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Biological Iron Oxidation-Reduction and Effects on Metabolism
in the Anaerobic Conditions in an Anaerobic-Oxic Activated Sludge

AR T, IR, B L E A
Ryoko YAMAMOTO-IKEMOTO, Tomoaki KOMORI, Naoki MIYAZATO

ABSTRACT; Ferric and ferrous iron contents in an activated sludge were examined. Total iron in the sludge was
10 mg/gMLSS and 60% of iron was accumulated as Fe(III). Iron oxidation occurred in the activated sludge, and
the iron oxidation rate increased, when the initial iron concentration increased. Biological iron reduction also
occurred in the activated sludge and the iron reducing rate could be described using the Monod equation. It was
estimated that iron reducing bacteria utilize hydrogen. Sulfur oxidation and iron oxidation occurred simulta-
neously and they competed for oxygen. Iron oxidation and sulfur oxidation activities were almost the same.
Sulfate reduction and iron reduction also occurred simultaneously. Iron reduction outcompeted with sulfate re-
duction for hydrogen and propionate like organic matter. On the other hand, sulfate reduction stimulated the iron
reduction, since chemical reduction by produced sulfur occurred simultaneously. Denitrification suppressed iron
reduction and sulfate reduction. These results were explained thermodynamically. Poly-P release was also sup-
pressed under the anoxic conditions.

KEYWORDS;: activated sludge; iron reduction; sulfate reduction; iron oxidation, sulfur oxidation, denitrification;
poly-P accumulation.
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MEBOCOFIHREZBRHFATS o Seﬂ.essz(n) el [STudge SAD Ee(h [5Tudge SO Fe(l) |STudgo
R S o o N ) (5 S S 53 5 W NS )
e i e e
HY, EBRV -6 138k 024 78] 22 2[034 2822 2]05-4 6|4 2
SRR e SR Ty L R W (o S N S M E ——

EERNBDHIZ , FiFEH  Several Concentration of Na,S and FeCl, were added in the mineral substrate consisted of

4 2 A 7 Na HCO, (23.7 mg/L), KC1 (58 mg/L ), CaCL.2H,0 (17.3 mg/L) and KH,PO, (30.7 mg/L).
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Table 2 Substrate using in the anaerobic batch experiments.

(a) Experimental Series 3 (b) Experimental Series 4 (d) Experimental Series 6 (e) Experimental Series 7
Base [SO, [Fe(Ill) {Mo Base [SO. |Fe(IH) [S(II) Base |SO, [Fe(lll) [Mo Base [SO. [Fe(Ill) [NO;

Al-l ]S 85 0 Al3-1 ]S 85 44 A27-1 33 50 0] [AZ1-1fS 0 0 0)
Al-2 S 85 21 Al3-2 [S 85 441 73] [A27-2 33 50| 48] [A21-2 ]S 0 21 0!
AL3 IS 85 42 Al33 g 35 24| 73| JA28-1 [Pro 33 0] 0] [A21-3]S 0 0o} 219
Al-4 IS 85 105 Brank ’ A28-2 TPro 33 50f O] |A214[S 0 21 219
A2-1 i8S 0 21 A28-3 [Pro 33 50[ 48] [A22-1]S 33 0 4
A2-2 |S 50 21 (c) Experimental Series 5 A29-1 66 o] Of JA222 ]S 33 100 0
A23 |8 100 21 Base |SO, [Fe(IIl) A29-2 66 501 Of [A22-3]S 33 0] 222
A24 S 200 21 Al4-1 {Ace 0 0l A29-3 66 50] 48] [A224 1S 33 100 22.2|
A31 [S 85 0 A14-2 TAce 0 50 A30-1 [Pep 33 0] 0] [A23-1]S [ 0 [
A32 1S 0 21 Al4-3 [Pro 0 0] A30-2 [Pep 33 50 0] {A23-2]S 0 100 0|
A3-3 S 85 21 Al14-4 [Pro 0 50 A30-3 [Pep 33 50] 48] 1A23-3 [S 0 0f 222
A34 IS 85 21] 48] TA14-5 [Pep 0 0] A31l-1 [H. 33 0] of [A234 ]S 0 100[ 22.2]
A4-1 |S 85 0 Al4-6 [Pep 0 50 A31-2 H, 33 50] O] jA24-1 S 0 0 0
A4-2 IS 85 2.1 Al5-1 0 0! A31-3 {H, 33 50{ 48] [A242 S 0 50 0]
A4-3 [S 85 8.4 Al5-2 0 50 A32-1 [N, 33 0] of [A24-3(S 0 0] 222
All-1'[S 0 4.1 A15-3 [Ace 0 0] A32-2 [N, 33 501 O] [A244]S 0 50] 22.2
All-2 1S 0 8.3 A15-4 TAce 0 50 A32-3 [N, 33 500 48} [A25-1 S 33 0 [
Al1-3 ]S o] 167 Ale6-1 |H, 0 0] A33-1]S 66 0] 0} [A25-2]S 33 100 0]
All-4 [S 0] 413 Al6-2 H, 0 50 A33-2°]S 66 501 0] [A25-3 S 33 0] 22.2]
Al2-11S 0] - 10 A16-3 IN, 0 0, A33-3 iS 66 50] 43| [A254[S 33 110] 22.7]
Al12-2 |S 0 21 A16-4 [N, 0 30 A34-1 [Ace 66 o] 0] {A26-1]S 0 0 [
A12-3 S [} 41 A34-2 [Ace 66 50 0] [A26-2 ]S 0 50 )
A124 S 0 83 A34-3 [Ace 66 50 48] JA26-3 S 0 0] 220
A12-5 [S 0 165 A26-4[S 0 S50[ 220

