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Characterization of Pb accumulation and factors influencing Pb mobility
in rhizosphere soils of wetland plants
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Abstract: [ Objectives ] Characterization of Pb accumulation and factors influencing Pb mobility in rhizosphere
soils of wetland plants could provide theoretical guidance on the remediation of heavy metal polluted water in
constructed wetland. [ Methods ] A rhizobox experiment was conducted to compare iron (Fe) oxidation and
variation of pH, redox potential (Eh) and fractions of lead (Pb) in rhizosphere and non-rhizosphere soils of five
emergent-rooted wetland plants, Echinodorus macrophyllus, Eleocharis geniculata, Hydrocotyle vulgaris,
Jussiaea linifolia and Veronica serpyllifolia. [ Results ] The results showed that all the wetland plants decreased
pH and concentrations of Fe(IT) and Fe(Ill) but increased the Eh in the rhizosphere soils. The pH in rhizosphere
soils was significantly lower (P<0.05) than that in non-rhizosphere soils, with differences in a range of 0.1-0.4
pH units. Concentrations of extractable Fe(IT) and Fe(Ill) in the rhizosphere soils were significantly lower than
those in the bulk soils, with differences in a range of 0.6-2.7 mmol/kg. In rhizosphere and non-rhizosphere
soils, Pb was mainly in RES (36.39%-47.54%) and OX (30.16%-41.64%), followed by OM (8.85%—15.08%)
and WSA (6.89%—-12.46%), and EX was again below the detection limit. Lead was transformed from unstable

WisEHA: 2017-06-12 EZHE: 2018-04-10

HEWH: EFELAPATRITE 2018YFD0800601); [EF HARFI#RSEIH (41771509, 41771510, 30570345, 41201312,
41271478 ) ¥,

BRAN: #51R2% Tel: 010-64888060, E-mail: yangajx@126.com ; * il {E1EE 7% Tel: 010-64888087, E-mail: Yangj@jgsnrr.ae.cn



44 W%, 5 MM BT I B SRR RAR PRATAS Sl ) 52 M DR R 5 1059

fractions (WSA) to more stable fractions (OX) in the rhizosphere soils, so decreased their potential metal

mobility factors (MFs). Among the five plants, E. macrophyllus with higher iron oxidation ability on root surface

and in rhizosphere possessed the greatest ability to reduce the MFs of Pb in the rhizosphere soils.

[ Conclusions ] Pb in the five plants is mainly distributed in roots. The amounts of Fe plaque on root surfaces

were significantly higher than the amounts of Mn plaque on root surfaces. Wetland plants, with higher iron

oxidation ability in rhizospheres and root surfaces, may thus be effective in decreasing potential long-term heavy

metal bioavailability. Our results will provide strong theoretical basis for the restoration of heavy metal polluted

water by constructing wetland.

Key words: lead; soil contamination; wetland plant; mobility factor; rhizosphere
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serpyllifolia), iR HAE Py 0 W FIRD 302 N T E
SETT YT REN B, kY A Tk
BRI, HrhoRt 2R M
BN UG R SR B s R IR AR AT
B o R RN — St A, TR
PrAfSEm
12 REHE
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i 4.89 cmol/kg. FTHITS Bt - HEH { AR M) Y
PrEORR . MWERIA, 2 1 mm G,

J R AR BrA P A DL H A, KRS 15 em
(W&ik1) x 15 em (I€3k1) x 12 em (fF), TERIFH . B4
MEBRAE N B A HLBISHESE I JE B ™ (FL42 50 pm)



1060 R R R L S 24 &
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o, AR AR PR 1 A pH B 3E NI, 455
AR PR 1 pH B LT AR bR A AR Br £+ 1 pH
(P<0.05), KM 2mEFMREE pH FRERERK, T
R EE R 4.8% . AP ALY AR PR pH T B F 2
0.2~0.4, HAMLEKAEYAEMR PR /9 pH X iR 411
pH ZRAEE

