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Treatment of high salt,high nitrogen and high phosphorous organic wastewater has been proved to be a difficult task due to the toxic |
effects of high salinity on microorganisms. In order to find an effective, economical and environmentally friendly approach, a cyclic |
activated sludge system (CASS) was used at the pilot scale for the treatment of nitrogen, phosphorus, COD and suspended solid in mixed
wastewater of mustard factory effluent and urban sewage. The treatment performance of CASS pool under the several conditions of |
mustard wastewater mixing ratios were investigated. Effectiveness was measured periodically in terms of influent and effluent COD, total |
nitrogem, total phosphorus and suspended solid. The oxido-reduction potential (ORP) in anoxic phase in the reactor was also considered. |
Results showed that the highest mixing ratio that met the discharge standard was obtained, thus the highest salinity, COD, total nitrogem, |
total phosphorus and suspended solid of influent wastewater were determined. Therefore, an alternative for high salinity wastewater
treatment via CASS is provided. I
|
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pollutants and treat high salinity wastewater'>". Salt-tolerant
halophilic organisms may be used for effective biological
treatment of salinity wastewater'’. Biological treatment of
hypersaline wastewater by pure halophilic bacteria has been
studied in biofilms, sequencing batch reactors'>'® and in rotating
biological contactor'’. Various types of microbial cultures were
tested for the treatment of salinity wastewater in an aerated
percolator unit. Salt-tolerant, halobacter supplemented mixture
by an activated sludge culture was found to be the best of the
cultures tested in terms of COD removal efficiency. Nearly
80 % was obtained at a 5 % salt concentration'®.

Bio-treatment of high-salt wastewater has made great
achievements, but most are still limited to laboratory scale.
The purpose of this work is to provide a helpful reference for
high-salt wastewater reduction by cyclic activated sludge
system (CASS) process.

INTRODUCTION

Salinity wastewater is generated in many industries over
the world'. Yan ef al.® used catalytic vacuum distillation to
treat salinity petroleum refinery wastewater and COD removal
rate reached 99 %. Calheiros et al.’ found that the constructed
wetlands were efficient to treat salinity wastewater. Vemura
et al.” hold that average COD and NH,*-N removal rate was
99.6 and 96.8 %, respectively when treat salinity wastewater
by a DHS reactor.

Compared to physical and chemical methods, biological
wastewater treatment technology has a series of advantages”.
However, salinity organic wastewater was poorly degraded in
conventional treatment plants due to the adverse effects of
saline on microbes®. High salinity leads to sharp changes on
metabolism of microbial and dramatic rise in osmotic pressure,
which causes cell plasmolysis’®. Besides, salt causes changes

on sludge flocs and biofilms architecture and sludge settle
ability characteristics’. High salinity also puts negative impacts
on the removal efficiency of N, P, BOD and COD’'°. Biological
treatment of saline wastewater has not been universal''.
However, many scholars indicate that bacteria living in
hypersaline environments have a great potential in degrading

EXPERIMENTAL

Experimental set-up: The structure of CASS pool with
handling capacity 2500 m*/d is shown in Fig. 1. The pool
consists of biological selection pool and main reaction pool.
Wastewater flows into the former pool along with backflow
sludge from the latter one.
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TABLE-1
COMPOSITION OF MUSTARD WASTEWATER AND URBAN SEWAGE
Salinity (%) COD (mg/L) NH, "N (mg/L) TN (mg/L) TP (mg/L) SS (mg/L)
Mustard wastewater 1.5-2 380-422 57.5-71.4 188.5-237.1 21.22-27.09 263-315
Urban sewage - 186-235 15.1-19.7 20.5-27.1 1.13-3.90 143-188
3 RESULTS AND DISCUSSION

R

Fig. 1. Structure of CASS pool. 1-Pre-reaction zone 2-main reaction zone
3-decanter4-aerator 5-influent 6-effluent

In the bottom of the biological selection pool a duplex
aeration agitation dual-use machine is installed. The designed
flow, available depth and hydraulic retention time are 57.87
L/s, 4.5 mand 2.23 h, respectively. The size is 6.45 m x 8.00 m
(L x B).

