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Distribution Patterns and Pollution Assessments of Heavy Metals in the Spartina

alterniflora Salt-Marsh Wetland of Rudong, Jiangsu Province

ZHANG Long-hui" >, DU Yong-fen', WANG Dan-dan', GAO Shu', GAO Wen-hua'
(1. The Key Laboratory of Coast and Island Development, Ministry of Education, Nanjing University, Nanjing 210093, China;
2. Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: To understand the ecological impact of Spartina alterniflora on the coastal wetland environment, field survey was carried out
in July, 2010, over the intertidal areas of Rudong coast, Jiangsu province; sediment samples were collected from a series of stations
with different conditions of vegetation cover and S. alterniflora growth. The contents of eight heavy metals, together with sediment
composition and total organic carbon were analyzed to reveal the distribution patterns of the heavy metals. Environmental quality status
was evaluated using both the index of geoaccumulation (/,,,) and the index of the Hékanson ecological risk. The analytical results
showed that the average contents of Pb, Cd, As, Hg, Cr, Cu, Ni and Zn were below the standard for the Category I sediment quality,
among which Cd, Hg, Ni and Zn exceeded the sediment background value of the region. On the whole, the contents of eight heavy
metals in vegetation areas were higher than those associated with the adjacent bare flat areas. These data sets indicate a non-polluted
condition in term of I, estimation; however, a critical state of low to moderate degrees of pollution and a low level of risk were deduced
according to the index of the Hékanson potential ecological risk. Both indices suggested that the pollution level of Hg and Cd were the
highest among the eight metals measured. Along the transection from seaward to landward, the contents of As, Cu and Hg, their
indices of /,,,and Hékanson ecological risk all showed an increasing tread, in accordance with the condition of vegetation cover. Along
the coastline with S. alterniflora being distributed in patchiness, all metal contents and their ecological risk level values for the marshes
were higher than those for the unvegetated sediments nearby; moreover, except for Hg, other seven metals exhibited relatively low
values than those in the shore-normal section with a better S. alterniflora growth. These findings indicate that S. alterniflora is one of
important factors to enrich the heavy metal in tidal flat sediment. Thus, ecological risk of the heavy metal is reduced or blocked, due
to the filtering effect of salt-marsh, which prevents metals from entering the open sea directly. The distribution of heavy metal is
influenced by a combination of colonization time of vegetation, chemical form of metals and their origins.

Key words : heavy metals; Spartina alterniflora; salt-marsh wetland; ecological assessment; Rudong coast (Jiangsu)
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Fig. 1 Sampling sites over the intertidal flat of Rudong coast
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Table 1  Crain-size parameters of the surficial sediment at the intertidal flat of Rudong coast

SR AR BT T B e it/ % W/ % W/ % SEHPRAR/wm RIS/ m IIEREL
Sl 2. 12 21. 02 76. 87 92. 29 96. 70 2. 03
;2 4. 57 57. 26 38. 17 47. 40 50. 51 2. 51
%i S3 6. 56 65. 7 27. 74 36. 34 41. 95 2. 72
B o4 9. 01 70. 54 20. 45 26. 69 35. 04 3. 10
@% S5 7. 84 72. 04 20. 12 30. 31 37. 21 2. 78
i) WiT~E44 (S1 ~S5) 6. 02 57. 31 36. 67 63. 38 52. 28 2. 63
(S2~S5) 6. 70 66. 39 26. 62 35. 19 41. 18 2. 78
6 4. 09 39. 97 55. 95 61. 41 68. 86 2. 45
ST 3. 26 4. 97 51. 77 60. 25 64. 26 2. 20
ﬂ; S8 2. 74 34. 47 62. 79 69. 95 76. 61 2. 16
T 9 3. 26 45. 65 51. 09 58. 20 63. 64 2. 25
EE S10 3. 45 56. 84 39. 7 51. 83 53. 41 2. 19
W si 3. 00 52. 65 44. 35 55. 89 57. 37 2. 15
i HAKEX (S6, S8 & S10) 3. 43 43. 76 52. 81 79. 66 66. 29 2. 27
JEHEIX (S7, S9 & S11) 3. 18 47. 75 49. 07 75. 88 61. 76 2. 20
Wt I3 3. 30 45. 76 50. 94 77. 77 63. 98 2. 23
S1 ~S11 F3y 4. 54 51. 01 44. 45 71. 23 58. 69 2. 41

