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ETHFLH AGKFEZWRPE SLARZUCRYRES, I BRRREE . 5 e 00 farhis BRIV AE 2R 28 KU
BHEOETHAS T 4 RIS YO A S, R F I 8 MR T B ® (PMF) @il T E & m i 4
e B HTTER R, S5 IR, M X B2 R R Z VIR As. Cd. Cr. Cu, Ni, Pb, Hg #l Zn H{&
HeEAY 9 M. 5.71. 027, 12427, 26.61., 2445, 1227, 0.039. 91.80 mgkg'. H:d Cd. Cr. Cu. Hg Hl
Zn WP EBES R T RE, A2 ME 8, HMREBIRE (e, ) BIPNEIRED], 8 P4 JE 1Y I, KK
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e, Hg. Cr. Zn HREETSYY, UIUBWIH Cu. Ni. Pb. As () [,,<0, KW 4 Fh &)@ 0T 00 5 Y. 15
P (PLL) 455 NIR, 4 S0 TR SRR RAR YO : ZERT (1100% ) >887K 30 (85.7% ) >R
T (66.7% ) >TETR (46.1%) , RIS AREBIS0T Y B ™5 ; Hg A1 Cd XT RS 84k (RI) W TTER
Wiy, 53R 61.8% I 27.7%, Hg XK AL Wiy i K B AEAE 63, HIRJE Cd. 4 PMF BAL R
AT TN A 5 X BT R Z DR h E AR ) E R IR OR . AR EETIE (40.01% ) > fll FRFE IR
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Analysis of heavy metal pollution characteristics and sources in surface
sediments of major rivers in the Jiaozhou Bay area based on the
positive matrix factorization model

ZHU Kaiyu TONG haoyu ZHANG Dahai YAO Shuo LI Xianguo ™
(Key Laboratory of Marine Chemistry Theory and Technology (Ocean University of China), Ministry of Education, Qingdao,
266100, China)

Abstract To study the pollution characteristics, sources, and ecological risk of heavy metals in
surface sediments of major rivers in the Jiaozhou Bay area, Qingdao, 51 samples were collected in
June 2021. The level of heavy metal pollution and the ecological risk were assessed using geo-

accumulation index, pollution load index and potential ecological risk index methods. The positive
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matrix factorization (PMF) model was employed to analyze the sources and their contributions to
heavy metals. The results showed that the median concentrations of As, Cd, Cr, Cu, Ni, Pb, Hg and
Zn in the surface sediments of the rivers were 5.71, 0.27, 124.27, 26.61, 24.45, 12.27, 0.039 and
91.80 mg-kg", respectively. The median concentrations of Cd, Cr, Cu, Ag and Zn were higher than
the background values with enrichment. The geo-accumulation index (/y,) of the 8 metals showed a
decreasing order of Cd (1.21) > Hg (0.79) > Cr (0.31) > Zn (0.18) > Cu (-0.21) > Ni (-0.65) > Pb
(-1.00) > As (-1.34). Among them, the contamination degree of Cd is the highest, with Hg, Cr and Zn
being lightly contaminated. The negative values of /., for Cu, Ni, Pb and As in the sediment indicate
that these four metals can be regarded as non-polluted. The results of pollution load index (PLI)
showed that the standard-exceeding rates of the four rivers were in the order of Licun River (100%) >
Moshui River (85.7%) > Dagu River (66.7%) > Yanghe River (46.1%), The PMF indicating the most
serious pollution in the eastern watersheds of Jiaozhou Bay area. The highest contribution to risk
index (RI) was observed for Hg and Cd with RIs of 61.8% and 27.7%, respectively. Mercury posed
the highest potential ecological hazard to aquatic organisms, followed by Cd. Four major sources of
heavy metals in the surface sediments of the rivers in the study area were identified, in the order of
natural (40.01%)>farming and aquaculture (27.88%)>industrial activity (17.01%)>atmospheric
deposition (15.10%).

