With increase of NaCl from O to 30 g/, the effiluent T-N for Model A increased from
2.8 to 7.8 mg/l whereas the removal efficiency dropped from 88 to 68 percent,
respectively (Figure 4). The corresponding number for Model B was 3.7 to 7.4 mg/l
and 85 to 70 percent, respectively. This T-N concentration is considered low,
according to discharge standards of 10 mg/l of many countries. That is both systems
could effectively withstand a very high salt dose of 30 g/, indicating a good salt
tolerating capability or salt adaptability of nitrogen bacteria in the AA/A process.
Figure 5 shows different species of nitrogen in the effluent at different NaCl
concentrations in Models A and B; somewhat lower TKN and higher NOs-N in the
effluent of system B indicated a little better performance in terms of nitrification of this
system than that of System A. It is noted however that this difference was not so

distinct.
~ ——o—Model A
E’f Tgx .-0--- Model B
/i NaCl
L 100
- 80
° 60
40 - + ‘ L : 4
0 5 0 15 20 25 3 §INaCl

b) T-N removal efficiency

Figure 4. Total nitrogen concentration in the effluent and T-N removal.
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Figure 5. Nitrogen species in the effluent of both systems.
In Model A, the nitrate decreased while TKN increased in the aerobic tank with

increase of salt, showing some salinity effect on the nitrification process. This
reduction in efficiency of nitrifiers explained why TKN in the anoxic tank increased at

142 BNR3 CONFERENCE — BRISBANE 1997

»
w130



-¥ 131
high NaCl cases (Figure 6). At the control condition of 0 g/l NaCl, negligible amount
of TKN and nitrite nitrogen was seen in the aerobic tank while the nitrate nitrogen was
high, showing the relatively complete nitrification. At higher concentration of 5-10 g/l
NaCl, nitrite and nitrate nitrogen in this tank were higher, indicating a certain effect on
nitrobactor which could not coavert all nitrite to nitrate. On the other hand, when
NaCl dose went to 20-30 g/, less nitrification could take place, as seen by low nitrite
and nitrate in the aerobic tank. Again, this salinity effect was not so rigorous and the
difference in the concentration of nitrogen species at all stages was very little. For
Model B in which bacteria continuingly adapted to higher salinity, effects on the
nitrifiers was negligible (Figure 7). TKN in all tanks was almost equal at all NaCl
doses whereas no nitrite was seen in the anoxic unit, In brief, nitrogen bacteria could
develop 1o be so tolerating to high salinity of as high as 30 g/l and not much salt effect
was anticipated on this type of bacteria in the AA/A process.
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b) Nitrite nitrogen (mg/i)
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Nitrale nitrogen  Nitrite nitroger

Ana. Ano. Aer.
c) Nitrate nitrogen (mg/l)

Figure 6. Nitrogen species at different stages of Model A.

Figure 8 shows the poor performance regarding the P removal of both systems
Filtered or soluble phosphorus concentration in the effluent was very high (7.7 to 10.3
mg/l P) even in the control unit (7.7 mg/l P) of no chloride addition, indicating there
was no P luxury uptake and PAB in this system though the P removal efficiency of
Model B was a little better than that of Model A. The phosphate content in dried
mixed liguor of about 1.5-2.2 percent was approximately the same as that of
conventional activated studge system (Figure 9). This is probably because of innitable
suitable environment of high temperature of 28-33 °C (Mamais and Jenkins , 1992)
and insufficient time for PAB to proliferate (Okada er af, 1991). It is therefore not
clear if salt had any unfavorable impact on the PAB and a definite conclusion could not
be drawn in this case.
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Figure 9. P content in dried MLSS.

CONCLUSIONS

Salinity tolerating capability of carbon bacteria was 8pparently less than that of
nitrogen bacteria. With increase of NaCl from 0 to 30 8/l in the non-acclimated Model
A, the COD removal efficiency dropped from 97 to 60 percent while the T-N
reduction decreased only from 88 to 68 percent. With inoculation of NaCl acclimated
seed and with more time for adaptation as that in Model 1§ some enhancement of COD
removal efficiency (71 percent) was seen but only very [jjyle improvement in T-N
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removal was achieved. The discharge in all cases was very low in T-N concentration
(2.8-7.8 mg/l). Most of COD reduction occured in the anaerobic stage but the COD
reduction level in this particular tank decreased with NaCl concentrations. With
inoculation of acclimated seed and with longer exposure to high salt during runs, the
system could adapt itself and the level of COD reduction in different tanks was back to
be similar to that of the control unit. The upper limit of salt was presumably 20 and 30
2/1 NaCl for the carbon and nitrogen bacteria, respectively. The luxury P uptake was
not seen in this study and the adaptability of PAB to salinity was therefore not
conclusive,
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ZINC EFFECTS ON THE ORGANICS
AND NITROGEN REMOVAL BY
AN ANOXIC/OXIC PROCESS

. Thongchai Panswad and Panyarat Polprucksa

;. Department of Environmental Engineering
" Chulalongkorn University, Bangkok 10330, Thailand