PR BR (S1) 335 B A 2 mm, I 4 fkid
JEHLAL (Eh) B, HUBRORBESR A, SO BRI AR bR
(S2) 119 Eh RIFATINE o ML 2 AT, X HE - B8 )
Eh I I TR Fh 5 7 SR /N BE AN A AT AR P (S2) -+
B Eh (P < 0.05), AR YRR PR+ /9 Eh A
225, KM SRR/ NEBEEAR PR (S2) /Y Eh & T
AP L BIM A& (P <0.05),
2.2 AMEHEYIXTERAI IR YR R

PANFE T RTEN, 0 R A ) A P FIAR 2R 2k R4
B A 2257 (P <0.05), K2 FARER Pb &
AR KRR Fe. Mn & &2 2 3 & T H A 00 Fh kg
Yy, Hih B3 Po & AT HABIUREY), /NEELEY
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CK PNUIR SRSy = x = B 3 2 Ly N2
E. macrophyllus E. geniculata H. vulgaris L. hyssopifolia V. serpyllifolia
YyFh Species

1 EMERPRAIEARPR IR pHCEE £ FREIR, n=4)
Fig. 1 pH values of the rhizosphere and non-rhizosphere soils after 5 months (mean + SE, n = 4)
[ (Note) : # E AR FRFRFFEDRER 1 pH 7£ 0.05 (LSD-K348) /K 25 57 i 3%
Different letters above the bars of the same plant mean significantly different among the rhizosphere soils at the level of P < 0.05 (LSD-test)].
-5 ¢ a

10 | I ab T

Eh (mV)
3

_45 1 1 1 1 1 ]
CK  kMEgH  BE%EH WM B AN
E. macrophyllus E. geniculata H. vulgaris L. hyssopifolia V. serpyllifolia
Fh Species

2 AFENEARER (S2) 1IREY En(FHME £ FREIR, n=4)
Fig. 2 Eh values in the near rhizosphere (S2) soils after plant growth for a period of 5 months (mean + SE, n = 4)
[# (Note) : #_EAFFRF/RITHRPR L3 Eh 78 0.05 (LSD-#5) KV E 2257 %
Different letters above the bars mean significantly different among the near rhizosphere soils at the level of P < 0.05 (LSD-test)].
=1 EMEYERE P SRE RIRFEIE Pb. Fe 1 Mn BIKRE (mg/ke)(FI1E £ FREIR, n=4)
Table 1 Concentrations of Pb in shoot and root tissues and concentrations of Pb, Fe and Mn in iron plaque on root surface of
five wetland plants grown in rhizoboxes filled with the soil contaminated by Pb for a period of 5 months (mean = SE, n = 4)

i BETRE LR PR tron plaque
Species Pb-root Pb-shoot Pb Fe Mn
Kt 5565 Echinodorus macrophyllus 561+74a 17£5¢ 171+3b 64662 = 14033a 221352106 a
BH¥FEESE Eleocharis geniculata 130+£5b 50+ 7 ab 281+9a 339739710 b 5764+ 1671 ¢
BT ® Hydrocotyle vulgaris 93+12b 38+ 2 abe 50+9¢ 7483 £243 ¢ 1435+72d
B Jussiaea linifolia 106+4b 31+9be 133+7b 12133 + 488 be 4410 + 455 cd
INEEBEY) Veronica serpyllifolia 132+17b 59+12a 176 +42b 20953 £ 2773 be 9904 + 1301 b

7 (Note) : [FFIEHE G AR 7R ARFEYTE 0.05 (LSD K5 /KF %5 53 Values followed by different letters in the same
column are significantly different at the level of P < 0.05.
2.3 AFEMAEIIRFRANIEIRFR Fer il Fe ik & JEARBE 4T B Fer fll Fe WM L 2 AR B2 Tifh
M2 AT, RFAEYI X IR+ Fe fl Fe ik AHRAEYR PR 119 Fer il Fe i B2t 1 A% T H AR
B TR - (P <0.05), MTAMERAEY) PRl Fe Ml Fe W Z (P <0.05), TRty 2 m]
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Table 2 Concentrations of extractable Fe** and Fe*" in rhizosphere and nonrhizosphere soils of the five plants grown in
rhizoboxes filled with the soil contaminated by Pb for a period of S months (mean + SE, n = 4)

YyFh Species

Fe?" (mmol/kg)

