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Adsorption and Desorption of Pb**,Zn**,Cd**,Cu”** and Cr’"
by Bacillus mucilaginosus
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Abstract : The methods for efficient treatment of heavy metal wastewater and recovery of heavy metal ions by adopting the
microbial flocculant have received extensive attention of the industry. In this paper,the microbial adsorbents produced by
the culture of Bacillus mucilaginosus K02 strain were used to study the characteristics of adsorption and desorption of heavy
metal ions like Pb** | Zn** ,Cd*",Cu® and Cr*. Atomic adsorption method was used to determine the concentration of heavy
metal ions under different treatment conditions. It was found that the adsorption on the single metal ion could reach
equilibrium within 2 hours,and the adsorption capacity of the adsorbent could reach 60% in 10 minutes. The results also
showed that the adsorption rate of microbial flocculant to the five metal ions increased by the amount of adsorbents’
increasing,and the optimum pH of adsorption was 4~7. The original concentration of ions could affect the adsorption rate
greatly. For the adsorption of mixed metal ions,the adsorbent could simultaneously adsorb the five kinds of ions and show a
strong selectivity to Pb*" | in which the adsorption rate can reach more than 90%. Oxalic acid, EDTA-2Na ammonium
oxalate ,and sodium nitrate were used to desorb the adsorbent after adsorption. It was found that oxalic acid had the best
desorption effect on Cu** and the desorption rate was 42.238%. In addition ,ammonium oxalate , EDTA-2Na has a selectivity
to Pb** that desorption rate can reach more than 64%. The results provides basic data for the microbial adsorbents prepared
by the K02 strain in the practical application of heavy metal wastewater treatment.
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1 AR5k

1.1 LI AEK

JRE T AEFUAT T KO2 TR R I R 5t U R A B 2% 2% Bt , Genbank J¥811%5J& HM579819 , % A bR G 7E
TR 5 373 (EHE 5.0 g,CaCO, 0.1 g, MgSO, - 7H,0 0.5 g,FeCl,-6H,0 5 mg, K,HPO, 2.0 g, B{E M} ( 3
BN M Na,SiO, 1 Si0,) 1 g, Z8187K 1.0 L, Bifs# 2% ,pH 8 7.0~7.5) ik, P48 A A5 7 58 (FEpH
10.0 g, BEhFE 0.3 g, (NH,),S0, 0.5 g,CaCO, 0.5 g,MgS0,.7H,0 1.0 g,K,HPO, 1.0 g, 7&/8/K 1.0 L,pH {&
7.0~7.5) H P KEEFE (28 °C ~30 °C, 120 v/min 3535 5 d) , DAY KOYRE S W 10% (R ) BaRh 6 32
ANKE R TCE I F7H5EH,28 °C ~30 °C 120 v/min R FE 5 d, iR ERBRZUR, B J51E N G ek
SR BRHFF 5 114 20 B I R 5] ( B

Z BE RSB AACIR , pH (E 7 2247, RTBEFE R EE 1T (NDI-1B-1, i B35 M A FRA ) 4
| SEETFAERE N 6 v/min BFASKL 4 558 mPa-s.
1.2 KWHE
1.2.1 B F 4 Bk bed 4= BF AW 3+ H

433 CuCl, -2H,0,ZnCl, ,Pb(NO,),,CdCl,-1/2H,0,Cr(NO, ) ,-9H, 0 (¥ 47044 | B il 5 4> 2AFh
TCR MG, IERI R 1 000 me/L Z2 45

o4 R B R B 230 o A2 R RIS [ R B R0 P i L pH (BT IR S I R I 5] T 58— 0 R
SZ W FfFEsF[R]  BE T2 FN pH (B W (9 SE 6 v K 25 A VS I B 22 50 me/ L 224y 48 1T, 1 D W iic vk
(PES100 5 F WA, SE[E PE 28] #E470 € , SEPRMAR ) Cu® \Zn® [ Cd*"  Cr™ Fl Pb> W) UR e FE{E 43
4 36.740 mg/L.52.406 mg/1..53.996 mg/L.38.854 mg/L F142.500 mg/L. BF X} 4:J& B T F 2 0 it
BT R AR A

