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STUDIES ON ELUTION OF HEAVY METALS FROM DIGESTED SEWAGE SLUDGE

FOKRE" WHEESZT ANEXT ERGER"
Kouji MORINAGA®, Teruyuki UMITA™, Tatsuo OMURA®, Jiro AIZAWA*

ABSTRACT; Removals of heavy metals from digested sewage sludge such as Cu, Cd, Ni, Zn, Mn, Pb and Cr

were investigated by the batch experiments in addition of Thiobacillus ferrooxidans and ferric

sulfate.

The addition of T.ferrooxidans to the sludge brought favourable effects for the elution of
heavy metals from the sludge, especially for Cu and Cd. The elution of heavy metals was also
stimulated by the addition of ferric sulfate which would be indirectly converted into the
substrate for the bacterial growth in the elution process of heavy metals.

The major form of heavy metals lost in the sludge after the experiment was the form extracted
from the sludge by 1M HNO,. This form of heavy metals was easily removed from sludge by

T. ferrooxidans. The major form of Zn and Mn in the sludge before the experiment was the form
extracted by 0.1M Na,P.0,, which was also eluted by the addition of ferric sulfate.

KEYWORDS; Digested sewage sludge, Elution of heavy metals, Thiobacillus ferrooxidans, Ferrous and

ferric sulfates, Fraction of heavy metals
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2. EEMHE

2. 1 TFAMIBEKER Table 1 Components in digested sewage sludge
EE AW TTKBERKERE . LRI E Average Standard deviation

TR T K E R EX O AU » SHEH Water content (%) 82.1 1.04
SNBBUKT -+ 2R LA BRAEKop  E1Hon loss (] 671 i
FKAVERIS © 3 PR ARG R X DS Total-N (%) 6. 31 0. 56

[, JE e ..o NHa-N (mg/kg) 2460 765.5
in\ @Eﬂ?dﬁc‘:%ﬂ(ﬁ(lﬁli%fﬁﬁ/ﬁ{hént{ﬁ\ Total-P (%) 2. 00 0 15
ENTERERBREMENBIKESN TS, 5 Total-k (ng/kg) 1790 297.3
CHRETRBKFROE A & @IS xn  Total-Fe (%) 1.67 0. 43

TWE, MBXENICIERD KSR TEFRZ & 3R . BEEEABRAD L > R TEEKORBAR/DA
Vo 72, EEBERC ERRS EWE % Table LITRTY o

2. 2 SkEER{U#BEH (Thiobacillus ferrooxidans)

ARRTHW KRR, EFRERRINLIFHTIERE L VRN L b0 TH 5, BEHRET
B2z 9 KEMTEBEIEEZITV. Fe " BIE L A E0ICTS » el TH L V9 KIEHICHRET 5 &0 5 B
EROBE LI, TRNZTNOESERICE. JOREBICBU 2MSHEEEBET L Z L SN 58 BICEE R
FU7, BRERLHIBE 3P " 2P IKBIL L T8z 2V F— 2 FH L. IRIURKREREREE LT 3
{LFSBRMIRBME TS, 77 2BHOIRETH 2, ZRBEII0°C. Edip HiZ2. 5~ 8 THRERES
BHKDMER, NI F YT Y —F SRS TS, BEEBICL 27 F YT Y —F v 7 OIEH
ELCRESBYRLY & UCHERT 2 B& I RN RS S BB O3> oMEBE
AohTwzg!® b

OREIER

- SRERLANEA I £ ATRERE— Sk oML

HO B
4FeS0, + 2H;S04 + 0, — 2F82(SO4)3 + 2H.:0 (1)
WREREE — bR BREREE %k

- R Sk EBWMAIAER S 5 RIS

4Fe;(S0.)s + IMS + 4H,0 + 0, — 2M*' + 250.°7 + 8FeSO. + 4H.SO, (2)
B

- TRERES —#k sk kg

Fea(S04)s + 6H:0 & 2Fe(OH)s  + 3H.S0. (3)
IKEALER — 8%

RHETER IR SRR CHE < & - THRBE - SBBILE N AR L 2B SO LRI & » CRE T
LoD SKELIE R SR O RGEE 250 2 10 ORURN ZGEE L LTI LTV 5,
QEHEIER

%

bS] }
MS + 202 - ZM2+ + SOqZ <4)
BEEERE . SB{CEESEEN SRS O SBR IC/ER LU, SBILME I & 2 BN LRSI L »
TEBOBHEBITLN AR TH B,

3. EBRHRE: Table 2 Metal content of sludge (mg/kg)

3. 1 #tiEormoihi Metal Cu cd Ni Zn Mn Pb Cr
ik Uwic, TRKECRRKERZNEL: siudge A 350 3.5 48 15g
3 0 F kR O TR Eeampm L, Sludee B | 338 2.6 11

