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Purification of cadmium—tungsten composite polluted simulated wastewater by a three—stage simulated
constructed wetland

WU De"**, ZHANG Weiyu"*?, LIU Yuling"*?, YAO Junfan"*?, ZHANG Puxin"*?, PENG Ou"*?, TIE Boqing"**"

(1. College of Environment and Ecology of Hunan Agricultural University, Changsha 410128, China; 2.Hunan Engineering & Technology
Research Center for Irrigation Water Purification, Changsha 410128, China; 3. Key Laboratory of Southern Farmland Pollution Prevention
and Control, Ministry of Agriculture and Rural Affairs, Changsha 410128, China)

Abstract: To explore the purification effect and mechanism of a simulated constructed wetland on simulated cadmium—tungsten composite
polluted wastewater under hydroponics conditions, a pre—experiment was conducted to select three common aquatic plants : Thalia dealbata
Fraser, Cyperus alternifolius L. and Hydrocotyle vulgaris L. These plants were used to build a hydroponic model of a tertiary simulated
constructed wetland. Three treatments were set up: single planting treatment (T1), paired planting treatment (T2), and three types of

combined planting treatment (T3). The dynamic experiment was carried out using simulated composile sewage with initial concentrations
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of 25 wg+L™" and 75 pwg+ L™ of cadmium and tungsten, respectively. The results showed that the average effluent cadmium concentrations in

T1, T2, and T3 simulated constructed wetlands were 3.30, 3.20, and 2.75 pg- L™, respectively. The average removal rates for cadmium were
87.01%, 87.41%, and 89.18%, respectively. The average effluent tungsten concentrations were 24.02, 20.14, and 26.75 pg- L™, and the
average removal rates were 68.24%, 73.36%, and 64.62%, respectively. The simulated constructed wetland system showed a good
purification effect on the simulated wastewater. A total of 375 mg of cadmium was injected into T3 treatment, and 333.75 mg was retained
by the system, of which 102.66 mg and 231.09 mg were retained by plant enrichment and sediment adsorption interception, respectively.
Similarly, out of 1 125 mg of input tungsten, 723.75 mg was retained by the system interception, of which 375.02 mg and 348.73 mg were
retained by plant enrichment and sediment adsorption interception, respectively. The enrichment effect of cadmium and tungsten in the
three plants was good, and the enrichment concentration of the same plants decreased along the direction of the water outlet, namely, the
first level wetland > the second level wetland > the third level wetland. The sediment had a high adsorption capacity for both heavy metals
in the system. By scanning the morphology of the sediments under SEM and FTIR spectroscopy analysis, it was found that there was a large
—OH, —COOH, C=C(, and

C—0—C, which provided insight into the mechanism of sediment adsorption for cadmium and tungsten. The three-stage simulated

number of uneven adsorption sites on the sediment surface. The main adsorption functional groups were

constructed wetland showed a good purification effect for cadmium and tungsten in wastewater. This study provides technical support for

the purification of cadmium and tungsten in polluted irrigation water in tungsten mining areas.

Keywords:simulated wetland; combined pollution; wastewater purifying; plant enrichment; sediment
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Figure 1 Schematic diagram of three—stage simulated wetland treatment

R HEXBEYHILIE

Table 1 Treatment of dynamic experimental plants

AL FH Treatment T1 T2

T3

MY e —9 B 1 500 g

—2 B 1050 g HiEEH 750 ¢

— 16700 g FAH 500 ¢ iR 500 g

(T1-1) (T2-1) (T3-1)
T E2 100 g T TIAE1 050 g FARELT50 g T FIIAET00 g AR E 500 g M B 500 g

(T1-2) (T2-2) (T3-2)
YR AEREE 1500 g S AR 750 g SAEREE 750 ¢ =T IAET00 g R AR 500 g HER B 500 g
(T1-3) (T2-3) (T3-3)

1% WHART]
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VIV)IR e T f# . ICP-OES(PES300, 3 [ ) il &
FEYIRESL CA W 5 &
1.4.3 DUBPIAE Sl

