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Abstract: The methods of BODs/CODg,, respiratory curve and CODz, were adopted to evaluate the
biodegradability of oxidized sulfiting rapeseed oil fatliquor. The results showed that when the
concentrations of the substrate were 250 mg/L and 500mg/L and the dosage of unacclimated activated
sludge was 300mg and pH was 7, the substrate was biodegradable and the biodegradation rate was up to
90%. When unacclimated activated sludge was 300mg and pH was 7, the biodegradability of the substrate
with the concentration of 1000mg/L became bad and the biodegradation rate reduced to 80.9%. Moreover,
the effect of pH, inoculation amount and salinity on the biodegradability of the substrate was obvious.
The biodegradability of the substrate was best as pH was 7 and alkaline medium had little influence on
the biodegradability of the substrate. When the inoculation amount increased to 1500mg/L, the
biodegradation rate increased. The biodegradability of the substrate was inhibited as the external NaCl
addition was 5% or 10%. The substrate could not be degraded as the external NaCl addition was 15%.
The high salinity provided hyperosmolarity for microorganism, which caused microorganism cells
dehydrate and activity inhibited. When the concentration of the substrate was 500mg/L, the ratio of
BODs/CODc; increased from 0.30 to 0.46 under the optimum condition. The biodegradability of the
substrate was excellent.
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1 Introduction

With the deepening of the awareness of the public on chemicals hazard and the strengthening of
environmental laws and regulations, the Production and Application of environment-friendly chemicals
(low toxicity, high efficiency and biodegradable) was essential for enterprises to seek market development
space and position product accurately ( Subramani Saravanabhavan et al., 2006; Palanisamy
Thanikaivelan et al., 2003) . As an important parameter for evaluating the environmental friendliness of
organic chemicals, biodegradable property parameter has been widely acknowleged. The methods of
organic chemical biodegradability evaluation include BODs/CODc¢,, Respiratory curves, CODg, et al.,
(Jiang, 1999). Wu et al. (2003) studied the biodegradability of wasterwater containing organic cyanogen
anion with high concentration adopting the methods of Respiratory curves. Kylie Catterall et al (2003)
have studied the biodegradability of Ferricyanide-Mediated using a mixed microbial consortium.

However, the study on the biodegradability of leather chemicals was limited. Wang, etal.(2004) and
Sun,et al.(2005) have emphasized the importance of leather chemicals biodegradability study. Fatliquor
played an important role in leather production.Granted by Tingjiang Fine Chemical Co.,Ltd., our studing
team choosed the company ‘s oxidized sulfiting rapeseed oil fatliquor (a kind of anionic fatliquor
prepared by the oxidized sulfating modification on rapeseed oil with the characteristics of fast permeation,
fatliquored leather soft and surface detailed) , as the research object and statistically studied its
biodegradability , which is of significance for the healthily development of the company.
2 Experimental
2.1 Chemicals and Mineral Salt Medium

C12H2011 (purity 99%), (NH,),FeSO, (purity 99.5%) and K,Cr,O; (purity 98.5%) were purchased
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from Tianjin Chemical Reagent Co., Ltd, China. A mineral salt medium (MSM) used for the growth of
microorganisms contained (mg/L) NH,CI, K;HPO, FeSO, « 7H,0 45, CaCl, 45, MgS0O,30, ZnCl, 30 at
pH 7.0. This MSM didn’t contain source of carbon and energy. All the chemicals were of analytical
grades and were purchased from Tianjin Chemical Reagent Co., Ltd, China.
2.2 Microorganism Cultivation

The activated sludge sample was collected from the sludge compression workshop of Bei Shi Qiao
Wastewater Treatment Plant in Xi’an, China. Appropriate amount of collected activated sludge was
transferred to a culture flask filled with 2000mL of sterile MSM containing C;,H,,04; as the sole source
of carbon and energy. The microorganism was incubated day by day until the microorganism
characteristics were detected as follows: The collected activated sludge became yellow flocculent sludge,
the SV3, was about 25%, and the MLSS was about 2000mg/L, which indicated that the activity of
microorganism was good enough for the followed experiment of organic biodegradability determination.
2.3 Evaluation of the Biodegradability of Oxidized Sulfiting Rapeseed Oil Fatliquor
2.3.1 The Biodegradability of Oxidized Sulfiting Rapeseed Oil Fatliquor
2.3.1.1 BODs/COD¢,

