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Tab.1 Operating parameters of ICP-MS

BgE| e BgE| B8
EBEFHIIE 1260 W FhEREE 2°C
EFEHTR 16 L/min  SEZHEHE 011/
A HE 1.09 L/min  H & Uk 3
SRAETR 5.8 mm Sy FiiE Eyicai
RAEHE HAR 1.0 mm MEHEER 0.4 mm

F2 SHIMHAIAN 11 HERBEEWNER(ng/g)

Tab.2 Concentration ranges and median of 11 metals in eight coral species (ug/g)

Map of sampling sites

ZREW®
21 EEBAMBAKT W REAKTESH
HAE
R 8 FILEAT G RLAMAT, B
SRS 11 A0 T 38 0 P it SRR AIACE, AU
W% 2.

ik Anthogorgia Menella Guaiagorgia Astrogrogia Carijoa quis Paraplexaura Echinogorgia
sp. sp. anas sp. sp. fruticosa sp. sp.
Cr 0.75+£0.30 1.69+1.53 1.24+1.02 1.52+0.08  1.98+0.89 1.28+0.11 2.18+1.51 0.99+0.52
Mn 3.28+2.65 13.2442.79  4.90+6.27  14.64+0.57 10.69+4.53  8.73+£3.94 8.46+5.23 6.79+£6.19
Co ND 0.01+0.01 0.03+0.04 0.11£0.02  0.09+0.04  0.05+0.05 0.01+0.02 0.01+0.02
Ni 0.20+0.07 0.34+0.12 0.22+0.12 0.55+0.08  0.39+0.16 0.44+0.11 0.62+0.53 0.26+0.14
Cu 0.29+0.07 0.87£0.34  0.12+0.08 1.08+0.21  0.34+0.28  0.86+0.25 0.87+0.70 0.72+0.69
Zn 2.95+2.13 11.85£1.46  2.19+1.27  20.68+5.73  1.48+0.89 12.62+8.47 11.12+£7.11 11.044+9.49
As 0.22+0.01 0.52+0.08  0.14+0.03 0.53+0.10  0.14+0.02  0.62+0.18 0.40£0.22 0.46+0.38
Cd 0.07+0.03 0.21+£0.06  0.05+0.02 0.23+0.05  0.04+0.02  0.19+0.14 0.15+0.09 0.21+0.16
Sn 1.58+0.51 3.2840.38  0.78+0.26 4.37+0.64 1.52+0.98  3.37+1.17 2.49+1.17 2.05+1.29
Sb ND ND ND 0.59+0.10 ND 0.74+0.17 0.33+0.48 0.37+0.49
Pb 0.19+0.03 0.50+0.24  0.14+0.12 0.46£0.09  0.24+0.09  0.51+£0.27 0.30+0.21 0.31£0.35
AR 3 3 3 3 6 6 9 21
TE: ND 7R & i IR T8 e i BR
11 P 48 0P Bk B i s SRR O Zn> SSRGS, HEER 07, SFUIIIAN As. Pb, Sb &%
Ly

Mn>Sn>Cr>Cu>As>Ni>Pb>Sb>Cd>Co. 144 8 FhMHL
EEE R, KR —ES AR IR &
WHZES ., EWPEAAN Zn, Mn, Sn. Cu. Cd fil Co

100

T, Paraplexaura sp WA Cr. Ni WifhE 4 g
it MACHIEHAN Mn, Cr. Ni. Co #¥iffik,
Guaiagorgia anas AP Sn, Cu. As. Pb Fa ik,
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SR I RMARAETLEESZHER
JE 4 M B A Py S FPE 428 Cu. Zn, Cr. Pb,
F Ni i 5 R | 23 N BRI A K 5 TS L
V355 S R P AL ) 4 0 2 T (LR AT E A, L3R 3.

R LIEH, A b Cu, Zn, Pb,
Ni 198 BN  Zn, Pb, Ni (& &
B 1 T 5 4 Vi SR A% o4 A IR B 4 e, R AR A
WHEA v Cu i 45 I 4 Vg Sk A s v
23 ELELSEHMRMLH
XF 8 FhIMEARPY 11 R 4 A it AT oy 25551k

2.2

£33 AEHEXMBENELESEKF(ng/e)

) H@ART/CLE

ki, RIEAT Po £F 67250, FHEE ANOVA
J5 1% LSD 43 Pb HYF4{H 25 5 (5 F7KF-HL P=0.05),
EIPb S EERARE, R PbFIEZER AL
o XA 10 Mot R iz 7 25 57 MG B0 AN AH A5 1 43
M7k Tamhane’s T2 #4707 &L, Cr. Co. Ni,