S MHLER F 43 B T AR e K A vp 95 o 4 ) )
W B, 0 2 X ITC AR A 2 T T 30 5 Ak 27 1 RE T 45+ )
R R A TR TR AL R 43 8 F
K4 B85 (SEM, Thermo Scientific Apreo 2C) | i
ook 217 A8 W 06 3% {Y (FTIR, Thermo Fisher Nicolet
1S10) #4753 -
1.5 #iEaIE

A e R ] Excel 84 DL S SPSS22.0 #4458 1,
B F RN 25 S vk 0 2 A, 25 55 B KO 0,05,

AT A L FLELG i XK Cd B 23R
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FCH 2 P AR B i 5 A PR G X I b R 48 25 PR K
R Cd W B L BR 2 P 1B T2 R G XS 7K A
Cd W BB R BRH N ES i A RFE S KK Cd W

2 GHRESH

2.1 ZHEMA TR KD CdHIBhSEBRIR
A2 BT, e B TR IR PR 15 d 24 BT =

301

—- AJK Inlet

207 A~ T247K T2 Outlet

151

BALBHIK Cd He
Cd concentration effluent of each
treatment/(pg-L™")

GBI AL T2 T8 I, K CAVRIE/NF 10 pg- L7,
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3 oAb B b () K 1T 5 4 G K T Cd MR BE
A EBRAFnE 3 & 4 50R, 1T LA H 30 R A
LR b K T Cd Yk B BB T R MR T
f) 3 A B b X KA Cd A 25 B R0 51l 47.11%
13.42% .26.84% ; T2 (1) 3 1~ AL IE b X /K A Cd 18 25 B
R0 28.61%.21.53% .37.27%; T3 1) 3 1> BA R
Mo X K M Cd B 25 BR 2R 4 I R 24.24% . 46.09%

ETI @T2 ET3

CA ¥ Concentration of Cd/(wg-L™)

AIK — K

T K =K

AR NG FEE R R TT K A [ A 3 22 ] v B 11
BFEMZER(P<0.05), T
Different lowercase letters represent significant differences in
concentration between different treatments at the unit outlet of the same
level (P<0.05).The same below.

3 =PI EBITHHK CdiKE
Figure 3 Cd concentration of water in and out of each unit of the

three treatments
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Figure 2 Dynamic simulation of Cd concentration in inlet and outlet water of wetland experiment
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Figure 5 Dynamic simulation of W concentration in inlet and outlet water of wetland experiment
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A BN 325.50 mgo FHER 2 WA, T1 A FAE Y B
TR N 299427 g MY R Cd BN 67.20 mg, 1H
PIER o R PR R A 17.92% ., T1 b 34~ B2 30
HET1-1.T1-2 . T1-3 #1963 i 5 51 o 671.04
2 115.58.207.65 g, 4+ Hll B B2 () Cd & i 2 21.13,
35.57.10.51 mg, T1 b3 K- BT P #8783t 4 30l o5
S AR 6.49% .10.93% .3.23%

T2 Kb PR 2R G0 Cd S A28 375 mg; T2 Ab B
PIH K CA W H3.20 wg- L', RGE CAd B B &N
327.00 mg, 1 F 3 A M, T2 A AL W) BT R K
3163.82 ¢, HHYIFL 2R Cd B &K 86.68 mg, HE AL F

R2 TIAEEYHTHRE CIEEBURRRE
Table 2 Dry weight, Cd content and accumulation of
T1 treated plants

b TR Cd st CAPAZ At
Treatment Dry mass/e Cd cunteﬁnl/ Cd accumulation/
(mg-kg™") mg