0=100%x(Cy~C,)/C,. (1)
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K, €, N BF W RTIA W 48 B TS (mg/L) 5 €, W R 80H 48 B 00 B (mg/L) .
1.2.2 R 6%

5 PR — TR E SR B FIAW 100 mL 43051%E A 250 mL =T, 4 A 10 mL /% BF,25 C |
150 r/min 43 $4E 7 W (10,2040 .60,120,240.300) min, 5 000 r/min &5.0>( TDL-5-A SR B0, FiF
LERREALERT ) 10 min, B, ROk I e 4 s B vk B B 3 AR
1.2.3 RMAN A8 %h

B 5 R — IR A E A RAK 100 mL 730515 A 250 mL =M, AR KINA (1.5.10,15) mL £
BF,25 °C 150 r/min #R %W R 2 h,5 000 r/min 5.0 10 min, W& FiER 4IRS T E B4 3 MEL.
1.2.4 pHAL# %"

P8 Zn® N 48 B TR 100 mL 43 5 225 A 250 mL = #fi, W pH {8 ( PHS-3C BIRREE 1T,
RS . ARG EH B 1 mol/L A NaOH B{ HC VAW pH {E°~ 3.4.5.6 A1 7, BHINA
10 mL ) BF, 7£ 25 °C 150 r/min 204 FHRZWHS 2 h,5 000 r/min Z.0> 10 min, P& FFR T Zo® WREE,
R 3 AEE.

A b 753243 S 5E pH (EXF1% BF WL Cr** (P> Cu™ Fl Cd** A5
1.2.5 RE2/EB-TIREN BF R F 83

A 1.2.1 1 Ph* Zn® (Cd*  Cu® Fl Cr™ MR AU, 53 K 5 Pl e — 0 3R B 1 RO V8 VRS 8 2 A [k
T B2, T FH DA IR AL T 745 110 Yk 38 S o DL 3% 1 K50 ¥ pH (341184 6. A% 100 mL W43 31 A 10 mL
) BF, B35 Wbt 2 h, B0, P Iokil BiEw b E SRR T o R, B4 3 N EEA.

F1 LW S HE— BT RRORERER

Table 1 Measured concentration gradient of 5 kinds of single metal ion solution mg/L
TCR AR
e pE
Pbh** Cu? Ccd* Crt Zn**
A 7.188 9.501 9.766 5.513 10.178
B 36.460 49.267 57.062 34.457 51.971
C 62.502 98.030 129.898 72.542 116.147
D 135.421 201.088 241.238 141.457 210.64
E 322.927 412.230 470.879 272.033 452.778

1.2.6 BF *IR& &85 T oy F A m
FH 1.2.1 H1 i Ph* Zn* (Cd™  Cu™ Fll Cr'* i S BC AN [l R BE RS FE 10 55 5 P s iR v, R
W WA O A P VA 2 SIS PRAE L3 2. [ DA b D VA ABOE B 2 0 W B 550 T 4254 10 mL, FH B WS il b 3 i v
A A
#2 TAMESSBEFRRNRERERE

Table 2 Measured concentration gradient of 5 kinds of mixed metal ion solution mg/L
TCRAR
W
Pb* Cu®* Ccd** cr¥* Zn*
A 7.611 6.566 7.525 5.294 6.627
B 14.488 12.980 14.784 10.358 13.580
C 67.530 60.410 69.290 46.720 61.960
D 129.050 108.200 150.250 82.300 120.200
E 270.400 216.400 300.500 151.800 251.800
F 380.900 325.200 423.700 222.200 369.900