I: Mineral substrate consisted of Na HCO, (23.7 mg/L)), KCI(58 mg/L. ), CaCl,.2H,0 (17.3 mg/L) and KH,PO, (30.7 mg/L).

S: Organic substrate consisted of CH,COOK (66.7 mg/L), polypeptone (133.3 mg/L), Yeast Extract (13.3 mg/L) and Mineral sub-
strate. Ace: CH,COONa (100mg as Acetate/L), Pro: CH,CH,COONa (100myg as propionate/L), Pep: polypeptone (133.3 mg/L),
H,: Purged with H, gas N,: Purged with N, gas, SO,: (concentration mgSO /L), S(II): Na,S (concentration mgS/L), Fe(IIl): FeCl
(Concentration, mgFe/L), Mo: Sodium Molybdate (48 mgMo/L),
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R, SADikpH3LL F CIZIFEINATHETH S 993 mﬂg—l_l%mg 0.()) — 84 = 33
A, SR(IDIL, pH=3TIXS0%FEE L 2 EIX T A 4 2 35
T&ET, pHEILLTIZT A L, 1ZEFEILTE 1?33;%‘3 gg (l)g ‘;; 3‘32
BZERDISTDT, pHILLFIZT 22 & 1999.11.18 105 17 94 04
Llte, BIRLCEXREMBEROKI), B o> 122 24 z8 !
S ORI BE % Table31R LTz, TEMEIGTR }ggg%%}g 13'; ;-g g-i '0652
IS AN D3 6ERE Sz, F 1999.12.22 73 1.9 35 11
KITBREHEICASD E CRERELETH B (m';;;;;fgs) 102 18 s 18
DT, SFEITSHKAOIRBTHAL TS DL %) 100% 18% 65% 17%
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ey 05-3 [SAN7.3mg/L+Fe(144mg/L] e v ofpeeee 0523 [S(I1)7.3mg/L+Fe(11)44mg/L]

Iron Concentrations (mg/L)

Sulfate Concentrations (mg/L)

Time (hrs) Time (hrs)
(a) Course of sulfate concentrations (b) Course of iron concentrations
Fig. 1 Results of aerobic batch experiment. (A part of Exp. O4 and OS5 in the Exp. Series 1)
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Fig. 2 Effects of ferrous iron concentrations on sulfide Fig. 3 Effects of sulfide concentrations on sulfide oxidation
oxidation (Exp. O11, O1, O4 in Exp. Series 1) rate (SOR) and iron oxidation rate (IOR) (Exp. 02, O3, 05

in Exp. Series 2)
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Fig. 4 Typical results of the batch experiment under the anaerobic conditions. (A3).
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Sulfate concentratin | Temp Vmax Ks
(mg&) (C) [(mgCOD/gMLSS .hr)| (mgCOD/L)
] 20 0.09 1.37
85 20 0.14 2.59
85 20 0.18 1.72
0.20 4 1.0
_ ° [ | 20°C
%ﬁ o1 EE 0.8 o 30°C
& A with sulfate (85mg/L) o2
%D.-J 20°C E9% 06
5 %{) 0 with sulfate (85mg/L) g 2 !
5 20 °C = o0
8 8 o without sulfate &) B 04
[ O 20 °C Ye)
g 3o 0.05 80
s} o=
QE = 80 0.2
— N’ = E
w
0.004 T T 0.0 i
8 T T
0 10 20 30 0 10 20 30

Fe(IIT) Concentration (mgCOD/L)

Fig. 5 Effects of Fe(Ill) concentration on iron
reducing rate. (Exp. Al1, A12, A13,Al, A4)

Fe(III) Concentration (mgCOD/L)

