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Adsorption of Pt(IV) and Pd(II) in Industrial Wastewater by Escherichia coli
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Abstract: To recover the platinum group metal Pt(IV) and Pd(Il) in the waste water of a factory in Yunnan
Province, the E.coli was used as adsorbent to investigate the adsorption rate under better conditions and
adsorption of pure Pt(IV), Pd(Il) solution were used to explore the adsorption characteristics of E.coli on
the platinum group metals in wastewater. Pure Pt(IV) and Pd(Il) solution adsorption experiments showed
that two adsorption capacity of E.coli is equal, and the adsorption rate was 96.66% and 97.68%
respectively; in industrial wastewater, the adsorption rate of E.coli on Pt(IV) was 19.5%, and the
adsorption rate of Pd(II) was still 97.20%. Analysis results of the adsorption results of industrial
wastewater using SPSS software showed the adsorption of Pd(I) was not affected by the presence of a
large number of base metals in wastewater, and the E.coli shows Pd(I)-selective sorption behavior; the
similar results were also demonstrated by Pt(IV)-Pd(II) solution adsorption experiments. In the solution of
Pt (IV)-Pd (Il), the E.coli has a high Pd(II)-selective adsorption property.
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e &EEs, HEERES AT 4E(Au).
WAL, HAEM IS PR P&/, FH
b HARFES, Bk, BERSREIRN WA Tt
&E”. HTHESRMAE 2R R, H
SRR F 4. i, A, 2 HF
A T B A AL T, Bk Hith Ll
S, SRR AT4E T, WA AEE S eliE L
BEEAIII IR AR hilidE P pURAR . W S AR it P A
S PR TRORY BEAREL. . BRI,
B A A 7 R R T e, R i P P i Rz
TR, SR, TR E 0 6 PR AR X 4L
b, REERAUN 324t 9 AERGER 0.48%%, %
TR =K ERHRESE, Fik, A
H RS LA e 4 R B AR B A BRI 2 S

MR BIE LR E S B R R SR, fE
G SRR R BT AR BN
FUREHUESE o (HIXLL 7 VAR A B & SR A i 5 L
AW, 3BT B B R AR LUK e K,
Gy i R R e A B L T AR R A A PR
G RS YR S i R T T N BB BT
MIHT S RTHIES R AR, R mED
W B, A2 3 A SRR R TR ) — P s R R W S 1
JriEP, EAAAC A KERIE. i, Ramakul 2%
NV R IR, 4T Tcatappal %t P(IV)FI PA(1D)
1) B R B 220 Sl ik 3] 41.86 i1 22.50 mg/g. i Par
i NUIRGE , 40 5 D0 I SRR (PAH) 1B ) E. coli(K
JRT B )T PA(TT ) B (4 B 50 R A 2 2 3 i, &
i E.coli WAL RN 141.1 mg/g, 4 PAH
B JE K] E.coli % PA(11)E ¥ HIWL B ik 265.3
mg/g. Song % N5 245 0 i A& i (PEIB) A=
W ARR AT O, RBUE R R ARG
HHET (Ru) B R Bt B 34.4 mg/g BN %) 47.1 mg/g.
WAEVIEMZ L, SRR 2, H 55 %H,
TP REE SEICOBEAE P2 o [RIIN 5y T2 Ml
PR FR S EERAK, A=A kds gy, FimHET
Sl

DR SEE AR R A A T A
J& » VEHATAELE 1.88 mg/L () Pt(IV)Fll 24.86 mg/L
) PA(11), ASCEHRHX—HUR, R E.coli %t
1) Pe(IV)A1 PA(ID)EAT [RI, FH45E E.coli % Py(IV)
A PA(ID)AE A IR 5 R I, E.coli RefBH%
PEIR R A ) PA(IT) . TR R 8RR Ji T 1 2 1 )
HAFEEEAA R, BAPEAE— S0,

1 SEE

1.1 SERAE

S KR B = F R s S Jm R R AR IR
Wis 9256 B bk ONARME E.coli HBIO1 AB93057, 1
H A SRR IR AR R 0 . BEFRIEEL TN EERE
RE 5g/L, EAM 10gL, NaCl10 g/L, pH=7.0,
JEAE 30°C, 180 r/min R HF N S TIRG #
B 7% 24 he AHBE TR 5L R B O 2 B 5 FR S 4 1
HE

Pt(IV)Z AW B 1 : 45 0.173 g PtCl By KB+
200 mL pH {E9 1 [ ERERIEW - il ) PtCly 235
EEAEN., AARREAZE 1 L, i PIV)
SN 100 mg/L (4R .