S1 S2 S3 S4
Kt 858 % Echinodorus macrophyllus 0.70 £ 0.22 cB 0.87 +0.05 cB 1.14 £ 0.09 bA 1.28 +0.01 bA
PH¥FEESE Eleocharis geniculata 0.73+0.12 cB 0.86+0.11 cB 1.07 £0.07 cA 1.11 £0.05 cA
BT %5 Hydrocotyle vulgaris 0.86+0.14 bC 1.09+0.21 bB 1.22+0.09 bA 1.22+£0.12 bcA
Hg Jussiaea linifolia 0.89+0.15 bB 1.01£0.07 bA 1.10 £0.12 beA 1.18 £0.14 bcA
/NBEBEYN Veronica serpyllifolia 0.89 £0.12 bC 0.97 +0.06 beB 1.10+0.08 beB 1.24 % 0.09 bcA
CK 1.89£0.18 aA 1.56 £0.08 aA 1.70 £0.14 aA 1.55+0.11 aA
Fe?* (mmol/kg)
YyFh Species
S1 S2 S3 S4
R 8565 Echinodorus macrophyllus 244+0.15cB 2.93+0.24 dB 4.35+0.27bA 4.43+0.14 beA
IRKFEESE Eleocharis geniculata 3.19+0.12bC 3.39+0.32¢C 4.60 +0.23 abB 5.20+0.17 abA
[® 5 Hydrocotyle vulgaris 2.60 £ 0.10 beC 3.31+0.17 beB 5.08 +0.42 aA 5.24+0.30 aA
HJg Jussiaea linifolia 3.15+0.08 bB 3.46 +0.35 beB 4.50 + 0.26 abA 472+027bA
INBEYED) Veronica serpyllifolia 2.64+0.21 cD 3.77+0.12bC 4.60 + 0.34 abB 5.13+0.32 abA
CK 5.09+0.14 aA 524+0.19 aA 5.07+0.35 aA 5.23+0.16 abA

¥ (Note) : Bl AF/NG F-REFRARHEYILE 0.05 (LSD #ie) /KF 2557 B3, ARKE F-R2R FMEPRRFEAERRPRLE 0.05
(LSD #5) /K- 24 57 i 3 Values followed by different lowercase letters in the same column and different capital letters in the same row and

same Fe form (Fe?* or Fe*") indicate significant differences among plant species and zones at the level of P < 0.05, respectively.

HRBR 1 Fe* Fil Fe ¥k i 22 AW BN 3 (P < 0.05),
Herp R 2R HARBR Fer Fil Fer e 1 g & (% T oAb py
FHAEYIARPRAY Fe Ml Fe ¥ JE (P < 0.05),

2.4 FHMEMRERFIERER Pb 2SS

H 2% 3 0, AR AR PR AR AR B P JE
BAMAE,. EX-Pb i F & EREHBINAH ., H
Tt 304 ) AR B AR AR B 3 b i PO TR A R BEL
RES J ¥ (36.39%~47.54%), HiKE 0X(30.16%~
41.64%). OM(8.85%~15.08%) Fl WSA(6.89% ~
12.46%), Hr, S1H1S2 +3Ed ) WSA-Pb 1 RES-
Pb ¥ i F 4K, OX-Pb Hl OM-Pb ¥ J& Il i 24 i
(P <0.05), AFfbilA sy, Kt &5 5 AR bR
(SHWSA-Pb & (KT H MY, OM-Pb I & 2 = F
HAFEY) (P <0.05),

B3R 4 AT, TR AR X AR BR A AR AR B
() Pb B sV EA W5 . AR A AR B+
(S1)Pb FIEL B[ 1 (MF) 3 g K FAEMR PR £ (S2.
S3. S4) [ MF(P < 0.05), S2. S3 fll S4 + 2 [] Pb [
Btk FER AR . KM RPR L Pb B
IR TFWAEBEZES, KiF2EEFRPRE (SHPH (1)

