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EFFECT OF THE COD/SO, RATIO ON THE
DESULPHURICATION OF SULPHATE-ENRICHED
LIQUID MANURE FROM INDUSTRIAL PIG FARM BY
Desulfovibrio desulfuricans

Desulfovibrio desulfurificans bacteria were grown on wastewater samples from industrial-scale swine
fattening. The efficiency and rate of sulphate reduction were investigated in terms of the COD/SO, ratio
which ranged from 0.4 to 3.1. Reduction efficiency was found to exceed 90% at COD/SO, values higher
than 0.8. When the COD/SO, value increased, so did the efficiency of sulphate reduction, amounting to
97.8% at 3.1. It was found, furthermore, that the rate of sulphate reduction also increased with the
increasing COD/SO, ratio.

1. INTRODUCTION

Sulphate bacteria Desulfovibrio desulfuricans are well known for their par-
ticipation in the sulphur cycle and have been referred to in specialised literature
a great number of times [1], [2]. They have raised the interest of many investigators,
particularly those concentrating on the contribution of sulphates to the metha-
nogenesis process [3], [4], on gypsum bioconversion to sulphur, as well as on the
recovery of elemental sulphur [5]—[8]. The role of D. desufluricans consists in the
reduction of oxidised sulphur forms, e.g., sulphates, which is known as sulphate
respiration or biological desulphurication. To achieve the efficiency desired it is
necessary that both carbon and sulphates be present in the substrate, as shown by

equ. (1)
lactate™ + SO2~ — acetate ~ +2CO, + S?™. (v
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The contribution of various, chemically defined carbon sources to sulphate
bacteria growth and biological desulphurication efficiency is still regarded as
a problem of prime importance. Thus, MACPHERSON and MILLER [9] investigated
sulphate bacteria growth on substrates with carbohydrates, alcohols, organic acid
salts and amino acids as carbon sources. Of these, lactates (the component of
a standard nutrient medium prepared by Starkey) were found to be best suited to the
growth of D. desulfuricans.

Another problem concomitant with the removal of sulphates by biological
desulphurication is the optimisation of the C/S ratio in the substrate. DOMKA and
GASIOREK [10] obtained a 50% reduction of sulphates at a C/S ratio of 1.84. The
increase of the C/S ratio slightly improved the efficiency of the process, but, at the
same time, noticeably deteriorated its dynamics. In their more recent study,
DOMAGALA and DOMKA [11], [12] achieved a 90% reduction of sulphates with
a C/S ratio of 11.4 in the nutrient medium and in the presence of lactate as a carbon
source. According to Domagata and Domka, the efficiency of biological desul-
phurication was affected not only by the the C/S ratio, but by the carbon source as
well. In the presence of lactate, glucose and pyruvate, the optimum proportion of
carbon to sulphur amounted to 9.0, 4.5 and 6.5-9.2, respectively.

The high efficiency of sulphate removal obtained with synthetic nutrient media
under laboratory conditions encouraged us to upgrade the investigations by making
use of D. desulfuricans bacteria to remove sulphates from industrial wastewater. That
is why the present study involved a medium which consisted of non-sterile liquid
manure from pig farms. The medium was enriched with organic substances, biogens
and microelements. Sulphates were added, as their content in the manure was not
high enough. The objective of the study was to find out whether or not sulphate
respiration would occur in the non-sterile effluent from the pig farm, and to
determine the effect of the COD/SO, ratio substituted for the C/S factor.

2. MATERIALS AND METHODS

Microorganisms. Sulphate-reducing bacteria, D. desulfuricans, were isolated from
the hydrogen sulphide sources of the spa Busko Zdr6j [13]. The microorganisms
were adapted to the nutrient medium prior to inoculation [14].

Media. D. desulfuricans were grown on samples of industrial pig farm liquid
manure which was brought from the pig farm and stored at 5 °C. The chemical
parameters of the manure averaged as follows:

pH 7.9,
CODys), g of O,/dm? 5.3,
total nitrogen (Kjeldahl), g of N/dm*®  0.75,
ammonia nitrogen, g of N/dm? 041

total phosphorus, g of P/dm? 0.13,
phosphates, g of P/dm? 0.09.
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The nutrient media applied varied only in sulphate concentration which ranged
from 1.04 to 6.46 g of SO3~/dm3. In this way, it was possible to differentiate the
initial values of the COD/SO, ratio. The samples were treated predominantly with
FeSO,-7H,0 in amounts which enabled the COD/SO, ratio to be kept within 0.4
and 3.1 (table 1).