1.2.7  BF x4 5 F 04 B0 Fo iR

ARSI VPRI R BR | B RR B £ e DU PR — 4N (EDTA-2Na ) FIAHEREN, 435I BCH A 0.1 mol/L
FERTE . B 100 mL 2351 & 4 Ph* 90.427 mg/L. Zn>* 119.323 mg/L.Cd>* 102.916 mg/L. Cu®" 104.144 mg/L
1 Cr* 77.021 mg/L IR AT 250 mL = AR A 10 mL AP EREERIEN 2 h J5 KA Es.Co, T 13
W A R R
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FEDTTEYI T IA 0.1 mol/L BYFFIF] 20 mL, JRF MW 3 h, PN KB F/KERZE 50 mL, #E TR, 5
O, BV W [ 1 P D R AT 0 o 4 5 i 4 AR A R i AR ), 254 3 AN

SRE TR P H AL,

P=C,V,/(Cy=C,)V,x100%. (2)
A, €, TR T 4R B T BB MR (mg/L) 5 C, WIS IR P 4R B TR R (mg/L)
C, HIFW I b b 4 B T B TR (mg/L) 5V, N BRI IA TR A0 AR FR (L) , A6 100 mL;
V, RS R SR BL(L) AR R 50 mL.
1.2.8 R4S F A& F TEM 4475 %

HLEL IR B P> B W FFHIE & B8 IO 228850, B8 S DTTEYD , DAL B Fok bk 3 i, Ve R 8B 1, 2R 5
FEOTVEDAR IR T 1, i 45 [ 1A 4 ot FH 350 6 i B 1ok oS, — 38 40 b R X 33 2 9 5 06 335 ) ( Axios
(PW4400) , IAZNERA T ) 4387 oAb 2 20 585 T A 3 43 0 2 B i by A A o 5 380 50 B3 ek 128 VR0 i ) 0 )
b RRREA T B ST (TEM, H AHL T2 R A2 72 19 JEM -2000FX 1T 7 15 43 3375 5 B 7 Al B, I i
#H EM—ASID20 HUH 4 % 2 50 L) S 4+ Oxford Link ISIS RETEY ) M%E.

2 HER VT
2.1 MR Bt st ] B 22 i

T JR AT 1) LA AT LA S 20 e S - 100 -
(198 11T R 2 e rh A A B RE I, A R w0l N
I G BEREIE BRRRIRIES Y X BOIEH RN E s | G
GBS L T EEAE. B BF AEARBEY S =, | o
B4 2 T RO B S LI 1 . =l

1 S5 R X 4 R B TR W B R AE 10 N
min PN L35 315 467 05 0% [ & 19 60% LA |, 60 min PN 4 10 20 40 60 120 180 240 300
SET-7, 120 min X S FE 4R 59 T LT #0350 BT T min
7. FEASSIHVR B E FE I , 2 (OB 8 0 T LA L BL TR S TR R

Fig. 1 Effect of adsorption time on adsorption rate

Pl 4 J8 B, 7ERT 10 min PN, W BRI b, S T
A GE . FE4 60 min W IFPRAEIAF] 80% L) L. Pl Cd™ YW FHRLAE 5 Zn® 28400, 1Mif FL7E 60 min Ji5 W B
FILT AT O A Cu®™ PIFHETIERT 1 h IR ARSI, 120 min ZJRWAER B TRE. 456
A BIRFFE IR T 2 T o T e S PR T A B BB« — S R B B B, E T BRI Y 10 min
PRS2 R, ULt 40 9 T =8 30 3 1 s 4 5y R O R R ) 4 S B, TELTE 20 min DUJE IR AR B
43 B T A, T B 174 Jir DR 2 0 BT N B T s B PR R 2 Rk 11 T i S, 0 S R B 1 T
FREH R § 8 TR R B B, AN AR B ) B 4 T B R 2 W R T R 4 T 1 0 R P R
BT A B 1 RN BRI R AN [ S R B R T R AR AR TR 1 2 B XA [ B R R B LA —
PIFEREME 120 min LU X RL LR ES 1 W B 3 S IR ECH Zn® >Ph™ >Cu® >Cd™ >Cr’ . i T 120
min [, 250 4 8 257 1 W PR R S5 450 e LAk 3P, 50 22100 389 e R W BRI 1) R 120 min.