Zn Fll Sn 7 8 FhIWHEA v ) % & 22 S 0N 183 (P<0.01),
Mn, Cu. As & Sb ¥z (0.01<P<0.05), ifii 8 Fli3]

T Cd W JE A B 25 % (P>0.05).
FH Pearson Jrik, X 4 8 o SRR 44 P 1)
FE BTN, G5RINE 4 R,

Tab.3 Average concentrations of heavy metals in different corals from different locations (pg/g)

Hi X Fli s Cu Zn Cr Pb Ni SCHik
e b Gorgonian sp. 1 2.8 2.9 0.78 <0.60 <0.29 [25]
Gorgonian sp. 2 4.3 12.2 3.0 <0.67 <0.32
E B Gorgom:aventah:na 2.1+£0.3 59+18 0.9+0.1 5.1+0.3 38+2 [26]
Gorgoniaventalina 2.6+0.6 264+57 1.50+0.03 2.3£0.2 11.5+1.4
Subergorgiasuberosa 2.51+£0.37 18.4£1.5 0.44+0.03 0.60+0.05 6.30+0.27 [20]
BB, Echinogorgiacomplexa  81.7+8.9 249+44 1.89+0.14  1.30+0.11  5.47+0.15
Echinogorgiareticulata 83+13 201+£18 0.93+0.11 1.60+0.18 7.58+0.29
Anthogorgia sp. 0.29+0.07  2.95+2.13  0.75+0.30  0.19£0.03  0.20£0.07  AHF5E
Menella sp. 0.87+0.34  11.85+1.46  1.69+1.53  0.50£0.24  0.34+0.12
Guaiagorgia anas 0.12+0.08 2.19+1.27 1.24+1.02 0.14+0.12 0.22+0.12
15 4 i Astrogrogia sp. 1.08+£0.21  20.68+5.73 1.52+0.08 0.46+0.09 0.55+0.08
Carijoa sp. 0.34+0.28  1.48+0.89  1.98+0.89  0.24£0.09  0.39+0.16
Paris fruticosa 0.86%0.25 12.62+8.47 1.28+0.11 0.51+0.27 0.44+0.11
Paraplexaura sp. 0.87+0.55 11.12+44.71  2.18+1.56 0.30+0.15 0.62+0.54
Echinogorgia sp. 0.72+0.69  11.04+9.49  0.99+0.52  0.31£0.35  0.26+0.14
#4 ZSETFEBEXRHK
Tab. 4 Correlation coefficients of each heavy metal
Cr Mn Co Ni Cu Zn As Cd Sn Sb Pb
Cr 1 0.571" 0423 0.803" 0378 0283  0.206 0.151 0.282°  0.3317 0332
Mn 1 0.704”  0.608"  0.655”  0.595  0.5107 05177 0.643"  0.607" 0.589"
Co 1 0396 0.316" 0403 0272 0.266 0397 0330 0.389"
Ni 1 0.439" 0418 0327  0.236 0.503"  0.543"  0.434"
Cu 1 0.795" 0.758""  0.763"  0.680"° 0.660"  0.551"
Zn 1 0.884™ 09117 0.704™ 0.673"  0.627"
As 1 0.889  0.695” 0.682  0.691"
cd 1 0.589"  0.634”  0.648"
Sn 1 0.603"  0.562"
Sb 1 0.618"
Pb 1
T+, P<0.01, MR EEHIN; = P<0.05, WFHHK
Marine Sciences / Vol. 42, No. 8 /2018 101
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Z TR Z A A OC(P<0.01), #7341
K(P<0.05), F WX E 48 0 R Z AL HA [F M,
HA Cr Ml As. Cd MISEPER 22, Co A As. Cd WA
KRR, Ni Ml Cd ARG 22, R TATHIRIE
A, BARPIFERSA R — S &

WMBFPEAR, HELBNEERISHES,
LR e A AT S B b A T Y™ E 1 M e
FE, AT Lo 20 PR BT 1 45 Bl g bR SR BF 2, 59 Ab
AIREER [ B AR RCRDL L A AR BR A A G, BIX o 4
J& ELAR 0 & SEDLHIA A e — D5 . Wb E 4
J& G AR I 25 S, BRI AR KR oG, K
b PR 2R AH R A 1 0 T, ) B A o 4 J T ™ Y
DX IR AR P T 4 R S i S
2.4 ERHSM