ABSTRACT

A bench-scale anoxic/oxic activated sludge process with HRT of 1.2 and 12 hours,
respectively, was investigated with a synthetic wastewater of COD:N:P of 500:40:10
mg/] and zinc dose of 0 {control), 10, 25, 35 and 50 mg/], respectively. With 0. of 10
days, F/M of 0.3 and MLSS about 1900-3200 mg/l, the process could achieve high
COD and TN removal of 96 and 82-85 percent, respectively, for the whole range of
zinc doses, except at 50 mg/l Zn where the TN removal dropped to 70 percent
efficiecncy. Afier the steady state, the process was shocked with 300 mg/l Zn for 4
days, during which the COD and TN removal for the control unit dropped to 40 and
33.5 percent, respectively, However, after the recovery period of some 9 to 13 days,
the COD and TN removal could go back to the original situation, except at 50 mg/l
dose where the TN reduction efficiency went back to only 55 percent. This finding
showed higher zinc impact on nitrogen bacteria than on carbon bacteria. Zinc was
shown to be sorbed into bactenia cells; higher zinc content in cells increased from 68 to
204 mgZn/g MLSS(dry weight) at the 10 to 50 mg/l Zn cases, respectively. During the
shock period, this number went up to as high as.344 mgZn/g MLSS, but agian
dwindled to almost the same content when the system was allowed to recuperate,
Elutriation of zinc from the cells and the system was the probable explanation for this
occuirence. The treated effluent had a very low Zn concentration of 1.5 mg/l (0.3mg/!l
for filtrate sample) and could be freely disposed to the environment.

KEYWORDS
BNR; zinc; anoxic-oxic; nitrogen removal
INTRODUCTION

Heavy metals are known to be toxic to biological trement systems. Zinc is one of the
main impurities found in wastewaters and was chosen to be investigated in this anoxic-
oxic study. Several other researchers have reported the zinc effects on other traditional
biological processes (Barth, 1965; Neufeld and Hermann, 1975; Neufeld , 1976;
Watanagera, 1983; Waara, 1992; Moriyama, 1992; Guamaes, 1994).

46 BNR3 CONFERENCE — BRISBANE 1997 - -«

MmN 134

presented paper



»”
wul 1356

METERIALS AND METHODS

Table 1 show the laboratory and operational setup of this study. An anoxic tank with 11
capacity was put ahead of a 10 | oxic tank, with the corresponding HRT of 1.2 and 12
hours, respectively. The sludge recycle flowrate (Qras) was set at 50 percent of the
incoming flow (Qy) while the internal recirculation (Qr) was 2.0 times ;. The sludge
age and F/M ratio were 10 days and approximately 0.3, respectively, whereas the
MLSS was kept at 1,900-3,200 mg/l. The excess sludge of 1.1 litre per day was
manually withdrawn from the aeration tank and after settling for 30 min the supernatant
was sent back to the system so that the effect on HRT was minimized. The feed COD,
TKN and TP were 500, 40 and 10 mg/l, respectively, see Table 2. Zinc stock solution
was separately fed to the system so that the zinc precipitation in the wastewater holding
tank was avoided. The final zinc concentration to the process was 0 (control), 10, 25,
35 and 50 mg/l. After the process performance based on COD and TN removal at the
steady state condition was investigated, the system was further shocked with 300 mg/l
Zn for 4 days before going back to the pre-shock (0 to 50 mg/l Zn) state and the
process performance was again studied and then compared with the earlier results.

Table 1 Operational conditions in this study.

1. Flowrate (Q)), (/d) 20 6. Totat HRT, (day) 0.55

2. Sludge Recycle flowrate(Qras), (1/d) 10 7. SRT, (days) 10

3. Recirculation flowrate (Qr), (/d) 40 8. Feed COD, (mg/l) 500

4. Anoxic volume, ) 1 TKN, (mg/) 40
HRT, (hrs) 1.2 TP, (mg/) 10

5. Oxic volume, ¢ 10 9. F/M, (day™) 0.3
HRT, (hrs) 12 10. MLSS, (mg/1} | 1900-3200

Table 2 Composition of the synthetic wastewater.

Constituents | Concentration (mg/l) | Constituents | Concentration (mg/l)
Sugar 358 (500mg/l as COD) | FeCl 6
KH;PO, 33.5 (10mg/ as P) NaHCOs 325
(NH.4)S0, 188.6 (40mg/l asN) ' CaCl, 8.5
1\1g504.7H20 135
RESULTS AND DISCUSSION

Figure 1 illustrates the filtrate COD in the anoxic tank and the effluent as well as the
total COD in the effluent. It is noted that data for the first some 7 days were taken
after the steady state had already been reached for some time (7 to 12 days). Most
organic carbon in terms of COD was removed in the anoxic stage and after a certain
period of acclimation, the zinc dose up to 50 mg!l did not affect the system
performance, based on the last-5 days-average soluble or filtrate COD. The soluble
COD removal efficiency was 96 percent throughout the whole range of zinc
concentration, see Figure 2. However, at high zinc dose of 50 mg/l, a not so good

* BNR3 CONFERENCE — BRISBANE 1997 347



COD (mg/)

0 2 4 6 % 10 12 14 16 18 20 22 24 26

) . . . . DAYS
a) Filtrate COD in the anoxic tank at different Zn concentrations.
600
%on — @ — OmglZn
< —8—10mel Zn
200 = =or - <25mp/lZn
(=] ——-=35 mg/l Zn
2 o) " ; + —O-— 50 mg!t Zn
=
S 0 2 4 6 B 10 12 14 16 18 20 2 24 26 paye
b) Total COD in the effluent at different Zn concentrations.
500 +

l

j =~ —0mgl1Zn
| —B—-10mgl Zn
;o m e =25 me Zan
—-—35 mgl Zn
—0—50mg/l Zn

g g

[=]

0 2 4 6 8 10 12 4 16 18 20 22 24 2 DAYS

Fiitrate COD(mg/)
2
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Figure 3 Effluent SS at different stages and zinc doses.
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settling capability was achieved and high concentration of SS (32 mg/1) was apparent in
the effluent (see Figure 3), resuiting in lower total COD removal of 92 percent.

