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Effects of potassium polyacrylate on the enrichment of heavy
metals by mining pioneer plants
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Abstract; This paper investigated the effects of potassium polyacrylate on the enrichment of heavy
metals by mining pioneer plants. Plants ( canadensis, mosaic Shuicong and bitter herbs) growing in
Shizhuyuan tailings dam and Gospell tailings dam were selected as the objects of this study. Different
concentrations of potassium polyacrylate ( namely 0.20%, 0.40%, 0.60% ) were added during the
four-month cultivation. After microwave digestion, the contents of Cu, Zn, Pb, and Cd of both

aboveground part and underground part of the plants and those in soil were measured by flame atomic
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absorption spectrometry, and the relationship between the concentration of potassium polyacrylate
and the capacity of bioconcentration was analyzed. The TP and BCF of Cu, Zn, Pb and Cd of mosaic
Shuicong increased the most in both dams when the concentration of added potassium polyacrylate
was 0.6%. While for Canadensis, the concentration of 0.2% worked the best in increasing the TP
and BCF in Gospell tailing dam. For the other plants, the concentration of 0.4% increased the most.
This resulted from the differences in growing conditions and environments. The enrichment capacity
of bitter herb for Cu was lower than for Zn, Pb and Cd, which showed that the of enrichment
capacity of the same plant varied for different metals. The abandoned Cu,Zn,Pb and Cd tailing area
can be reclaimed if suitable concentrations of potassium polyacrylates are added according to the soil
property, and different plants are grown by mix-and-match according to the soil metal contents.

Keywords : microwave digestion, flame atomic absorption spectrometry, potassium polyacrylate,

enrichment capacity, heavy metal.
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[l 1R SR VAR TR, EA T B s 5%, S 1 A 3t B3R 0 S5 3> 48 Cu Zn (Pb . Cd (955
i, TR T EE S BS54 16 4 Tl DX 1 98 o 43 s 5 G i BRI — e i 2 25 KR

1 SZEG¥P4) ( Experimental section)

1.1 #hE

FEYIR W T AT e B2 RD I 113°09723"E ,25°47"36"N ) 5 1 17 DLJR R RV (113°07'04"E, 25°46'33"N).
TERR N AP N, 10 s IR AL SEEEM ) /N I AL 7K 20 5 30 /N AZ UL SE B AR R JF 2 B P AR
REJZ (L 0—20 em ), EFFAEY) 4 4.
1.2 SEE s K

AA-7000 JRF I IEEE T (B AR R BARAF) ; AA-530A Joilas SR AL (b 52 AN 48354
BT s T4 ; AY-220 B 7 ( H A B A BRA A ) 5 B0l T A AN (bt 8 22 SE iRl 2= A 25 A PR
NCIDE

fSIR (Lt 1825 48 Ak 78GR A BRA W) ) 5 SRR (DR geati, U B Ak T A PR A 7)) 5 Cu  Zn
Pb Cd EFRE (EZ W EA R b OB SE ) 5 BIK (3 Brall, et ik R A 220 IR A | s Hidk
MR (3 A 238 e 44 e A A2 A BRAA 7)) 5 Al 5 e 2 b s SR TR B
1.3 SEYR kAt

PR AL R P AAT T K/ INIE 2 25 v, 2he 280 10 () B W3S A [] o B8 1 SR8 TR0 s s 8 % = 1 A 7 4
Ivi] (4 i L Ach B SR [ b B ) 18 8 L 1 G 1.2 .3 S SR 20, 10 Ry e HR . S0k 58 7 04 R in /K
BB ROIR T , 5 IR A At e e g 2 E — R K, TR 3 em JRAYRT 1, SR
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R LRI | 5 BERI A LRI B SR, feJa 82 L Bk 4 S A 5 X Gk i A
Wy AN - AT A PR S E 2 .

R AR R R A BAIEC T BE

Table 1 Medium formulation set to pot experiment soil improvement

o NI IR B AN T R RNIEIRER PR
P LW . . : . .

N F | Concerntration of Weight of dry soil Weight of potassium

o. ormula

potassium polyacrylate/ % in container/kg polyacrylate/g

1 RN R 0.20 4 8

2 SN R B 0.40 4 16

3 RN TAT 0.60 4 24

10 X 0 4 0

1.4 FHYS 3R S E AL 3
1.4.1  AEYFE S TR 2

FFEEARAR G VT (AR 253 AR e 1) BT R E L FRE AR A M R A S T R A )
FE, 5 B SRR, 2 100 H i, B Gl A B 248 v D HOCE] 8 2% T AR A7
1.4.2 3R RTAL PR

P RAE R RE S SR KT, FHBIFEAR B 41 )5 3 200 H 5, FBS AR08 4 J5 A6 T4 48 th IR T4 2= 48
L, A5 BB A T o B s AR
1.5 FHY5 4R A0
1.5.1  FHYIIRH

