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Removal of Heavy Metals in Wastewater with Polyglutamic Acid as a Flocculating Agent
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The flocculation method with polyglutamic acid was applied in order to remove heavy metals in wastewater.
Removal efficiency more than ca. 90% was obtained for metals of chromium, copper, iron and zinc, while that of
manganese (Mn) was only ca. 50%. Therefore, in the present study, a combined method of flocculation and
coprecipitation with iron hydroxide was attempted to increase the removal efficiency of Mn. An ion exchange method
was also applied for a comparison. For the combined method of flocculation and coprecipitation, the removal efficiency
of almost 100% was accomplished at the wide pH range from 7 to 12, although that value decreased negligibly at pH 6.
On the other hand, for the ion exchange method, the removal efficiency became higher as pH became lower. The
maximum value (93%) was obtained at pH 3. The combined method of flocculation and coprecipitation was found to be

useful for removing Mn in wastewater.
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9 TIGROERE TRAET DRI OW TR EICAEET 5 2 & 3 D THETHLHVO, UHFZE=ETlE, Bk
REKFPOESBERET S0, RKRBEROE ST (KU 7 I V) &AWV SEESHHE R D NCER
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EBEIEECHY, BWIRO pH ZHEIMHANET 2 Z sk o TR E LI-ESREDE < (Cr, Fe, Cu, Zn)
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BHETE & HNIE L ZHA B DR HIECHOWTHETT 5 Z &iIC Lz, #0i, HD BB 2128 0 ITHF
FETHE LI WEBE —FICE XA TIHET 28I Th Y, RFENRMRE L OKEMESE (D) <KERME
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2. £ B

L - BEEOHTER L O A U BHIEO TSN T S, B~ H VBRI U w7 A% VTSR L 72 Mn KA
% (105 mol/L) 725 200mL 2B L, =iy hr—/LZ & T 6 DORBHRIGZ Y L7-. Lk - BHERHTE
TlE, 2 hr— %R 5 DORENAKE N EIUTRBLKFEKE 1~2 AT, KIZ, 5 D>ORBHFIRIZER
RavnRU13g AUV ITAEI VKO0l LAY UL L gZISM LT, 2 b ORICKERIET N Y
UAET =T KREMNZ, pHBBXLF 6~12 OFPHIZ/D X DI Lz, %O LB % 0.45 pum /1
B—ATET— 74 NE—FHNTABL, BERKE Uiz, A 428k, 1ok - BEOFHE &[RRI
ISH U RENAIRICOWT, a2 ha— &< 5 SOREZNZHICKER LT R wAB L OT v E2=T k%
Mz, pH A 3~12 OFFAIZ/2 D X 9O IZHEE L7z, pH iR OKIRIRE A A V2t (AT L o R A
I HRNE) ZEEO AT AL, WEEKE L, WIFRoOGFECBOTY, 3 ha—La80 CHIE
WO Mn ZiF8REG 77 A~ B&oHet SILF /727 7 nP—, SPS9000) TE&EL, TRz Li=n-
THREREZEN L. pHIZpH A—4%— (A hT7—+ FL K, 8220) IZXVIE L, £, REITTCTHR
DRk A -

AC=Cy-C (1)
FREFE (%) =UC/ Co x 100 (2)

Co: =¥ hu—/ LD Mn M (mg/L), C: 5yBEFRZEERER O Mn 21 (mg/L)
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WHMEDOFMENEE LN &b ol L - BEIFNEIZRIT 2@V BRERITIE, R TO Mn OEFIR
REABERL TS LB BNS. RERTIE, BIEOIRBET Mn Offifkz 2 i s 3 M2 b sE722%, Zhic
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Fig. 1 Effect of pH on removal efficiency in the combined method of flocculation and coprecipitation.
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BNCE D A F IV TRIEN BB L7 DO TIZARVWmEHERI S ND. Z0XH R nn, RU TV I U ESLS
3 U E WD IE - BEEOFREIL, SRR DR LA R T D720, IR CORIFIREZ BB LT
UL LN EBICH L THEHATHD LR ENA.

3.2 AAVEMKICEITHRERE

A FUHIEIZIBWT, pH 2L S TH LN BREROFER % Fig. 2 (IR 7. L - BEEOFHIE & 13872 -
THRERIZpHICRKE IKFL, pHAMEL D13 EBREFENN LU, £/, 0 - BEEOFHIEICHE AR D LirE
BRIFKTFT2 500, pHIZL > TEL 0% EOFREENHOND Z L bR TE 7z, 2O pHIZ X DBREROE
fbH Mn OEIFIRREICEHR L T D 2B 2 HD. MnOs OIGNE, FORIGHRO X 9 1CEVER K O Mg
TTHER->TWS,

fEethset T MnOs4~ + 8H*+ 5e” s Mn2t + 4H20 (3)
WHMELET : MnOs +4H++ 3e~ s MnOs + 2H:20 (4)

AREERTH NG A A SR F A ST D2 BIETH 5720, Mn ZFRE LW EITIIEAREL
Mn2Z T 20BN D 5. EOIGHUTTR LIz & 912, pH ORWEEMESE N Tid M2 3 ERL S D DX LT,
pH D@ RS FTIE—#00 MnO4~ 78 MnO2 & 72> TA A U AZHAEE T, FERIICREFMET L2 &
EAbND.

4. &

RYTNEIVERES a N RV DILN - BEEOFHTEIL, Mn 1Sk U CHIERMEN & TR EAME D LNV Vi
TEWVBREREZTTZ ENDh o7z, £z, BREFRD pH IO TINURIFET 5720, DR EEZIT O ICHTZ>
TIEHFMED DO RN EE LN D EPHERTE -, 2oL - BHEFHITRMENR KR E <, WRKHh TOR
FIREZ BB T HMEN D HEBIIx L THHA TRV B2 LD, ARIOERTIE, Mn [ZOWTOHD
BFECH H78, 4%I1E Mn ISNOBRBIC S I - BEHEOFHIEZEH L, TOMREHERTI2LERSH S, S5
2, Mk &R & A2 OFH L7e FEO S BERR B3 2802 1B L <WEET 5720121y, WEDA %A L1-5%
B DOFEEREDONFIZOWTIN, HRMRFTT 20BN S S, £, A AU HIEL, RIRO pH J73&72100 TF
Tel= DEMENHETH Y, pHIZL > T 90%LL EDBREREZZERLTE D Ebanoiz. 5%, pHEREORE
TRIREE, 7 82 LV BHIICRETT 2 Z LICk»C, BREENRS IS ETATEENRH L EEZD.
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Fig. 2 Effect of pH on removal efficiency in the ion exchange method.
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