During the shock period, some effects from high zinc dose were clearly seen at the
anoxic stage, especially when the bacteria had not been exposed to zinc contamination
before (control condition of 0 mg/l Zn), see Figure 1a. The DO level in the anoxic tank
during the shock period apparently went up to as high as 4-5 mg/l for this control
circumstance (Figure 4a), because of the high DO and nitrate present in the recirculated
flow and the non-activeness of the ‘shocked’ denitrifiers. ORP in the anoxic stage as
shown in Figure 4¢ also confirmed the adversed impact of zinc on denitrifiers and
carbon bacteria at both steady state and during shock load, with higher effect on the
less acclimatized (exposed to less zinc dose) systems. The increase of ORP in the
anoxic tank during the shock stage reflected less denitrification in the process. The
effects of zinc were somewhat however reduced in the oxic stage, as shown by a higher
COD removal at the final discharge, especially when filirate COD was taken into
account (Figure 1), ORP in the oxic tank for the same shock period was quite similar to
that prior to the shock, see Figure 4d. For the control unit of 0 mg/l Zn, the zinc shock
effect on the COD removal was quite high, the COD removal went down from 96 to
only 40 percent whereas that for the zinc pre-exposed condition dropped only a little to
88 percent, see Figure 2. This finding demonstrated that the anoxic/oxic process
regarding COD removal could adapt really well to the zinc dose up to 50 mg/l
concentration,

From Figures 1, 3 and 4c, it is apparent that it took the system some time (9 to 13
days) to get recovered back to the initial conditions, the COD removal efficiency went
back to as high as 96 percent, as shown in Figure 2. However, based on ORP in the
anoxic tank (Figure 4c) it took the control unit less time for the recuperation. The
probable explanation is because of higher zinc sorption into bacterial cells under higher
Zn doses (Figure 5) and it therefore required longer time for the zinc elutriation from
the process. The zinc content in cells, expressed as mg Zn per g MLSS (dry weight)
increased from 80 to 203 and from 68 to 204 mg Zn/g MLSS for the 10 to 50 mg/l Zn
scenarios for the anoxic and oxic tanks at the steady state condition, respectively. The
different ratio of feed COD and Zn which resulted in different zinc content in bacterial
cells could definitely affect the process performance (Panswad and Polprucksa, 1998).
More sorption of zinc into cells was obvious during the zinc shock period, with more
sorption per cell mass (436 mg Zn /g MLSS) under the oxic stage than the anoxic step
(344 mg Zn /g MLLSS). However after the elutriation of zinc through the recovery
period, the cell zinc centent decreased to approximately the same as that before the
shock at every zinc dose condition.

Figure 6 illustrates the concentration of different species of nitrogen under the 3
operation stages at various zinc doses. The total nitrogen removal, was 82 to 85
percent at the steady state condition for 0 to 35 mg/l Zn cases and dropped a little to 70
percent at 50 mg/l Zn condition (Figure 7). Moreover, at this highest dose of zinc,
more ammonia and nitrite but less nitrate were seen in the oxic tank (Figures 6b, d and
f) or less degree of nitrification was achieved. This happening coupled with very high
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Figure 6 Different species of nitrogen in the system at differrent zinc doses.
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COD removal at all zinc doses showed a little higher impact of zinc on nitrogen
bacteria than on carbon bacteria, see Figures 2 and 7. The effect of 50 mg/l Zn on
nitrobactor should be also higher than on nitrosomonas.  High ammonia and low
nitrate concentrations in the oxic tank under the shock period showed the impact of
zinc on the nitrifiers, see Figures 6b and f This impact was apparently even more
pronounced at no or low zinc dose cases. TN removal was only 33.5 and 50 percent
for the 0 and 10 mg/l Zn case (Figure 7). Figures 4c and 6e show higher ORP and
nitrate in the anoxic tank, meaning that the denitrifiers were also affected by the zinc
shock dose than on carbon bacteria, see also Figures 2 and 7. On the other hand, when
the system was subsequently dosed at the initial zinc concentrations, it couid not
perform equally well until 10 to 13 days later; with longer time needed for the control
case, see Figures 6a and b. However, at the 50 mg/l Zn dose, the process could not
fully recover and the ammonia content in both the anoxic and oxic stages could not
drop down to zero as earlier witnessed. Figure 7 also show the incapacity of the
nitrogen bacteria to fully recover back to the original state at 50 mg/l Zn.