Keywords heavy metals, source analysis, river sediments, Jiaozhou Bay area, PMF.
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1 MBS i (Materials and methods)

1.1 X3

T 5 M A I Y 2 KUY, AR YR 12.7 €, AR IR BN 662.1 mm!'S. A 1949 4F 3]
2020 4, T 5N M 4.0x10° ABEGHNE] 10.0x10° A, #K1E 2020 47 & K HE BRI A 3.07>10* J7 il i
DAL RESRTEREF S c<B 0 N (VI <7 NI 47 R £ = L A AT A 2 A R S 1 My NS U R (1 - 5V ST =Y S T = B
FPEWL, o AL )k 254 km? ., 4655.3 km?, 41.52 km?, 52.30 km?. 4 £59] A 58 EH X, B
I 0T it 7 35 22 AR X, A AR5 A B Al FRFE Y 38, 28R ) RN S8 K Rl ) R 28 3T, A\ 0%
8, T Zox Aol . T A SS s AR AL
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12 FEECREE

2021 4F 6 H, 16 4 £ B R AT 35 T ST A RAREAL (B 1), P i A s 13 A2 (Y1—Y13),
KIGT A 12 D367 (D1—D12), Sk /A% 14 oA (M1—M14), Z2R A3 T 12 o
(L1—L12). FHR X UTRY) RAE 28 R AT RZ VOB AL & (<10 om) B 3 F T R 48, (RAFLE
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Fig.1 Distribution of sampling sites of surface sediments of major rivers in the Jiaozhou Bay area
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746 B78 5% 1k 2 42 %

Fz1 ILARALES FEH(mgke")>

Table 1 Background values of soils in Shandong Province (mg-kg™)®!

JGE Element As cd Cr Cu Ni Pb Hg Zn
i Concentration 9,30 0.08 66.00 24.00 25.80 25.80 0.0198 63.50

K2 MEBIRBITRER

Table 2 Degree of heavy metal pollution in sediments according to geo-accumulation index

Toeo <0 0—1 1—2 23 3—4 45 >5
25 Level 1 2 3 4 5 6 7
TG YARE Degree RS Bigge G e - 5 YL BRTG Y BR-A G Y MBI e
1.5.2 {59 A frda 5k
15 9% 7 i 8 8032 1 Tomlinson™ 7E 1980 4F42 1, 1% 7 6 Al LISV Y s IS H BN T H 4R

5 G R BE A IR Y. Ha R AT
c cry
PLI=|—=+—+"+—
G G Cy
Horp, Cop e R TR A BUER E (mgrkg ™), Cp M TC R TE IR B35 SR M8, AW LR 4 £
ST S H (mgrkg™) WAR 15 n i FE 6 BR800 1P EA JEUU) DL 26 3.
R 3 IGYAAT IR R PR

Table 3 Pollution load index of heavy metals in sediments*

PLI <1 1—2 23 >3
15 YARLE Degree PREES TG G EEREES M5

1.5.3 W AE A= 25 XU 48 s
Hakanson™ 7E 1980 4 i 1% J7 ¥, & HI R PEAL 8 4w A= A8 XURS ) B i FH O vk @2, Ho by
A A

RI:E"]E;:jT;xc;:z"]T;x%
1 i=1 i=1

Hop, G2 TP E SRR BRI EZ (mgkg™) s B HICR A LIEPIE RE:; CCOVRANE SR
15 G880, EDTEAE RS MBS R, TR TR TR e N 28 K. RS 38 0T A Sbrfi WL 36 4.
R4 WA BRI e 5 SR 9 7300

Table 4 4 Potential ecological risk assessment indicators and classification!*

T S XU BE 23 2%

E; RI Potential ecological risk level classification
<40 <150 AR
40—80 150—300 XU
80—160 300—600 5 e KU
160—320 >600 =i
>320 — e s AU

1.5.4  1F & 5% R 7o fi sl
Paatero™ 7£ 1994 4F 17 Y2 HH 1E % JE 14 K F 43 i A 7 (PMIF ), 1245 780 S8 28 0o eieat A9 FH 1 05049 Bid 9
R F 43 B S AR | 2014 4 26 [E 3R 8 BHSUH TR B A T5 Qe Ha b r s F .

P
Xij = Z Bifij+eij
k=1
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1.6 H4JRIEMNT

JH Excel 2010 A1 Origin 2018 4k 34 45 A 1815 5 ] SPSS 17.0 X 5 4 J& =2 [A] AH OGPk 47 40 #r 5 2R
FE SR R 2 8] 53 A B 7 AR AreGIS 10.2 80 5474 5 DA W) T 4 J& VR A7 71 Ff USEPA PMF
5.0 SERL.