FREUHHIH A 0.2000 ¢(AFEHHZ 0.0001 g) , B T IHAEHED %0 5 mL iSRS 1 mL XEK I HEE T
TR T AR 23R 2 T VA RE AR P T R T R s 205 BT R IR 5 2 100 mL 25 i P im A TR R (5%
BB IR 5% ML IR M FRZHL K ) S mL FH 2% BIREIR E 4%, e 2 ) U WS UFhR 28, 25 R AR

T2 AT

Table 2 Microwave digestion procedure

FEMMZEH] Sample type T.#5 Step W T/ C PRAFATE] ¢/ min 1% Slope
1 120 3 8
HEYIRIR 2 150 3 8
3 180 3 8
1 150 3 8
T 3EmR 2 180 5 8
3 180 5 8

1.5.2  HIERHR

FREX MK 0.2000 g(FEHf 2 0.0001 ¢) , B T IHMARES %M 4 mL SR 1 mL WE/K S 1 mL &
TR A7 T O A A 43R 2 IR RE R P I AR I R C A KT AR TR RS & 100 mL AR
FIATRTR (5% B IR 5% FTIR R4 ) 5 mL ] 2% (0TSRRE 25, SR 22 U IS PR | B R
FERFIN.
1.6 FESE SR S EE
1.6.1 FriEthizk

#1000 pg-mL™" 4 Cu FEFRBH B35 0.0.2.0.4.0.6 0.8 1.0 pg-mL ™" fY Cu JCEIRMEAE TR T4 3
BB RS TAE S A AT 2 H 221 Cu AR TR 2] Zn Pb  Cd AYARHERNZE. Cu Zn Pb Cd fIAH
FEZH r 9 0.9996 ,0.9994 .0.9996 .0.9996.
1.6.2  Jrikpf b B OKG %5 BE A R

FE R SR AR A IUPAC 198 X, AR 7L 2 Cu,Zn,Pb Al Cd A4 R 43 511 24 0.0009
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0.0012.,0.0006 .0.0018 wg-mL ™", X451 (i 22 (RSD) $41/N T 7%. H& A S 36 I 5 (4 0 b 1] e 3R 5 5 7
90%—110%.

R3 AR TAERME SR

Table 3 Instrument working conditions and measurement parameters

JLHE Pk Wb i SIEER =R LHIET)
Element Wavelength/nm Slit width/nm Lamp current/mA Air pressure/MPa Acetylene pressure/MPa
Cu 324.8 0.7 7.5 0.35 0.09
Zn 213.9 0.5 7.5 0.35 0.09
Pb 283.3 0.5 10 0.35 0.09
Cd 228.8 0.7 8 0.35 0.09

1.6.3  FEMIGE
HORE S 3 TAE S AT E 10 YR, 188 Cu Zn Ph .Cd &8, I TR R S £ 285
BABCNAYH IS5 T RS RS E A S ERECOM 0S5 HERE SR SR ™.

2 5L 59798 (Results and discussion)

R E AR SO CR S S DIPTSR R R AU IR Y
ERR TR SR S Y T RN TR AR Z W e TE—E R LR WO RN e R
9 e ARl AR AE T Y5 5 AR S R I BT A B E R R R R 4. th R 4 fLIE
ARSI Cu Zn P Cd #YE i 8% i AT bel L Zn B, 307 DR LA Zn Ph e A R TS
IR, L3 ) Zn (Cd B S AHIT , (H R 7 DR B9 Cu (Ph & BB TR AT B Vb L, Fok P Y
FEAER K.

P18 2 P 3 a3 Sy Bl DX g 30 DL 2R XA )/ 63 AR K 28 9 2% Cu Zn \Pb  Cd 1Y
Fer 20 e R R RS RVIGTRET B C R A

HIFE 1 AT A VS IR S s IR A /N KX Cu Zn \Pb Cd IFEHE R 8 WA R A4, B
WMo 5 v AR ARBCR IEAR G AEAT T FE 7 DX LRI 0.49% 7 32 1) 56 R s I B 0 HLAE B R A0S i 4R BB
TR 2 i VLR W LAGS I 0.29% e JE 14 3R N A TR AT A LA M R0 W 4 R AR TH 2 5L I v
3 DUZRE™ DX S A Bl A X 14 - ST A AR A T 22 5, Sl A7 Bel A B s 30 DR XA = 7K e

H P 2 ] L e SN SR DA PR B AR ) A K X Cu \Zn \Ph (Cd WYFERS R W 4R R B 1
HFRS 280 & R R B IE A R AE AL X2 LTSN 0.6% ¥ J3E 1) SR N I TR A 0 HERE B RS B AR &R
kTHRZ.