B B EMR T RAFEESE . RIMEME (P <
0.05), EIJEMRFRt (S1HPb AR Sh A Foc o
3 it
3.1 RHE4IIRER pH 70 Eh

AW LB, BRSO FRE T,
pH & e, JFRBI A s s 1 e
KIERF AT, pH HSREEPHAL T, AR
SEIRLRW, SRR AR XTI £ pH ZEH K HA A
J&, pH EF0.2~0.5 N8y, BHEE . MR
FYARPR A+ (S1) 19 pH W FRE 0.1~0.4 P Hf, X
FAMERAE IR pH TR T REJE: Fi TR R X0 B PH S
T WA 15 B o A B 5E Rk K R 1 W UK 4
T, PR AR, A RPR R
S35 Wh— S TRV B B 28 IR RSP, 5
Ab, HERARPR pH AR FAERPRRNRRZ, bR TR
FR KT T B 85— W AL P A S R R R A A AR
A AR AN, AR R I A DL BT — i 1R
M, WSRO, FEPIFRE . R PERE . RS S
HRZ R AR pHI™
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*3 AP ARIMEYRERAMIERIRLIBHEES DB (%)(FHE, n=4)
Table 3 Effects of the five wetland plants on relative distribution of Pb fractions (% of total Pb content) in rhizosphere
and non-rhizosphere soils for a period of five months (mean, n = 4)

YyFh Species S1 S2 S3 S4
WSA-Pb
KB 5 Echinodorus macrophyllus 6.89 cD 8.52 ¢C 10.49 aB 11.56 bA
PHFZESE Eleocharis geniculata 8.85 abB 9.84 bB 11.15 aA 11.83 aA
[F ¥ Hydrocotyle vulgaris 8.20 bD 9.96 bC 11.23 aB 12.46 aA
By Jussiaea linifolia 9.84 aC 10.49 abC 11.81 aB 12.13 aA
INBEYEN Veronica serpyllifolia 7.21cC 11.21 aA 11.37 aA 12.37 aA
OX-Pb
Kt B8 Echinodorus macrophyllus 41.64 aA 38.03 aB 36.72 aB 33.77 aC
PHFZESE Eleocharis geniculata 38.03 bA 37.05 aA 35.41 aB 32.46 bC
[F ¥ Hydrocotyle vulgaris 39.02 abA 36.85bB 34.75bC 33.44 abC
¥ Jussiaea linifolia 37.70 bA 34.10 cB 31.80 cC 30.16 cC
INBEYEN Veronica serpyllifolia 39.67 aA 37.87 aA 33.44 bB 34.1 aB
OM-Pb
Kt B8 Echinodorus macrophyllus 15.08 aA 12.46 aB 11.15 aC 10.82 aC
PHFZESE Eleocharis geniculata 12.79 cA 11.33 abAB 10.49 aB 9.51 aB
[F ¥ Hydrocotyle vulgaris 12.13 cA 10.57 bAB 9.51 bB 8.85bB
W Jussiaea linifolia 13.11 beA 11.87 aAB 11.34 aB 10.16 aB
INBEYERN Veronica serpyllifolia 14.10 aA 12.14 aB 10.16 aC 9.51 aC
RES-Pb
Kt B8 Echinodorus macrophyllus 36.39 bB 40.98 bA 41.64 bA 4131 dA
PHFZESE Eleocharis geniculata 40.33 aC 41.97 aC 42.95bB 46.23 abA
BT % Hydrocotyle vulgaris 40.66 aC 42.32 aB 4426 aA 45.25 bA
¥ Jussiaea linifolia 39.34aC 43.61 aB 4525 aA 47.54 aA
INUEBEYN Veronica serpyllifolia 39.02 abB 40.66 bB 44.59 aA 43.93 cA

I (Note) : Bll/F AN F/NG FRZ AN FYITE 0.05 (LSD K% /K LR B3, AFRKNSE TR R EIRPRAAERPRE 0.05
(LSD #3568 7K 2 5% 3 Values followed by different lowercase letters in the same column and different capital letters in the same row and
same metal fraction (% of total metal content) indicate significant differences among plant species and zones at the level of P < 0.05, respectively.