2 ZER 54718 (Results and discussion)

2.1 BN X FEW R R ZVIRY E SR &

SNSRI R Z VR E SR SR ITHME W R 5. 85 R BIR, M X R Zm R 2 iRy
As, Cd. Cr, Cu. Ni, Pb, Hg Fl Zn " {H ¥ i 53 5l y: 5.71. 0.27, 124.27. 26.61, 24.45, 12.27, 0.039,
91.80 mg-kg . FE KT I R ZUIRY H 8 FE 4 J& LK As. Cd. Cr, Cu, Ni, Pb. Hg. Zn H{H k& 535
49 6.08, 0.23. 99.06. 21.00, 21.73. 13.59, 0.027. 80.58 mg-kg™". Ju ifi {7L ARy S & AU 1 v s 26 40 o 7 XL
EVER T P2 AR, LR iR P ES R TR SHESAN T ENE SR S 2 VIMEX, 585
{E™ AH I Cd. Cr. Hg. Zn B (B B2 28005 T HAH, 43 92 75 5B AY 2.88. 1.50, 1.36., 1.27 £, KTk
T 2014 A HE AU REA] I, IR R R 1 IRT S P TS G 38 i, I R T R R DU
FEBIGYLIBEM ™ X &I, Cr. Cu, Ni. Zn, Cd. Pb FFEE & R ¥4 F R, Hrb Cu, Ni, Zn3 Fh
GIRIEE FERE N TE, MR T 78.60%. 69.06% F1 37.93%. 15 A1 AY E 5% W 13 ok 3 1 i N
AR, BIK T RZVBY P ES BN & .

TS 2 VTR b 8 i 43 J8 JC & As. Cd. Cr. Cu. Ni, Pb, Hg., Zn H{E & 43 51N 6.66.
0.36, 142.71, 32.36. 30.42. 26.86. 0.087. 124.04 mgkg™", B& As SF HATE S E & &5 T 135 51,
Cd ARG B = R 4.50 1%, Hg BB AR AL IR 4.39 48, WLEERT L R)ZTURYIH 8 Ml 4 )8
JCEKI Cd, Cr A7 HAR. FEZA R Z VTR, He " E MR B AR A5 B =i 8.67 1, 1B Hg 11
15 Y AE 2R AT I S A TR L R X L & B N Y P ST R N, Pb, As 9 P (E Ik B A LA
i, i Cd. Cr. Cu, Hg Fl Zn A9 (B0 HR B2 ) 3 T 98F M8, 20 )2 95 5o (6 A 3.38. 1.88, 1.10. 1.97.
1.45 £, FRWALERFFE XIR N X 5 P & B IH — @ B E 5, Cd M He o ™ E. 8 X e 4 2530003
BUEZIN Cr. Cu, Zn W KAEY H BUAE BRI 5k 7, 435908 341.98., 210.52, 628.48 mgkg ', 437l &+
SC{EY 5.18. 8.77. 9.90 1%, 1Ml Cd I Hg () KA H IAEZE A6 753514 0.84 mg-kg ™', 1.205 mg-kg ™,
AT SE Y 10.50 151 60.86 1.

S RE(CV) W T 14 @ o A e S (8] B BB 5 REE, 748 S R B0k Ry, 3K B o 42 )R Y X el A 52
NG SN L8 . 24 CV<0.2 28 R R, 0.2—0.51 MR 0.51—1 HEERR >1 I}
7 S R SRy AR . AR AR S R B U T YR A Bk 1 TR Y, T e A S R U L I 2% R R
IR ATAE ZE H 19 0 75 e AR S AR X 26 5 H AT AR S RO BT R B AE R T TS Zn 19
AR S BB R T S AR s AR SR K R A R Cu, Zn Al He #0 )8 T =5 AR 52, 52 NJEIE s m 48 K
TE LR L b Zn A He 1978 SRR RE A, 35 5 B0l W45 Zn A He 19 45 KA 43 3102 G Hp T (L 1
13.47 570 62.0 4%, U6 WA VE T AF AR b 1) s U5 G s ZEZR R i sl b He J8 Tl 22 SRR B, oK
B2 T SAE Y 60.86 £, B& AR /BT B MM T P9 2 ZE W & B As. Cr, NiJ& Fri 48 5%, Cd. Pb, Zn.
Cu J& T 72 5, He J& Tl 78 S AR
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£S5 ENEX EERRERZIORY P ESE S (ngkg ")
Table 5 Heavy metal content in surface sediments of major rivers in the Jiaozhou Bay area(mg-kg™")
SRAER TR