PA(ID2EA L] : K 0.167 g PACL, ¥3 K%
T 200 mL ¥ EA 10% 1 ERBREW, 1E 60°C/KITE
WA Hl ) PACL 2EE R AR BN . %
EEAE 1L, RIECAR PA(ID)& =N 100 mg/L
H,PdCly FI4EV R -

Pt(IV)-Pd( 11 )IR & Al i i h . IR Bk Ty
VRAECH] 100 mg/L ) P(IV)4iiE W, FFRE 0.167g
PACL By R¥ET Pu(IV)ZE¥, 76 60°C/KIE AR AR
E

1.2 WP sEE
A2 E.coli %t Pt(IV)F1 PA( 11 ) AW B
B ARSI 7 BN I 5t & B RS I R K T —
RARTHR: 1 Je b 2 Bk A R ORI AN [ 440 s R A B
— PRI BR TR L BRI A VLA, BIRAERAR 1)
BRI S bR 25, PR 255K B 1R
FAIES) B 1 L AR5 IR /K P(IV)FI PA(1D)
AR, ] HCL A NaoH WA &1 pH, # 10 g
REN E.coli WHMARAEF, THEEEET,
1) P T A A AT R PR S, PR B B 5 i
JE BB, MR S PA(IDAT Po(IV) &
&, VI E.coli ¥ PA(ID)AT Pt(IV)IMR B2 R AT
b & O:
R=(co-c)/cy <X 100% (1)
K, o M e 70 ml RN HIE T R RE St I VR 1)
Pd(I). Pt(IV)#E (mg/L).
Q=(co-c)vim (2)
A, v RORIERAF, Ly m NV E.coli IR 5, g.
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2.1 E.coli X2 Pt(IV)R P (1) R fft

WG B A P 4 £ Po(IV ) PA( 1) 2 8 vk
R A S B TR R BV (ICP-AES) 0 T, 45 ik
1 s

1 RMHT ARSI, EER

Tab.1 The Pt. Pd content in pure solution before and after

adsorption
. L WMMETS R OWMESE WERE RS
P SUES ) -
/(mg/L) /(mg/L) /%  /(mg/g)
Pt 100 3.34 96.66  9.666
Pd 100 2.32 97.68  9.768

TP TS PH(IV)AT PA( IR BE 2 mT
Hl, £ pH=7. T=25°C. EAEBRILEN 10 g/L I,
E.coli %} Py(IV)W Pt 2 5y, PR Z1]IE 96.66%,
WPt 2N 9.667 mg/g. HULXF N, Pd( IR 2%
5 pH=1. T=25C. BIRE N 10 g/L i, W=
N 97.68%, WLFtE N 9.768 mg/g. E.coli % Pt(IV).
Pd( 1) FA et HAH I (19 b
2.2 TVBEKEIA 5

o} A FR T R KR ICP-AES #4740 # . IR
IKFITEEMRSES, Al Fe. K 25048 & 5w,
H Al & EIXF] 4101 mg/L, RKFIESHIKIK
FE Pt(IV)HI PA(IT), & &5 74 1.882, 24.86 mg/L.
oM Es RN 2.

£ 2 TlBKKED B

Tab.2 Element content in industrial waste water

X W B IS 0 R K EAT A2 i, R I R
ALK Fe %55 B m M n R WM IR A 1, 17 Py(IV)
A PA(ID I B3 B D o WP 5 K 2Tt 5
ST 3.

