ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
m
s
mE

2012

R ERFERESHEHAZE SO EH
4 £ & KM B R




w % B 37 $33 % 46
ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) 20124 6 A 15 H

H X

TR 1 575 7 MR IK B2 ST - eevenoos Whsh W, B, EANT BRI B R, ERIE(LTTT)
UL SO S BT B BTy - oeeevrvees e HRHE, BT, E4, EA9(1784)
S MRS SRS e GO HMAI o eoevoosssnnssssinsscis F, T4, T H(1789)
VRYI T 12 22 K b A A D R0 R B T HLAM AL oo B R, K, 2 % Sh A, H (1795)
SR E BT DK TR T 22 BRSBTS FITEE A AR IRUR + v vveeermmmmmeeeemmmmeee e ettt

........................................................................... ﬂﬁkﬂﬁ,ﬁﬁﬁiﬁ;,%ﬁ,?ﬁf’i,?ﬁ?ﬁ/ﬁ,?&%,ﬁﬂ(ﬁ( 1801 )
BRI T B TR T 4 A BTG Ry o veveeoooeee WP, E Dk RHT, R R B, A, 1 (1808)
LRI LL BT 5 5 YA G BB - eevvensosenee R, T EE, T, BRA, S H(1816)
{m%{%{E*H%@iﬂ@%?&ﬁ}ﬁﬁé%ﬁ{tqﬁ?ﬁﬁ% .................................................................. ﬂ}% WJ , ﬁﬂ(%( 1823 )
AR Rt L T A o T RS B KT, QT R, AR LA (1832)
55 ST B 1 52 I 000 D S RS LT IR TSI oo EFE B E, EAE,HA(1839)
AT T P ST 2 ST ST 8 N MR, R B Bk R, AR 22 (1846)
PUIELRUER A 7E 5 B LIS AR AL SN SRR TG oooeeeeooeooos WX, EX B, ERS K EE(1852)

TR WA VN B R pS3 R RN, - BE, Bk, K, WY, 24, HkR, BET, X (1858)
L REIR (PROS ) X BE L 42 5 25 28 11 B mRNA KRB -+ veveeemeeemeeseenie st

........................................................................... R B WA T, EE RS A (1865)
IR DL TR RE ) SOOI ISR IFTE  coeverereeerereeeeeeeees M, xR, R E,EA, EHEE(1871)
MIEX ARSI %F % oK AW EBR I 3DEEM fAT <o ceeereeerrerrremne M , B4k , -4 L (1878)
XDLVO BRI ARATEYG 0GR R S B B 15 YR RO MAHLIR] -oeeeeeeneees P, @ RE AL, aE, A EE, RI(1884)
W LX1 AEAK P IR L K BB RN R B oo By, E& WRE, TH, KR E(1891)
LB T RSAL R AL A BB T 2 HIFGT v evverrrrnrenee e FTEA,EXH, ANAD, HHE(1897)
B R R A FE R AR PRI e eeeeeemmem e ZY AR DRI TR, R AR, ZE(1902)
TR 7 28 00 ULV YRR R IR o veveeeeeee s A AW, BB, T B (1907)
R K R R A SRR AE BTG RRERE - overeeeere e B RE ER HE, FEE(1913)
TR TR AD PR HE TR 5 5 YRR BT AL FIRIFGE ---vvvvveeememmmmmmm e e et FOEIR, ALK AR (1918)
JINLFE G S R V5 TR A R ARG TIFGT v everrmreermmmmreeemmm et R FEEE A AEE(1923)
AR B T T PE R V5 VT TR AL B <o eveermmmmneeeeeemem s e ettt

