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Bacteria—Enhanced Remediation of Electronic—Waste Polluted Farmland Soil
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Abstract: Qingyuan is one of the biggest electronic waste(e—waste) dismantling areas in China. Over 20-year operations of individual e—
waste workshops there have resulted in severe pollution of the surrounding soils by Cd, Cu and Pb. Remediation of e—waste polluted soils has
drawn scientific and public attentions. In our previous study, four strains of metal tolerant bacteria were identified from the soils contaminat—
ed by e —wastes in Qingyuan, using colony morphology analysis, scanning electron microscope and 16S rDNA technology. They were
Sporosarcina aquimarina(HS-01), Sporosarcina saromensis (JH=02), Bacillus megaterium (YB-03) and Bacillus methylotrophicus (JY -
04 ). Here we used these four strains and a non—contaminated ecotype of plant Sedum alfredii to test their potential for remediating soils pol—
luted by Cd, Cu and Pb under greenhouse conditions. Results show that the shoots of S. alfredii accumulated the highest amount of heavy
metals in the presence of JH-02 bacteria, followed by JY-04 bacteria. Bacteria JH-02 and JY—-04 exhibited better performance in mobiliz—
ing heavy metals, and exchangeable metal fraction was significantly higher in the JH-02 and JY—-04 treatments than in other bacterial treat—
ments( P<0.05). Our present study suggest that the bacteria JH-02 and JY-04 may be able to enhance the extraction of soil heavy metals by
S. alfredii, and thus have a potential to be applied to the field.
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1.1 ##l
1.1.1 BEFh ey
DY F fi P4 40 B HS-01 . JH—-02 . YB-03 HI JY -04

T B ) ARG T L T TR SRR X T e 3R
JZ 13 (0~20 em), R HVE LA B0 B DL &
16S rDNA H AR Y E AT HL, DU TR 53 500 Ay oK 24
J\NE BRI (Sporosarcina aquimarina) Ak B [A] 5 A 25 96
JNZFKE (Sporosarcina saromensis ) . FL K ZE#FT
(Bacillus megaterium ) W F&78 F2 R 25 H0 K1 18 ( Bacillus
methylotrophicus )

1.1.2 1534k

WA IR BETE Tamer Akar &M AT 58 HEAE F
LStk . %k 2 ¢, KH,PO, 3 g, (NH,),S0,+7H,0 0.5
g,MgS0, 2 g,CaCl, -2H,0 0.25 g,FeSO,+7H,0 0.1 g,
NaCl 0.1 g, Z8187K 1 L, 5755 pH = 7.0,

1.1.3 SC5apbkt

P13 SR A TE T i TR SR R X
JE I A B 438 (0~20 em) , JEA R AL B A < pH
(6.21£0.01),CEC(8.72£1.27 )emol kg™ ,OM (100.77 +
1.46)g-kg™, Bif# 2 (79.33+8.08 )mg- kg™, AL (0.70+
0.01)mg kg™, BEALAN (49.93£1.20 )mg -kg™', Cd 4= 5
(4.50£0.10 )mg kg™, Cu 4> (43.02£1.27 )mg kg™, Pb
41 (86.67+3.08 )mg - kg™,

BERREY) A 5K (Sedum alfredii )W A T M AE
P, A ]2 3 AT BRIE R R AF R/ NEA
—BUYAEARTR ] o SCHR AR AR W) (e ) S
(6.69+0.49)g. HH ¥ Hh F ¥ Cd.Cu.Pb % 1 73 5l
(3.15+£0.22) , (12.71£0.47) . (10.32£0.28 )mg - kg '; Hl
T =) A (3.82+0.16)  (14.12+0.61 ), (15.43+
0.44 )mg-ke™ .