BODs/CODc, was mainly used to evaluate the biodegradability of low concentration organic
wastewater. The ratio of BODs/CODc,was generally less than 0.58 (kong et al., 2000) . Four different
concentration oxidized sulfiting rapeseed oil fatliquor (250mg/L, 500mg/L, 750mg/L and 1000mg/L )
were prepared by dissolving appropriate amount of the substrate into distilled water. The COD, of the
four different concentration substrates were determined by potassium dichromate method. The BODs of
the different concentration substrates was measured using BOD analyzer with other measurement
conditions as follow: 20°C, pH at 7.0, prepared mineral salt medium (MSM), 1500mg/L prepared
activated sludge. The four BODs/CODc;, ratios of the different concentration substrates were obtained as
Table 1.
2.3.1.2 Respiratory Curves

Respiratory curve was mainly used to evaluate the initial adaptability of the microorganism to the
substrate. BOD of the different concentration substrates (250mg/L, 500mg/L, 750mg/L and 1000mg/L )
was measured using BOD analyzer with other measurement conditions as follow: 20°C, prepared mineral
salt medium (MSM), 1500mg/L inoculation concentration. Moreover, The BOD of blank sample, whose
substrate concentration was 0 mg/L, was measured by BOD analyzer with the same other measurement
conditions. During each sample BOD measurement, the every day BOD value was recorded, and the
respiratory curves was obtained as Fig 1.
2.3.1.3 CODg

COD3owas mainly used to evaluate the ultimate biodegradability of the substrate, which reflected the
maximal degree of substrate utilization by the microorganism. 200ml different concentration of the
substrate (250mg/L, 500mg/L, 750mg/L and 1000mg/L) were transferred to four conical flasks. Other test
conditions was controlled as follow: pH at 7.0, mineral salt medium (MSM) through adding appropriate
content mineral salts in the conical flasks, 300mg prepared fresh activated sludge. The four conical
flasks were then putted in constant temperature shock incubator with the temperature 20°C constantly.
The test was lasted 30 days, The COD value of each sample was determined and recorded every 5 days.
The COD3, curves were obtained as Fig 2.

2.3.2 Factors Affecting the Biodegradability of Oxidized SulfitingRapeseed Oil Fatliquor

The method of Respiratory curves was adopted to evaluate the affection of inoculation amount, salinity,

pH on the the substrate biodegradation. Firstly, the substrate biodegradability was determined at
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inoculation concentration 500mg/L, 800mg/L, 1200mg/L, 1500mg/L with other determination conditions
as follow: 500mg/L substrate, mentioned salt medium conditions, pH 7.0, 20°C and salinity 0%; Secondly,
the substrate biodegradability was measured at salinity 0%, 5%, 10%, 15% with 1500mg/L inoculation
concentration and the same other determination conditions as before: Finally, the substrate
biodegradability was determined at pH 3, 5, 7, 9, 10 with 1500mg/L inoculation concentration, 0%
salinity and the same other determination conditions as before.
3. Results and discussion
3.1 The Biodegradability of Oxidized Sulfiting Rapeseed Oil Fatliquor
3.1.1 BODs/COD¢,

Table 1 The relationship between the substrate concentration and biodegradability

substrate concentration mg/L 1000 750 500 250
BODs (mg/L) 336 269 204 148
COD ¢(mg/L) 1380 1035 690 345
BODs/COD¢, 0.24 0.26 0.30 0.42
Relatively Relatively Relatively Easily
biodegradability difficultly difficultly easily biochemical

biochemical biochemical biochemical
Under the test conditions, when the substrate concentration was 250mg/L or 500mg/L, the substrate
could be degraded by the microorganism effectively. With the increase of the substrate concentration, the
substrate biodegradability became worse with degree as the substrate concentration was in the range of
0~1000mg/L.
3.1.2 Respiratory Curves
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Fig. 1 The relationship between the substrate concentration and biodegradability

