5536 B 5 W S &~ £ Eild Vol.36,No.5
2016 4F-3 A ACTA ECOLOGICA SINICA Mar.,2016

DOI: 10.5846/stxb201407041379

TR, WRAE RS MR AR, 2R 28 KO T8 ALl T AR AR R G (@ AN A 25458, 2016,36(5) -
Xu S N,Chen Z Z, Lin L, Xu J J, Li C H.Ecosystem health assessment of the petrochemical sewage waters in Daya Bay.Acta Ecologica Sinica,2016,36
(5):

RKIEZAUHTBEAESRERRITEN

Il RAEE AR Bk R B AR

H K BRI E B 1 K 7 S8BT, ARl 78 g i I BRI R P B S B 2 ) AR A il A BRI R s SR & )M 510300

SR T AT A R SRR 1 20112012 48 P A AS TR AP B A MG XK S 47 L HE Y 0 2 5 R
HERERAS TS T 554 VPM . 255400k (2001 4F 8 1) KT 7 LAV A 45 7 SE B AR O 0,808, BEHERRAS
LA A R MRS T 0, oG 25 R 5 246 MO B 2605 B 25 8 5 MY 9 1
T K212 4 1 1) AT HCHESMEBRAE 45 SR SRS 2 B0 0767, HEHEIRA N — " B MEIR L T 12
VR 2 R A T SR I 9 2 REPESS £ S SRS S 25 RS RN % 50T 7. 55 2006—2007 44
b KA T AT B 25 RS BRI E 11 — e IRASIR L

SCHETA 5V 5 AR MR B R 47 LS 560 K00

Ecosystem health assessment of the petrochemical sewage waters in Daya Bay
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Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization , Ministry of Agriculture, Key Laboratory of Fishery Ecology and Environment ,

Guangdong Province, South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China

Abstract ;. Using the model of health assessment of a marine coastal ecosystem, we assessed the petrochemical sewage waters
in Daya Bay using the ecological survey data of 2011 and 2012. The results showed that the ecosystem health comprehensive
index ( EHCI) of the petrochemical sewage waters of Daya Bay during the flood season ( August 2011) was 0.808,
suggesting that the ecosystem health was at a “good” level. Spatial distribution of EHCIs of inshore waters was higher than
that of offshore waters, and the comprehensive biodiversity index of benthos was found to be the primary factor that
negatively affected ecosystem health. The EHCI of the petrochemical sewage waters in the dry season (January 2012) was
0.767, suggesting that ecosystem health was at a “moderate” level. Spatial distribution of EHCIs of offshore waters was
higher than that of inshore waters, and the comprehensive biodiversity indices of phytoplankton and benthos were found to
be the primary factors that negatively affected ecosystem health. Compared to 2006 and 2007, health status of the

petrochemical sewage waters in Daya Bay was deteriorating and changed from “good” to “moderate”.
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Table 1 The ecological health assessment index system of the petrochemical sewage waters and its weighting factors in Daya Bay
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F#r)2 A HENE B Firsteolass indox THARIRE D “RIEIZE E
Object layer A Criterion layer B layer C Second-class index layer D Third-class index layer E
KB EAHES X B EIRERRA B1 KRR ZHRBR C1 pH D1(0.0342)
BWAESRGEELSS  (0.6144) (0.3333) FHHLI5 YRS D2(0.0846)
TRELA B I8 % D3(0.0846)
Ecosystem health BOD5 D4(0.0846)
comprehensive index AL D5(0.0846)
of the petrochemical £ h#E D6(0.4127)
;eav;aie waters of Daya F4J8 D7(02146) (13%;;397)
KR 2R €2 pH D8(0.0342)
(0.3333) A HLIG YR % D9(0.0846)
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Table 2 Management objective for ecosystem health assessment of the petrochemical sewage waters and its weighting factors in Daya Bay