2.2 BRI AER 0

100 -

ANIF) BE FHEEXS 5 b8 — 02K 1Y 4 e I B
EP o ~é

PR 2 7 7% , 5 0 Y500 B 88, R £ °f o
AP TFE R Zn® O THIS RBEK, P | = Or o
Cu® \CA> ZEMEIFIH 1 mL %] 5 mlL B0 fff 2r
ESINCY <RRTE e =R b e LR R 5 10 5
FARELTNE. SRR, I AT W b5 i B mL
BB, 76 4 % S TR — S, B ) i B2 R R R
g , /H\: $ ﬁi ﬁifﬁ[ﬁ Bﬁ, E‘J% % ﬁ‘ i& //l‘ 1% é;jq: % 5 ﬂ Fig. 2 Effect of adsorbent amount on adsorption rate
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GRS ¥ e 7 SR B I TSI ARIRE T ( Rhizobium radiobacter ) FIERIY 2 KT 1 ( Bacillus sphaericus) %
TE 1) A ) 2 5 %o B 4 S B 1 R R B AE S8 4 — 350 T L, 78 ) TR A4 S 6 Fh 4 e 4 100 mLL 15
#1110 mL BF i

2.3 pH {EX} BF WKt LA 20

HAFIEAY BF 26N pH (EAE T XTS5 Fhi 4 Ja B I = 0L 3.

M 3 F i Bl pH (T, BF X LR RS 1T SR A AR R B (9 T . IS pH (B4 N b
KM H,0" 5 5 48 257 2 W PRV A T BsF BELAS 355 14 35 AT 10 ft 2, W R 3 41K 72 8 pH (B2 T,
AR BT 2K LR A A IE A, T B 1Y L8R R0R th BeAS B 47 1 R 1. 81 3 45 5%
7R ,% BE X Zn® e (W pH (BSR4 2] 7 W 34048 5 Cu™ . Cd™ \Pb> £ 3~ 6 JE I,
W BB T R 2BAS HE TP E A5 R pH 6~ pH 7 B, IR B SRR T 57 X T RB 2 T B F AR B 32 pH {E5Y
AR, pH>6 B, Kig: Cu™ (Cd™  Ph™ B F I IR /K i I i A B A P SRR e A B 10 O, W P i
H™ B 080 BT 5 4R B 1% BF W BFF 57 A0 A% 56 4, 9 00 AL A 1) TR 500 5 4 D 35— 1% i /i A R
S N R T BE X4 JE BT A R

% BF X5 4 A B 1V pH (B R AE A 302 B T UL B AR S A 22 W A R A B 2 B g - TR i
BREFRD , X6 R P v P ) H ELA B | v R . W RS AR BN S 9 L4 9 S e TR B G2 v VR R
W pH (- 4~7 B ZEWFAVER 2 h ) IS Y pH (E 21545 6~7.

24 EEBEFRREI BF K ZEA RN
A0 1 e R 20 P 2R R 5 RN R AR S BB A R AN 4 TR,

100 100
80 —=— Pp 80 —=— Pb
& —o— Cu S —eo— Cu
w 00F ——Cd > 60| —Cd
5 %
= ——Cr & ——Cr
= 40 —— 7n = 40r ——Zn
20 - 20 -
0 1 1 1 1 | 0 1 1 1 | |
3 4 5 6 7 A B C D E
pHfE WAk B /(mg/L)
3 pH &> 2= A A B.C.DFIE 20l ERR 1 5 Fh &8 B 7 1 S PRk i
Fig.3 Effect of pH on adsorption rate B4 %A Bt R B 2R B9 R M