H1 & 3 AT UL G S R D IR B AL v S X Zn (Pb (Cd R R R R B A, HEL R
RS B AR R BCR IEARSC AEPIAL T X LLVR I 0.49% v 3 1) 5 D9 s T 2 ot HL G B R 045 8 4 R U T
2 (R3S Cu RS ZB0 5 3 AR BOMEAT TR I 0.49% R B2 1) 28 PR TR 0 1) 42 AR W I 0.2% 5
0.6% 1% B 1) S PN IR TR BN L B 28 805 e R B 2 e O AN . it A [) — AL %) A [ T8 3 ) W o
AR,

XFECI 1 P 2 FEL 3 a3 AT aTAG  ZEA AT BE T X AR/ N RIS v SR LIS AIN 0.4 %96 B2 3R PN 4% TR B 4
THER  AE K LTSN 0.6% 1 JBE PR AT $1 T H-fie . it PR D8y A8 /K 2804 st e i, B0 5 A
TER AR FE AL /N €3 Sty S R T e b, 7575 K ) B X - 3SR HE R R A

25 BRTIR AR R A A I AN ) S B A A SR ANTR] ] — TR P ) A () 4 s 1 I Ff i
TR AR XA R5E 5 45 14 5% t AN [R). R AR S X A PREE 15 T 4 Ja % e e A X 17 119
R LA 1 e 5 1 R NG TR B L sk B A B S 1) FL Y.
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6 W 0.20% B 0.40% O 0.60% B xig

1.2 -
1.0 -
0.8

R

31
0.6

0.4
0.2

Cu BCF
Cu TP
Zn BCF
Zn BCF
Zn TP
Pb BCF
Pb TP

Cd BCF
Cd TP

HiiAy I A e T LR /N G

Shizhuyuan canadensis Gospell canadensis

B 1 AEHY/NKIEXS Cu Zn Pb Cd MYHEH8 REL B4 BB RGN B R E
Fig.1 The transfer coefficient and enrichment coefficient of Cu, Zn, Pb and Cd of plant

canadensis onions with different concentration of potassium polyacrylate

fg - o 0.20% 0.40% 0 0.60% XFHR

L O™ e @ oA om A meoA m A B B mo
O & O & ©O E O &= |lU & QO £ O & QO &
m m m m m m m m
= = = = =} = =l = = = = = =] = o o
O &) N N a e Q O @] O N N ~ A &) O
APy AEnt R 2 T DLRTERE KA
Shizhuyuan mosaic shuicong Gospell mosaic shuicong

2 HYIAEMKAXT Cu Zn P Cd MFeRE R B &5 R B RIS IR HE C R E
Fig.2 The transfer coefficient and enrichment coefficient of Cu, Zn, Pb and Cd of plant mosaic

Shuicong with different concentration of potassium polyacrylate

18 Wo20% [ 040% O 0.60% oyt
16

14 |
1.2
1.0 |
0.8
0.6
0.4
0.2

R

Cu BCF

TP
Zn BCF
Zn TP
Cd BCF
Cd TP

Cu
Cu BCF

A 3 R DUR 3

Shizhuyuan bitter herbs Gospell bitter herbs

B3 W 3ext Cu Zn Ph Cd MRS 280 B 5 R A0S NG IR FIVR B OC R K]
( BCF ; & £ &2 % Bioconcentration Factors, TP ; 5% 224U Transfer Payment )
Fig.3 The transfer coefficient and enrichment coefficient of Cu, Zn, Pb and Cd of plant

bitter herbs with different concentration of potassium polyacrylate
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3 %5 ( Conclusion)

3 S EE 3 TP AL D I A /K XS Cu \Zn (Pb (Cd RS R & B2 REUI L) 0.6% VK 1)
R VIRTRER AR = de 2, D DR A s S0 DL 7R R SO ) 55 K ek A O HG v i BB DR D LY /N TR X
Cu.Zn Pb Cd PYFER K BB R AL 0.2% WP (19 2R NG R A0 P AL B v e 22 45 R 3R W, sl i 8 T 2R
PIRTREIHEINT Cu Zn Pb I Cd BORE RS R BRI R A BB A B, 5 AR RE T 5. o8 B b £ it
BN STy oK 3E 3 SN SR YA R PR R4 = TSR A R TR A K AEAS R R A 8 e AR A A AR A
TR ELAT DX ) PR St T 22 531, 3k 6 0 5 SO B AR ) i i 4 140 3R PR s TR 4 ok 2 A [ AL o Sk
Cu IYE RRETMR T X Zn \Pb \Cd 1B B2 RE 7, 3 Fh BE G 3 Y [ o R 40 ok A [) 463 Js 1140 5 4R RE 0 1 3 LA
A TSR] DR H AR B DX AR PR I5E K S r < a5 B N I 5 Y B2 1) SR PR AR IR A 1] R B 22 A 00 ) TR
FAEBCAEL, AT Cu Zn Pb Al Cd ARSI R B, LK R Y 12 5 + 50 H Y.
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