SEARIN T IR S, SEARIN T ZIhRE S,
w; w,
Indicators Reference standard S ' Indicators Reference standard S; '
Y& YL e I FH v/ Ko
AlsHeii <1 00173 DB As (ug/Ke) <20000 0.0073
Organic pollutant index As ofsediment
E‘: NI~y M ,E!/ He o/Ke
. %ﬂ(-qihﬁ . <0.5 0.0173 i L (ug/Ke) <200 0.0073
Eutrophic level index Hg ofsediment
TR Cd K
pH 7.8—8.5 0.0070 ‘{ME & d (mg/Ke) <0.5 0.0073
Cd ofsediment
TP C v/ Kg
BOD,(mg/L) = 00173 VLB Cu (me/Ke) <35 0.0073
Cu ofsediment
i g/L VIR P K;
ALY (me/L) 0.0 00173 VEEWIPb (mg/Ke) <60 0.0073
Sulfides Pb ofsediment
e L TR C K
1lkE (me/L) <0.05 0.0845 ‘{ME & Cr (mg/Kg) <80 0.0073
Petroleum hydrocarbons Cr ofsediment
JURY) Z o/ Kg
Zn (ug/L) <20 0.0063 DU Zn (mg/Ke) <150 0.0073
Zn ofsediment
1Y = . 2.
Ph (ug/1) <1 00063 AT (mg - C/n - d) =600 0.1172
Primary productivity
% 5 g 4 3
Cu (ug/L) <5 0.0063 {Mﬁﬁwi%?(xm ind/m") 200—5000 0.0179
Phytoplanktonbiomass
TR Z RS A 15 5L Do
Cd (ug/L) <1 0.0063  Biodiversity comprehensive index >3.5 0.0895
of phytoplankton
E‘ . L EZ W =N 3
Cr (ug/L) <s 0.0063 TSI ENIEE (mg/m?) >100 0.0089
Total Cr Zooplankton biomass
U £ LR £ Do
Hg (ug/L) <0.05 0.0063  Biodiversity comprehensive  index >3.5 0.0447
of zooplankton
: e )i (o/m?
As (ug/L) <20 0.0063 mﬁ*%*&i(b/m ) >100 0.0089
Zoobenthos biomass
- JEANA: FIELE S8R Do
VLR B (%) AVERZRELS R D
. . <2 0.0197  Biodiversity comprehensive index >3.5 0.0447
Organic carbon of sediment X
of zoobenthos
DUBWI A ik (x 1076 ; an
Petroleum hydrocarbons <500 0.1143 . . >2.9 0.0089
. Mean trophic level of capture species
of sediment
Tk A= ) Z VLR B 185 Do
Y RO -6
DI (x1070) <300 0.0197  Biodiversity comprehensive index of >3.5 0.0447

Sulfides of sediment

nekton organisms
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Table 3 The evaluation standard for the level of ecosystem health state of the petrochemical sewage waters in Daya Bay

ﬁtﬂi@ [0,0.2) [0.2,0.4) [0.4,0.6) [0.6,0.8) [0.8,1.0) 1
Range of indices
A

Health status

2 ZER5WE

2.1 KWEAHEG S R Gk b
FRAE 2011 47 8 JJ (F/KIH) #2012 4 1 H (MK 72RO A A HRS M AT A S A 8die (3R 4) B
R RS RGO R BRI A S RGHERRZE G185

F 4 2011—2012 F£RIEZALHT EEESHERR

Table 4 Ecological environment conditions on petrochemical sewage discharge waters of Daya Bay during 2011—2012

IS LN FIKI ik A= 7N FIKHM MK
No. Indicators Flood season Dry season |  No. Indicators Flood season  Dry season
1 EELIIREE T 1F -14.994 0.050 24 B Cr (ug/L) 0.585 0.010
2 EIIKHR R 0.109 0.900 25 Hg (ug/L) 0.005 0.001
3 pH 8.553 7.428 26 As (ug/L) 2.276 2.447
4 BOD;(mg/L) 1.075 0.839 27 TURPIA PR (%) 1.010 1.205
5 A (mg/L) 0.013 0.014 28 YU IR (x1070) 29.621 91.182
6 AR (mg/1) 0.091 0.068 29 TUBIBRALH (x1076) 22.076 33.347
7 Zn (ug/L) 44.211 20.538 30 YU As (ug/Kg) 463.677 4993.381
8 Pb (ug/L) 1.348 0.814 31 YU He (ug/Kg) 21.127 24.728
9 Cu (ug/L) 1.711 1.194 32 VLY Cd (mg/Kg) 0.025 0.025
10 Cd (ug/L) 0.073 0.277 33 VLY Cu (mg/Kg) 4.658 4.396
11 B Cr (ug/L) 0.774 0.010 34 VL Pb (mg/Kg) 10.919 11.417
12 Hg (ug/L) 0.003 0.002 35 PUBW) Cr (mg/Kg) 13.462 11.219
13 As (ug/L) 1.886 2.383 36 UURY) Zn (mg/Kg) 28.665 36.375
14 EELIIREE T3 -10.969 0.323 37 WIS (mg - C/m? -+ d) 514.664 391.579
15 BRI 0.146 0.789 38 TRIEAEY)AE P (%10 ind/m*) 187.711 3713.304
16 pH 8.511 7.637 39 TR Z FEPEER G 184X Dy 2.626 1.247
17 BOD;s(mg/L) 0.885 1.074 40 TR YA P (mg/m®) 77.418 564.572
18 ALY (mg/L) 0.012 0.014 41 TRIE S 2 FERELR G R EL Dy 2.477 1.633
19 AR (mg/L) 0.086 0.062 42 SN AR R (g/m?) 170.511 171.513
20 Zn (ug/L) 57.645 21.235 43 JEATE A= W) Z VLR B R Do 1.097 1.373
21 Pb (ug/L) 2.058 0.865 44 WY E TR 2.732 2.745
22 Cu (ug/L) 2.034 1.291 45 Wk A= Y Z LB R Do 2.502 2.164