...................................................... T%i@%,i&ih,ﬂﬁﬂ%,?i@,ﬁ%% IR GEHE,ZH, HER( 1930)
25 T YR AR S AT oo eveeve e EAK, KAE, EXA, BEF, HH(1936)
R 3 JOR A5 Ui A R AR KT M TEHLES TR ERITE v oeeeeeeeeneeen AR, %H, hakik, Eo05(1944)
TRINTHRRIX I P,  HIRFIEAFHT veeveeereeemseesme e W EEE, TR KK (1952)
AR A I TR A S8BT -+ -+ we e e s e e e e e e ettt EAE A JRIC R, X R, 'R (1958 )
Fe-MnO -Ce0,/Zr0, ARIEHEAL IR T NO PEREMIFIT crovverrerrreremr e x| % , W& E (1964 )
F ORISR B LA ER I CO, WO AERF P oveevee e A, R RA R, CF, RATA(1971)
BEVE 7 20 22 (0 KRG AR HHZE A5 R 55 CH, 1N, O HEBILIAEL IR - evvemeeree e

........................................................................ %iﬂ',/l%ﬂi,ﬁﬁﬁﬁ,%ﬁi,fikﬁél,éﬁ, F/iﬁfft@;—}\—':( 1979)
AR RS AE R BIVEE S B voeeeeereenssenennns B, B, R, B, AR, A (1987)
AT N AR T SRR R AF SRR N, O HERCROSE oo WL EEE B E R, e, £ LR (1994)
AT S BHE I L 7 M BTG AT ovvvves e SRR, T, ES A, E 5P RH(2000)
A1 5 X L B L AT ST AR AOBISE o veveesrenmmnsseein s FiE A, KR I A, R (2006)
EES I IR AT S R S A TR AT JEZR e ere e K, K EHE,EILF, LEAM(2013)
PEFRA P 15 FUAEPIXS 8 48 Pb Zn FOBURAIFESPILUL oovvverermeeesnnnsnnnncnenns HiA, B %, B4R, 2901 (2021)
SEE AT 3 B AR A BBV BEI ovvveveeeeenennenenens EEE, HHM, 4 E S, RA, 5, R (2028)
AP AEIE 17 X SRR ARSI T R B BUSE eevveeeveeeeeeee HRLE W R LA A, 40 R (2038)
43 CO, XF C3 il C4 HEPARIR FURATBRIR B FE I oo B, GE, EEOL, T, 5 (2046)
A R Al 22 [ IR () A T A I R R BN S AR AL AP wovvvveeemmmrrrmmmm e e e Fosk, B E, FB £ (2052)
A/0 MBR A TGRS KSR GBS HEMERIOCER  ooeerrreenens STk 5, # & ,Montcho Leon Monthero, T %8 | J& % # ( 2061 )
AT e E IR B S R T R AR I BEIE I Y B ASAGI +-evemeeeemeememerimeneieine WA, 7R, X (2068 )
DT LE S RACE R B BLITAl oo A R, R R, T M, BB ML CE 4R (2075 )
FL S PR FHRE B P T e BT FIPERIE T oo NALPE, BRI, 7 A, KB, R B E KK (2083)
ToxTell AL REAE Cut* \C* MhiriE VTG IR ARG MR HORI - E%0r, T, A%, 25, 5%, L 10H(2000)
BRI RE S G0 e R I L TR T AT G - vvevvmeeemmmmeeremi et BER W, B (2095)
I B TR BB T BEIIITIIE woovveveseresemsns e W, A R K U BB 20 (2104)
SO A 57 B TR T AR HE SO BERBIESE  woevveeeseemeemee s RTIE, e, BB, PR, FRE(2110)
R AR AT A R A ) I 8 S BB 3 P S B B IEGE oo eeemmmmmm e e e B E x|, R (2118)
AEFRBF IR IR Fe/ C 25 M MFC PERBRIFFY -+oovveerveeremesnesnnens EEZ, B, TH, ALE, e, REL2125)
ST IUR ST IR ST I RS vereeesonseses e Bt YL, E R, DS (2131)
AL HTT BT 2 5 2 B K SR IG DM oovvveeeoemeeee s PR, K, xR L il de F 4 (2139)

(AR FER AT (1877) (RBERFEYVET B 2 (1890) = H(1822,1857,1896,2138)



Vol.33,No. 6

o 33 45 6 FoOE y 2
20 b i Jun. ,2012

ENVIRONMENTAL SCIENCE

KITHEARAIRIPEERSELTHRITN

WSO, EAUK AT BRELZE W 1E T k227, JHa

(P EK PR AR ST B ER VIR P2 RS, )N 510380)