The system could produce the effluent with high quality in terms of average zinc
concentration of 1.1 to 1.8 and 0.6 to 3.2 mg/l Zn at the steady state and after the
recovery period, respectively. This is comparable to the 5 mg/l Zn Thailand standard
(Table 3). However, during the shock period, the zinc level increased as expected to a
very high level of 110 to 636 mg/l Zn.

—o—steady |
Stale

—{3—shock
period

A afler 7
fecovery :

) 10 20 30 40 50 Zn (mgh) '.

TN removal

Figure 7 TN removal effictency at three different operational stages.

Table 3 Zinc concentration in treated effluent.

Zinc dose(mg/1) Steady state Shock period After recovery
filtered | non-filtered | filtered | non-filtered | filtered| non-filtered

0 - - 400 636 0.8 6

10 0.3 1.2 116 142 0.7 3.2

25 03 1.8 105 142 0.4 0.6

35 0.1 1.1 90 110 0.2 0.7

50 03 1.5 143 168 03 26
CONCLUSIONS

Not much effect of as high as 50 mg/l zinc could be noticed on the COD removal
capability of the anoxic/oxic process. The same condition could also be drawn for the
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total nitrogen removal, except at 50 mg/l Zn where the efficiency dropped a little from
85 to 70 percent. When shocked with high dose of 300 mg/l Zn for 4 days, the control
system which had not earlier been exposed to zinc dropped in both the COD and TN
removal efficiency but this removal capability increased with the level of zinc
acclimation (prior continuous exposure to 10 - 50 mg/l zinc for some 14 days). Higher
effect was evident on nitrogen bacteria than on carbon bacteria during this shock stage.
After recuperation period of 9 tol3 days, the anoxic/oxic process could however fully
recover back to the original capacity regarding COD and TN reduction. Only a drop in
TN removal from 70 to 55 percent at the high dose of 50 mg/l was apparent. Zinc
sorption into cell based on mg Zn/g MLSS(dry weight) increased with the dosage of
zinc to the system, resulting in low zinc concentration in the discharged effluent which
was much less than Thailand standard of 5 mg/l.
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SPECIFIC OXYGEN UPTAKE,
NITRIFICATION AND DENITRIFICATION
RATES OF A ZINC- ADDED ANOXIC/OXIC
ACTIVATED SLUDGE PROCESS |

Thongchat Panswad and Panyarat Polprucksa

Department of Environmental Engineering
Chulalongkorn University, Bangkok 10330, Thailand.

ABSTRACT

The objective of this research was to study the specific oxygen uptake rate (SOUR)
specific nitrification rate (SNR) and specific denitrification rate (SDNR) of an anoxic
oxic activated sludge process fed with zinc-added synthetic wastewaters., Two sets ¢
model called Model A (normal COD load) and B (high COD load) were established
The characteristics of synthetic wastewaters used in Model A were 500 mg/i COD, 4
mg/l TKN and 10 mg/l P while those of Model B were 3500 mg/t COD, 175 mg/l TK}
and 25 mg/l P, respectively. The zinc doses varied from O (control) to 10, 25, 35 an
50 mg/l. When the two systems reached steady state, they were further shocked witl
300 mg/l zinc for 4 days before getting back to the initial conditions. The SRT anc
F/M of both models were 10 days and 0.3 whereas the HRT for Models A and B wa:
13 hours and 2.5 days, respectively. The SOUR of Model A decreased with the
increase of zinc concentration, from 15.12 to 7.2 mg O./g MLSS-hr, while that o
Model B was relatively constant. The SNR of Model A also dropped with zinc dose:
to be from 4.0 to 1.4 mg NH,"-N /g MLSS -hr and the SDNR was from 19.6 to 5.:
mg NO; /g MLSS-hr respectively. Meanwhile, the SNR of Model B was relatively
constant (1.5-1.8 mg NH,"-N /g MLSS -hr) while the SDNR was 10.2 to 8.3 mg NOs
/g MLSS -hr. At high COD load condition, the zinc dose applied here did not muct
affect the SNR and SDNR of the systems at the steady state. On the other hand, unde:
the normal COD load condition, the SNR and SDNR was much higher than its high-
loaded counterpart at low zinc conditions, but they decreased drastically when the zinc
dose increased to 25-50 mg/l. With higher load and larger reactors in Model B, more
bacteria mass was available, making the system more tolerable to high zinc dose. The
SNR of Model A during the shock period dropped somewhat to 0.67 to 1.26 mg
NH,"-N /g MLSS -hr, whereas the SDNR decreased to 1.5 to 3.0 mg NOs /g MLSS -
hr. The impact from zinc shock in such circumstances was higher on denitrifiers than
on nitrifiers. However, the SNR of Model B were 0.77 to 1.5 mg NH,"-N /g MLSS -
br and the SDNR were 2.9 to 6.15 mg NO;s" /g MLSS -hr. Not much effect on both
nitrifiers and denitrifier was evident in this case. For Model A, the recoverability of
nitrifiers was not so good while that of denitrifiers was quite high. But for Model B,
those recuperation ability was similarly good for both nitrifiers and denitrifiers.
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INTRODUCTION

Zinc is used as a raw material component in several industrial manufacturing processes
such as rubber thread, the wastewater from such factory can contain zinc and COD
upto 300 and 8000 mg/l, respectively. Several researchers did investigation works on
the effects of zinc on traditional biological processes (Neufeld and Hermann, 1975;
Neufeld, 1976; Watanagera, 1983; Waara, 1990; Gumaelius, 1994). It is the intention
of this study to determine the effect of zinc on an anoxic-oxic process at both normal
and high COD strength conditions.

