewage waters in Daya Bay/%

X y BATHA 25 KU HE L
Fi i) AU 434 AU AR S - e o o m o o AR
Iy <O Tote g 100 0 100 100 100 87.5 25 75
0<lr=<1.0 (I8=-23 0 50 0 0 0 12.5 75 25
FkiH 1.0 <[<3.0 gy 0 50 0 0 0 0
3.0 <[ <5.0 R 2 0 0 0 0 0
Iy >5.0 i e 2 0 0 0 0 0
I <O TEH 0 0 100 75 100 100 0 50
0<Iy<1.0 e 62.5 37.5 0 25 0 0 100 25
A7k 1.0 <l <3.0 LREC27d 37.5 62.5 0 0 0 0
3.0 <l <5.0 [ 0 0 0 0 0 25
I >5.0 e v G 0 0 0 0 0 0
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AN, B AR HETS DO SR X T AN I S A
HARRM: IR 4 8 & 8 S5 Y it g 2 Z F A
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= 7K HA I 7K 40 8 A Vg 3l /K 55 42| Zn A1 Ph
WA BRI S, Hfh s M ELSEYARER, B4R
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M Ph B —KAriE R E AT R ERSER
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Fh He, Hok M Zn 1 Cu, A 7K 39098 25 1 3 T AR
FoJm FEEIS YN 1l Hg, Hok oA As F1 Zn. MR
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