MM ANESE S BT SERTARE,
R T ELR 50T 5 4 1 S A ) A o A Y R
PRI, R T EBS 7. KMO K iegiit
o4 0.832, Bartlett FERIE K5 P<0.01, UiBE A
K 404, AT LR H 32 54353 B (Principal Com-
ponent Analysis, PCA)AY J5 i LB o 8 45 J8 & &0
A AT 7 25 W K IE 22 HEF% J5 A5 F2 L e M 5
5, S PTIEI R E AR AR, Ik S PR, B
PR 11 RS e (11 A28 5 iR E B el th 243
A CRFE: 5.136+3.061=8.197 NE ) [t 75.514%,
RIAT L Bz et 4 SN i R 415 2

x5 MMESERBEENSDHER
Tab. 5 Results of principal component analysis for heavy
metal sources in the coral

S| B—F s 5 FE R
FRAF(E 5.136 3.061
TTHR /% 47.690 27.824
Rtk E /% 47.690 75.514
Cr 0.055 0.886
Mn 0.511 0.725
Co 0.232 0.664
Ni 0.222 0.857
Cu 0.809 0.315
Zn 0.911 0.229
As 0.942 0.110
cd 0.943 0.044
Sn 0.717 0.3745
Sb 0.714 0.382
Pb 0.695 0.350

‘M@AWME

AT B BTk RN 47.690%, R TS RHAE Cd.
As. Zn. Cu YWJE M AR IER M . Chen 7
W &P, +3Ed Cd. Cu Ml Zn S EE LS EE
— SRR BE WA O, IR R AR IR 5 Ak 2 1 i
Cd. Cu Ml Zn HIRIR . 255D st R woR, &
ZUEE BRI Cu 5 Zn ok @ F R Tl HE
ARG KI5 3, As 16 BRI ik b, 2k
FE RN e 24 1) 7L A R 4y, e A HOk | TR AR
T K AHERIT S, 320 E S50 M o Cu. Zn /Y
AR E S ATERVE, AN AP E 4R 5 g B EOR IR
TR BET5EE . B RAR . W 0L TE K,
T AT KA DX 120 il s 2B KB Sy L /NS
K& LT L AT, %5 26
SkRZ, L AMGE, RS R AR
U 8 UG 3 L S )RR 2 ML R A KT Bl
W, BT, WU . AR A A, KR . LR
KRS EEME A PE AR, RIS — RS
W 4 T AT e IR AL V5 S L HE 1 AR I V5 KR
Tk VG KB HERL . BEATRER . TR R AR RV S

B TTER R S 27.824%, AR RTE
Cr., Ni, Mn (¥R EA R IR M, Bk k&)
Cr. Ni EERIFETHIEA S MBI T ., k%R
FE W Ni, Cr Tk {3 TalkigK, s T
b i K AL A R Rk B2 T Tk,
RS, Yekl . MBS ZEAMT, B T F
Sy AL AR B F Tl 5 K B HER
2.5 WHMIRAELEESKNEIRH

X S A b A R s YR GLTE Y, BRI
A RUB I PENARE . AT A N 4R AR S
JRURS: A 5 B DR ¥ e s 4 PY, ek s R

Pi= C/S;

L, PR FIGRIREG G oARER TP E AR |
Sz B SR EAE 1 BTN ARE, NS
PRI, R TR A, BT LA LLIR A
V5 Y PN b o 4 R I BRAE AR S PR AR T, BT
ZARETRAE Mn, # Mn BIIEMMARUES IR T 57
DA Z A2 A 4 FR(E (4.00%10°°, 5
)R, BAREEHRILE 6.

MR B R 775 Yt 8 B B 4 o 4 B 1Y i
PRI R 4 A5G P<0.2 B, £RTTIGY,
0.2<Pi<0.6 i, FRZEGTY; 0.6<P<1.0 i, £
TS, Pi=1.0 B, FonE SR, AR
N 5 PR B T I b e JE s YR g, B
IREE R 7,
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Fzo MEBHELEDE(ng/e)
Tab. 6 Concentrations of heavy metals in corals (ng/g)
JLE Cr Mn Cu Zn As Pb
ik 1.09£0.79 4.77+4.60 0.22+0.18 2.93+1.55 0.16+0.04 0.13+0.09
s 0.75+0.30 3.28+2.65 0.29+0.07 2.95+2.13 0.22+0.01 0.19+0.03
KAA WG 1.74+1.00 11.82+4.16 1.1540.45 16.68+6.87 0.66+0.23 0.51+£0.26
TEVEAE TS G T bR o 6 80 160 20 8
WHO 4
T A RARERIE 4 1 BN T R bR
x 71 MEPEEESLIES
Tab.7 Pollution index of heavy metals in the corals
JLE Cr Mn Cu Zn As Pb
=]lEgii 0.18 1.19 0.00 0.02 0.01 0.02
£l 0.13 0.82 0.00 0.02 0.01 0.02
KAG WG 0.29 2.96 0.01 0.10 0.03 0.06
TP, 0.20 1.66 0.01 0.05 0.02 0.03