23 Cd (ug/L) 0.069 0.493

RIFFS 1—13 HRJZRIEIR, 14—26 JRIZMEKIEDR,

SR, R A ARG T A 25 R G B LR 5 45 B0 0.808 (R BRRZS  “ 47 , TMAE Ry 12 Al
A5 UL S RGERRRI A« — ", HAth 7 Db 1R RGEFOIRGC “ 45, RS R
GEAE R B RY 25 18] 70 A (18] 2) FTRI S f EE  f RRR 0 B0 T e P T, A iR M 1R O AR T 0.4,
X 07 ) R A5 R AR T i S K | 208 A 25 3R S ) R B4 1) S TR S, DAL £ T 2 18 P 2 R
T 0.4 YR bR, 1 E s A= 2 R G e A RGP T P, ARk S R A ARG i AR S R S
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Table 5 Health fractional indicators of the petrochemical sewage waters in Daya Bay ecosystem

IS LN FIKI ik IR LN KM HizK 3
No. Indicators Flood season Dry season |  No. Indicators Flood season  Dry season

1 EERIIREE T (F 1 1 24 ¥ Cr (ug/L) 1 1

2 BT 0.983 0.655 25 Hg (ug/L) 1 1

3 pH 0.868 0.505 26 As (ug/L) 1 1

4 BOD;(mg/L) 0.930 0.992 27 DU LR (%) 0.998 0.996

5 A (mg/L) 0.995 0.998 28 DU IR (x1070) 1 1

6 A (mg/L) 0.649 0.735 29 DURRIB LA (x1070) 1 1

7 Zn (ug/L) 0.558 0.878 30 YU As (ug/Kg) 1 1

8 Pb (ug/L) 0.742 0.987 31 VLB Hg (ug/Kg) 1 1

9 Cu (ug/L) 1 1 32 PUBY) Cd (mg/Kg) 1 1
10 Cd (ug/L) 1 1 33 PUB Cu (mg/Kg) 1 1
11 H Cr (ug/L) 1 1 34 PUBWI Ph (mg/Kg) 1 1
12 Hg (ug/L) 1 1 35 PUBW) Cr (mg/Kg) 1 1
13 As (ug/L) 1 1 36 YUBW) Zn (mg/Kg) 1 1
14 PERIREE it 1 1 37 WG T (mg - C/m? - d) 0.858 0.598
15 BRI 0.952 0.634 38 TR AE P (x10* ind/m*) 0.938 0.996
16 pH 0.969 0.682 39 TRUFAEY) Z FEPEER G 185X Dy 0.750 0.356
17 BOD;s(mg/L) 0.946 0.931 40 s E Y (mg/m®) 0.517 0.968
18 A (mg/1) 0.994 0.998 41 TSN Z FEPEER G P8 4L Dy 0.708 0.467
19 AR (mg/L) 0.681 0.806 42 AR WA i (g/m?) 0.886 0.947
20 Zn (ug/L) 0.447 0.942 43 AR W ZREPELR G5 Do 0.313 0.392
21 Pb (ug/L) 0.686 0.730 44 HARYIE SRR 0.942 0.946
22 Cu (ug/L) 1 1 45 TiFUk Y Z R LR B85 Do 0.715 0.618
23 Cd (ug/L) 1 1

TS 1—13 IRBMKIENR , 14—26 NIKJZ KR,

K3 R A AR A S R G R LR G A8 E O 0.767 AR FOIRE R — M”12 A g uli i b
8 NI Y A2 S R GARHAR A« — ™, HA 4 D ub AR R R GRS N “ 457, AR R R G HOIR
BLRYZSTR] A AN 3 7 | 3 e P AR 25 AR G A IR 000 010 T 30 s , JHL vl W R 8 T 0 vl Sl i R 0
Uf-, A< T R SR A EROR DL 5 2 o AWK S 00 I Ay P T 1 A 25 R S ) 3 97 T P 1 P e A )
ZHPELE B R EL(D20) S HURNIE Y ZREMELR S IR R0 (D24) , H A S R GU A B8 800510 0.356 H10.392,
Bl < #5227 S, MIFIEEh M ZFEE LR B 4850 (D22) (ZRIZ /K pH(D1) AR A ™ T3 (C4) J& T i A Ik
AR A S R G 1 R0 0.467 ,0.505 A1 0.598

A AT T R T R W R A T 3 K K T Y SR S YR TSK R YRR S, FR O O A BT R
S B I ORI LS 2 T 15 Y W 5 o0 A (P R 3R I S W R HE AR A 1 T 56 R K B0 e
RO AFT IG5 598, PRI, 3 S 1 U R AU A T Bl (18] 2) o KRB fb eIk 2 S8k
YriEvs a0 7A2 4k, “F KI5 2R [ RN IS S O RV AR PR IR, /NS W (Veremolpa micra ) FIVRLAT 1
U5 ( Timoclea scabra) VU IR A PL 3 F , 327K A TR] KGR %) T A2 E 17 338 B A b 1 A 4 A B R I
T, O3t 7 RGH R T DT T BOPPAN I 3 20 R AP KRR 2 A K B T k2, o b 7 e f
BRIV K ASZHRBE ) 22 AR TS s A% 5 9 H, BT 1RGSR R K2 RS2 iz i a4
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Fig. 2 The spatial distribution for ecosystem health Fig. 3 The spatial distribution for ecosystem health
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