TI-1 2RHARIE  388.26 50.39 19.56

TI-1 5% 2E0  282.78 5.52 1.56

T1-1 B 671.04 21.13

TI-2FJIAEMREE  1056.69 30.88 32.63

T1-27Jj1E25m  1058.89 2.78 2.94

T1-2 B 2115.58 35.57

T1-3 Hi 207.65 50.59 10.51

T1-3 gt 207.65 10.51

T1 &G0 2994.27 67.20

R3 NAEBEEYNTRE CIREURRERES
Table 3 Dry weight, Cd content and accumulation of
T2 treated plants

e TR Cd it cd iﬂ%i
Treatment Dry mass/g Cd conteirllt/ Cd accumulation/
(mg-kg™) mg
T2-1 R JJAEART 528.34 39.74 21.00
T2-1 FSjfEZEn 516.35 3.78 1.95
T2— 1 il 98.69 165.32 16.32
T2-1 i 1143.38 39.26
T2-2FFJJPEARTR 576.66 35.55 20.50
T2-2FJifE2snt 530.28 2.23 1.18
T2-2 B4R 207.68 38.77 8.05
T2-2 AR 118.74 4.57 0.54
T2-2 it 1433.36 30.28
T2-3 R4 231.54 33.24 7.70
T2-3 FAxtizknt 199.31 4.26 0.85
T2-3 45 156.23 54.98 8.59
T2-3 S 587.08 17.13
T2 ARG LA 3163.82 86.68

Iy E R N 26.51%, T2 AbFH =~ A ZE i b T2—1 |
T2-2 . T2-3 fHY) T Bt 43 4 1 143.38 .1 433.36,
587.08 g, 43 il BL 22 () Cd & 4 39.26.30.28 . 17.13
mg, T2 A0 345 2 B0 S0 AE P A B8 1 43 ) o B S BR i Y
12.01% .9.26% .5.24%.,

T3 b H R 48 Cd $i A BV i 2978 375 mg; T3 AbFEF-
P K CAWE R 2.75 wg- L', RE CA B M hy
333.75 mg. M FE 40 H, T3 b A Y) BT RN
3094.78 ¢, fHPI B ZR Cd KL K 102.66 mg, FH P A
I LB RN 27.38%, T3 AL 3 3 A BALL T Hb T3~
1.T3-2 T3-3 ¥ 1 5t 12 53 3l -y 977.02,979.34
1138.42 g, 70 AL 2 1Y Cd & 40.81.,34.73.27.13
mg, 5 LGN M (Y 25 B 3 43 1 R 10.88% . 9.26%
7.23%.

24 iBHEMTWHEE

TEIRI I, T1 AR R S8 W i A B2y R 1125
mg; T1 AL P57 7K Wk R 24.02 peg- L', REEW
A SN 764.70 mg. FHER S5 FTHN, T1 A FEAEY) 2
TR~ 2 994.27 ¢ FHYI LR Cd B &~ 281.46 mg,
FE) T 50 53 1 22 BR RN 25.02% . T1 AbFH 3 4> FL 2

®4 DBLAEEYHTRE CIGEURRRE
Table 4 Dry weight, Cd content and accumulation of
T3 treated plants

e TR Cd F i Cdfﬂ,ﬁ_
Treatment Dry mass/e Cd conteﬁr\lt/ Cd accumulation/

(mg-kg™) mg

T3-1 7 JJ LA 360.30 53.45 19.26
T3-1# e ZEnt 337.20 3.94 1.33
T3—1 BB 138.70 58.04 8.05
T3-1 B Aphizknt 81.47 7.01 0.57

T3- 145 59.35 195.46 11.60
T3-1 B 977.02 40.81

T3-2 T JJ AT 354.70 43.85 15.55
T3-2 7 Jj ekt 340.50 2.83 0.96
T3-2 PR FARFS 133.40 50.22 6.70
T3-2 RApFizknt 83.96 6.53 0.55

T3-2 4 kA 66.78 164.15 10.96
T3-2 i 979.34 34.73

T3-3 F ST AEAR 421.80 36.31 15.32
T3-3 FJyEzEnt 405.80 2.50 1.02
T3-3 R HARFR 147.60 41.92 6.19
T3-3 RApFizEnt 107.41 6.05 0.65
T3-3 il £k i 55.81 70.95 3.96
T3-3 M 1138.42 27.13

T3 R4 i 3094.78 102.66
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M T1-1.T1-2  T1-3 F 4 & T it i 4331 4 671.04
2 115.58.207.65 g, 7+ HI L B2 Y Cd & & 4 148.20,
69.17.64.09 mg, T1 ZbFE & FAOTHE W) 80 AE 1 0 il o5
ML 19.38%.9.05% .5.70% .