WA Y T HA R KRB EIEE (ROL), PR
Eh 225 FAEAR PR, A0 25 A E 5L T 3X — a5 o
HAMEYIEAR PR £ (S2) B9 Eh 25 F AR 1+
e Eho oo 55 R /)N T A 1 ORI
Eh 3% 5 T HAL =FHIY 0 Eh, R PFPHRYIR
A BRI RE D]

3.2 EMEMEMIIRFRFIIEIRPR Fe 0 Fe ik E

ARG AR R, A SRR 1 (ST) 1Y
FeX Ml Fe' ¥ i AN TAEMR PR - (S3 Fl S4) 1Y
Fe* Ml Fe  We i o X TP YR PR Fe* R T &

9 Ji A AT B S AR AR X Fe M e ki iy . 5
Fe ML, FemynliEteml it , HAS Y
et B ACIRES T, LI E M AR Fe'r
Mn* 458 F S BOAJE N Fer' . Mn* S5 8-, WK &4
&, Fer SRR —E R FH R TIRAR S 1
H Fer M fmAL s, it TR PR SR A A
TEAFAR PR id 2 Fer B4 A M AE AR R AR PR
Ko AR PRPR Feo v T K AY I 5 n] RE 2
Fe  $fby Fer 8. Hp R I FEAR PR Fe Al
Fe By e i AR T HAD DU MR Y, E— 23R IR
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x4 INMARBRIMERPRAIERRLIBAOB IR T (%)(FIIE, n=49)
Table 4 Effects of the five wetland plants on mobility factor of Pb (%) in rhizosphere and non-rhizosphere soils
for a period of five months (mean, n =4)

B EPER T MF (%)
YyFh Species
S1 S2 S3 S4
Kt 5L5eE 8 Echinodorus macrophyllus 6.89 bC 8.52 bB 10.49 aA 11.56 aA
BHFEEFE Eleocharis geniculata 8.85aB 9.84 abAB 11.15 aA 11.83 aA
[®I % Hydrocotyle vulgaris 8.20 aB 9.96 abAB 11.23aA 12.46 aA
¥ Jussiaea linifolia 9.84 aB 10.49 aAB 11.81 aA 12.13 aA
INBEYERN Veronica serpyllifolia 7.21 bB 11.21 aA 11.37 aA 12.37 aA

¥ (Note) : Bl A /NG F-RFRAFHEYILE 0.05 (LSD K3 /KF 2557 B3, ARKE F-R2R FMEPARRFEAERRPRLE 0.05

(LSD #:56) /K- 225 i % Values followed by different lowercase letters in the same column and different capital letters in the same row indicate

significant differences among plant species and zones at the level of P < 0.05, respectively.

LR R A BRI AR PR A RE

AR AL AT AR PR 1 (S2) BY Eh ¥ T AR A
) -1 Eh, [H23EHMET 0, [EM HAPHE YR
RELETHREZORE, HYREARPR (S1) 1Y
Eh W & TR bR (S2). A WF 58N 4 R YR b
Eh 24 100~200 mV ZE45 1}, PR EA GEIE gk £
RIS, FES B A IE , 4 Eh & T 200 mV A,
MM A Fe? W BEARMK, {H Eh X T 200 mV i,
T Y Fe Wk BEAR WL =, ULPA Fe¥'ln] Fe %
fefr S8, H A5 &I Eh & T 200 mV A,
IR A B ) Fe WRBEAFAERY, ISR oE 245 1
R, RIERORE, B M TORRE, &
WA R RBFFESE R, [Fnf + 0 pH XML& P
MR M AR K, XA T A 5 N M 5 R
JE. AR R, Bk EIE S Eh (H7E pH 6~
7 HEFZ92% 100 mV, pH i 5 882y 300 mV, pH
8 L R—100 mV™), FEARSLIGEE K, T
HiAl MR pH YU FITE 6~7, AR Eh 7E 100~200
mV Zif7, TEW R BRI AR R, R RB A
PR Fer Ak, TEMRFRIC MU, Hy st ml DLAR Br +
58 Fe? Ml Fe* ik B I FR AR AR W 511 o
3.3 AMEMEYERAIRUL AN R TR