12 ik
1.2.1 25525

ST ST AHSCHIETE m hdeitE o 1
AR TG 2 mm G, KUK BOE B0 5044l
CdCL,+2.5H,0 . CuS0,+ 5H;0 Ph(NO, ), 7 , fii + 184y
JERTE R CRESIN) (554 (Cd  Cu [ Ph ¥ 7351 ik 3]
50,150,150 mg-kg™) {554 (Cd . Cu Pb ¥R 735 ik
100,300,300 mg-kg™ ) =AVBEEE DRIV L Hb X 43
A 4398 Cd W FEIAE) 177 mg ke, MR SZI & T
B CAd WK o B 3R S 5P 1 A
H PR K R 1) 60% . B Ae + 2 ke, B4
2 MR R R BN AL B = R E A, A R E A
B, FPRELAEY) 10 d 5, 235K HS-01.JH-02 YB-
03 . JY—04 PUR TR 20 17 180 (FEFP S AL G 5% 24 h,
IS BT ODgo P45 0.769.0.711.,1.686.1.612)
50 mL BN BB HRAE YRR R, RCE TSN AE
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43, F a7k e )5 8 2K 43,105 “C2R 75 30 min, 88
J& 65 CHtZEE, BREST 60 Hifi, hil HNOs+HCIO,
THAR , SR TR 66 A (PerkinElmer PinAA-
cle 900T)ill5E Cd .Cu . Pb 4%,
1.2.3 $daab B

B IZ B R F Excel 2003, G314 1757 1 SPSS
20.0 #1 ANOVA 5317 (Duncan ) , 78 &l 32 4 6] 4 A8
) B 2ROs SR R) T 2 2 22 5, TOMH IR RO 2
P a1 i35 25 57 (P<0.05)

2 #R51%8

2.1 £ME

XS IR J A ) (B ) EA T AR B3R 1. Bl
BEEIRIGRRE B, KB s K AR ik ek
NGRS BTG YA IR R R R O TR AR
W, AR DR DT R 8.99%~29.02% ., 3% Al g SR T
BER AR SR8 TR (A A L T 1 7 4 g o
1) 45 TP A 25 i B, X 5 R 2 SR B Y 4
TARRF o FEANTRNTS YA BT DU i 200 2R 1 A 4 o
P/ D383 3h /N T A TR AL, 2 BH DURR 4 20 7 T REAE
—EFEE LR T EAESEXN R s RN EEE
FH L A A HS-01 . YB-03 4 pg 5 R AE KR
BB FI InAh PI FR A R (P<0.05) . H T P9 71 H
AT HE i A A 2 DR A B iR A KR 32
FEE2 (1) 5 PR (IR TR A 2%
TR R FWAENW™ W) ; () A gk#k ik ; (3) 4

x1 £WERDE

Table 1 Reduction percentages of plant biomass

sl fRi5 Y G Y i
HS-01 9.48+1.22b 10.28+0.92a 12.90+1.59a
JH-02 11.75+1.06¢ 11.28+0.65¢ 18.05£1.95d
YB-03 8.99+0.86a 10.79+1.41b 13.41£1.65b
JY-04 9.49+1.58b 13.92+0.53d 17.09+1.92¢

E e 15.28+2.16d 15.40+1.93e 29.02+3.70e

1-Z LR BE-1-R R (ACC) L& ; (4) [ &R B Al
fEARVEHT s (5) 3 m b e F Huvk O A gk gk 5
PrAER) o AN XA R Y A2 AR A AN S A ]
DO i 1k 40 TR XS 2 e o R R R A LR AT T i — 2
22 EERERNE

KR RN E G ES BRI LK 1, MG ES
JEWEETE, Am s RO AR PR HUE BT O, IS
Jon VG A 24 BT ) A 4 3 Cd Cu (Pb fe KA R 4y
WIS 171.1,154.9 137.0 mg-kg™', T 35 A H2
A3k 223.3 .422.9 356.4 mg kg™, ZEdEE R HL T
PRI 3k 1= T ARG R PSS R s, AT
R A e s R A LT LR A g oK, ) 4 s 1) 4
B s e ) S sz 82, NN 30 4 8 KiE il
BRI LR 2 B, ME S w15 Y ik
BF, 24 AR 5t RN Cd Cu P ()42 B 5 b 45
1%, M PR IR IIAKF 1 R &8, LA R B AR
ZEAK MG YRR B2 s, M F AR G T i
FRFHL T EB(P<0.05), 1fif JH-02 F1 JY-04 41 I3
PRI TR 1 25 = T A A 4 s S5 YRR AR B
J&, bR T YB-03 5ARME A b 1R Cu $2HGE H
TG YRR Z AN AR A5 4 AR R s R b B3 R e
SRR RYIRBRKE, XrleEm FEETY
T, YB-03 A T Cu.Pb BRI B E & T
HAA A, FELEEFEMES Cu i r 3.
J34h  TH-02 ZHAE Y b b3 4% 5 4 Jm B8 B AR X i
15, Y04 YRz, )40 2 T HA A 2 (P<0.05 ), AT fig
S T X P AN A TR AL T 2% B St R ORI [ b3S
HinEmARER .