T2 RS WAL 1125 mg; T2 AbFEF-1)
HK WY 42014 pg- L', 258 WA B 822.90
mg. F1 %6 0] AL, T2 Ab BHAE ¥ 5 T i & 3 163.82
g, MW B W B 317.67 mg, ALY B 3 0 i 5
BN 28.24% ., T2 AL FH =~ g iR s T2-1.T2-2 .,
T2-3 FEY e T i 43504 1 143.38 .1 433.36.,587.08
g, I B 1 W iR 129.58.94.93,93.16 mg, T2
b B A PR G R AR R O ) R R BRI

R5 TIEEMHTRE WEEURERRE
Table 5 Dry weight, W content and accumulation of
T1 treated plants

il TR it Wi WAL R
Treatment ~ Dry mass/g W content/(mg-kg™) W accumulation/mg
T1-1 RPFAFE  388.26 359.37 139.53
T1-1 B2k 282,78 30.67 8.67
T1-1 B 671.04 148.20
T1-2 FF S FEMRFR  1056.69 50.56 53.43
T1-2 176250 1058.89 14.87 15.75
T1-2 S 2115.58 69.17
T1-3 k5 207.65 308.63 64.09
T1-3 S 207.65 64.09
TI RS A 2994.27 281.46

xo NAEEYNTRE VEEUKRRRE
Table 6 Dry weight, W content and accumulation of
T2 treated plants

Qb Tt W W R
Treatment Dry mass/g W content/(mg-kg™') W accumulation/mg
T2-1FF JJ M 528.34 89.34 47.20
T2-1F e 516.35 23.78 12.28
T2-1 4k H 98.69 710.32 70.10
T2-1 M 1143.38 129.58
T2-2 - JJ BT 576.66 78.55 45.30
T2-2 1 )36t 530.28 16.37 8.68
T2-2 AR 207.68 178.64 37.10
T2-2 RAHZEN 11874 32.46 3.85
T2-2 fihE 1433.36 94.93
T2-3 RAHHTE 23154 110.42 25.57
T2-3 R4hizint  199.31 26.30 5.24
T2-3 4 g% 156.23 399.08 62.35
T2-3 Bt 587.08 93.16
T2 &G0 3163.82 317.67

1% WHART]

15.75% . 11.54% . 11.32%,

FEIR AN, T3 R W A S 20 1125
mg; T3 Ab BESE- 57 H K W R 26.75 peg- L', R W
B BTN 723,75 mgo FHER T AIAL, T3 AL A4 2
T HE R 3 094.78 g, P B W S 375.02 mg,
AR A A B 25 Bk 0N 33.34% . T3 AbFH 3~ A4
ML T3-1.T3-2.T3-3 73 5T R W B & K 176.44
111.95.86.63 mg, T3 4b 3 25 Z¢ FLICAF ) 4% 7 12 53 1)
b B2 R 24.38% .15.49% . 11.97% .

RT DAEEYHTRE WEEURRRE

Table 7 Dry weight, W content and accumulation of
T3 treated plants

fhg R Cd Fr i Cdfﬂ/i
Treatment Dry mass/e \ contef:l/ W accumulation/
(mg-kg™) mg
T3-1FF IR 360.30 104.33 37.59
T3-1HpE2En 337.20 24.78 8.36
T3—1 BB 138.70 556.38 77.17
T3-1 BAphizknt 81.47 41.24 3.36
T3-1 ik 59.35 841.78 49.96
T3-1 B 977.02 176.44
T3-2FF JJAEMRTE 35470 85.65 30.38
T3-2FJfE2Et 34050 20.94 7.13
T3-2 BRI 133.40 202.82 27.06
T3-2 A hi kit 83.96 37.03 3.11
T3-2 il £k 4 66.78 663.00 44.28
T3-2 B 979.34 111.95
T3-3F SIS 421.80 77.05 32.50
T3-3 {1 JjfEZEm 40580 19.21 7.80
T3-3 BAHMTE  147.60 127.77 18.86
T3-3 RAH KM 107.41 31.36 3.37
T3-3 il £k 55.81 431.95 24.11
T3-3 Fg 1138.42 86.63
T3 R0 3094.78 375.02

