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Bioavailability of Nickel and Its Complexes During Anaerobic Digestion
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Abstract: The biouptake of nickel and its complexes for methanogenic enrichment in the presence of different chelators during batch
methane fermentation were investigated in this paper. The results showed that the chelators had obvious effects on anaerobic digestion.
At sodium acetate concentration of 85 mmol/L sulfides concentration of 1 mmol/L nickel concentration of 200 pmol/L and
temperature was 35°C  methane production in the NTA added system were 15% and 9% which was higher than that in CA and EDTA
amended ones. While nickel concentration was 100 wmol/L methane production in NTA added system were 43% and 57% which was
higher than that in CA and EDTA amended ones. The biouptake of nickel for methanogenic enrichment related to the species of nickel
complexes. NTA was the best chelator for stimulating nickel biouptake in the anaerobic reactors and EDTA was the better one. The
biouptake of Ni-CA complexes was the minimum for the methanogenic enrichment.
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1
Table 1  Components of synthetic wastewater
CH, COONa NH, Cl KH, PO, Na, HPO, MgCl, CaCl, *2H,0 Na,$
/mmol L' 85 3.7 0.5 0.5 0.5 0.89 1.0
2 5 ¢/L
Table 2 Components of the trace element solution pH 7.0 N2 1 ~2 min
/mmol+L ! /mmol+L !
FeCl, *4H,0 7.5 Na, Se0, 0.1
ZnCl, 0.5 Na, WO, 0.1 (35 £1)<C
MnCl, *4H, 0 0.5 Na, MoO, *2H, 0 0.1 1.
CuCl, *2H,0 0.1 NaOH 10
CoCl, *6H, 0 8.5
H,BO, 1.0 RE
HCI 50 ‘
> <4 Wi
pmol /L. 3 1 w
;2 ;03 EDTA /__\
Visual MINTEQ ) p—
[ J
1 wmol /L. o & | rmman :
) ° <
1.2
LNy
pH 7.2 VSS/TSS 0.72 .
Fig. 1 Schematic of batch experiment set-up
3
Stover v :
1 mol/L
1.3 Stover 1
: 125
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3
Table 3 Sequential chemical procedure used to fractionate metals in anaerobic samples
/C
30 mL KNO; (1 mol/L pH7) 16 h 20
48 mL KF (0.5 mol/L pH = 6.5) 16 h 20
48 mL Na,P,0, (0.1 mol/L) 16 h 20
48 mL EDTA (0.1 mol/L pH = 6.5) 2x8h 20
30 mL HNO, (1 mol/L) 16 h 20
10 mL 10 mL (HCI: HNO, =3:1) 26 min
1.4

2 mol/L NaOH

12 h
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NTA
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Fig.2 Methane production during the anaerobic conversion of acetate in the presence of Ni complexes
2 EDTA
200 3 1
pmol /L pmol /L
N 15%
9% . 100 wmol /L. 2.2
CA. EDTA
43% 57% . 3 EDTA 2
NTA CA
20 .
3
CHON +[n -2 -2 s 2c[H,0—
) 4 2 2
l_i+i]c02+ l+i_i]CH4+cNH3 NTA
2 8 4 2 8 4 100 pmol /L 200
I pmol/L NTA pmol /L. 1 pumol /L
2.6 pmol/L 1 pmol/L  CA 50 pg/g 137 pglg.
2.3 pmol/L 1 pmol/L EDTA
5.0 pmol/L ; 2
100 mL NTA. CA EDTA
200 pmol /L
1.16. 1. 04 2.24 mL. NTA. CA
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250 - EDTA Table 4 Maximum dissociation rates for nickel complexes
Tx 200 |- R i
ﬂlﬁl‘ Kyiw Kcaw /nmole (Leh) !
= 2T CA 6.9 3.6 2.3 x10°
N NTA 11.5 6.4 3.6 x10’
100 |
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Fig.3 Uptake of nickel by methanogenic biomass as a function
of total Ni concentration in the presence of Ni complexes
NTA. EDTA
2.3 :
3 CA
.3 NTA ( EDTA)
EDTA CA Ni-£DTA
22
NTA
NTA
2+ d 2+
ML + Ca 3 CaL + M (1) NTA
M ;L: ;K NTA
;K,
3
K, (2)
K. 1
K, = LdLKu ) M
Ky . CA. NTA. EDTA 3 NTA
Kews Ky Cav M L
CaL Ni. Co )
24
K, = KNH—Iz()Kos (€))
KMHZ() (S_I) ; Kos