Sampling river Element As cd Cr Cu Ni Pb He Zn
I RAE Max 9.38 0.32 192.68 49.70 28.40 17.39 0.067 102.24
f/IME Min 3.17 0.12 54.65 12.16 15.75 8.86 0.011 54.73
g rhAl{E Mid 6.08 0.23 99.06 21.00 21.73 13.59 0.027 80.58
Wi .
D . brifE2: SD 1.99 0.06 37.46 9.67 451 2.65 0.015 14.11
agu river
SF-#{EMean 6.08 0.23 109.76 23.16 21.63 13.43 0.030 78.70
TRFEH CV 0.33 0.24 0.34 0.42 0.21 0.20 0.18 0.52
i K{EMax 12.28 0.58 341.98 210.52 46.04 37.28 0.394 628.48
Ix/IMEMin 1.71 0.14 47.14 21.08 16.80 11.77 0.003 55.20
ok RMEMid 6.66 0.36 142.71 32.36 30.42 26.86 0.087 124.04
Bk im .
Moshui river F¥J{EMean 6.65 0.35 147.85 71.66 30.62 24.78 0.133 183.43
FrifEZESD 2.89 0.13 67.12 60.89 8.49 7.35 0.125 157.98
AR RECV 0.43 0.36 0.45 0.85 0.28 0.30 0.86 0.94
Ik K{EMax 9.10 0.40 283.85 30.97 47.66 22.87 0.50 450.48
i/MEMin 2.56 0.10 62.58 12.07 14.48 7.49 0.008 33.44
e rh ) fEMid 4.44 0.23 124.27 21.36 21.74 11.86 0.013 51.69
P
v . (i Mean 5.38 0.22 134.73 21.38 23.40 12.54 0.053 93.78
anghe river
FrifE2ESD 1.99 0.08 55.39 4.98 8.20 3.75 0.129 108.84
TR FRECV 0.37 0.38 0.41 0.23 0.35 0.30 2.45 1.16
i K{EMax 8.37 0.84 206.04 95.80 33.99 54.55 1.205 300.58
Ix/IMEMin 3.09 031 70.29 18.94 18.00 19.00 0.018 98.17
fREMid 5.23 0.54 127.03 36.39 26.98 40.29 0.172 213.13
ZERf ]
Li . SF¥J{EMean 5.53 0.53 132.46 45.22 26.81 39.45 0.342 200.15
cun river
FrifEZESD 1.34 0.15 33.70 25.23 4.75 9.49 0.38 60.27
AR RECV 0.24 0.29 0.25 0.56 0.18 0.24 1.10 0.30
Ik K{EMax 1228  0.84 341.98 210.52 47.66 54.55 1.205 628.48
i/MEMin 1.71 0.10 47.14 12.07 14.48 7.49 0.003 33.44
2PN YA S BE T V2 N .
I %5 2 22 T ] Mid 571 027 12427 26.61 2445 1227 0.039 91.80
major rivers in the M
Jiaozhou Bay area F ean 5.93 0.33 131.93 4121 25.77 22.44 0.138 139.87
FrifE2£SD 222 0.17 52.95 40.39 7.69 12.45 0.238 116.49
TR FRECV 0.37 0.50 0.40 0.98 0.30 0.55 1.73 0.83
4 R 9.30 0.08 66.00 24.00 25.80 25.80 0.0198 63.50

L5 TN 5 A LA R HE A S T 9T 3 R 5 i A e (3R 6), N X 2 25 Cr, Hg, Cu, Zn 1975
i R TR LA BT D R R R AR IR 8, E G R il R TR, RS
Ty RFEABITORY b, o i 8 4 Jm 20 0d 2R B8 — ORI W5 e kAR, B T i U [l VATV . A LA
RIS AT A S S SR S e T I A (] 4 S S e B PO N B G e, U
T PR (i) T PR AT DR D A B BEOR AR, R BRI A Hr S IR A R B AN AT I Sk T e 43 2L,