METERIALS AND METHODS

This research was done based on two lab-scaled models, ie., A) under normal load
with COD, N and P of 500, 40, 10 mg/l, and B) under high load with COD, N and
P of 3,500, 175,25 mg/l. Details of the experimental setup are shown in Figure 1 and
Table 1 while Table 2 tabulates the composition of the two synthetic wastewaters. The
zinc concentration in the feed varied from 0 (control) to 10, 25, 35 and 50 mg/l. After
the steady state was reached, the specific oxygen uptake (SOUR), nitrification (SNR)
and denitrification rate {SDNR) were determined. In the SOUR investigation, the DO
drop in BOD bottles containing pre-aerated mixed ligour was continnously measured.
In the SNR and SDNR study, this was done by placing some 300-400 ml of the mixed
liqour from the oxic and anoxic tanks to a beaker. In the SNR case, the mixed liqour
was aerated to maintain the DO leveled of 3 to 4 mg/l while only sample agitation was
provided for the SDNR investigation. Temperature, MLSS, DO and pH were
monitored while samples were drawn from the beaker at 5-20 minutes interval before
analysed for the remaining ammonium and nitrate nitrogen, respectively (Randall et a/.,
1992). In case of SNR and SDNR, samples were filtered before the chemical analysis.
DO was measured by YSI 52 DO meter whereas ammonia and nitrate nitrogen were
analyzed by SQ 118 Merck Spectroquant. It is noted that the zinc stock solution was
fed separately from the feed wastewaters to the reactors so that the zinc precipitation
in the wastewater holding tank was prevented.

After the determination of the system performance based on the removal of COD and
TKN was completed, the proceses were severely shocked with 300 mg/l for 4
consecutive days. SOUR, SNR and SDNR were also detected during this shock
period. After that, the systems were put back to the original (0 to 50 mg/l Zn ) state
and those three parameters were once again investigated.
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Figure 1 Flow diagram of the anoxic-oxic process for both models.

Table 1 Operational conditions of Models A and B.

Operational condition MODEL A Model B
1. Flowrate {(Qy), (I/d) 20 6
2. Sludge Recycle flowrate(Qras),(I/d) 10 3
3. Recirculation flowrate (Qg), (/d) 24 12
4. Anoxic volume, (1) 1 3
HRT, (hrs) 12 12
5. Oxic volume, (1) 10 12
HRT, (hrs) 12 48
6. Total HRT, (days) 0.55 25
7. SRT, (days) 10 10
8. FeedCOD, (mg/M) 500 3500
TKN, (mgl) 40 175
TP, (mg/h) 10 25
9. M 0.3 0.3
10. MILSS 1900-3200 38004600
Table 2 Composition of synthetic wastewaters.
Concentration (mg/1)
Constituents Model A Model B
Acetic acid - 1572 {(1000mg/1 as COD)
Sugar 358(500mg/l as COD) | 1790 (2500mg/l as COD)
KH,PO, 33.5 34
(INHL)L,S04 188.6 825 :
MgS0,.7TH,0 135 466
FeCl; 6 50
NaHCO; 325 2275
CaCl, 8.5 59.7
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RESULTS AND DISCUSSION

It was reported elsewhere that the COD and TKN removal efficiency of Model A and
B were 96 10 99 and 98 to 99 percent, respectively (Polprucksa and Panawad, 1997).
The pH during the steady state was kept about 6.9 to 7.5 and 6.9 to 8.2 mg/l for
Models A and B, respectively. Meanwhile, the DO for the anoxic and oxic stages for
the two models were 0.04 to 0.08 and 2.4 to 4.1 mg/l, respectively.

Tables 3 and 4 as well as Figures 2 to 4 summarize the study of SOUR, SNR and
SDNR at the three different stages of the two systerns. For wastewater with COD of
500 mg/l (Mcdel A), there was clearly a drop in SOUR at the steady state condition
with higher Zn concentration, ie., from 15.12 to 7.56 mg Oy/g MLSS-hr at 0 to 50
mg/l Zn, respectively. The impact could be clearly detected when the zinc
concentration was more than 10 mg/l Zn. However, for Medel B or the high COD
wastewater (3500 mg/l), not much effect of zinc could be seen and the SOUR was
quite constant (8 to 10.4 mgQO./g MLSS-hr) for the whole range of zinc dose, except
2t 50 mg/l where the number dropped a little to about 6.84.

TABLE 3 SOUR, SNR and SDNR of the normally loaded system at different

stages.
Zine SOUR SNR SDNR
concentration {mgOy/gMLSS-hr) (mgNH,"-N/gMLSS-hr) | (mgNOs-N/gMLS3-hr)
(mgA) s/s | sh” | re s/s sh re s/s sh re
0 1512 | 1044 | 1116 | 4.0 067 35 19.6 1.8 19.6
10 1044 | 468 7.2 39 0.9 1.3 17.5 1.58 14.7
25 7.56 1.8 7.92 2.3 126 1.0 143 3.0 11.6
35 7.2 3.24 6.12 1.9 067 | 096 89 1.48 9.8
50 7.56 1.8 5.4 1.4 031 | 078 5.3 1.59 54

|

“s/s - steady state condition
sh - shock load period
re - after recovery stage of 9 to 13 days

TABLE 4 SOUR, SNR and SDNR of the highly loaded system at different stages.