Fig. 4 Effect of initial concentration on adsorption rate

Zn™ [CA™ [ Co™ WP IMAGZ BF Ji I RS A O EACIR , 7K ¥ 8 e SR 1) 88 1 o W 2 FRC 7L 1 € e
MR, A2 B TLTEI AN 2 3 B 5 Cu™ A Cr™ PRI BB ) 0 88 1R JEE T v S B (8, WD O D E P 4 S B
. MR R THREE C(IWLFR 1) B Pb™ BK ZREEIR , I /K VA I 76 1 325 W1, 0 A A48 T R 500 P A
R AR ICTE M LE B, HL sy , A2 1A A (DL ie My

BF Xf Zn** (Cd®" | Cu®" FW A< 5 Bl 2 1ok FE A4 NI FEAIR, O 7EMR B C Z T (UL 1) AYE A BF 1Y
MR S8 o, 2 B iy YA R T AR, T X P MR T 24 B 00 e 2 0 R 96 A0 v 1 5 3
IBEPAE. BE X Cd* (Zn*" | Cu® W R < A4 AR FT RE 2 ph 77 B 7~ 2 SR R TR AR A L 1 5 L 8 5 4
P12 56 MR 107 240 L B S AT R, Sk B AN, W B 1 SR 23 BRI A, ™ Zn™
Cu®™ (Cr™* Fl Pb™ A 7K At e KUY IR > FE A0 IR0 P 2 b R TR 9T pHL R TPk S s R
Cr™* F1 Ph* (R K A, 10 B A IR, I B 2 9 22 58 308 o TR AR P 2R 8 7 40 2 v ] 2 Jit )
Z—, 0 ' P A RS TN 2, S R AR T TR AT SR AT R B 25 5 455 RE ) TR SO — TE W IR VR
08 DA R 4 2 T s R A, TR B Sk B AN, W R A itk B T e i . T P TR, HL B K i
WA WELR. FAh, LB TR A A —SE A/ N B AR ITIE D) , T ILE AR RS AR, W] et Xt
VAR PP B e A IR R 3 B T

K 5 Fon A0 WA TS TEM IR KRBTSR, Wos B A AN i RSN 2B B R 1 Ph 52 BB
@ A SR P A BB, N2 A SioonR ) .
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Si
A2

Pb

p Pb

5 K02 E#EWRHMI$REF TEM B F R AL E
Fig.5 TEM photo and energy spectra for K02 strain adsorption of Pb**

2.5 BF XEAEERESE THIEF MR M

FARI BF FH XA R0 Rk B 1Y) 5 Fh 4 )8 5 1 100 -
TR B VAR IR B S B 2 SR L 6 T s o
TEIRA B T VM, BF 6 P> 5 W B 9 2 15 g o0r —
FHAJURE T fEikE 0% W . SILFE TR w0 ey
FRFE A 22 N, 0 A1 e IR R B R A v, A A v TR 20 -
g I B 30 B AT 7 25 o B T LR R T C R (L O
% D) WEM T, BF X Zn*  Cd* ., Cu® F Cr** ) W fff WGV (mg/L)
RYIE 20% /a4, AR T X Ph> RT3, HIMRT A B.cop.E M F4ulicssk 2 b s o m i FIOR A
B —TCRAETERT IR B 0 AR5 5 LA B8 Z ] i H6 K02 EHIRAES R T PR
ﬁ%{ﬁuﬁw,ﬂ;;ﬁﬁ 9% Fig. 6 Selective adsorption of mixed heavy metal
LR & 2 T TEM B K e B TP 7. A fons by K02 strain

B 7(B1) ] AR H T A 200 o 24 1 7 o T < S TR, RE DI BT (B2 ) WU S/ 12 A 2 TR B 1 TR Y
5FEIRE T
(7] — b LR AN ) A <63 Jes B 1A AN RV SR, RIS Y — i B B R . T T R TR 5 < s g 1

