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Inhibition of bioactivity of UASB biogranules by
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Abstract: Among the high-rate anaerobic wastewater treatment processes, the upflow
anaerobic sludge blanket (UASB) reactor has attracted most commercial and research
interests. In this study, the toxicity of five heavy metals commonly found in the
electroplating effluent on the activity of anaerobic biogranules was investigated.
Biogranules were sampled from UASB reactors treating four types of wastewaters
containing, individually, acetate, propionate, starch and benzoate as the sole substrate. All
reactors were operated at 3 7 T for over six months at a loading rate of 10 g C0D-ld-l. The
methanogenic activity of biogranules treating each type of wastewater decreased with the
increase of metal concentration. The toxicity of each metal to the biogranules was
measured by the reduction of methanogenic activity of biogranules in serum vials, as
compared to the controls. Results show that, in general, acetate- and propionate-degrading
biogranules exhibited higher resistance to electroplating metals than the starch- and
benzoate-degrading ones. Acetate conversion is a one-step process conducted by
acetotrophic methanogens alone. Propionate degradation, on the other hand, is a two-step
process conducted by acetogens and methanogens; whereas, benzoate and starch
degradations are multi-step processes conducted jointly by fermentative/acidogenic
bacteria, acetogens and methanogens. Results of this study imply that heavy metals from
electroplating effluent, in general, inhibit the bioactivities of fermentative/acidogenic
bacteria more than those of methanogens and acetogens. For the latter two groups of
bacteria, the toxicity of the heavy metals were in the following descending order: zinc >
nickel > copper > cadmium > chromium.
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INTRODUCTION
Anaerobic technology has become widely accepted in the past decade for the treatment of industrial
wastewater containing concentrated organic pollutants. Among the recently developed high-rate processes,
the upflow anaerobic sludge blanket (UASB) reactor (ref. 1) has probably attracted most commercial and
research interests. Hundreds of full-scale reactors have been installed worldwide for treating wastewaters from
foodheverage and agricultural industries. The success of this process relies on the agglutination of biomass,
forming granules with high settleability and bioactivity. In addition, recent studies showed that UASB
biogranules were also capable of degrading aromatic pollutants, such as benzoate (ref. 2) and phenol (ref. 3).
Since many complex aromatic compounds degrade via benzoate and phenol, these findings suggest that
anaerobic technology could likely be extended to the treatment of wastewater from many chemical industries.
Wastewater from electroplating industry containing high levels of heavy metals is the major polluter in many
countries. Although in trace amount they are the essential elements for the microbial growth (ref. 4),heavy
metals at elevated concentrations often become inhibitory and toxic to the anaerobic degradation of organic
matter (ref. 5). In municipal wastewater treatment, high concentration of heavy metals in sewage could also
lead to upset and failure of the anaerobic sludge digestion process (refs. 6,7).It is thus of great interest to
investigate the effect of heavy metals from the electroplating effluent on the bioactivity of different UASB
biogranules .
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MATERIALS AND METHODS
Five heavy metals commonly found in the electroplating effluent, i.e. cadmium, chromium, copper, nickel
and zinc, were selected for this study. Biogranules were sampled from four UASB reactors (refs.2,8,9 & 10)
treating wastewaters individually containing acetate, propionate, starch and benzoate as the sole substrate at
a steady COD (chemical oxygen demand) loading rate of 10 g CODl-ld-' for over six months at 37°C.
The activities of biogranules were measured by the maximum rates of methane production in 157ml serum
vials using the method of Dolfing and Mulder (ref. 11) modified from the one developed by Owen, et al., (ref.
12). To each vial was added granules equivalent to lOOmg of VSS (volatile suspended solids). The exact
amount of VSS in each vial was later measured (ref. 13) at the end, after methane production data had been
obtained. To each vial was also added l00ml of synthetic wastewater containing individual substrate at the
dosage equivalent to 300mg of COD, plus nutrients, vitamins and trace minerals; in addition, individual
selected heavy metals over a wide range of concentration were also dosed to the serum vials. All vials were
then capped with butyl rubber and submerged in 37°C water in a shaking bath. Transfers of wastewater and
granules to the serum vials were conducted under an anaerobic environment.
The biogas production from each vial was monitored every few hours using a syringe; the methane contents
in the biogas were measured using a gas chromatograph (Hewlett Packard, model 5890A) equipped with a
thermal conductivity detector and a 2m x 2mm (inside diameter) stainless-steel column packed with Porapak
N (80-100 mesh). Injector and detector temperatures were kept at 13OOC while column temperature was 50°C.
Each bioactivity measaring program lasted about one week after the methane production had levelled off. The
initial slope of specific methane production represented the specific methanogenic activity (SMA) of the
biogranules using the corresponding substrate. All SMA measurements were conducted in duplicate. The
toxicity of an individual metal at a given concentration was indicated by the decrease of SMA relative to the
controls.