Table 1

Major parameters of the medium

Initial values of parameters examined

:::étzi COD/SO, COD/SO, loads c/s COoD/s
(mg of O, dm™3/ (mg of O,/ (mg of C dm™3/ (mg of O, dm~3/
mg of SO, dm™3) mg of SO,) mg of S dm™3) mg of S dm™3)

1 3.1 1.85 32 9.3
2 2.3 1.45 2.3 6.8
3 1.8 1.1 1.85 54
4 1.6 1 1.74 49
5 1.5 0.9 1.5 4.5
6 1.3 0.8 1.3 39
7 142 0.7 12 35
8 1 0.6 1 3.1
9 0.9 0.55 09 2.6
10 0.8 0.5 0.8 24
11 0.6 0.4 0.6 21
12 0.5 0.35 0.5 1.5
13 0.4 0.3 045 14
14* - - 1.8 -

* Starkey’s medium

Bacterial culture. Sulphate respiration processes were run in a system of 13
hermetic glass reactors of a two-liter effective volume. The reactors were fed only
once with 1.5 dm?® of nutrient medium and 0.5 dm® of inoculum (which contained
12.8 g of organic substances) and then incubated at 38 °C. Incubation was
discontinued when no changes were observed in the concentration of sulphates.

Analytical methods. Sulphates were determined in averaged samples gravimet-
rically, whereas the coefficients of the reduction rate were established graphically
according to the following equation:

So/S. = e ™ )

where S, and S, denote initial sulphate concentration and sulphate concentration
after time ¢ (g of SO, /dm?), respectively, K is directional coefficient in equ. (1) (h™!
or d™'); and ¢ indicates duration of the incubation process (h or d). COD was
determined by the dichromate method. TOC was calculated in terms of the equation:
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COD = 2.2595 TOC + 0.725 (3)

which describes the relationship between COD and TOC (figure 1) in the pig farm
effluent [15]. The equation incorporates the results from analysis of filtered and
non-filtered samples.

nf’) - samples non-filtered; ‘f") samples filtered
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Fig. 1. COD versus TOC for COD(nf) and COD(f) ranging from 1.0 to 12.1 g of O,/dm?
and from 1.65 to 5.5 g of O,/dm3,
respectively (based on the data reported by OLESzKIEWICZ [15])

3. RESULTS AND DISCUSSION

Table 2 relates the efficiency of sulphate reduction to the value of the COD/SO,
ratio.

From these data it can be seen that the efficiency of sulphate removal increased
with the increasing value of the COD/SO, ratio. Removal efficiencies higher than
90% were achieved at COD/SO, values exceeding 0.8. Below 0.8 the reduction of
sulphates decreased noticeably. Thus, in terms of removal efficiency, the most
advantageous values of the COD/SO, ratio ranged between 0.8 and 3.1. When
COD/SO, was expressed in terms of C/S (table 1), the C/S values reported by
DOMKA and GASIOREK [10] as the optimal ones were found to fall within the same
range. In our study, the optimal value of C/S yielded a higher removal efficiency. And
this is an indication that the wastewater from swine fattening proves to be a good
substrate for D. desulfuricans bacteria.
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Efficiency of removal versus COD/SO,

Table 2

No. of COD/SO, _3, Incubation time Removal efficiency
reactor (@mefotio ameg (h) (%)
mg of SO, dm~3) °
1 31 64 97.8
2 23 64 974
3 1.8 88 974
4 1.6 88 96.9
5 1.5 88 96.7
6 1.3 88 954
7 1.2 88 922
8 1 136 95.2
9 0.9 140 921
10 0.8 160 90.6
11 0.6 184 68.8
12 0.5 184 55.6
13 04 184 482
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Fig. 2. Sulphate reduction at varying initial COD/SO, values
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Figure 2 shows removal efficiency variations as a function of time. As shown by
these plots, the initial value of the COD/SO, ratio contributed markedly to the
biological desulphurication of sulphates. The time required to achieve a 90% removal
efficiency approached 40 h in reactor No. 1 at COD/SO, = 3.1, and increased to
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Fig. 3. Coefficients of specific rate for sulphate removal
at varying COD/SO, ratio (calculated in terms of S,/S, = e ~X)