Cd . Cu Pb ¥%iz Z2 50 (b 350/ T 5844 5 i)
JL A 0.31~1.03.0.06~0.86.0.16~0.59( £ 2), Efik
KFE, MEESRGPEE FF, Cd.Cu Bz 75
ik R RS, 1 Pb MR iE RECRSE E AR )R
TRERaH, HIFE AT fER Cd A1 Cu 2Rk as , b
FIGYFLE T, Cd 5 Cu K BRITF A = RS,
Y R PR Y TR SR AR, S
AR ZECTF I, T Pb BEEAE AR RAIC, e
T T AR B 50K AT REXT AL S BE AR, 15
FREE KB LR, R 52 KN Ph (%52 RE0H B0 E T
0L, ISR REE S, Pb U AR A E SRS
TR INGR , s RECBBE R 75 48, A4 4
P B 4 A s FRAICE A e AR AL, 10 A DO
AT RBXT AR P o K ) H b s B A R AR B — A
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Table 2 Transfer coefficients of heavy metals i-l%i% E@ﬁ%jj gﬁﬂ:éﬂ] HS-01 L?YB—(BO
2/ Al
st HS-01 JH-02 YB-03 JY-04 AJNEEd 23 BEERMEE
Cd*  RymyE 0.99 0.77 0.75 1.03 0.77 Eﬁ?%ﬁﬁﬁﬁ’*ﬁgﬁ%%{% (Kl 2), bt 5 o 4 R e
s 052 084 043 069 049 FERY BT, Cd REG A AL A S 5 i S /b, AT
Hisg 040 078 031 050 035 A GIRIREL AW £, Cu BRI B Wb,
CufEEER0TT 0800086060 b S R AU IR WTN 2, Ph R A
w032 0.34 0.31 0.63 0.33 . e N v I N
el T R WSS AR SRS MK
{559 . K A . . e B . A iy e _ o
Ph*  EREH 037 049 032 044 046 'i] JH 32 XTEg;J%B’JﬁﬂM’EﬁH mﬁﬂiﬁ% Y04 X
FELE 035 056 016 057 036 W (P<0.05) . AHELTFARINEAL, R4 %) Cd Cu .




BREESE, 6 MBS S TR TR TS e AR T

713

Pb 1) fie K& AL AR 43 Gk B T 4.39% .3.69%
2.05% .1.56% )% 10.91% .8.45% , %} & 4: J& I s AL AE
R E/ MK A Ph>Cd>Cu, 4545 4w KX H 4R
LU AT A5 I A5 X PR 4 B AT e e A 3l
FEAE RS I R L E AR TR 2SR
F A 0E T AR m e R IR, it sl iE o R B0,
W ZEMART B . B R ZFE AT IR R R & A B R A
BERRSFA PR , X 5 B A — o I R 3 T

ENBE ST 4R Cd .Pb Zn BIRCR . H4N bR T H AR
Cd LIS, RANFELHAT Cu Ph T 5840245 B B0 30 25
Fos 4], Tk 8 T B E M 22 7K (P<0.05), i
EEALRCR A BAE T 2.11%F1 1.5%, 0 4 5
KA[EXS L4 Cu Pb HAF —@ WITGIRPERT, HoK
/NI CusPb. FHICHTZE WA, F8 0 FE ) A% i
1 PR AR R AT IR I AR R A MR AT 4R e
IRV R RIS AL VR A,

Wrey m R B R E B ERRE R RAERE B E
53 I £ N 7 B 3 I £ s I I T
i e se =5
LA
3360- 5 R 0 O I I o I | EER
z
%
B 40+
R
=]
© 20F
"8 3 3 ¥ ¥ = 8§ © 2 £ § 5 8 5 2 ¥ &
Ix | | | *LE o | | | | :HE *DI I‘ | | | 5‘_@ o
22 F 5 B E ER =48 8 B 5 5 g
R R R
Ty HhiG YL 5y
. sof 5 H i A U A W 7
2 : 7 7R 7
R 60f 2
o -
£ 200 7 U 7 /
B 40+ 4
: (0a0L
= L1}
o :Ij I L H
g
{1