Three duplex aeration agitation dual-use machines with
oxygenation ability 13 kg O»/h and mixing diameter 12 m are
installed in the bottom of the main react pool with size 36.55 m
% 8.00 m (L x B). The designed flow, available depth, hydraulic
retention time, sludge loading, suspended sediment concen-
tration and sludge yield of the pool are 57.87 L/s, 4.5 m and
12.65 h, 0.1 kg BODs/kg MLSS d, 4000 mg/L, 0.45 kg Ds/kg
BOD, respectively.

Water composition: The influent is mixture of urban sewage
and pretreated industrial mustard wastewater (Table-1). The
mixed water looped through coarse grid, fine grid, adjusting
pool and grit chamber orderly before flowing into CASS pool.
CASS pool ran in accordance with the design conditions.

Experiment procedure: In the collaborative process, the
effluent water equality under circumstance of different influent
mustard wastewater mixing ratios was investigated. The mixing
ratio was increased until the effluent could not meet the
emission standards'®. Influent and effluent COD, TN, TP and
SS were measured periodically and the ORP in anoxic phase
was also tested. The experimentation lasted 135 days, during
which mixing ratio was increased from 8+ 1 % to 35+ 1 %
gently (Table-2). The collaborative treatment was stabilized
by modifying the drainage ratio, run time and sludge concen-
tration.

TABLE-2
WATER QUALITY IN EACH PERIOD

Period Mixing ratio Organic load Salinity

(days) (%) (kg COD/m’ d) (%)
1-30 8+1 0.45-0.50 021+1
31-60 15+1 0.51-0.55 029+1
61-90 20+1 0.56-0.60 044 £ 1
91-105 25+1 0.61-0.64 054 +1
106-120 30+ 1 0.65-0.70 0.64 £ 1
121-135 35+1 0.71-0.75 074 %1

Analysis methods: All water quality objectives were
tested according to standard methods for the examination of
water and wastewater”.

Removal of COD: Increase of salinity, led to a reduction
in microbial activity?'. Although the increase in salinity and
influent COD would result in a short period of substandard of
effluent COD (66-88 mg/L), effluent COD would maintain 50
mg/L or less afterwards (Fig. 2). Microbial activity recovered
over time and then effluent COD met the requirements. Mean-
while, with the increase of mixing ratio, microbial activity
suppression by salinity intensified and microbial activity
recovery time lengthened®. The total flow was lower than
designed (2500 m*/d). Organic load changed little after mixing
of the two wastewaters, so salinity was a major factor affecting
the run. The HRT should be extended appropriately, or the
drainage ratio should be reduced to ensure the compliance of
effluent COD.

—— Influent
—=— Effluent

0 20 40 60 80 100 120
Period (days)

Fig. 2. Influent and effluent COD in different mixing ratios and organic load

Removal of total nitrogen: Influent total nitrogen increased
dramatically (Fig. 3), which resulted from rise of mixing ratio.
When incorporation ratio rose from 8 £ 1 % to 35 + 1 %,
influent TN rose from 40 to 88 mg/L. Effluent TN was mixing
ratio depended and increase in salinity inhibited nitrifying and
denitrifying bacteria activities. In the initial, effluent TN were
20-40.48 mg/L generally. As time increase, microbial activity
gradually recovered and effluent TN reached the mark. When
mixing ratio was 30 £ 1-35 £ 1 %, influent TN was 83.2-88.3
mg/L and effluent TN was 25.3-32.9 mg/L. High TN and lack
of carbon source led to damage of nitrification and denitri-
fication system, making it difficult to achieve a TN discharge
standard. Aslan and Simsek> indicated that the nitrification
rate was negatively affected from the salinity.
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Fig. 3. Influent and effluent total nitrogen in different mixing ratios and
organic load
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Besides, it took more time than the other bacteria for
nitrification and denitrification system to recover, which meant
that nitrifying bacteria and denitrifying bacteria had a worse
adaptability to high salinity than normal zoogloea. Therefore,
only when the mixing ratio was less than 30 = 1 %, namely,
salinity and organic load were less than 0.65 % and 0.55 kg
COD/(m? d), effluent TN could reach the mark.