25 BMEZE CIEBEE

SR TIR A CA AR B Lk 8, &t
BT T2. T3 RGAMER A Cd B & 24 375 mg, &4
BN TR b R G5 A0 5 ) S Cd i HE 253 )k
49.50 ., 48.00. 41.25 mg, % 1 (5t 43 5 13.20% .
12.80% . 11.00% ; A# ¥ #% B4 & o5 bb 53 900 K 17.92% .
23.11%.27.38% ; LR ) # B4 12 4 E 49 1]k 68.88%
64.09% .61.62% . M8 SR E , DTRU R 5 Eb
¥ITE 60% LA I, Ut % R g AL K i Cd L U
TR R o6 2 ) 2R BT TE i BRI
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26 BMREXWEHBES

SR TR WA B R R, &t
BT T2 T3 REAMEHIA W B #1125 mg, %3t
B TR R g Ab e ml AR W4 3 )k
360.30, 302.10, 401.25 mg, /i k43 5l N 32.03%.
26.85% . 35.67%; A1 ) #% B & 5 b4 0l o 25.02%
28.24% .33.34% ; YURR W) F it o7 bE 23 501 ol 42.95%
36.10%.31.00%. M EA 8 5 F , DU B o T
254 30%~40% , A ) BB 7 HE 29 °h 25%~35% , 1t W
%R G AR K P (W, TR W 6 AR R
TS M 1EH .
2.7 FKIETARYIT Cd BY IR B AL EE

SRR REFE b A A DT B Cd B A
1) 60% , W [t W i) i 55 A8y OB SR A Y, HLZE IR
Bt R AR OLEE B TR ) S B A e 1) P 4R B
BN, ZEF DR U S A YA ZR AL [ 52 i) 3
S JE B R o BRLE AR R SR R A R
B R BILEE , AR F 20 SL R AT T RIS . &I 8
SEM FRAEZE R IE, i 8 v LU H T W S B KL
INHOIR T AT A A S RS H A
LR B HELRE B 2208 4, 7T Dok W B o 43 Y e
PRAEIC AL, R T B & A

B9 A 34 = BB T3 = A i TURR 21
SMETERL. HZLAMGIEE AT LAIE 9 N TR
RAIR B O, BB e T A A R 0 E R .
ZIAMETE L LA 3222 5 I 0 43 511 7E 790 .1 050
1536.1639.2940.3 290 cm' [ it . HiH, 790 cm™
F12 940 em™ B I 1 W IS 0E 2 Y C—H 44k 3 5 | k2

B 8 AR RE (x2 000 %)

Figure 8 Scanning electron microscopy(SEM) of sediments

(%2 000 times )

1, BB DTRR Y b & b iR s iR i e 25 5 Y
1 050 em™ B 3T 1 AR IS 06 2 H C—O—C 4R 3h 5 1 i
(), BB TCARA) & A AR S 05 1 536 em ' T
PR W WA I8 2 B R 28 C—C IR 3 W i 0, Ui W% AR
P &G RS P51 639 em™ F1 3 290 em™ [ iT
BRI T s 3 31l J2—COOH F1—OH™Y, 1X i~ F B
BTN Ry S TR W B 4 e A A B T,
XEEE REHA] (—OH .C=C .C=0 ,C—0—C) 7EW fff 1
BHATLY CdRAELEAEM, A& ffi Cd 5 COT
LGB P AEDIES s BEAh , A b BEER — 0 b 5]
55 =g b, B RE A 1 WIS T R AR T AR A i —
A1 B K 2 5 AU RE A R W B Cd el B e R T
FH BRI AT DA ITC R (0 A5 LA o A e K (R 4
JR R R T A

3 itig

N TR R P G, 2 — Rt X
R AR R IR Fr s K AR S TR A

RS BUMARGX CIBEER
Table 8 Wetland system intercepts Cd fluxes

Ryt bt

Percentage of system

b3 Ry it it

Treatment ~ System output/mg

TR

Plant interception/

FIE o5 1L

Percentage of plant

VIR 5 1L

BB E .
i Percentage of sediment

Sediment retention/mg

output/% mg interception/% retention/%
T1 49.50 13.20 67.20 17.92 258.30 68.88
T2 48.00 12.80 86.68 23.11 240.32 64.09
T3 41.25 11.00 102.66 27.38 231.09 61.62