FEE . O T RBRTL TR R E DU Hh G R i A TS e TR TR AR S G AR A U 5 A5 B B s R Rt
RE T 21 ARSI P 13 MonZE R, ZOkle 2 E 4 R 15 YoR RIS S X HEAT T 2. 455350, 3R 1L
TUFAGE B Fe & Mn &55391 41 658. 73 mg-kg ' Fll 104. 73 mg-kg ™" ,#EICE Cr.Co Ni Cu.Zn As Se .Cd Sh Pb fl Hg
B E 5590 86.62, 18,18, 54. 10, 80.20, 543.60 ., 119.55, 4.28, 10. 60, 20.26., 104. 58 F10. 520 mg-kg ™", HiFH B3 %
M 3R s, RE B E S RIS RFUEINT A . Cd> As~Zn > Hg > Ph~Cu=~ Cr, I 1EAE SR FLE K /MIF . Cd > Hg >
As > Cu >Pb >Zn > Cr, Cd J&i2%/KIB5 Y FRS 7 AR B R e R A TC R, S0 78 A XU 5 X I 25 B v e AR A AU — B BRI
FUERE YR Cd Hg 1 Ph V5 44324 ASE LTI R FVETLAIARIL. A2 SRR PR sl S i A AR A KU 1T 43 5 28 JkAc
ST AN 43 A B TR R 15 e A AR . SR 5, 35 4 8 V5 YA A 25 XU BG  BE J v W VL BE AT ) -V Vs B AR AT - I s
B B AN -k T BE, IV R A ST ¥ Y R R R A A XU 48 R T XA VLB

KB TRIL; ICP-MS; MR RI84; e BT84 R HT

FESES. X524 XEARIRME. A XEHRS: 0250-3301(2012)06-1808-08

Residues and Potential Ecological Risk Assessment of Metal in Sediments from

Lower Reaches and Estuary of Pearl River

XIE Wen-ping, WANG Shao-bing, ZHU Xin-ping, CHEN Kun-ci, PAN De-bo, HONG Xiao-you, YIN Yi

(Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: In order to investigate the heavy metal concentrations and their potential ecological risks in surface sediments of lower
reaches and estuary of Pearl River, 21 bottom sediment samples were collected from lower reaches and estuary of Pearl River. Total
contents of Cr,Mn,Fe,Co,Ni,Cu,Zn,As,Se, Cd,Sb, Pb and Hg in these samples were measured by the inductively coupled plasma
mass spectrometry ( ICP-MS) and the atomic fluorescence spectrometry ( AFS) and using the index of geoaccumulation and the
potential ecological risk index to evaluate the pollution degree of heavy metals in the sediments. Results indicated that the concentration
of total Fe and total Mn were 41 658. 73 and 1 104. 73 mg-kg ™' respectively and toxic trace metals, such as Cr.Co, Ni, Cu, Zn, As,
Se, Cd, Sb, Pb and Hg were 86.62,18. 18, 54. 10, 80.20, 543.60, 119.55, 4.28, 10.60, 20.26, 104. 58 and 0. 520 mg-kg™"'.
The descending order of pollution degree of various metals is; Cd > As=Zn >Hg >Pb=~ Cu=~Cr, while the single potential ecological
risk followed the order: Cd > Hg > As > Cu > Pb >Zn > Cr. The pollution extent and potential ecological risk of Cd were the most
serious among all heavy metals. The distribution pattern of Cd individual potential ecological risk indices is exactly the same as that of
general potential ecological risk indices for all heavy metals. Clustering analysis indicates that the sampling stations may be classified
into five groups which basically reflected the characteristics of the heavy metal contamination and sedimentation environments along the
different river reaches in lower reaches and estuary of Pearl Rive. In general, the serious heavy metal pollution and the high potential
ecological risk existed in three river reaches: Chengcun-Shawan, Chengcun-Shundegang and Waihai-Hutiaomen. The pollution degree
and potential ecological risk are higher in related river reaches of Beijiang than that in other lower reaches and estuary of Pearl River.