K 3 WG DAV BRK RIA AT

Tab.3 Element content in industrial wastewater after adsorption

JLER & &/(mg/L) TR & & /(mg/L)
Al 4140 Pb 3.663
B 5.073 Sr 2.004
Ba 0.466 Vv 0.619
Ca 2524 Zn 926.5
Cr 39.89 Nb 0.035
Co 60.67 Ti 0.28
Cu 47.68 Zr 0.021
Fe 631 Sn 0.024
K 3037 Sb 0.571
Li 1.516 Pt 1.515
Mg 90.65 Pd 0.696
Mn 12.33 Ir 9.828
Ni 41.15 Rh 0.249

2.3 E.coli 3t TIVEE/KH Pt(IV)- Pd( 11 )R ff i B &
T
NT R E.coli % Pt(IV)AI PA( D)W % —
P£, Fl SPSS #AFXIIR B AR AT BE T, 45
Rk 4 Piow,

R 4 WHBR B E RS

Tab.4 Significance analysis of adsorption efficiency

JLE & E/(mg/L) JLE & E/(mg/L)
Al 4101 Pb 3.787
B 5.233 Sr 2.027
Ba 0.438 \% 0.627
Ca 2542 Zn 923.6
Cr 40.94 Nb 0.029
Co 61.48 Ti 0.496
Cu 49.13 Zr 0.031
Fe 645.3 Sn 0.071
K 2978 Sb 0.522
Li 1.567 Pt 1.882
Mg 89.45 Pd 24.86
Mn 12.45 Ir 9.302
Ni 41.41 Rh 0.274

WRBTRT  URBAE RBNE W
wEN P
/(mg/L) /(mg/L) /(mg/L) 1%
Al 4101 4140 -39 -0.95  0.041
B 5.233 5.073 0.16 3.06 0.046
Ba 0.438 0.466 -0.028 -6.39 0
Ca 254.2 252.4 1.8 0.71 0.003
Cr 40.94 39.89 1.05 2.56 0
Co 61.48 60.67 0.81 1.32 0.256
Cu 49.13 47.68 1.45 2.95 0.002
Fe 645.3 631 14.3 222 0
K 2978 3037 -59 -1.98  0.023
Li 1.567 1.516 0.051 3.25 0
Mg 89.45 90.65 -1.2 -1.34 0

Mn 12.45 12.33 0.12 0.96 0.022
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5 S1 A
%83% 4 (Tab.4 Continued)
WRBED  URBE RPHE WRBEER
/(mg/L) /(mg/L) /(mg/L) 1% AP
Ni 4141 41.15 0.26 0.01 0.151
Pb 3.787 3.663 0.124 3.27 0.002
Sr 2.027 2.004 0.023 1.13 0.064
A% 0.627 0.619 0.008 1.28 0.241
Zn 923.6 926.5 -2.9 -0.31 0423
Nb 0.029 0.035 -0.006 -20.69  0.55
Ti 0.496 0.28 0.216 43.55 0
Zr 0.031 0.021 0.01 32.26 0
Sn 0.071 0.024 0.047 6620 0.014
Sb 0.522 0.571 -0.049 -9.39  0.245
Pt 1.882 1.515 0.367 19.50 0
Pd 24.86 0.696 24.164 97.20 0
Ir 9.302 9.828 -0.526 -5.65 0335
Rh 0.274 0.249 0.025 9.12 0.074

EHERDUR, S0 4 A F) 0.05 KPEk
0.01 /KF, AnLASiHE 2 M B T 27 BEE02
W3 . P>0.05 Fon 2 R A T3 0.01<P<0.05 %
INZERMERE; P<0.01 RREFHEREE. X T—
Y6, WAl Ca. B SR NE, TIREZ M
TRIMFIAFEE M L3R b 28 B 88 DL &
BEMEKRT 0.05 oo E, H B EMEE R IR S fs.