FIWSRESE o Mn 1) P>1, JR FEETSYY; Ml
Wb Mn 9 P 7E 0.6~1.0, J& T 5T, KAGLS
WHIH Cr AT 0.2~0.6 J& FHREETG YL, Mn i P>1, &
FEREGY, =A RS, KAGW H 3 i
FFS 05 SR ™ i RAE G 7 F S, b TR 4
Wik bk, BEGTF T . WYL A, B
A%, FTREZ Tl V5 Y™ &, 5 2 WMo/ ss
TAHRF . N3 AREESIFY PORE, 6 R E 48 T
i, Cr @ TR TS YK, Mn J& TH 5 K.
Wi WA BT 4 95 AT 42 8 Min Y5 e85 2 i, AR
Cr BARJE TR YK, (R ZH S HE ] 5]
EE, SRR, RS YK

3 i

(1) 7= &M CRAER) 8 FhIIh, 11 FiE 48
4 249 3 B2 7K S AR B /MK Y : Zn>Mn>Sn>Cr>
Cu>As>Ni>Pb>Sb>Cd>Co. SANIH] . 254035 |
Paraplexaura sp. ) 4 J& & 2 8 =, A€W I35 A0
Guaiagorgia anas 17 58K

(2) BIEWEEIMH T Cu. Zn, Pb. NifyF&&E .
ZNEG Pt Zn, Pb, Ni & Eimm TE 4
T SRR K PN R ) o s 5 e, R BRI P Cu &
oA T B S 1

(3) AHNE T KB, Cr. Co, Ni, Zn #
Sn [FhE] 22 R W . BR Cr Al As. Cd. Co #l
As, Cd. Ni fll Cd 4h, HARFEEIE TR ML Z
ARE TR R U AR R b, AR T R AT RERY
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HAEAT: A TT Y L HE H A TS KA T 75 7K i HE
T AR ORI RAR T 7 4

(4) RAFG | W AR AN A UG 9 2 275 G M2 Min,
ARt AT 0 328 57 A4 SHERM) 0 P4 B J Min A T B
TG R, FUGEE 7 B b T BE 5 Bk
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Abstract: In this study, the content of heavy metals including Cr, Mn, Co, Ni, Cu, Zn, As, Cd, Sn, Sb, and Pb in
eight species of coral from the Xiamen-Kinmen Sea area was determined by inductively coupled plasma mass spec-
trometry (ICP-MS). Their distribution and sources were analyzed and explored through data processing and princi-
pal components analysis (PCA). Single factor pollution index (P;) was employed to evaluate the heavy metal pollu-
tion level. The results showed that the level of heavy metals in the coral could be ranked from high to low as:
Zn>Mn>Sn>Cr>Cu>As>Ni>Pb>Sb>Cd>Co. Among the eight species of coral, Astrogrogia sp. Parisfruticosa and
Paraplexaura sp. had higher levels of heavy metals, while Anthogorgia sp. and Guaiagorgia anas had lower. Fur-
thermore, the levels of Cu, Zn, Pb, and Ni in the coral of Taiwanese waters and those of Zn, Pb, and Ni in the coral
of Venezuelan waters were much higher than those in the coral of the Xiamen-Kinmen Sea area. Also, the Cu con-
tent in the coral of the Great Barrier Reef was slightly higher than that in Xiamen-Kinmen Sea area coral. Correla-
tion analysis revealed that the differences among species in levels of Cr, Co, Ni, Zn, and Sn were significant. PCA
revealed that agricultural pollution, domestic sewage, ship erosion, paint erosion, and the electroplating industry
were the main sources of heavy metal in all the coral. P;indicated that among the six heavy metals, the main pol-
lutant in the Dabaiyu, Baiha, and Jiaoyu Reefs is Mn. Heavy metal Mn in the coral of the Baiha Reef and Dabaiyu

Station was at a serious pollution level, while that of the coral at Jiaoyu Station was at a moderate pollution level.
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