Key words : Pearl River; ICP-MS; index of geoaccumulation; potential ecological risk; cluster analysis
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Table 1 Index geoaccumulation and contamination grade assessment of heavy metal in sediments
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Table 2 Ecological risk index and classification of risk intensity
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Table 3 Heavy metal contents in surface sediments of in Pearl River estuary/mg-kg

A7 FE 23500 R 4. 17% F10. 11% |, 5 Fe 8 b
IR AN AGIT 3. 19 g-kg ™' (EET 2.56 g-kg ', MR
TS YT (4.56 g-kg ™) AT (4.69 g kg™ ),
AN 5 ERE SR IRGE A BRI IS AR R TR
#3 HITHIRRENAYESESESE /mg k!
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KR S Cr Mn Fe Co Ni Cu Zn As Se Cd Sh Pb Hg
AN 46.88  378.82 28007.5 7.175 25.94  42.80 335.13 33.83  3.189 1.75 2.38  44.14  0.126
#1] 68.28  597.88 27333.3 13.56 36.18  41.70 270.76  31.59  2.07 3.55  11.80  35.11  0.16
sl 79.86  983.250 43507.5 19.07 71.85  62.95 753.51 133.73  4.315  4.94 10.38  64.82  0.274
1] 56.91  736.00 44005 15.46 97.85  64.85 618.37 107.15 3.674  2.69 8.36  53.40  0.075
BEII] 59.5 1090 39960  16.10 44.85  69.95 613.25 133.1 4.018  7.44  17.100 101.70  0.223
X 55.9 1039 41325 16.91 51.08  96.25 524.75 30.2 5.295  7.81 9.80  62.65  0.036
BBk 89.46 1871.5 49800 37.97 70 86.90  640.65 103.5 7.840 15.81  37.95  75.55  0.229
I 67.31 1102 47215  19.44 59.45  76.25 668.28 114.65  4.2105 3.58  10.905 67.45  0.373
WEOXME 65.51  974.81 40144.1618.21 57.15  67.71 553.09 85.97 4.33 5.95  13.58  63.10  0.187
IR 49.63 954.12 33024 14.19 10.36  29.27 520.73 85.4 2.83 1.35 5.717  57.22  0.045
& 47.19  366.35 37401 5.71 15.10  22.42  636.15 49.9 4,88 0.87 10.881 81.85  0.078
ol 207.85 2208.50 54825  43.03 90.63 195.60 781.88 176.25  8.93 17.67 45 82.85  0.063
s 125.32 1164.52 36167 16.62 63.00 100.36 530.36 216.19  3.68 9.38  26.88 138.33  2.43
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St 77.41 1269 50825  15.05 60.30  71.33  796.37 116.48  4.71 32.14  24.88 234.33  0.078
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FakE 137.41 1398.00 40250 28 84.05 174.93 515.38 242.75 6. 10.57  48.35 113.45  0.171
WME 99.60 1184.68 42590.7818.17 52.22  87.89 537.76 140.21  4.25 13.46  24.36  130.11 0.725
XU 86.62 1104.73 41658.7318.18 54.10  80.20 543.60 119.55  4.28 10.60  20.26 104.58  0.520
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Table 4  Correlation matrix of element concentration

Cr Mn Fe Co Ni Cu Zn As Se Cd Sh Pb Hg
Cr 1 0.777 0. 540 0.775 0. 626 0. 842 0. 352 0.518 0. 640 0.539 0. 648 0. 353 0. 460
Mn 1 0.708 0.917 0. 668 0.793 0.554 0.524 0.742 0. 628 0.722 0.434 0. 330
Fe 1 0. 636 0. 583 0. 705 0.772 0.701 0. 678 0.770 0.469 0. 800 0. 431
Co 1 0.709 0. 806 0. 547 0. 463 0. 856 0. 458 0. 687 0. 258 0. 146
Ni 1 0.717 0.516 0. 453 0.576 0. 404 0.522 0. 256 0.224
Cu 1 0. 486 0. 700 0. 764 0. 588 0.743 0.528 0. 358
Zn 1 0.488 0. 706 0. 469 0. 265 0.503 0.137
As 1 0. 420 0.472 0. 64 0.763 0.48
Se 1 0. 460 0.593 0.313 0. 066
Cd 1 0.486 0. 816 0.527
Sh 1 0. 399 0.214
Pb 1 0. 587
Hg 1