519

Patidar S K Tare V. Effect of nutrients on biomass activity in
degradation of sulfate laden organics J . Process Biochemistry

2006 41(2) :489-495.

Zandvoort M H Osuna M B Geert R et al. Effect of nickel
deprivation on methanol degradation in a methanogenic granular
sludge bioreactor J Journal of Industrial Microbiology and
Biotechnology 2002 29(5) :268-274.

Zandvoort M H Geerts R Lettinga G. Methanol degradation in
granular sludge reactors at sub-optimal metal concentrations:role
of iron nickel and cobalt J Enzyme and Microbial
Technology 2003 33(2-3) :190-198.

Osuna M B Iza ] Zandvoort M H. Essential metal depletion in
an anaerobic reactor J . Water Science and Technology 2003

48 (6) :1-8.

Sairam M Singh L. Suryanarayana M V S. Effect of iron nickel
and cobalt on bacterial activity and dynamics during anaerobic
oxidation of organic matter Water Air and Soil Pollution
2000 117(1-4): 305-312.

Gonzalez-Gil G Kleerebezem R Lettinga G et al. Effects of
nickel and cobalt on kinetics of methanol conversion by
methanogenic sludge as assessed by ondine CH, monitoring J .
Applied and Environmental Microbiology 1999 65 (4):1789-

1793.

J . 1998 16(3) :8-12.
Wolfgang G Felix M Evert C D et al. On the mechanism of
biological =~ methane  formation:  structural  evidence  for
conformational changes in methyl-coenzyme M reductase upon
substrate binding J . Journal of Molecular Biology 2001 309

(1) :315-330.

2004 18(1) :12-16.

) 2007 30(5):
23-26.

J. 2006 6:25-27.

13

14

15

16

17

18

20

21

22

23

24

25

J . 2000 18(2): 8-11.
Hormesis J . 2007 27
(8):1233-1237.
. La’t Celt
VFA J . 2007 25
(3):3-6.
J . 2008 24(10) :181-185.

HuQ H Li X F Du G C et al. Enhancement of methane
fermentation in the presence of Ni’* chelators J . Biochemical
Engineering Journal 2008 38(1) : 98-104.

Stover R C Sommers L E  Silvera D J. Evaluation of metals in
wastewater sludge J Journal of the Water Pollution Control
Federation 1976 48(9) :2165-2175.

Patidara S K Tare V. Effect of molybdate on methanogenic and
sulfidogenic activity of biomass J Bioresource Technology

2005 96(11) :1215-1222.

1989. 454.

Joho M Imada Y Murayama T. The isolation and
characterization of Ni resistant mutants of Saccharomyces cerevisiae
J . Microbios 1987 51(208-209) :183-190.

Parkin G F Owen W F. Fundamentals of anaerobic digestion of
wastewater sludge J Journal of Environmental Engineering
1986 112(5) :867-920

Herman P V L. Metal speciation dynamics and bioavailability:
inert and labile complexes J Environmental Science and
Technology 1999 33(21) :3743-3748.

Hudson R J M Morel F M M. Trace metal transport by marine
microorganisms: implications of metal coordination kinetics J .
Deep-Sea Research 1: Oceanographic Research Papers 1993 40
(1) :129-150.

Margerum D W  Gayley G R Weatherburn D C et al.
Kinetics and mechanisms of complex formation and ligand
exchange A . In: Martel A E (Ed).
Chemistry ACS Monograph M

Chemical Society 1978.

Coordination

Washington: American

Morel F M M Hering J G. Principles of aquatic chemistry M .
New York: John Wiley & Sons Inc 1983.