[\)
o
HS-01[ =R

[sa] <
7 T
ja) >
o -

i
=
#E
=
=

=8 52 88 :8§ 53 3
n T ® = o
M E B 2 &5 =2 2 8 B B = 9
N N {K‘ N .}%
Bi5 YL 5 gy 5y
LV O T s T I T - O I - O s O I s N B s O o R i O o N s B
By B 6 B4 (N % O 1 4 O 5 [ 4 [~ O 4 B~ B 4 B ¥
s SOfE: o 4B EEE OB A % 7
N e - R B 7 > % oy o I I
= 1 % : : 7
S 6op i I N 2 ]
a |9 7/ i Z
R 4ot I |
& |
-
=~ 20} . U — —
) slsl= S
=8 52 s 8c8§ 83 g9 :8 52 88
e
2 E f 2 55 & E 22 =58 2 E 2 2 B g
N +K‘ N % N .}-K‘
Bi5yL hig gy 5 YL
Onschd Ot OREAEDs DENE DS

2 EEREESH

Figure 2 Distribution of heavy metal fractions in soil
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Table 3 Enzyme activities in rhizospheric soil

Ab B HS-01 JH-02 YB-03 JY-04 RN H 2 HH

WM/ mg- g d! Bisge 3.42+0.01a 3.37+0.03a 3.39+0.02a 3.39+0.04a 3.37+0.03a 3.36+0.04a
rhm gL 3.43+0.06a 3.38+0.02a 3.34+0.09a 3.35+0.03a 3.37+0.03a 3.34+0.03a

5y 3.37+0.03a 3.3420.02a 3.3320.01a 3.33+0.04a 3.34+0.02a 3.31+0.04a

R B /mg - g+ d! By 2.32+0.04a 2.31+0.03a 2.30+0.02a 2.25+0.04a 2.27+0.02a 2.24+0.06a
rhy5 e 2.25+0.06a 2.23+0.02a 2.27+0.05a 2.28+0.05a 2.22+0.02a 2.28+0.01a

5 2.24+0.01a 2.24+0.02a 2.1920.06a 2.160.02a 2.200.04a 2.18+0.01a

S EAL S L gt d ! BRIl 0.40+0.06a 0.40+0.01a 0.35+0.06a 0.34+0.04a 0.38+0.03a 0.37+0.01a
s g 0.37+0.03a 0.40+0.02a 0.32+0.05a 0.35+0.01a 0.35+0.03a 0.35+0.02a

5y 0.29+0.03a 0.31£0.01a 0.30£0.01a 0.30£0.01a 0.29+0.02a 0.28+0.01a

24 TEREEMN

AR RIA IREEES 58 N AV G
AL, FLTEPE R/ INAT R R N 2 AL 5 B B iR
B RE I - A FLBE Y I B R, 38 hn + B rh kR
Sy E IR I (hi e 38 pH (E 5L E 15 s g
Eig e FEOh T P ERERR G , F TS Y N R BN ) ;
T A S S AT HLITE B A DG, DA W - Ay
MUTRALTE DL . 3RS PEIF T 45 S R (38 3) , bl
FHESBWEE RN, ARPR RS TR T R,
X5 HA A7 R0 AR {H & HS-01  JH-02 41+
IR it 55 3o S AL AU % HS—-01 . JH-02 5 YB-03 4
AR T 1 3% P 1030k 1 T A I TR 2L, A o T 2 I e
30 5 A AL, SR b2 SRR RE IS 21 8 25 M
25KV G EEBIVAIRH, TR0
55 2R B s RN 4 R 1A A A AT BB I AN S 3l 1
b SRS PEIR B, A OC AN R R Ak A8 ML 7 22
E— 25T I RH

3 it

(1)FEE 158 4 Ja8 W B T, 7R g ot RN E 4
JE SRR BT TH-02 ZAR Yy Hb b 3B 4 a1
IR AR R, JY =04 2, 35 0 25 i T A 4L (P<
0.05),

(2) 27T JTH-02 X 55 4 & 116 AR A R AR X S i,
JY-04 Rz, % Cd .Cu . Pb A5 KGR 1)k 3
T 4.39% .3.69% ,2.05% .1.56% I 10.91% .8.45% , %}
4 A TS A AE KB IMK YR R Pb>Cd>Cu,

(3)LEE KA A JTH-02 5 JY-04 X} -3 4>
JE RS A E AT BT, et T 2R B s R IR HL LA S
MR 4 g n) 2B R 538, ATk B AIE R IR
HA MR HRTR . A8, 240 E S5 A [FE T S

WAH H IR 18 S8R A R DG S HLER, 75
P B RABTE I
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