Zinc SOUR SNR SDNR
concentration (mgO,/gMISS-hr) {mgNH,"-N/gML$S-hr) (meNQO;-N/gMILSS-hr)
(mg/1) /s’ sh’ re s/s sh | .re /s sh re
0 9.72 6.12 10.08 1.5 077 | 3.56 16.2 3.6 14.4
10 7.92 72 126 1.8 15 2.37 114 6.18 108
25 10.44 792 12.96 15 1.2 20 9.2 5.05 104
35 .72 9.72 12.24 1.6 14 2.18 83 55 10.2
50 6.834 6.34 9.72 1.5 13 1.75 83 29 114

re - after recovery stage of 4 to 5 days
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Under the stock load stage, SOUR of Model A decreased about 5 mgO./g MLSS-hr
for every zinc concentration while that of Model B dropped only a little. It is not well
understood why the SOUR of Model A was usually less than that of Model B both at
steady state and during shock period. Higher ratio of influent COD:Zn in Model B is
at present the only probable explanation. That is, with larger volume of reactor tanks in
Model B as well as with higher COD load, higher bacterial mass was present,
resulting in less zinc concentration in cell mass and making them more resisting to high
zinc doses and more efficient in oxygen uptake. '

After recuperation period of 9 to 13 days in Model A, the specific oygen uptake rate
could not bounce back to the original number at low (0-10 mg/l) zinc concentrations,
but it could return to about the initial capability if the zinc dose was equal to a higher
than 15 mg/l Zn. The drop in the steady-state SOUR at high zinc dose as well as better
bactenial adaptation to znc at higher dose conditions were the explanation for this
evidence. On the other hand, for Mode! B, it is noticed that the recovered SOUR was
even higher than that before the shock period, it went up to as high as 13 mgQO,/g
MLSS-hr. “Super’ adaptation of the carbon bacteria in circumstances was evident. If
that was really such the case, an occasional zinc shock to the system might even be
benificial to the process efficiency in practical aspect.

At steady state condition, SNR and SDNR of Model A were alinost constant (4.0 mg
NH,"-N /g MLSS -hr and 17 to 20 mg NOs /g MLSS -hr), if the zinc concentration
was less than 10 mg/l, but they dropped rapidly to as low as 1.4 mg NH."-N/g MLSS-
hr and 5.3 mg NO; /g MLSS -hr after that. It could be concluded therefore that the
effect of zinc on the nitrifiers as well as denitrifiers regarding the removal efficiency
was basically the same as that of carbon bacteria; ie., it decreased with increase in zinc
concentration.

For the high COD loaded Model B and at the doses of 0 to 35 mg/l Zn, both SNR and
SDNR were lower than their Model A counterparts, with larger difference at the lower
zinc concentrations. This gap decreased as the zinc concentration increased and
became about zero when the dose reached 50 mg/l Zn. It is also noted that both SNR
and SDNR for Model B were practically constant for the whole range of znc
concentration investigated here. This effect should also attribute to the high COD:Zn
ratio as earlier mentioned. The MLSS of Models A and B at the steady state condition
were 1900 to 3200 and 3800 to 4600 mg/l, respectively.

During the shock load period, SNR of Model A did not differ much for the 0 to 50
- mg/t Zn range, showing that there was a maximum impact that the 300 mg/l Zn dose
- could be on the system, no matter if the process had been previously exposed to zero
or 50 mg/l Zn conditions or not. It is noteworthy that the difference between SNR, at
- the steady state and during the shocked stage also dwindled from about 3.5 to 0.6 mg
NH,*-N /g MLSS -hr as the zinc dose increased from 0 to 50 mg/l. The same basic
conclusion as above could be drawn for the SDNR aspect as well. Higher difference of
some 17 to 3.7 mg NO; /g MLSS -hr was evident at 0 to 50 mg/l Zn respectively. That
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is, higher impact from zinc shock could therefore be expected on denitrifiers than or

For Model B in which SNR at the steady state was already low, the SNR drop after
shocked, even though existing, was not much. This drop of SNR also decreased as the
zinc concentration increased. The same conclusion as above but with higher degree o
difference could be drawn for the SDNR case. Similar degree of effects was eviden
on both nitrifiers and denitrifiers in this case.

After system A was allowed to recuperate for 9 to 13 days, SNR. for the case of (
mg/l Zn could go back almost 10 the original condition. Elution of zinc from the
accumulation in cell mass was assumingly the reason for this happening. On the othe:
hand, when the zinc dose went up to 10 mg/l or more, the recovered SNR droppec
drastically and was at a low value of 0.78 mg NH, -N/g MLSS-hr at 50 mg/l zinc
concentration. This showed that the nitrifiers recoverability was not so good. SDNF
of the same system could, however, recover back to almost the same number before
the shock, especially at high zinc doses, illustrating that the denitrifiers at the low COL
load condition had a very good recuperation ability. For Model B at high COL
loading, SNR after the recovery was very high, especially at 0 mg/l Zn, compared tc
those SNR; at the steady state condition which were already not very high in this case
Most of the recovered SNR, were even more than the steady state SNR, . The sam
conclusion could be made for the SDNR, for Model B. That is, the recuperation ability
of both nitrifiers and denitrifiers for highly loaded condition was very good. Agaii
high COD load or high COD:Zn ratio was assumed to be the reason for this gooc
recoverability. '