No. of reactor 1 2 3 4 5 6 7 8 9 10 11 12 13

COD/SO2" 31 23 18 16 15 13 12 1 09 08 06 05 04

about 140 h in reactor No. 9 at COD/SO, = 0.9. When the COD/SO, values fell
below 0.8, the reduction of sulphates was noticeably inhibited. This phenomenon
(also reported by DOMKA and GASIOREK [10]) was likely to be associated with an
insufficient content of organic carbon compounds in the medium; their oxidation
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provides electron supply to sulphur which acts as a final acceptor in the sulphate
respiration process. Unlike Domka and Gasiorek, we observed no inhibition of
sulphate reduction at increased COD/SO, values. On the contrary, when the
COD/SO, ratio increased, so did the reduction of sulphates. At COD/SO, = 3.1
(maximum value), the removal efficiency was the highest, amounting to 97.8%.

What seems to play an important role in the removal of sulphates is the fixation
of hydrogen sulphide in the form of FeS. HILTON and OLESZKIEWICZ [16] showed
that hydrogen sulphide concentration contributed considerably to the microbiolo-
gical conversion of sulphur. The rise in H,S concentration inhibited methanogene-
sis and favoured sulphate respiration at the same time. H,S is also believed to affect
biological desulphurication; yet, the problem is still far from being well understood.

Our experimental results were also interpreted in terms of the sulphate
reduction rate, and the coefficient of specific rate k (k = K -2.303) appeared to be
a useful tool. Table 3 relates the rate of sulphate removal to the COD/SO, ratio.
Relevant plots are shown in figures 3 and 4.

0.08

k SO, (1/h)

0.4 0.5 0.6 0.8 0.9 1 1.2 1.3 1.5 1.6 1.8 23 a9
Initial COD/SO, values

Fig. 4. Coefficients of specific rate for sulphate removal versus initial COD/SO, values

As shown by the data in table 3, sulphates were removed at the fastest rate when the
COD/SO, ratio ranged between 1.3 and 3.1 (relevant values of the coefficient k varying
from 0.049 to 0.072 h™'). When the initial COD/SO,, values fell below 1.3, the rate of
removal was inhibited, and the half-period of reduction increased noticeably.
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Table 3
Rates of sulphate removal by biological desulphurication
No. of COBSOL S e K k t
reactor (M8 Of Oz dm7Y interval oyt ol
mg of SO, dm~3) (h) ¥
is 37 0-64 0.0293 0.067 0.999 043
2 23 19-64 0.0311 0.072 0.999 04
3 1.8 19-88 0.0221 0.051 0.975 0.57
4 1.6 19-88 0.0214 0.049 0.984 0.59
5 1.5 19-88 0.0218 0.05 0.951 0.57
6 1.3 41-88 0.0233 0.054 0.971 0.54
7 1.2 41-136 0.0165 0.038 0.99 0.76
8 1 41-160 0.0121 0.028 0.997 1.03
9 0.9 44-140 0.01 0.023 0.995 1.26
10 0.8 41-160 0.0081 0.019 0.997 1.54
11 0.6 41-136 0.0043 0.01 0.993 2.89
12 0.5 41-136 0.003 0.007 0.991 4.12
13 0.4 41-136 0.0024 0.005 0.984 5.25

The investigations revealed that desulphurication of sulphate-enriched liquid
manure from industrial pig farming could be achieved in the presence of D.
desulfuricans and that the efficiency and dynamics of the process depended on the
value of the COD/SO, ratio.
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WPLYW WSKAZNIKA COD/SO,
NA DESULFURYKACJE WZBOGACANYCH W SIARCZANY
SCIEKOW Z PRZEMYSLOWEGO TUCZU TRZODY CHLEWNEJ
Z UZYCIEM BAKTERII Desulfovibrio desulfuricans

Bakterie Desufovibrio desulfuricans hodowano na $ciekach z przemystowego tuczy trzody chlewnej.
Badano wplyw wartosci COD/SO, w przedziale od 0,4 do 3,1 na efektywnos¢ i szybko§¢ usuwania
siarczanow. Wykazano, ze usunigto ich ponad 90%, gdy COD/SO, byt wyzszy od 0,8. Stwierdzono, ze im
wyzszy byt COD/SO,, tym skuteczniejszy byt rozkiad siarczanéw i wynidst on 97,8%, gdy
COD/SO, = 3,1. Wykazano rowniez, ze wraz ze wzrostem COD/SO, zwigkszata si¢ takze szybkos¢
rozktadu siarczanow.