Fig. 6 Effects of Fe(Il) concentrations on sulfate
reducing rate (SRR) in Exp. Al and A4.
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o 0 - m  20°C
=™ O . 08
2E o084 W with Fe(l 0 015 o 30°C
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-é’ %ﬂ 0.5 21mgfL. 30 °C g &b 0.10
& a —— ®  without |ga
iYe) Fe(III) 20 °C ~ 8
= ]
&G 02 O without Fe(lll) g é" 0.05
2E 30°C RS

0.0+ T T 0.00 ¢ T T
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Sulfate Concentration (mgCOD/L)
Fig. 7 Effects of sulfate concentrations on sulfate reducing

rate in Exp. A2.
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Fig. 8 Effects of sulfate concentrations on iron
reducing rate (IRR) in Exp. A2.
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Lo TEHUNO—MRBE T EN D ICPHHERET L, BRERETH EMBBE O nic b
Ph O PEOBILPET L, —F, FR—ORGFTHERERMLEZWVWT 77 #8 (A13-3) T, R
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RSB LR ERB TOMERR IVBL I L AR LTS, Thbb, MBBEETICL Vs
TS ND DI, L ABORTHET TN —REBLZOND, 2T, Brdh
T8RO D B, BROBITIC L DHALH ORMBIR~OFHEBLE L BiRAICRTT Lic, BEERAICIZERSS.8mg
DB THEBES 2mgER S5 2 L1275, Fig 10080 ETE & SkIDEFEEIC X 3 RBREET O
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Table 4 Reduced iron, produced acetate and Table 5 Reduced sulfate and Fe(I1l) and produced orgamc
propionate during 48 hrs cultivation in the acids during 48 hrs cultivation in the experimental series 6

experiment series 5 (A13-16). (Exp. A27-A34).
Ex Reduced |Produced |Produced Ex Reduced|Reduced [Produced
Nop' Substrate Fe(Il) Acetate  {Propionate Nop' Substrate SO, Fe(ll) Awtate
(mg/l) J(mg/L) |(mg/l) (mg/L) (mgk (mg/L)
Al4-1 [Ace 4.8 13.7 A27-1 ]SO, 0.41 8.14 1.68]
Al4-2 [Ace+Fe 13.3 -29 5.7 | A27[A27-2 |SO.+Fe 22.56
A-14/A14-3 |Pro 3.2 12.9 -9.4 A27-3 |SO.+Fe+Mo 0 6.07 2.52 7.86
Al4-4 [Pro+Fe 13 92 -18.2] A28-2 [SO.+Pro 26.64 3.31 20.13 1.66
A14-5 [Peptone 2.7 24.2 12 A28 {A28-3 [SO.+Pro+Fe 0.56] 14.87 15.06 1.83
A14-6 |Peptone+Fe 17 25.3 13.3 A28-4 [SO.+Pro+Fe+Mo 0 7.81 17.89 5.12
Al5-1 3.5 2.3 2.4 A29-1 {SO. 20.59 4.66 27.4 10.16)
AlS Al5-2 |Fe 8.5 2.7 0 A29[A29-2 [SO.+Fe 20.32 30.18 34.17 11.34]
A13-3 [Ace 2.3 -14.5 6.2 A29-3 [SO.+Fe+Mo 2.15] 15.27 21.11 16.84
A15-4 [Ace+Fe 8.8 -1.5 7.6 A30-1 [Peptone+SO, 31.66 2.81 28.75
Al6-1 [H2 -0.5 2.7 2.5 A30[A30-2 [Peptone+SO.+Fe 3432 3174 60.89 31.67
Al6 A16-2 [H2+Fe 4.6 0 0] A30-3 [Peptone+50.+Fe+Mo 0]  18.18 54.45 39.31
Al6-3 N2 -1 0 -0.8 A31-1 [HA+SO. 29.07 7.79 3.71 3.71
Al6-4 [N2+Fe 0.5 0 -0.9} | A311A31-2 [H.+SO.+Fe 1825] 1753 3.46 3.46]
A31-3 |H,+S0.+Fe+Mo 0.27}10..60 6.97 6.97
A32-1 IN+S0, 6.12 1.17 8.46 3.8
A32[A32-2 IN+SO.+Fe 9.85] 13.04 16.89 6.96
A32-3 [N+SO.+Fe+Mo 0 6.96 8.82 6.81
A33-1 [S+S0. 31.2 .74 52.5 33.68
A33[A33-2 [S+SO.+Fe 251 4421 54.34 34.5
A33-3 |S+S0.+Fe+Mo 0 23.56 3773 38.96
A34-1 fAce+SO. 16.29 6.17 24.02 13.29)
A34A34-2 | Ace+SO.+Fe 17.65] 53.62 33.11 20.36)
A34-3 [Ace+SO,+Fe+Mo 0 17.53 18.19 22.85
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Fig. 13 Results of anaerobic and anoxic batch experiments of A 26.
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