CONCLUSIONS

The steady-state SOUR of normally (500 mg/l) COD loaded system (Model A
decreased with the increase of zinc concentration, it dropped from 15.12 to 7.56 mg
O4/g MILSS-hr for the cases of zero to 50 mg/l Zn dose, respectively. However, thi:
effect was not clear for Model B, which was highly COD loaded at 3500 mg/l. During
the shock period of 300 mg/l Zn, SNR of Model A decreased a lot (5 mg O g MLSS.
hr) while that of Model B dropped only a little. Recuperation of Model A in terms o
SOUR was not so good as that of Model B. The high COD load which resulted i
more mass in reactors of Model B which, in turn, could absorb more zinc withou
adverse effects was assumingly the reason for this occurence. SNR and SDNR o
Model A were also inversely dependent om the zinc concentration. Whereas thes
parameters for Model B were almost constant throughout the whole range of the zin
doses, and were lower than their counterparts in Model A.  This difference shoul
attribute also to the higher COD:Zn ratio in Model B. During the shock period, SNF
and SDNR of system A dropped a lot to a relatively constant number for the whol
zinc~-dose range. Those parameters for Model B also dropped, but to a lesser degree
they were similarily rather constant throughout the mentioned zinc concentratios
range. Higher impact of zinc shock in Model A was therefore more on nitrifiers thas
on denitrifiers. After the recuperation period of 9 to 13 days, both SNR and SDNR a
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the no-zinc condition for Model A were back to almost the same as those before the
shock. Elution of zinc from the cell mass as well as from the system was assumingly
the explanation for this happening. However, after that concentration, they also varied
inversely as the increase of zinc concentration. SNR and SDNR of Model B was lower
than those at the steady state at the low zinc dose scenario but could be as high when
the zinc concentration went up to be over 15 and 35 mg/l for the SNR and SDNR,
respectively. Recoverability of nitrifiers of system A was not so good while that of
denitrifiers was very good. However, both of them were good for Model B.
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EFFECT OF CHEMICAL STRUCTURES OF REACTIVE DYES ON
COLOR REMOVAL BY AN ANAEROBIC-AEROBIC PROCESS

Worrawit Luangdilok and Thongchai Panswad*

Department of Environmental Engineering, Chulalongkorn University, Bangkok 10330, Thailand.

ABSTRACT

An Anaerobic/Aerobic SBR system was used to treat a synthetic wastewater with glucose and acetic acid
(1000 mg/l COD) as carbon sources together with 20 and 100 mg/i of four different reactive dyes: disazo
vinylsulphonyl, anthraquinone vinylsulphonyl, anthraquinone monochlorotriazinyle and oxazine. The
decolorization efficiencies of the first three dyes at the 20 mg/l dye concentration were 63, 64 and 66%,
respectively, and at the 100 mg/l dye concentration were 58, 32 and 41%, respectively. For the disazo dye,
two color removal rates were evident, with the initial rate in the first two hours of the anaerobic stage
higher than the latter. For the two anthraquinone dyes, only one rate of color removal was seen. For the
oxazine dve, a high decolorization was observed in the reactor, but when disturbed, the color re-appeared
for unexplainable reasons. The phosphorus removal efficiencies were 78, 52, 41 and 96% for the four dyes
of 20 mg 1, respectively, while the corresponding numbers for the 100 mg/] condition were 48, 48, 48 and
42%. respectively, and different types of dyes had different impacts on the phosphorus removal
performance. COD and TKN removals were very high, i.e., 90-99 percent. The disazo reactive dye was
decolorized by the reductive reaction, which resulted in the cleavage of the azo bond. Meanwhile, the
decolorization of anthraquinone dyes is believed to be through the direct adsorption of dyes on to the floc
materials,

KEYWORDS

Color removal; reactive dye; dye wastewaters; biological phosphorus removal; anaerobic-
aerobic process

INTRODUCTION

Reactive dyes are problematic due to their non-degradability in aerobic treatment processes
(Pagga and Brown, 1986). Most reactive dyes can produce carcinogenic aromatic amines
(Baughman and Weber, 1994). The current aerobic biological processes cannot significantly
decolorize the dyebath wastewater (Randall et al., 1993; Panswad and Techovanich, 1999).
Brown and Labourer (1983), however, illustrated the decolorization possibility with an
anaerobic system treating azo-reactive dyes, while Brown and Hamburger (1987) stated that the
aromatic amine intermediates, which were produced from the anaerobic stage, could be further
degraded by an aerobic process. An anaerobic-aerobic (A-A) system was then tested for its
COD, nitrogen and phosphorus as well as color removal capability, with moderate to good
results (Pansuwan and Panswad, 1997; Panswad and Iamsamer, 1999). In this study, an A-A
sequencing batch reactor (SBR) was investigated with four different blue reactive dyes.
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METHODS AND MATERIALS
Table 1 Synthetic wastewater composition