5 A T T L, N DR LAY B 8 Cr B 5 8 2 S 5 . Cr il 0 fi— b s
FUIAAEGE L, m] RUBTHRAE 7 A B %, AR R XU, A b A= 77 F 22 {6l P A A IS P il 55
A Crl XA AR S D AR ] Cr & s 5 AT A8 DR 3ok 7 2% AR R I, B ol &
I8, IR IR R 2 Dy Aol F M, AR HE ATt B8 hn T Cr 28 A B BR85S KUBS:, I ELATE 52 % ]
4 R IR A AT 8 T R A ot AR B0 D 1 B, AR BRI KU D (A8 X 45 SR s XU AR JEE
F T AU . WA 3 Bl o i f TS A 22 P AT I 2 BT 5 e - 3 i TR Cr Y 46 IR
MIVE X R As, Cd 7 B AR T A i r i, 32 2t A2 5208 17 olk oAl S hn s 4. A1 g ikt
MABERIACERIEILE, As FI Cd 2 1 Tolb A 7= R EA = REEA T REA, A HE T 78 18 LU ML R U7
FRFR, TS TIT I P Rl 14095 e S ™ B, SR B 9 R B BT AT OC. S R R IR X 32 2
HAE R I RKF R T AR
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Fo6 HHALXIURY P E SR & B (mgkg™)
Table 6 Comparison of heavy metal content in sediments with other areas(mgkg™")

T '
RIERE, ME- o i o cu N Pb Hg 7 AR

Study area Time Literature sources
J5e M i34k Jiaozhou Bay 2019 854 0.10 62.94 30.15 — 30.580.110 85.50 [10]
JiE M 75 i [A]4H Intertidal Jiaozhou Bay 2016 920 042 699 388 — 552 — 1074 [9]
/MBI Xiaoging River 2016  8.38 0.399 88.1 20.00 17.875 7.04 0.118 — [36]
KT The middle reaches of the Yangtze River 2020  5.30 0.100 45.60 1920 — 17.300.134 67.60 371
FXYTT R i Baoji River 2020  30.11 1.45 57.57 56.56 31.80 1570 — 493.34 [22]
JERTRHIET i Typical River in Beijing 2020 7.07 0.35 34.79 27.96 20.93 13.22 0.75 127.28 [38]
AHWF5E This study 2020 5.93 0.17 131.93 41.21 25.77 22.440.138 139.87 —

2.2 HEN T X B i R 2 VU 4 R s (R 4 A

ARG R Arcgis10.2 21l 45 RAL S R Z VIR Y b 8 M &8 & 2 2SR 0 Al B HE R, 45
UL IED 2. e N ¥ 3 b 2 2 U ] e e R ARG B A A, 4 AT S IR A o VR 1 VS . AR ]
1 Cr FE R I) 3 3 8 43 o A & B, Cu., Zn P FR EE 42 @ 78 A8 /KT i 3 A 4 B S 15 5 0L, Hg., Pb.
Cd EZE R AT i 375 Ye e 0 P2 5, Ni (1) & S 1% DU AE B8 K0T | 28R e s R BRAS 4 B 8. T As. Ni,
Pb PR B T35 5l DA A 7L,
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SRR

Z ZERRT gz Licun River z
s Licun River &' ER= i 10 Sy S
=N A iy 15 & Yanghe River L nu;'ﬁ I b=
= v = = Yo 1 oyt |EE =
) B g % % g TR . i W %
o Jiaozhou Bay. " ™ oM 7 Jiaozhou Bay. e A o
5 [ {5 Legend % % [€]{5] Legend %
= . }%ﬁl’i Sampling site S & + RAERi Samplingsite | S
oF gt A E{g @J% S{th_er};liner 1g gr i%%% I?I/Iaher%lmer 13
S — 2 ajor River — k jor River
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Fig.2 Spatial distribution of heavy metals contents in surface sediments
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Fig.3 Index of geoaccumulation (Igeo) of heavy metals in surface sediments of rivers
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>Ni(—0.65)>Pb(—1.00)>As(—1.34), Cu. Ni, Pb, As #{H & /NF 0 \[ i K Joi5 4, He, Cr, Zn B KT
0/NT 1 AT B2 BE TS Y, 1 Cd B R 1.21 J& Trh V5 4. I 4 2l it ok &, 25 7K ] Fn 2 sy v s
5 190 A PR AR 3 Yl 7 B