Ca

Ca

Pb Ca
P

Ca Ca Ca Pb

| 0 1 2 3 4 5 6 7 8 9 1) 1 7 1 |
7 K02 EHRRMEEFESE T TEM R RagiEE
Fig.7 TEM photos and spectra for K02 strain adsorption of Pb?* and mixed ion
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i, XF P> HoAg B B B0, AT BB B T P 2428 (0.132) B fh g 7ok, HLi fubk (2.33) W1 K T A
BT YRR BRI B 1 T2 ) 5 W 00 2 T fi, 35 KT LI R TL 2, 5 W5 6 R DR
B 27 ST BB L I S | T R SRR, — L B AN B IR, 3 R 1202 1% BF XTI Ph HAT
BAFHEPEERE N Y. Lian 26 F1 Sarret 25 A8, AUMIXT Ph> B (14 W B, 7E 55 A W B Fisf (5.6 107
mmol/g) , /5 5 REL R 4G L - (CO0) n-Pb 255 ¥, AR5 FHIE i~ (PO, ) n-Pb 255 ), iIX 5 A 525
T IR P B )5 A DT 4 SR W) B A TR R I DURRUS 28 XRF 4007, EZ MRS R & 8
BERRER , 40 Pby(PO,) ;0H Pby(PO,) Pby(PO,), 55 X LLK S WTE MR IR, RAETE UBRLR. H T
FHRIIFFE TN U 5 ) P FH 2 A28 ZEMAT B ( Paenibacillus polymyxa ) i & Z28E5] FH T Cd™ AW R, 151
FIHAE I A H 2EZE TR (P. terrae) 7= 228E FH T Ph™ (BB, X0 i 5 45> R 6 4 75 U8 P B B
SR TXF Zn™ (W R A5 | {30 S0 SRR I 15 R W5 K R B  Z2 A i 453 i 2 1 I B

2.6 BREBTFHHEKR

FR R L \EDTA-2Na FIGHBREHXT T 220 B 1Y B 46 I 125 1Al I 45 SR ANk 3 .
®3 4MBFMEEESEBEFRIBHRE

Table 3 Desorption rates of 4 kinds of BF for mixed heavy metal ions

BeEET
fi# 5
Ph** In** Ccd** Cu? Cr’*
R 3.362 19.882 22.958 42.238 24.965
R 11.457 14.045 18.680 37.499 18.997
EDTA-2Na 64.266 17.434 15.822 24.918 17.141
M BN / 17.549 17.252 23.351 9.385

TE /AR AR T AR, AR .

% 3 Pl LA ) EDTA-2Na IR Ph> iR e i, EIA 3] 64.266% , 1 B R0 HoAth 4 Figi+
IS SRR A g, He P AR ) Cu BEIA B 42.238% , AKXt Zn BB F] 19.882%. (H A, i X
JURIEMTRIFEASBE A BF MBS ) 55 42 8 25 1 58 ST, 10 A AT 23838 38 O 41K 170 225 SR A8 g 106 B 2% o il 1
) 2R R A AR 1 W R R B, 2 DAV B i 1) i 24 2 2R e 391 S i 22 b [l i o 4 S 5 A T 1 1 LAt
BRI AT 0 RN ARATT Z5 1.

3 ik

JE 2 FAT B KO2 BRI #4 9 BF XS HE 428 Pb*" [ Zn®" [Cd™  Cu™ I Cr*" HATWGRIE. 7EXS 5442
BB — R DR 2R AR e, W PR — B 10 min: PRk i 2 B SP- A7 B i 9 609,120 min PR A 35
SR RSV 5 Xk 5 of <5 T 5 M =3 I B o 510 P g 394 v e BRAS ) R B 9 T v e 4 pHL (BRI 863 5 1
P E 432 5 W 0 TR W R £ T E TR K A X 5 R R G o 4 S VAR R R B R IR P R R Y
Bk

X TR A T A A VR A I, RN 5 D e X LA R AR ICR o) Cu®t AR IR B
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