Fig. 1 shows the substrate concentration had great influences on the substrate biodegradability. Under
the test conditions, the substrate respiratory curves were all above the endogenous respiration curve
indicating that the tested different concentration of substrate could be degraded by the microorganism.
The bigger the substrate concentration in the culture medium was, the easier the substrate utilization by
microorganism became. Under the test conditions, with the increase of the substrate concentration, the
substrate biodegradability became better with degree as the its concentration was in the range of 0~
1000mg/L.
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Fig. 2 The relationship between the substrate concentration and biodegradability

Fig. 2 shows, under the test conditions, with the increase of the substrate concentration, the ultimate
substrate biodegradation rate became smaller with degree. When the concentrations of the substrate were
250 mg/L and 500mg/L and the dosage of unacclimated activated sludge was 300mg and pH was 7, the
substrate was biodegradable and the biodegradation rate was up to 90%. When unacclimated activated
sludge was 300mg and pH was 7, the biodegradability of the substrate with the concentration of
1000mg/L became bad and the ultimate biodegradation rate reduced to 80.9%. The result shows the
substrate biodegradation rates all became smaller after 25 days. With the consumption of the nutrient by
microorganism, the species of the microorganism in the culture mediums changed greatly. The species
like Filamentous Bacteria that could endure low-nutrient conditions increased and they could be easily
suspended in the culture mediums, which caused the evaluation result deviation.
3.2 Factors Affecting the Biodegradability of Oxidized Sulfiting Rapeseed Oil Fatliquor
3.2.1 Effect of Inoculation Amount
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Fig. 3 The relationship between inoculation amount and the substrate biodegradability
Fig. 3 shows inoculation amount has great influences on the substrate biodegradation. With the
increase of inoculation amount, the substrate biodegradability become better as the inoculation amount
was among 0~1500mg/L. The more the inoculation amount was, the more the microorganism that could
degrade the substrate. When the inoculation concentration increased to 1500mg/L, the substrate
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biodegradation rate increased.
3.2.2 Effect of pH
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Fig. 4 The relationship between pH and the substrate biodegradability

Fig. 4 shows that the hydrogen ion concentration in the culture medium greatly influences the substrate
biodegradability since pH limits the activity of the microorganism. Under the test conditions, the
optimum pH for the substrate biodegraded was 7. When the pH was 9, the substrate respiratory curve was
almost coincident with that of pH was 7, indicating that alkaline medium had little influence on the
biodegradability of the substrate. When the pH was 3 or 5, the substrate degradation was relatively lower
than that of pH was 7. When pH was 10, the substrate biodegradation decreased sharply.
3.2.3 Effect of Salinity
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Fig. 5 The relationship between salinity and the substrate biodegradability

Fig. 5 shows the salinity of the culture medium has great influences on the substrate biodegradation.
When the additional NaCl was merely 5%, the substrate respiratory curve was under the blank one whose
additional NaCl was 0%, and the distance between them was relatively large, indicating that 5% salinity
could created inhibition to the activity of microorganism and the substrate could be degraded relatively
hard. When the salinity was 10%, the substrate respiratory curve was also under the blank one, and the
distance between them was obviously large, indicating that 10% salinity could inhibit the activity of
microorganism and the substrate could almost not be degraded by the microorganism. When the salinity
was 15%, the substrate respiratory curve was almost coincident with abscissa, indicating that the substrate
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couldn’t be degraded by microorganism under 15% salinity. The high salinity provided hyperosmolarity
for microorganism, which caused microorganism cells dehydrate and activity inhibited.

4. Conclusions

The results obtained in the present study showed that oxidized sulfiting rapeseed oil fatliquor, which
serves as the substrate for unacclimated activated sludge collected from Xi’an Bei Shi Qiao Wastewater
Treatment Plant of China, could be degraded effectively and the ultimate biodegradation rate could reach
up to 90% when the concentrations of the substrate were 250 mg/L and 500mg/L and the dosage of
unacclimated activated sludge was 300mg and pH was 7. Under the test conditions, the effect of the
substrate concentration, pH, inoculation amount and salinity on the biodegradability of the substrate was
obvious. The optimum substrate biodegradated conditions were selected as follow: pH was 7,
inoculation amount was 1500mg/L and the salinity was within 5%. When the concentration of the
substrate was 500mg/L, the ratio of BODs/CODc, increased from 0.30 to 0.46 under the optimum
condition. The biodegradability of the substrate was excellent.
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