TEVETFIRTE W R Cd. Cr K/ r ot S Y Zn, He i RIS ECS BAE RIS Yeoh, K4 m
AR JETS G, 2R ALK B As & BT JCT5 Je sk, K &R A g gl g g, Ho 2=
Ty 43 vl s Hg 75 YAt B 3K B V5 e 2 1), V5 Ye R P o, ik 7 56 . HAb 2 Ui s il T
Cd. Hg. Zn TEXREEH (55 AL R 1) I R A SR Y ),
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Fig.4 Pollution load index (PLI) of heavy metals in surface sediments of river
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Fig.5 Evaluation of potential ecological risk of heavy metals in river surface sediments
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FEPR ST H 4 T AT 22 )2 DU v 9 35 Y L st 4 A 3 4 1) Sl U I 9 1 TR 22— 3R, T Ly
T4 R TS L BT IR SRAEA J1iEW]. ] SPSS 17.0 #E4T Pearson AH G ZMHT, HL4h B 3% 7.

R T OWRIZVURYE 8 Z [AAH S
Table 7 Correlation analysis of heavy metals in surface sediments of river
Elz:lr:n%nts As Cd Cr Cu Ni Pb Zn Hg
As 1
Cd 0.299° 1
Cr -0.547" —-0.029 1
Cu 0.269 0.475" 0.019 1
Ni 0.576" 0.548"™ —-0.133 0.685™ 1
Pb 0.206 0.919™ —0.002 0.478™ 0.495™ 1
Zn 0.210 0.608" -0.018 0.798™ 0.639™ 0.590” 1
Hg 0.084 0.747" -0.014 0.377" 0.245 0.659 0.581" 1

: *FRIRAE0.05HUM (BURE) MIDEHE 128 ** 3R £10.0 14U OBUR ) MG ti 2
* Significance at the 0.05 probability level, ** Significance at the 0.01 probability level.
A B U Z AR DG B 3, UE B 4 JE 2 A0 YL U5 AT — AR PR sl A 23 o] o0 e B A [RRE 1Y
B, 000075 e J5 7 s A B AT SR N 7 A0, Niy Cd. Cu. Zn il Pb % % 2 8] A 56 M i 2
(P<0.01), Hg 5 Cd. Cu. Zn, Pb & I P 1IF AH 3¢ (P<0.01), Ni Fl As Z [H] AH 5C 14 2 3 (P<0.01) , 1fif
As 5 Cd Z [ 2 5540 ¢ (<0.05) . 3% — 25 S 150 W] 3ok 4 ELA f 285 TF AH DGR 1 o6 R 22 18] AT Rg B AR ALY >k
UR. T Cr FAHAR 7 PP 48 2 [A] 55 JCAH e
242 FT PMF (W4 J@ K IR S AR BTk
W 51 ARIZDURUIRE TG 8 FlviE 4 Jm A0 e B2 AR B 22 W FH EPA PM 5.0 SRR EAT 20 #r . 20 s
AN 6 Fim.
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AT 2(Factor 2): 40.01%
OFHT 3(Factor 3): 15.10%
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Fig.6 The proportion of each pollution source factor and the contribution rate of heavy metals

T 1R T 27.88% RYE G R, Horp Cr N7 1 BOPUSRIEITR, i Lo 59.44%. AHSCHE 7B
LERFRMW] Cr FIHAD G Jm AR A S B PR ¢, B W Cr AYYS ok U85 55 Ah 7 Fh & e A AL . AR
I o 4 J s 18] 23 A7 P (8T 2) 30 Cre ZEIUGAT 300 LA K sl K] b Qi A5 4 B S 0 s 4R A 00, b SR ARFE 4K
1 7R Cr AR R B RN ] v i YA B O B2 32 RS 3R WA 1) 3k 7 A B - St A o e vy 2 88 o o 4
o A FR I TR A XU B, 8 0 2 A B HE W D AT BILAE 7t P 3 838 e A I i 2 5 i - 8
Cr & f By 3G v, Horb 0y 5 4 J8 23 Bl A 208 2 7K DA S S HE IS S5 A2 1E A BN EE WP iU 4R, i LAk
I3 A A S NI SRR AR, (HAO TR A& k. RHORE IR 7 1 5 SO RO IR A .