2.2 AR A RHE
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F SRR T PR DUR AR e 1265 Horp
Cd, Hg. Zn VP35 & T E R UR Y- 1 6 8
WA, HoAb oo R LT B KRR U -1 1

I Sl 8 FhoT R AR KR IX (11 Y (8 i T O RE
XOEYA(E. 7ETE B LR, As, Hg Fl Cu &% &
T [ i 2 IR DK A AT A R e, He (15
e R ERANS A 5 A, Cd Ml Zn TR
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LRWIH, KHEIX 8 FOT R &R m TOLREX. WA
Wi AR G, BEHRIX Cd . Cu B S AR T 3 15 0B
(RS AT X
2.4 HEEESFEE SRS APRIAHICH:
HKICREZ B AR S DL 2 3. R Hg F1 As 4F,
HE 6 MuTRMEBFEFEMILE(P<0.01). Bt
5 Pb, Cu, Ni 2 BFIEMX; FWRASK TGRS
HEAM, Y Cu 2B E O, AR ES
As, Cu 2B EIEMX.
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Fig. 2 Distribution of organic carbon content in the intertidal flat of Rudong coast
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Table 2 Heavy metal contents in the surficial sediments at the intertidal flat of Rudong coast
Dy = ﬁé}ﬁ@ﬁ/mg-kg’l
KA T TR i A,
RABTE R Ph cd As Hg Cr Cu n Ni
Sl 7.03 0. 130 4.87 0.014 55.02 6.15 95.03 25.34
e 2 6.29 0.171 5.80 0. 039 53.21 8.24 110. 15 25.65
5& S3 7.80 0. 167 7.03 0. 040 63.74 10.70 92.43 28.98
T 4 8. 04 0.120 7.29 0. 040 55.07 10.09 79.59 26. 66
éf? S5 6.98 0. 120 9.98 0.070 61.30 12.32 91.45 28.22
i} WiiE SE 5 (S1 ~S5) 7.23 0.142 6.79 0. 041 57.67 9.50 93.73 26.95
(S2~S5) 7.28 0. 145 7.53 0. 048 58.33 10. 34 93.41 27.38
S6 7. 08 0. 104  10. 06 0. 037 59. 40 7. 03 85. 78 27. 94
s7 5. 39 0. 087 5. 44 0. 041 43. 72 5. 09 51. 53 18. 65
¥ S8 4. 11 0. 076 4. 22 0. 044 37. 40 3. 91 62. 03 22. 31
17 S9 3. 24 0. 061 5. 86 0. 038 28. 57 2. 60 45. 80 15. 67
i S10 5.35 0. 081 5. 73 0. 099 37. 58 3. 57 68. 57 22. 69
24 S11 5. 38 0. 074 8. 18 0. 047 28. 35 3. 51 55. 26 19. 11
i HAELKEIX (S6, S8 & S10) 5.52 0. 087 6. 67 0. 060 44. 79 4. 84 72. 61 24. 32
SEHEX (ST, 9 & S11) 4. 67 0. 074 6. 49 0. 042 33. 55 3. 73 50. 86 17. 81
TR 5. 09 0. 081 6. 58 0. 051 39. 17 4. 29 61. 51 21. 06
IS X HME (S1 ~S11) 6. 06 0. 108 6. 68 0. 046 47. 58 6. 66 76. 15 3. 74
AW X HE 6. 29 0. 104 5. 86 0. 040 53. 21 7. 03 79. 59 5. 64
RSNV ALY R S=e (] 19 0. 066 7.3 0. 027 60 15 23 62
WEAEDUBIbRIE T 2 60. 0 0.5 20. 0 0.2 80. 0 35. 0 —b 150. 5