RO EBMARZEN WHEREE
Table 9 Wetland system intercepts W fluxes

RGN & LI B

b3 Ak

Treatment  System output/mg

Percentage of system  Plant interception/

DU
Sediment retention/

HIPIREA & 1L

Percentage of plant

DU & L

Percentage of sediment

output/% mg interception/% mg retention/%
T1 360.30 32.03 281.46 25.02 483.24 42.95
T2 302.10 26.85 317.67 28.24 406.08 36.10
T3 401.25 35.67 375.02 33.34 348.73 31.00

WWW.QEs.0r9.CN
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C—H  (—=C —COOH

C—H —OH
;CfOfC : ! H

1% )3 Transmittance/%
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B9 KEEFMARYEILLIN LR
Figure 9 FTIR diagram of hydroponic sediments

Al SR B Ay, BE N T 4R s A G RIS 1R 5
JIT , R K A A 9 28 SR K A b 8 4 e B SR i i
RARWL AP S5 e £ 0 3 FPAE Y - 15148 54
TR B A R AR IR T K A AE ) B A R AE K
T 4w b R R 2 B OCE A E R — 2
AT A eia e AR A A s TR aE AL R A I i
AR K PR A BRAR I 0, 5 e B 4 A UTE , WA LR
BREE AR AR = JE 0T DL A TR R G5 H () i A 4
BES EAE 3 BT, F & A Y B RS A
B EE 4w . AN SEBGIE E Y RR K B B, WA Bl
T 5V, A W R M A KBS AT LAY
M2 5 4w 42 Ml o 3 43, ik AR R BR DR UEATL )
XK A4 B 4 W S WIRCR, . AR T IR
HK CAd MR BEFEAREIR I S we- L' LR, W24 1
KW PEELY R 35 we- L 24T, S H DA = R 5
W, 2R G0 N 45 T BRAL S bR Ad T3 AR E I L A 4 A
PR 2550 PR B A 8 N AR BRISUE Y i AR 0
IKEETOR P R LRSS . dE AU 5 v LR
B R G K TR AN EE A AR B R
R, H BB, X Cd 1Y L BR R IEALERFTE 90% A2
A7 X W R 22 BR AR R AE 70% 2247 o ) I R A
F4 0T LA i 15 b 2R S0 0 5 4 R (R L RO B 2
OIS R L M S R Y A QNG Rl ER 9 OB U
b XA A T PR LR , AT 2 R e T R
ikt Cd . Pb S5 H 4 @ b RCE . Ao, T1. T2,
T3 3/t R GE X Cd (1 ZBRACR R T3>T2>T1, B
FE ) TR FE T R G AR IEVET, SR
W LA AR . (E A ) ) H5 L XS A (W) 2 4

1% WHART]

1) R BRI — B EEER, AR 3RS
XK H W AR SR T2 T1ST3, 3t 148 -5 4 4%
B 75 26F WA T A G, TR Sk A 0 1 A A 4 i 2 3
T A AR PR R SR S M A S0 AR B A AR 0 1
Bl MR WY pH (A A AL T HLA, BRI 7E N T
T Ml VB R AN AT A LB AP IR I S A T4 B A TR B
i 1 H A T N R SR R e Ak