Removal of total phosphorus: With the increase of
mixing ratio from 8 £ 1 % to 35 £ 1 %, influent TP increased
sharply from 4.2-9.78 mg/L (Fig. 4). When mixing ratio was
8+ 1% to30+£1 %, effluent TP was 0.66-3.28 mg/L. In each
stage, effluent is 1.03-1.55 mg/L after phase of adjustment.
Although inhibited, phosphorus removal bacteria restored over
time and effluent TP could reach the mark. When the mixing
ratio was 30 = 1 % to 35 = 1 %, influent TP was 8.04-9.78
mg/L and effluent was 1.67-3.88 mg/L and effluent was 1.67-
1.99 mg/L even after adjustment. This showed that phosphorus
removal bacteria had a limited capability of phosphorus
removal.

12
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—— Effluent
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Fig. 4. Influent and effluent TP in different mixing ratios and organic load

Removal of suspended solid: Influent SS hardly changed
as mixing ratio increased (Fig. 5) which meant there was no
definite correlation between SS and salinity. However, the
zoogloea bacteria activity was depressed by increase of salinity.
So the degradation of microbial flocculation and sedimentation
performance resulted in substandard effluent SS temporarily
and effluent SS were 20-38 mg/L generally. After a few days
of adjustment, microbial activity gradually restored and effluent
is 12-19 mg/L and up to standard. Although influent SS
fluctuated, effluent SS was stable and adjustment period were
similar in each stage, which meant there was little effect of SS
fluctuation on zoogloea bacteria.
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Fig. 5. Influent and effluent SS in different mixing ratios and organic loads

Oxidation-reduction potential in anoxic phase: For
activated sludge process, ORP measurement appeared to be
helpful for aeration management®. In the case of the mixing
ratio 8 £ 1 % to 35 £ 1 %, the ORP of the hypoxia pool was
-128 to -98 mV, just as shown in Fig. 6. However, ORP of
anoxic phase in conventional wastewater treatment processes,

such as A0, is higher as -105 to -90 mV, generally. That is,
denitrification potential of CASS is better than other normal
treatment plants, which can be demonstrated by removal
efficiency of TN in this work.With the increase of incorporation
ratio, ORP increased slowly in this work, indicating a strong
adaptability of salinity. Under circumstance of above 30 + 1
% mixing ratio, ORP of hypoxia pool was above -100 mV,
leading to a bad nitrogen removal rate.

Mixing ratio (%)

5 10 15 20 25 30 35
-20 I I I I I I
-60
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Fig. 6. ORP in different mixing ratios

Conclusion

Total nitrogen and total phosphorus were restriction
indicators affecting the co-processing performance. When the
influent salinity, COD, TN, TP and SS were up to 0.62-0.65 %,
241-274, 71.68-76.46, 6.90-8.72 and 177-210 mg/L,
respectively, CASS pool was capable of disposing the mixed
wastewater. When mixing ratio was above 35 + 1 %, other
nitrogen and phosphorus removal methods were necessary. In
order to reduce the negative impact of increase in total organic
load, TN and salinity on treatment performance, drainage ratio,
running time, aeration intensity and sludge concentration were
modified. Therefore, when mixing ratio was less than 30 +
1 %, all the indicators are stable to achieve a B standard, level
I of urban sewage treatment plant pollutant discharge standards
(GB18918-2002).
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