1) — R AT IS A
2.5 HERIGYITHM

K-S K56 B | fF9% KB &-ulh f37 8 FhTE & &,
Lo\ Ci. E, X356 C, o RIRMIEZS 346 (P >
0.05); A TRIERN, k& mEHEAESA
it X (P <0.05).
2.5.1 M RBUEBCGETE

DA R b U AR -1 R D T S (E (3R 2) 1E
JpHbERAL 2R T R AH, RIS 8 FhoT R MY b B
B Ao R (R 4). 8 MR, HA

Cd F Hg H9-F- X1 RRFEEOR T 0, 435124 0. 06 il
0.052, AfRm JCis KRR s gy, HETR
SEIH BAFEEUNT 0, JBICI5 YLK, BT X
WX 1, /N T 0, JBIET5YIKF.
2.5.2 WTEA SR

Phrp [ K Bl LR - i Ry D T R E o S L,
THRA TR MG R 5, WEAB R 2505, 8
FhotZ Pb, Cd. As, Hg. Cr. Cu, Ni, Zn MR
BT N5 .30,10,40, 2. 5,5, 1% %5
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Table 3 Correlation coefficient matrix between heavy metal contents and clay content, mean grain size & organic
carbon in surface sediment over the Rudong tidal flat

Pb Cd As Hg Cr Cu Zn Ni
Cd 0.747"
As 0.470 0. 105
Hg -0. 154 -0.269 0.179
Cr 0.876 " * 0.810" " 0. 407 -0.197
Cu 0.828 " * 0.764 " * 0.515 -0.039 0.889 " *
Zn 0.742"* 0.907 " * 0.228 -0.157 0.829 " * 0.730"
Ni 0.867 " * 0.764" 0. 446 -0.012 0.920" " 0.841" " 0.863" "
(R 0.653" 0. 464 0.520 0.168 0. 602 0.853"* 0.395 0.604*
- Hphi At -0.389 -0.302 0.505 -0.432 -0.313 -0.641" -0. 181 -0.355
A LB 0. 405 0.175 0.797"* 0.314 0.306 0. 609 * 0.170 0.293

1) = FIRTE 0.05 K- (XU b RFHK,

Table 4  The I

reo

* % FIRAE 0.01 K- OB | b ZEAH G

F4 IHNERAHEREARY T ESBHRRIER L,

and their ecological levels of heavy metals over the intertidal sediments of Rudong coast, Jiangsu province

S I H TR W SEAT T LR T T (CELAE R SRNA I G RE . S6 AT ST, S8 AT S9, S10 f1S 11)
Sl S2 S3 4 S5 S1~S5 S2~85 6 s7 S8 S9 S1I0 SI1 S6~S11 $6,8,10 S7,9,11
Pb -2.02 -2.18 —-1.87 —-1.83 -2.03 -1.99 -1.98 -2.01 -2.4 -2.79 -3.14 -2.41 -2.41 -2.28 -2.40 -2.65
Cd 0.4 079 0.56 0.28 0.28 0.46 0.48 0.07 -0.18 -0.37 -0.69 -0.29 -0.41 0.06 -0.20 -0.43
As  —-1.17 -=0.92 -0.64 -0.59 -0.29 -0.72 -0.61 -0.12 -1.01 -1.37 -0.9 -0.93 -0.42 -0.76 -0.81 -0.78
Hg -1.54 -0.06 -0.03 -0.004-0.78 -0.48 -0.22 -0.13 -0.03 -0.1 -0.09 1.29 0.22 0.052 0.35 0.03
Cr -0.71 -=0.76 =0.5 -0.71 -0.55 -0.65 -0.63 -0.6 -1.04-1.27 -1.66 -1.26 -1.67 -0.97 -1.04 -1.46
Cu -1.87 -1.45 -1.07 -1.16 -0.87 -1.28 —-1.14 -1.68 -2.15-2.52 -3.11 -2.66 -2.68 -1.93 -2.29  -1.21
Ni -0.45 -0.43 -0.26 -0.37 -0.29 -0.36 -0.34 -0.3 -0.89-0.63 -1.14 -0.6 -0.85 -0.56 -0.51 -0.96
Zn  0.03 0.24 -0.01 -0.22 -0.02 0.00 0.00 -0.12 -0.85-0.58 -1.02 -0.44 -0.75 -0.34 -0.38  -0.87
FH -0.92 -0.59 -0.45 -0.57 -0.37 -0.58 -0.50 -0.61 —-1.06-1.18 -1.47 -0.91 -1.12 -0.84 -0.90 -1.22
1) I JER<0,0~1,1~2,2~3 3RFRII5Ys BIETG S, i BET5 Je R b e s
RS WMEHEATRENRYHIELEERFTRREY C RERTFTLEE C,"
Table 5 The Ci and C, of heavy metals in the surface sediments of each sampling site from Rudong tidal flats
w5 O bl RN AN Cl