RESULTS AND DISCUSSION
Anaerobic degradation is a multi-step process ( 1 4 s ) . Complex organic substrates are first hydrolyzed by
enzymes forming soluble acids and sugars, which are then degraded by acidogenic bacteria into volatile fatty
acids (VFA). These intermediate VFA are further degraded by acetogenic bacteria forming acetate, formate,
carbon dioxide and hydrogen. These final intermediates are ultimately converted to methane by the
methanogenic bacteria. Fang, et al. (ref. 16) conducted a series of experiments to investigate the performance
of UASB reactor in treating wastewaters individually containing several model substrates and key
intermediates; in addition, they also examined the bacterial population dynamics and microstructure of the
biogranules. Results showed that biogranules' bacterial populations and microstructures were strongly
dependent on the nature of the substrate (ref. 16). Acetate conversion is a one-step process conducted by
acetotrophic methanogens alone. Propionate degradation, on the other hand, is a two-step process conducted
by acetogens and methanogens; whereas, benzoate and starch degradations are multi-step processes conducted
jointly by fermentative/acidogenic bacteria, acetogens and methanogens.
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methane production of control starchdegrading biogranules. 'The initial slope in
Fig. 1 indicates that, in the absence of any
heavy metals, the SMA of the biogranules
for the degradation of starch was 1.19 g
methane COD (g VSS day)-'. The SMA of
the biogranules decreased with the increase
of heavy-metals concentration in the
solution.

0 1997 IUPAC, Pure and Applied Chernistry69,2425-2429

Inhibition of bioactivity of UASB biogranules

2427

except for cadmium. Treating wastewater containing 300-550 mg 1-' of cadmium, the SMA of starchdegrading biogranules was reduced only by 20%; and there was no sign indicating that the SMA will be
further decreased with the increase of cadmium concentration. The toxic effect on methanogenic activity of
starch-degrading biogranules was in the following order: zinc (most toxic) > nickel > copper > chromium >
cadmium (least toxic). Similar figures
were also plotted to illustrate the toxic
Cadmium
effect of individual metals over a wide
range of concentration on the
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The toxicity of each metal can be
expressed by a simple CI,,ovalue, which
represents the metal concentration at
which level the SMA of the biogranules
was reduced to 50% of the control.
Higher C,,,, values mean that the
biogranules exhibited better resistance to
metal toxicity. Fig. 2 illustrates that the
respective C,,,, values for starchdegrading biogranules were >400 mg Cd
1-', 630 mg Cr 1-I, 158 mg Cu 1' , 118 mg
Ni r' and 97 mg Zn 1-I. Similar data were
also obtained for the other three types of
biogranules.

Fig. 3 compares the C,,,, values of heavy
metals for the four anaerobic biogranules
investigated in this study. The starchdegrading granules exhibited high
resistance to the cadmium with C,,,, > 400
mg Cd 1.'; the exact C,,,, value was not
obtained, and thus not shown in the
figure. Fig. 3 illustrates that, in general,
acetateand
propionate-degrading
biogranules exhibited higher resistance to
heavy metals than the starch- and
benzoate-degrading ones.

~

It is of interest to note that the acetateand propionate-degrading biogranules
were composed of methanogens and
Fig.2. Reduction of specific methanogenic activity with increased acetogens only, without the presence of
fermentative/acidogenic bacteria, while
metal concentration
the starch- and benzoate-degrading
biogranules were composed of all three types of bacteria. Results illustrated in Fig. 3, therefore, imply that,
in general, methanogens and acetogens have better resistance toward heavy-metals toxicity than the
fermentative/acldogenic bacteria. Although it was generally believed that methanogens are vulnerable to
toxicity, Hickey, et al., (ref. 17) speculated that some other bacteria in the anaerobic consortia might be
inhibited more severely by the pulse addition of heavy metals than the methanogens. Lin (ref. 18), on the other
hand, also showed that acidogens were more sensitive to heavy-metals toxicity than methanogens. The
findings of this study provide further evidence that methanogens and acetogens are not the groups of bacteria
most sensitive to heavy-metals toxicity in anaerobic degradation.
heavy-metal concentration (mg/l)

For the acetate- and propionate-degrading biogranules, the toxicity of the heavy metals were in the following
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Fig.3. C,,, values of heavy metals for various biogranules
order: zinc (most toxic) > nickel > copper > cadmium >chromium (least toxic). Methanogens and acetogens
exhibited high resistance toward chromium and cadmium, even though both of which have been commonly
perceived as highly toxic.

CONCLUSIONS
Results of this study show that, in general, acetate- and propionate-degrading biogranules exhibited higher
resistance to heavy metals than the starch- and benzoate-degrading ones. This implies that methanogeos and
acetogens have better resistance toward heavy-metals toxicity than the fermentativdacidogenic bacteria. For
the acetate- and pmpionate-degrading biogranules, the toxicity of the heavy metals were in the following
order: zinc (most toxic) > nickel > copper > cadmium >chromium (least toxic). Methanogens and acetogens
exhibited high resistance toward chromium and cadmium, the two heavy metals commonly perceived as
highly toxic.
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