R 5 WHBCR M BE DT

Tab.5 Significance analysis of adsorption efficiency

T RS PR R BEN
[(mg/L) mAg/L)  /mg/L) 1% P
B 5233 5073 0.16 3.06  0.046
Ca 2542 2524 1.8 0.71  0.003
Cr 4094  39.89 1.05 2.56 0
Cu  49.13  47.68 1.45 295 0.002
Fe 6453 631 14.3 2.22 0
Li 1567 1516 0.051 3.25 0
Mn 1245 1233 0.12 096  0.022
Ni 4141 4115 0.26 0.01  0.151
Pb 3787  3.663 0.124 327 0.002
Ti 0496 028 0.216 43.55 0
Zr 0031  0.021 0.01 3226 0
Sn 0.071  0.024 0.047 6620  0.014
Pt 1882 1515 0.367 19.50 0

Pd 24.86 0.696 24.164 97.20 0

XTECR I, WP B3RS S PG ER 4 N Pd.s
Sn. Ti. Zr. Pt, H PA(ID)IWIR R s, L3
97.2%, T P(IV)FIW B 24 19.5%, Wbt & 53l
N 24.164 A1 0.367 mg/g E.coli, WiFEMEE K. 1M
T A 8 ) LT AR, X5 Xiong 45
U5 ER WA I3 P Bt 4 R R B S B 2 T — 3. 2y
WP FE s WP 2R DA R R, BRA VR P KR
b2 97.68%AH LL, X PE7K H PA(ID) A e 43 14 I B 1)
1719, MBSO I A RN HA & & o T A2 AE 1T
BEAG, T R 7K AR A B FIAEAEXS Pe(IV) IR A
AR

E.coli 5t TV KA PA( 1) FWR BH 2R 5 4l 3
o PA(ID AW R IEAR—E, 1 TR K Py(IV)
PRI B 8 EE A 9 R A
2.4 Pt(IV)-Pd( 11 )JE A 2175 V% H W B S i

7E Pt(IV)~ PA(I1)WIEGH L35 100 mg/L HIIR
B, KA B P R B R ik 6.

% 6 AR FEAERS, E.coli X Wfh4 B B T MR B ZR
Tab.6 Adsorption efficiency of E.coli on Pt(IV)and Pd(II) at

the same time

VIBRBEIREE/ (/L) FARIRPR 2/% HLEIT BT R /%
10 40.94 80.62
20 86.41 97.60

B ERATE: VIR EWKE 10 g/L i), Pd(ID)
IR E & T PyIV), A= R4 8 kK
TV B 225 SR AR AL o 20T 46 R VAR B JE B8 2 1, B 20 /L
B, VAR PA(ID)FIWR P 2] UL £ 97.60%,
FEAIE BN AW I B2 97.68%. Ui B PH(IV)-
PA(ID) [l AR HIRFEAREINE, E.coli %f Pd(1l)
AEAEIEFENER B A, TR A2 R 8 PA(TT)XT E.coli
R AL S SE g T Py(IV), B A& E.coli
PR A I 75 S A PA(1D)!), AR mLEE
ARt — BRI

WA REAE, Pe(IV)FE #h BR ¥ i+ LA IE )\ TH 44
PtClZ T RAEE, T PA(ID)PAFETH IE 77 % PACL* TE
KAFE, FAEANEAF, WA .

3 4
(1) BA E.coli W75 5% 100 mg/L 4. 42

ANFWTE Pty Pd EATIRPR I, R ER AN
96.66%- 97.68%, W fff F 4 9.667 mg/g. 9.768 mg/g.
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E.coli XF41. LI g S1AH 2

(2) FIH E.coli %+ Pt(IV)-Pd( 11 FLAEH) Tk &
IR B, IR B AT 6 h 5, FH SPSS BRAEX I Bt s R
BT RZ T, SREWIN R WP 2 DL B
RIL, E.coli fmI{f 1 L ¥+ 24.163 mg 1 PA(11)
RN, TR B ERIEE] 97.603%; [FIRS HAE 1 L %
W 0.367 mg 1 PY(IV)FEI M . E.coli X PA(1D)
B B KT Pr(IV), i PA(IDZRBUG T E )
W P IR

(3) VRE Pt(IV)-Pd( 1T )47 W b S6 e B
TR, AT IE P(IV)-PA( 1D HEAE VAR
W, KIFFE T PA(ID) B A 5 e e B o A

AN PA(I)XF E.coli 22 TR S 55 1R 55 41

s T P(IV), BUEIE E.coli WA MHAIAEE:E &
ikga Pd(1l). BARHLEA fridk— DIk
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