AR B i Ph cd As He e Cu Ni Zn Ca

S1 0.37 1.97 0.67 0.52 0.92 0.41 1.10 1.53 7.49

% 2 0.33 2.59 0. 80 1.44 0. 89 0.55 1.12 1.78 9.48

T s 0.41 2.54 0.96 1.17 1. 06 0.71 1.26 1.49 9.90

Z 4 0.42 1.82 1.00 1.50 0.92 0. 67 1.16 1.28 8.77

W ss 0.37 1.82 1.23 2.58 1.02 0.82 1.23 1.47 10. 55

i S1 ~S5 - 0.38 2.15 0.93 1.50 0.96 0.63 1.51 1.17 9.2

S6 0.37 1.58 1.38 1.37 0.99 0.47 1.21 1.39 8.76

s7 0.28 0.31 0.74 1.53 0.73 0.34 0. 81 0. 83 6.59

- S8 0.22 1.16 0.58 1.61 0.62 0.26 0.97 1. 00 6.42

? 9 0.17 0.93 0. 80 1. 41 0.48 0.17 0. 68 0.74 5.38

& S10 0.28 0.22 0.79 3.67 0.63 0.24 0.99 1.11 8.92

ﬁfﬁ‘ S11 0.28 0.13 1.12 1.74 0.47 0.23 0.83 0. 89 6.70

M HAEKFEXFHE(S6, S8 & S10) 0.29 1.32 0.91 2.22 0.75 0.32 1. 06 1. 06 8.03

FEMER -5 (ST, S9 & S11) 0.25 1.13 0. 89 1.56 0.56 0.25 0.77 0.82 6.22

B I F-347 S6 ~ S11 0.27 1.22 0.90 1.89 0. 65 0.29 0.92 0.99 7.13

FFEIX - (S1 ~S11) 0.32 1. 64 0.91 1.71 0.79 0.44 1.03 1.23 8.09

DTG Cic1, €, <8; Hi5YL: 1<Ci<3,8<C(C, <16
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MEAANTE BT KF, KITRMN C K/
J¥ 3 Hg > Cd >Zn > Ni > As > Cr > Cu > Pb, H
Hg, Cd, Zn, Ni B9°F¥y ¢, KT 1, J@hEEYe. 1
FEE LW, He, Cd, Zn, Ni JRTP IS, As,
Cr, Cu, Pb MRISY(Cl < 1), Hhigm i ¢ BUE
B E A K K B G S AR KB #, Cd . Zn, Ni,
Cr 1 C; FHIEE M) Bl S 2 PR, AP AT R 2,
[fFE Hg, Cd, Zn, Ni A EEIGYL, As, Cr, Cu, Pb
HRIE G KX A TTE N C KM, K
FXAITCR T C @ PO, RDREX A ICR
15 YR ER TOLMEX.