RIS R 0 RGP AP & Jm T T I8
VAT R AK RSN T 4R X R —
IR 5 T A A SRR 2R O A 1 R
DL KU i . AR R R R Cd
W) B A L 0 o B T AR R Y 27.38% A
33.34% , f1 FFH W R B AE Y FE IR H gk R G
XPTE e i) B it — A, b 31 5%~10%; 52
FH B, A5 2050 79 A 40 A6 B 0 AH X 5 o, 35 ] el g
SEON BT 4G AL, FLIR B0 2 S 2 B R A R oy
16 B B N 209%~25% , 1T RE R R HF R 5
AL IR 7 vk R K B AR 2R 505 Y iy e ik i
B, A T AR I E AR . AN, T
X Cd W B Fp 4 R 0 R B R
61.62% #131.00% , Ut 1AL AR 42 JE nd & rp , &
SIS 0 AR W R B DT VE A AR B2, LR X
Cd PHEA , 5 T G4 1 e i, e, 72 R T8
BCURE X QNG Rl E g T = E S SR E Y R LI 528 7 )
I ¥ JEL Aot W SFe P RS, 0% T R 3 e
T PR IR A SO KRS i 3045y s R 4R
W RGN T IO H AL B

TR0 45 5 7 45 A B G b R B A R B T
ZHER VTR, 10 A0 R FAE P K B =X AT, 9F
K 10] R GRS AT AT A W AR I A L, BRI T A JES A T
B — R g ol b B & B =9, ] B2
TR R 43 W6 5 A T 9 0 L 25 AR i B 4R RV
Y KR AR SR P B AR D R R
RS0 25 22 7 1T R R TR B T8 BUW R BRIR W) . A2
HIIE G e B b 7 Y 3 T ) Bk A R A — )2 DT
Y, MWL AT R Sk K AR Ak R A 5 A P R T
FRRAY , BB TSR Cd, LA 58 5 AR 56
FErp AR TR A AR . DU & A k2
BT FEES ) R E AR ORGSR AL
Yy WA BBk R R S, I G ML A K 2
BN R DO W Y 4 i DG, LA O A7 2 8 Xt
DU R (R ML A A T T A SRAIE S, B S /L AE
15 B UL Th A BLER 43 X Cd™  Ph*  Cu™ R4 7K
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B3 55, & S0 A T LA R s A R B 4 R
T X E AR W E B HA W RS, XA
I BE B 2 O 98 R 2 DR 9 = e Ab 244 oy
XoF T 4 S (A W B AR AR B, 75 1 G e A AL DA R R
A S 5 i 4 T W R A R A . AR SR
U B 21 S 3 o] DL 4 —COOH . —OH J&
B E 48 & TS T RE A, BT AA e d ] LA
UEADUB A LA Sy R M A m e 3007, X 5
DL b2 MR A R 2R . AR VTR FE b i 2
e TEEMER AR DU PI e K R Ak
i B RE A S AR A S | IRl A T R A Y
PR E 4R RS 2 8] AR E RO T
AR AR RN e — R e T H 4 8 T
B W TR ST S, A oY 2 B R b
4 )8 FE A P AERIAR <63 wm T4, KA R A% <45
pm H R RS 48 RARTE 45~63 wm Z (8] Uk 4
MEEREHNSFASESE ELENTEEIRSZ
BMARL A RZ R o B AR TR TR 0 7 W P 4 )R 1Y
1 R S 2 BB KA AW s LA S N R A 7 g
Bl 5 R 25, W 5 B4 R A ISR B Pt s DT 25 )
4 A I DR A IR R TR S S I T
JEREAR IR, BRK AR (A AE W] AT 405
M), LS 2 A5 X G U P i R A 5 DA 1) XU 44 7 2%
82, R IR fe AT D XS U AR A0 118 A i A B St B AR T
T S 360 P VR TR P A 7 U M 0 45 T T T

4 £

(1)K BG4 1 = AN TR R SR 5K
FAL KA ) Cd AW, o 3 R A TR 45 1 T3 4b B
X Cd 1 R BRACRE e i, i85 T 89.18% 5 AH 4 W 1
&AL T2 b FEXF WO R BRACR e L BB T
73.36%.

(2)3 PR A P4 REAT R 4R Cd AT W, X Cd I
W s AR W0 B I 1 R A R R I o VR R A0
195.46 .841.78 mg-kg ™',

(3) LR 1 W A FH A e Al o A v i T E
YRR, X Cd i A8 88 38 1 1 HE 60%0~70% , % W I 8
5 EE 30%~45% 5 % Cd W R E 43 ) % % B LA
TR A ML A AR o 32, b A 3O RE A4S
—OH,—COOH .C=C .C—0——C,,
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