R 2 ff e 1 40.01% R HE 4@ MU, For As, Ni #5A7 AR /2 (1 TTRR 3R 501 83.91%. 69.02%. BF5T
BRI NI 54 ps A R R UA G, FE U R P I AR AE Y. As RN I AR S AR B A, 3 R
0.37 1 0.30, Ui W3k Wi 42 )@ 32 A ZRI0 Shs2 ma A2 BE B/ A b RBUE RO 753k o A BL As 1 Ni & T
TET5 YL ), VB AL A 25 KR8 B0 7R As R N X RT 9 STRR 53 5102 1.4% F1 1.1%, 30 7E A 35 XU
TR TT IR B, ELABATT A S (E AR AR T I R4 L 868 H, nTAROA 9ok A T A AR # S 5 h . AR 3l
Pearson AH G437 & 3K, As Fl Ni 78 P<0.01 7KF- b AHSCPE I 25, U] =35 A & AL R IR, M4 K 6
T RUE AT 2 fE 4 i T B oA, DRIEORE IR 2 8 OO SR BE .

PR 3 i RE T 15.10% A 45 Jm ok IR, Horh Hg o5 A7 B0 AU . Hg #9123 SR AR B4 8 7 78 A5 K ]
S 25 AU I PN HC S G R0 DA P 5 e, (BRI AR R S il s P Hg B35 G 900 R 15 . TR TR TR
AR AN 2T 50% 193k a5 i T =5 IXUBS: 20511, 1 Hig X RT A9 53 ik die s o LA 61.80%, Ui BHZR R
T A A IR Y Hg 75 3. BF90 R BRI 2 52 He & i) — DB Z K K™, 1T He 1Y & %
RAEER EARE il ik KADTBUT S 3 3 2 58 L 7E 75 Je 5t 15 £50 th 2T i) LS sl 37 5075 G
GG gy, WAL SEE K Gk, R R, oA G KB K uh, VR4l . Bk ol S5 il X A1 SE T pIEE
W, A8 AP Y 4w R TT RE 2 5 R DAY I BB 2R RO TTAREE Ny b v i o 4 J vk B Y.
WAk, 55 B Ja Tl 2 X, X2 v R A TTRURRAES. R, (55 3 T RE S UTREA K

P 4R T 17.01% 9 T 4 8 R I, b Cu, Zn STlRR 8w, 5 R 55.67% il 25.81%. Cu,
Zn KR YRR R IR ARG, 758 E G R, HUROIN T a0 R R S A 1 HERC—E I TR K DA K 3 S
Wb, 58 T 4 Jm S A A AR I B Cu Al Zn e A= 550 31 1 75 A DU AR BRAE AT A 5K ] M4 SR
L AR A RAE BT RHE AL K I M4 SRAE S WM AT BT, AU A T A, Tl i
v o3 A A PRLHORE R T 4 7 SR T i Sl

3 4518 (Conclusion)

(1) BT LA RZ DU b 8 #hE 4 J8 5L &R As. Cd. Cr. Cu, Ni, Pb, Hg. Zn i {E I
FEAR M 571, 027, 12427, 26.61, 24.45, 12.27. 0.039, 91.80 mg'kg™. Ni. Pb. As ¥ i (B He & & (%
T3 54, Cd. Cr. Cu, Hg Ml Zn Wy i H W & & @ T IR A L ol AR50 3 k- 3.38,
1.88. 1.10, 1.97, 1.45 1.
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2%

(2)4 Z I BEALT G L A i 4 Jm 15 Yo it SRR 23 (8] 3 A7 SRR AL, JE RO TR e M TS AR R 2R
R IE: =¥/ ST BTh = AR (LT Rl W (1] A\ RN SE S N R KB R Y [ R N ST

(3) 8 Ffr 4 Jai 114 °F- 449 1 2 FHUF8 B K B0 /NHES L5 24 - Cd(1.21)>Hg(0.79)>Cr(0.31)>Zn(0.18)>
Cu(-0.21)>Ni(-0.65)>Pb(-1.00)>As(-1.34), Hih Cd #b B B = A2 1.21, J& T 75 gy, X5 g
T Aar F8 EHEA T PEAT A IR 0T R A 2 e =, I ol s 3 5 e e R 4 ST T YT AR AR S AU 5 £
HEA Hy: ZERHT (918.24) > K AT (439.06) >R W] (209.42 ) >EET] (168.15 ) , ZS A5 ] F11 3 7K AT A= 25 KUK 2%
SRS R Ay v DR R v XL

(4)PMF HEARIZE S 5 7, J M VS 2 B A T8 9n) 3 28 2 DO AR ) vh B 4 Ja ok VIR % BT ik R DR E /N4 331 oy
HAREEFTIR . A FRIE IR . R DTREIEA Tlk 1% 3.
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