MEGEETS R ERE, BAMRXIBNT C,
8.09, AR TG YA Y (C, <8 MK
15, 8<C, <16 N EETG YY) . TEIE H LW,
FH T 1By €, il K B A e T 20 i 38 R, 75
YRR T e R s g SPAT R T IT, OK
TSN C, ¥ TOEMEX, KB IX 5 YefE i R

RIS gL X AT L.

AR A RIZTRY S TR IBTEAESEFER
BE 5B ES TS E R Wk 6. MWHATT
FokAE, Cd Al He J& h EEi5 g, HAb T E A KT
Yo ETEEELWIHE, Cd Al Hg B9FY EL 4350
64.47 F160.03, ARG, HALITTERE MG Y,
Pb. As, Hg Ml Cu [ E% ¥ ) i B K 524 3237
BB HTG R G TEPAT R, Cd #l Hg Ry
i BEE gy, HA TR AR 4 KELIX 45T
RV ELRTFIEMEX, HRFEXIEAICE £ i
KFEHEX, RIOKE XA 48 o R Mg E S
TR TR BN I DX IR 7E A A KU S 2k
%, e B AW TET, B 5 Adm OGP IX ST uh {7
() R B /NT B R Bt 19 S5, A7 R ki, K
B X DG DX AT AE 16 3 S O R AIR, (KL XY
RI RFIEHEX, RIKE M 7R RS E & T8
HELX.

®6 MEMEAFREARYPESEERERESRERYEABEESNEEY"

Table 6  Ecological harm coefficient and ecological risk index of heavy metals in the sediment of Rudong tidal flats

I . E RISt fe 4%

AR B 5 Pb  Cd  As  Hg G Cu N 7Zn faE ey
Sl 1.85 59.23 6.67 20.76 1.83 2.05 5.51 1.53  99.34 fi%
% 2 1.66 77.61 7.95 57.60 1.77 2.75 5.58 1.78 156.69 el
I S3 2.05 76.12 9.63 58.73 2.12 3.57 6.23 1.49 156.98 i
ga S4 2,12 54.68 9.99 59.84 1.8 3.36 579 1.28 13891 {8
r S5 1.84 54.69 12.30 103.32 2.04 4.11 6.13 1.47 185.91 h
L S1 ~ 85 FHy 1.90 64.47 9.31 60.03 1.92 3.17 5.85 586 148.16 1%
S6 1.86 47.40 13.78 54.67 1.98 2.34 6.07 1.39 129.49 i
s7 1.42 39.42 7.45 61.14 1.46 1.70 4.06 0.83 117.66 s
¥F S8 1.08 34.76 5.79 64.49 1.25 1.30 4.85 1.00 114.51 1i%
%I S9 0.85 27.91 8.03 56.40 0.95 0.87 3.41 0.74 99. 15 fi%
I S10 1.41 36.69 7.86 146.98 1.25 1.19 4.93 1.11 201.41 h
fgkﬁr S11 1.42 33.76 11.20 69.79 0.95 1.17 4.15 0.89 123.33 1%
[i] HAEK X3 (S6, S8& S10) 1.45 39.61 9.14 88.71 1.49 1.61 5.29 1.16 148.47 i
JERHEIX 2 (ST, S9& S11) 1.23 33.76 8.89 62.44 1.12 1.24 3.87 0.82 113.38 i
B IF- 27 S6 ~ S11 1.34 36.69 9.02 75.58 1.31 1.43 4.58 0.99 130.92 1%
BAHFFEIX (S1 ~S11) 1.60 49.31 9.15 68.51 1.56 2.22 516 1.23 138.76 1%

D) IREAE S . E <40, RI<150; "FIEFERG . 40<E! <80, 150<RI<300; & ELELLXE 80<E <160, 300 <RI <600

FEART T, FOSR W F J7  A A 1) S A e S 2
ANA] RIS R ) IR BE R S A — 5, i
15 e DL R 5% 3 0 g 55 v S e 10 B0E 4 2 o
70% (F£7). HHIGYIUEA 22 S F 2=
HAEKE MK, FESE Hg, Ni il Zn X 3 Fhoc&.
ETEAE S KSR EOTN L% 18 T H 4 @ 15 et Ak
@R, AWK s, 51T B MmN R T,
ARRIESBFEA . i REEECE N IEM 5N
TRSF. WIRNTIESS G, A B T 584 B 2 e qf