— AP b b FR I E Y Pb F S 8.1 mg/kg, AN
T 35 Po RS 27 mg/kg 8 n] XA 1 TR
o ARSI R R, 5 RO Y R 4
Pb W B2 G & T H M B (R 1), IRHAEY Y X Fh
b g 07 N [ O B 1 2 S P D s g = & SRl =)
TP L 28 A R B SCRRHRAE ), A ) B 4 i P
AL AN AR, RGREVE RO P o PR e — 2
GEL7/ B TR R  UiP %I K R il = AN B 7 N T €2

BrhE e mE S E a2 85 . e fe Y
PN B BE SRR AR AL, RO Z M 4
JEIMAZ BN FEECD, M FEAEM Zn MY Festuca
rubra W & B, R EE Zn ALPRAT DL AR YD AR R
LA VRG22, DA S 6 A BRI A A R sl B
BEF O, BRI 48 A — LR AR ) 1 5 - i
P 2 A A5 SR SR 255

RIS I A R Y AT A X8 3 D e 3 5 ) —
A N MR SO, 3X A AR AR B B A B 1E — 2L 5 R
TGP AR RO, AR S RO E , G
MR EHC AT, W ARTE 5 AL AR R Bk
R P 0 i N (3R 2) XOMIET AWF S IR
LHERMNEE LB N B AR KR AERIEREK
M B ER AW Aster tripolium & SRR AR P
As PR BE IR K 24 T 19 40 £509, WA BHIE A
IR FEAR I B B X A KA o B A s AR T OT
FETE—E WML FNRE J1°7, (HA A 5T & SR HAE P AR
PRI — LT G SR I & AR, Ak, A
GEIE— 245 AR R BRNEO T 4 Y W B RE AL
A —E WA, T L B AR R R AR L A L] —
BN T B 50%, KR RBUEARTRHL H,
3.4 RiEYI Pb 5T, $kBE. WRFE pH. Eh,
Fe*\ Fe*. Pb %zt EF 2 BAIHEXME

H 5 AlJ0, TRHIAR P AR AR Po Mk i 5 A A R
WY Fe F1 Mn B 52 35 IR ARG, RIS
FLEX TR Po MR R —E MR -V E AT . iR
R Fe, Mn Fl Pb ¥k 5ARPR Fe Ik i 35 52 Al
KOCF, W T 0 b A8 W) AN A TE AR 2 38 o gk g %
i, I YIRER Fer W& LA TIEHEER . [RIET
BT AR PR Fer W BEFI Pb 1AL I HEH 1 (MF) &
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x5 it MiEY S, %, IERER (S2) pH. Eh. Fe™ JRE. Fe¥' iRE. Pb BatEF 28
RUARTRIEHEX R (n=20)
Table 5 Person correlation matrix for Pb distribution in root, shoot and plaque, pH, Eh, Fe’ and Fe** concentrations
and MF in rhizosphere soils (S2) of the five wetland plant species (n = 20)

T H 4B MRETE Mo FIRAETEE BB POk OBEEURE EARBREER  EARPRER  IEARBRETRS
Item P Root Pb Shoot Pb Plaque Pb  Plaque Fe  Plaque Mn  ¥KJE Fe?*  VKJE Fe¥* 3§ MF-Pb
pH 1 -0.909* -0.833 0.356 0.065 -0.719 ~0.865 0.323 0.472 0.512
Eh 1 0.708 -0.030 0.351 0.781 0.796 -0.609 -0.327 ~0.445
MR 1 —0.704 0.130 0.926* 0.951% -0.577 -0.783 -0.817
Root Pb
bR 1 0.318 —0.490 —0.495 0.087 0.872 0.789
Shoot Pb
BRI T 1 0.484 0.269 —0.884* 0.081 -0.076
Plaque Pb
BRI 1 0.922* -0.836 -0.686 -0.779
Plaque Fe
BRI TR 1 -0.657 -0.556 -0.617
Plaque Mn
WARRIR I Fe? 1 0.327 0.470
HRUREE Fe* 1 0.984%%*
A BHIH T 1
MF-Pb
I (Note) : *—P<0.05; **—P<0.0l.