1) BAFCFRESE a=0.05 KFETAREE, FTRLRERE a=0.05 KFETBE, HRAEE a=0.01 KFETEH
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Table 5 Index of geoaccumulation and contamination grade assessment of heavy metal in Pearl River estuary
. Cr Zn Cu Pb Cd As Hg
i L, oo 1, H®m 1., A% L. w% I, »% 1., H©% 1., H%
AN -0.39 0 2.39 3 -0.50 0 -0.12 0 5.49 6 1.63 1 1.03 2
#I] 0.15 1 2.08 3 -0.54 0 -0.45 0 6.51 6 1.53 1 1.38 2
L] 0.38 1 3.56 4 0.06 1 0.43 1 6.98 6 3.61 4 2.16 3
B -0.11 0 3.27 4 0.10 1 0.15 1 6.11 6 3.29 4 0.29 1
BB -0.04 0 3.26 4 0.21 1 .08 2 7.58 6 3. 60 4 1.86 2
X -0.13 0 3.03 4 0.67 1 0.38 1 7.65 6 1.46 1 -0.77 0
PRk 0.54 1 3.32 4 0.52 1 0.65 1 8. 66 6 3.24 4 1.90 2
=] 0.13 1 3.38 4 0.33 1 0.49 1 6.52 6 3.39 4 2. 60 3
O 0.06 1 3.04 4 0.11 1 0.33 1 6.94 6 2.72 3 1.31 2
4] -0.37 0 3.31 4 -1.43 0 0.77 1 4.48 5 2.19 3 0.34 1
TR -0.30 0 3.02 4 -0.79 0 0.25 1 5.11 5 2.96 3 -0.45 0
I s .09 2 3.66 4 .55 2 3.25 4 9.86 6 5.29 6 5.24 6
AT .76 2 3.6l 4 1.69 2 0.79 1 8. 82 6 4.01 5 0.03 1
Wi .04 2 3.05 4 0.73 1 1.53 2 7.91 6 4.30 5 5.30 6
(L -0.39 0 2.78 3 -0.80 0 0.34 1 6.52 6 2.62 3 -0.04 0
/NI 0.52 1 2.68 3 0.32 1 .22 2 8.50 6 1.74 2 1.99 2
=k .09 1 3.03 4 0.72 1 .50 2 9.38 6 2.44 3 5.36 6
[y 0.34 1 2.10 3 -0.38 0 0.48 1 8.52 6 1.78 2 2.95 3
JLIT. .02 1 2.78 3 0.04 1 0.70 1 7.33 6 3.55 4 3.79 4
ShIE 0.34 1 3.64 4 0.24 1 229 3 9. 69 6 3.41 4 0.34 1
IR -0.22 0 2.27 2 -0.21 0 0.60 1 5.91 6 4.02 5 0. 40 1
FaH: .16 1 3.01 4 1.53 1 .24 2 8.08 6 4.47 5 1.48 2
] R 4 0.54 1 2.99 3 0.25 1 .15 2 7.70 6 3.29 4 2.06 3
X 1 0.36 1 3.01 4 0.19 1 0.84 1 7. 41 6 3.07 4 1.77 2
*6 HITHARKERESBSLEERNKITMN
Table 6 Evaluation on potential risk index of heavy metal in the sediments of lower reaches and estuary of Pearl River
o b E, GAWIEES
AR AR Cr Zn Cu Pb Cd As Hg i IR 55 2%
=] 1.56 4.19 7.13 8.83 105. 00 22.55 20. 16 169. 42 LR
#1] 2.28 3.38 6.95 7.02 213.00 21.06 25. 60 279.29 g
B 2.66 9.42 10. 49 12. 96 296. 40 89. 15 43. 84 464. 92 &
G| 1.90 7.73 10. 81 10. 68 161. 40 71.43 12. 00 275.95 thag
BEII] 1.98 7.67 11. 66 20. 34 446. 40 88.73 35.68 612. 46 JUE
RG] 1.86 6.56 16. 04 12.53 468. 60 20.13 5.76 531.48 &
BBk 2.98 8.01 14. 48 15.11 948. 60 69 36. 64 1094. 82 fRy
=] 2.24 8.35 12.71 13.49 214. 80 76.43 59. 68 387.7 G
Al YA 2.18 6.91 11.28 12.62 356.78 57.31 29.92 489.76 il
7 1.65 6.51 5.85 11.44 40. 50 56.94 7.20 130. 09 fi%
4] 1.57 7.95 3.74 16.37 26. 10 33.27 12.48 101. 48 1%
gt 4.35 10. 12 29. 62 91.50 1 086. 90 286. 17 370. 88 1879.54 JUHE
AT 6.93 9.77 32. 60 16.57 530. 10 117.50 10.08 723.55 JEEE
R 4.18 6.63 16.73 27.67 281. 40 144. 13 388. 8 869. 54 JeH
T 1.56 5.52 5.78 12.16 107.70 44.92 9. 60 187.24 LR
=K 4.35 6.56 16. 59 27.10 782.10 39.74 404. 8 1281.24 JUE
/N 2.92 5.12 12.58 22.44 424.20 24.37 39.04 530. 67 &
VUt 2.58 3.44 7.77 13. 41 429. 60 25. 06 76.16 558. 02 E:l
it 4.15 5.51 10. 38 15.55 188.70 85. 44 135. 68 445.41 G
ShitE 2.58 9.95 11.89 46. 87 964. 20 77. 653 12.48 1125.62 JUE
N 1.75 3.86 8.725 14.53 70. 50 118. 15 12. 96 230. 475 Tk
YAk 4.580 6.44 29.16 22.69 317. 10 161. 83 27.36 569. 16 G
] o 44 3.32 6.72 14.72 26.02 403.78 93.47 115.96 664. 00 JeH
X IR E 2.89 6.79 13.4 20.92 385. 87 79.70 83.18 592.77 il