FEIX I 5 {5 Gk L.
3 itig

R TR e Jm R s R A, — T
SRRV B ERT, E AR E R &
G PR RIS MU P 2l 5 8 2 8] B s BE AT
20Ty TSR A B TR 4R G G,
HACK F e S ANBUR Y B A TR, DR RIS i T
AR R B E . XA BRI 5T
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Table 7 Pollution level of each metal by two assessment methods
o BB G CH -
A A IR 48 BT Ph Cd As Hg Cr Cu Ni Zn
% s1 T RESR S AR BREME K AL Tkt RED T ik
H 2 T/ RESR R RBREAA VK TAE Jikt RBRESP T/
; S3 AL BEAR K b 74 L 74: TR st Jo/
s 4 AR RESA Fohr b T/ P74 S VAL LA 7 LA VL L
% S5 TAE ®ESP Fohr o Kok Eopr A& kbt Kokt o
Wrie -5 S1 ~5 AL REsAH AR T/ T/ /A& bt s T/
S6 T BEsR it sh T/ A% T/ T/t g T/
s7 T/ & T & To/ A T/ T/ & Jo & T/ T/ T &
T S8 T/ T/ * T/ T/ T/ & T/ & T/ Jo/ T/ &
s 2 72 S 72 SR V0" L V72 (S 72 i S 772 | R 72 14 Fi/ M5
Z S10 T/ A% T/ A% xR mbsaE /R T/ A% T/ T/ T/
W SU T/ & T/ A% T/ RBREMD Jo/ & T & T/ T/ Jo &
Wi S6 ~ 11 A T RBREsR AR Jo/fik T/ 1% To/ % Jo/ ik
KHXF-H4 86, S8, S10 T/, Fhe AL REsH AR XA Kokt e T/ v
JEMEX P45 87, S9, S11 T/ & T/ AR REAH KK T/ A% T/ A% T/ T/ A%
7T X734 S1 ~S11 AL BEsh kAL BRESD /R XA b e Fo/ v
1) FRPIFPEN T LR W2
SERPARBL RO I, e W B A R AR NIRRT A RO ALY B K R AR

FIAG ARG 7 et 25592 R 1 Vg 1) o i 4 K K S
RN 8 MRV SRS &
R AIEMY, JFEH P, Cu, Ni S ES5H+&
R K BEEAC, RN T ESE AR T
T2 AR SRR 15K EZ IR ER
S, IR — e 22 5%, W, He 78
F IR U L) HeS Ml He JERAEAE, 1 B
DU rp SR ) 2 S B, [ 5
BICEAR; MXTHMITE, As 768 B AR AR HL
TERA e T LA (29 19 %, B Hg 1%
BRARSLE A R 2 ~4 £5) 5, Behh, L3RR
SOAHTR | AR EC T AT DA A B rp g e PR AT 3
AR X ATRESE He 5 As HEFOCR ML
FREEAL R 2 —.

3 —J7 1 HACK AR ER TRAE A B X 4R
AWHHER, BT R 2R AR R,
Bl AR AR R R, T R o0 T 4 R Bl BR AR UL
R 203 PR T R AR AOVERT, ARHFSE
3 FL B RS B e B AR B A SE AT T
FEH EHAOK TR A TC. E0Hr 8 Fit R
1, Pb, As, Cu, Hg &, Hi RBUEE WBAEES
DRI 2 B840 23 B0y pl VA 1 ol 1 B A A A e
RTINS MY BN /N A K
BEHL O X, BAEK R X 4 R IR 15 YR |
TRE A S 3 FORME . IR RS 2 IR J R

TR INAR R REE S T 4 B V5 Y i & 4, B H
NG HE— 2098/, ITREAR T X B8 1 fa 3.t
Gb, AT BACKREARTE 1 A2 A BRI AR
Pirb, Cd. Cu &8 5E(ANOVA, P <0.05) kT3
LT IAT Y B A A X, 2 B B K RO 4
Ja& S 5 AR A A R A G, PR A B R, A
HeIREE. BT IR AL S A5 R R D B
BN, HWARFE TR & 2 AR LR g
HES.