We B IEAE, RUIARPR Fer v B TV pEA I ik
YIHRBR Pb # 8 Z%4845 . pH Ml Eh 5 HAB4E4R
R TE Y (DT

AR R TP S SR BUE N B RIS 0k
AT S (EX) . BRIRELEE G (WSA), A A LS
(0X). FHLA (OM) FIZREA (RES), HHREM, 5
JEMRBR L (82, S3 Fil S4) M EL, HAHAAEYR PR 1
(S1) By Pb #5hA T (mobility factor, MF) ] i %
K. SAEMR A, WBRE (S1) 1) WSA-Pb Al
RES-Pb ¥ JE[#MK, OX-Pb Fll OM-Pb ¥ & JHi .
AT UL, BEAAY AR BE WSA-Pb FRAGE F BULMR PR
Pb B s PERRA I E 2R N . Horp ] 383 (EX) Hod
o R R, TR e T 4 R X A A
YN EEIRA, AR EEREW A WA (EX) 4
J& Hoh S AR /N—AR ), a1 EX-Pb ML, £
M, BRIRERZE A (WSA) B I T B Eh % im
sH IALDIE B 7, HAaE G ahne ) 32 1%
pH MSEIAAR K, FEIX AANEA RS SRR i —
Fheo, R g R el A, ARPRLE (S1) ) WSA-Pb ¥
WEMETAERER £ (S2, S3, S4), XAIRERH TR
PrE1EEIRE R . IBHAEY) ROL EALAR PR Fer iy id 2
ORI T S AW LS iR SR S S A E A

FHCE 4B WXL S B R o [R]Ix 2e BT
O 1Y 43 A R RE 2 B b g b ) R AR A W IR ST E
IR LS

R, WA RRE , bR bR 1 1%
i) pH. Eh, Fe''fl Fe* b HARPR 8 48 L&A 1k
AEENEN . KEHRME, fElKFEET, Wi
FEPIRR R T TRk & ik 3 I, AR PR JC 2 TR 4K 0 3 in
¥ EFBREMSES BN, e,
T ERXT Po 1M i BE 7 K TEH k™ R o g,
PR, MAIRE SRR E, RBs+ (S1)OX-Pb W
BET G, RETREMRRR ST EA . A
WS REH K ST, B 3 T i T Pb & AN
Fe ¥ 5t I 3 IEAH DGR, RS A A S 2 —Fhox IR 5%
W& U &5 A2, TR K S F 14 Eh A
pH Wb s 208 BB AR 1S AT e ", MRBR 1
(S1)OX-Pb ¥ B T K ml BB J2 AR PR pH F1 Eh A8 fb- 53
Y, RO 4 T 1T BB AR P AR B s A ) FIAR 3R 3
WA 4G, JE OM-Pb, TE MK &1
T, KFEHEPR As (085 s 3228 AR s S Akl SR i
JlroesE™, filt, AR R, MRERAEILRE 150 AR
Hb A ) ROK R RE 0 PR AR PR EE 42 )8 (As. Cd.
Pb Fil Zn) BARLHE 9, ARG RB R, BR
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W) E SR 50 R

24 4%

il 77 e AR 28 26 40 o de v 11 R I L 5 R () AR B
(S1) 1 Pb B3 H 1 (MF) & ARy, 3k & I Hh Al
YIMR 2 SE G HAR PR pH. Eh, Fe** Fll Fe* R M 2
FHORPR P 7EV SIS . IRIRERZE A . B A
EMEISZ M AL, B —Ash A 1 - i
ALt R

4 Z5ip

1) LAY R Po E B M LEARER, R
RPN, b Lo d b o Rt R #ARS Pb & i
AR RGN ) Po & i 3 = T A puA Yy, L
Hb 1 #B 43 Pb Fr i i N T IR R, /NN
Hb R4y Po 5 2 s T A

2) AR YRR B R R B e T
B BRSO o R I R T R N Y U AR R K e A
Fe Il Mn % 2t 5 25 5 T Al = A E4) .

3) SAEMRPRM L, LAY ARPE pH TR,
Fe*' Ml Fe' Wk B & T/, Eh BEF T E, Pb s
PR EFRAL, MRER Pb B ah MR J5 i 3= 22 AR PR
IR LSS 6548 Po St B T RE . K 85 RO AR b
pH. Eh. Fe''Hl Fe* [ M 3 BUHARPR WSA-Pb [%
(ARG R TE
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