6

WSCFAE . BRI U B U B G & S5 Y

1813

SR 6 A IR FTIINARE Y 28. 57% |, AR S T Y
FERCH 8 A, SRS 38. 10% .

Ty 19 A= 5 XU 235 575 5 (RT) $91E 2 664. 00,
T 1 489. 76, Horp AR HE FN AN A 25 R 25 A 15
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Hedss WKL 2. Cd  Hg F1 P 7Y 15 Yo e B A A4
BIELEE, =K (6T T35 Y B0 00 W S5 {A, 1
JURNCPEYE) AT T (AR 15 Q45 8 R T ™), 5
HESWUR Jg . =K (AE¥T) > W MEE > 7 F (7
L) > WA > B-ITORIL)  DAVFR AR H
FRIEFEXT LT3 B Cd  He #1 Ph, PEAG F8 5055
8.3, 3.4 Fl 1.8, ¥y T 4541 7. 70 | 2. 06
15T SEBHERIT R HHGEE KR ¢d Hg A1 Pb 75
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Fig. 2 Comparison of extent and potential ecological risk of heavy metals contamination of the sediments

in different sampling sites of lower reaches and estuary of Pearl River
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Ko

FIFH SPSS Statistics X Il 7K 3% 21 A3 {37 78 7F
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PAT BN RIBLRE (K] 3) . G5 H R F5T Xl {37 m]
I35 K RATET R AR I U AR D
o EIT BRI AR BRI T 11 AN Eh A, 2R

TRAAE/NTE VAR BRAT B DT XD B =K
VORI ANt ARSI LN G TR ey &1 [}
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PSR R RR V5 YRR AE . P VT S 56 S v
BAAFELESE 2, BB R- S FI LR SRS
U 45 K0 (RI) 101. 48 ~ 130. 09, 78 75 £ 25 KU Hy
A5 rP i BE 8 B - JUVE-AA R A 75 AE A2 25 KU Dy H vh
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Fig. 3 Cluster of sampling stations in the lower

reaches and estuary of Pearl River
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