WFSE XA A A KIT, KT Rk A 5
MR IR AR R Kk, WA L2 (G | 4% |
W% I8, BEZKTYERMY. HIL3RE R
TERIE | JEOE | TH R HE ST T BB A TS Y
EEZORIEZ —, W E &R M EZE R
Z—. BT e K ARV A R I T, A
UEvilE, Bz ALK AR RBASY, KK, o
15 Y B sl TR 5 K A T TS G et
[ = Ji - B — BEISFIR | 2k i i A vk kR o i e
(P E ST YIS W RS I N =0 1 a1 ol 5 S O R/
YIRRR AR FE K. i =22 30 3 s T A A B AR X 1
B, AR R, B RUZ)ZBRR. R R i T
TR 4w S ARG R, B A ) TR AR O B
BHREAR. HE— 5 KW K RO RS AR B 4R
15 Y BN T TR EE AR .

AR B BRI e A S IEN R I 8 Aot
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E Hg f1 Cd B — @ REMTG Y (R h %),
ER A5 X 3R P 114 5 4 Ja ¥ e AR B AR X 41K
R RS KB b 2 W Fi5 35 80
HBUEA R 8. 09, Bgflm TG R (N8 H
5%, RFEF /TR EEY), BiEfaE
FERE A BLAL, PR I TR0 T s A 7 22 5 1Y
S ROk A AR K ERER e E (He, Ni Al
Zn). fRATREX L T 4 Ja 19 0 A AR B AR R wE
T h N S TR AR IR, © A B9 2% B £
WERIC R A Y o A, A0 SRR bR 2 ) (PR S
em PEARZAN) AINBLAE ) SRR A 1 A B (TR R
R HO) E T EEMRA . TS sh AR T
YIERAEPE T, 5 4 (R4 ) T 4 iR 19 4[]
i, XL TAEE R TIE RSB R4 T B

4 i

(1) anR i e 22 )2 UUR ) 6 22 M ab A
SA PR S RRAR. Frordrey 8 FotR SR T
TR PRI 128, Hrp Hg, Cd #1 Zn )& 25
T E R RRURRY) TS 54, BR Hg F As Sb, 3
B 6T RBFEMAE, Pb, Cu, Ni 5+ SEE
EHC, As, Cu H5APUERS B EMLE. BKE
DX P A e ORI

(2) Hi BIHHEHORE e AR SV Y 3R,
() 8 FhCZ P L Hg A1 Cd 78 1% X I8 i1 75 Y A X 458
R H BRI AT X T R 5 YRR N
Tei5 Y, VAR B AE O 2 WAk R K75 e
A EETS eI A, A SRR, PRy i 0F
Mras AR — 3, WA 25 5500 X0 F2 20 B AR OK
FEHE X

(3) F ¥R [ i B A K B B (T R 2R
Wrii ) , As, Cu M Hg B8 &, i RFFE 5 WAed
BT RECE . ST — A2 AT K LR
XN (AT LRI ), HAEK R EBIX 8 FocE S
i V5 Y SR A RS 2 TR T AR AT s XL B
PO IX Cd |, Cu 7 i i 250 T 30 1 08 18 7 15 1 o0
filX.

(4) HAEKFLZ RIS 8 48 15 Y e v
EENEEIKS) )z —, HAR R B TS e A
TN R, FERAESEE. BAE KX 54 )8 1Y
SRR SRR | & B TR AL AR
KA k.

Bt B e KRR AR XS A R T
ZEEAE . BB, BRSh , ZEEE PR B ERAN TAE, M

R B 1 S Ui s B R i 234
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