—134—



HERPOCu, Cd, Niy Zn, Mn. Pb, CrOEHFEERFESEREF EHVCRIE LAY » TOHRA.
Table 2®Dsludge AL L OURENT WS, RicTable JIT/RTHBREM T, ¥IH p HEN/10 H.50,T5. 0icF%
L. 25°C. 120rpn T & HIEHEZIT - 720 Runl, 2IC R EHE & U THERSE — 85 (FeS0.) IR 2 M A . Run3ic i3 fa]
bIIA D ot Tl EHESNLHBLHBEESREIRmMICOAIMIERB L., COEZERI N d201.1
x10%cel I&A TW oo Run2, 31T A SKER LI ORERE ZiTH 1 - 720

FREEERIFEOKRE S 7522 2H0T, BFEARE SEBR L TEREIT - BEEE L UNAL
FeSO,/AMEL. 47%1d. Fe® " DBE & L C3g/1 Il 208, BRBOKDIC L~ THD NI | ik % TTH
T HBRICF? WETRILEN 2712 & L TEBRBIEEICIAFe  DBEL L Ti2g/1icii - 72, MIEIAB X p H
BLL, 7000rpn. 103 HIELIBERD LESRT OF® BE . LB AR TIKER VTR L7 K
EKOREBSBRETH Y . RIERBHRICIT -T2 ELBIEE ORIE I BT RELEE (SHIMADZU, AA-

680) 2R L. /P BERB~ v Y BEH ) Y AMEEY 2H W,
Table 3 Experimental conditions

Sludge dry weight Dose of substrate Inoculated volume of
Run 1 FeS04+TH.0 (1.47%) 400ml 30ml (1.1Xx10%cell/ml)
Run 2 12. 5g FeSO0,-TH:0 (1.47%) 400m! Oml
Run 3 Distilled water 400ml Oml

3. 2 pHZ—FiliLEsoHBILNESLURBE_SHRNMOHR

p HZES 01z —3Ei U RundiTi3 BB & U TPeSOL AR % . Run5Ic 2 BRBRSE 8k (Fe. (50.) o) IEME A MA |
Run6idp HOBTEL . T EFNOEREIT -7 (Table 4)o 3. 1 OEBRTIIFeS0. ZRML TEBR%T -
feld, BHEER P S YOI E D ITFe. (50): PERBOBHBICKEREME T LD EELOND, £
T, FeS0,TR7ACFex(S04): 2 EHE L TEREZFIET 5 L 3ELBOBEMMRIC>WTRE 21T -
120

Rund & 54 13 SRERILAIEE £ 10m1 (2. 98 x 10°%cel I/m)IERE L . RunbiciZMREL WD o BHE L THWE
Fer (S04) s7BHR1. 0THIZFe®  ICXT L C3g/1DBETH 2, M LAERRAAMOERCHEA L b0 TR L
REBREBLZOTHES LD TESLBOSHEREZME L, Z0EE%Table 2@sludge B&E L TR Lo $ 3T
DRunT p HEN/10 H,S0,3 2 W I3N/10 NaOH THIEE LT3, 0icfR B, 25°C. 120rpn TR & 3 IEEA4T - 7o
FHEBLCENoORIELFEES. 1 LELTH %,

Table 4 Experimental conditions

Sludge dry weight Dose of substrate Inoculated volume of
s
Run 4 FeSO04.-7H:0 (1.47%) 600m!} 10m1 (2.98x 10%cell/ml)
Run 5 18.6¢g Fez(S04)5-nH.0(1.07%) 600ml 10ml (2.98x10%cell/ml)
Run 6 Distilled water 600ml Oml

3. 3 BHEBRWRICBII2ESLBEOTEEIN Table 5 Extraction method
g k - » — Dl Ay ¥ Y
3. 2 ORBRMI BV TRBAEROHGRHO Order | Extraction reagent | Solution-Solid ratio
E£FE %R StoverDEEMHEY 2 AW TRBE 1M KNO, 50 : 1

1

BIroE L, RELBOBHBEERET L, 2 0.5M KF 80 : 1

- e 2 3 0.1M Na.P.0- 80 : 1

FERBOSERHHBEC > W T Tie i %, / o 1M EDTA 80 . 1

¥4, Table SICRTHIHAELI~SDMHICZENE 5 IM HNOS 50 : 1
6 Aqua regia

NOWLRTHRELEBEA L. ZSFESICIFNIR S
2 EFT otk MUNBET EEABEERI L 2o 1, OB, B HRICERKEMA S 51650
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LB & - Fig.4 Elution of Cu from sludge Fig.5 Elution of Cd from sludge
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ELE 10 Fig. 6 Elution of Ni from sludge Fig. 7 Elution of Zn from sludge
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Fig. 8 Elution of Mn from sludge
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Fig.15 Elution of Mn from sludge
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