Glucose 360 mg/l

MICROPROCESSOR Acetic acid (99.9%) 0.150 mll

(NH;),CO 108 mg/l
" . KHzPO.q, 67 mg/]

5L { : NaHCO, 840 mg/l
Influert : | MgSO,.7H,0 38 mg/l
tank ® . Motor 1 CaCl, 21 mg/l
; FeCly.6H,0 7 mg/l

Air pump : Dye 20 mg/l

Y : o
= _{_%_._‘ Table 2 Operating cycle
; @ Feed *- h

% Excess Anoxic/Anaerobic 18 h

Note : V¥V, =111 :;:ge Aerobic 5 h
10 L Reactor ‘ _— ‘ Efftuent n Settle 0.85 h

- —* tasin Draw 0.15 h

24_ h

* 1 -
Figure 1 Laboratory set-up mix-fill mode

Four sets of 10-liter SBR wwere operated for about 30-60 days at about 30°C before a steady state
was achieved. The process was run at 8-day sludge age (B¢), 24-hr cyclic time, and with a
synthetic wastewater of 1000 mg/! COD (850 glucose + 150 acetic acid), 50 mg/l TKN and 15
mg/l P (Table 1 and Figure 1). Table 2 shows the operating cycle. The excess sludge was
withdrawn near the end of the aerobic step. The selected four dyes were as follows:

Dye 1 —» Rmazol Black B or Reactive Black 5 with disazo vinylsulphonyl structure

Dye2 —p Remazol Blue R or Reactive Blue 19 with anthraquinone vinylsulphonyl structure

Dye 3 —¢ Cibacron Blue CR or Reactive Blue 5 with anthraquinone monochlorotriazinyl
structure

Dye 4 —p Procion Blue H-EGN or Reactive Blue 198 with oxazine structure

Their chemical structures are shown in Figure 2. The initial dye concentrations were set at 20 or
100 mg/l. |

All chemical analyses were done according to the Standard Methods (APHA, 1992). Certain
samples were filtered through GF/C paper while those for soluble P and color measurement
were 0.45 pm filtered before the analysis. The color intensity was determined by a Shimadzu
UV-1201 spectrophotometer, and expressed in space units (SU) (Gregor, 1992). Nitrite and
nitrate concentrations were not analyzed due to color interference from the dyes.

RESULTS AND DISCUSSION

Two carbon sources, glucose and acetic acid, were added to the system for co-metabolism to
enhance the color reduction efficiency (Carliell et al., 1995; Razo-Flores et al., 1997;
Chinwetkitvanich et al., 1999). The process used in this study was of the anaerobic+aerobic
type, which can be also an Enhanced Biological Phosphorus Removal (EBPR) system.
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HO NH;
NaQ;SOCH j;CH ;0,8 —O— N ==N “@'—N =N _'<:>'— S0;CH,CH,0S0 3Na

NaQ ;S SO;Na

a. Dye 1 (disazo)

o NH,
SO ;Na - SO ;Na a
_—
N N
SO JNa
o N NH

SO ,CH ;CH ;SO 3Na SO 3Na

b. Dye 2 (anthraquinone type I) ¢. Dye 3 (anthraquinone type II)

1
Z— NH— R —NH . o 503Na
X Z vepresents a halogenoheterocyclic reactive group
o \ H;N—R—NH ; represents a diamine
N
HO ;8
Cl

NH—R—NH —2

. d. Dye 4 (oxazine)

Figure 2 Chemical structures of the four selected dyes.

The color reductions of the azo dye (dye 1) at 20 and 100 mg/l dye concentrations were not very
different, i.e., 63 versus 58 percent (Table 3). More decolorization took place in the anaerobic
stage than in the aerobic one, e.g., the color dropped from 97.3 in the influent to 37.4 and 36.5
SU in the two steps for the case of 20 mg/l dye, respectively. It is noted that, though less
efficiency was apparent for the higher dye concentration of 100 mg/l, more color reduction
(from 460 to 192 SU, a decrease of 268 SU) was achieved than by its lower concentration
counterpart (from 97.3 to 36.5 SU, a drop of merely 60.8 SU).

For the anthraquinone dyes (dyes 2 and 3), the decolorization performance was significantly
different between the 20 and 100 mg/]l dye concentration scenarios, i.e., from 64-66 to 32-41
percent. For the oxazine dye (dye 4), the decolorization was visually obvious in the SBR tank;
but when samples were taken and filtered for the color measurement, re-colorization took place
for unknown reasons (Illustration 1). The color comparison was not therefore possible. The data
shown in Table 3 and subsequent Figures for this oxazine dye were therefore based on the
results after the re-colorization phenomenon.

Table 3 Color (SU) reduction at 20 and 100 mg/l dyes

Dye 20 mg/l dye 100 mg/l dye
Inf. Ana. Aer. %rem, Inf. Ana, Aer. Anx, %rem,
1 97.3 37.4 36.5 63 460 198 194 192 58
2 29.5 12.6 10.5 64 146 99 103 95 32
3 43.4 14.1 14.8 66 214 134 126 127 41
4 52.6 29.6 31.3 41 266 246 235 238 17

* ave. result of 16 days at the steady state, which was achieved after 40-60 days of prior operation.
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Start 10 2 min Tap at the side of

10 min. . ;
Rertla container at 20 min.

Illustration 1 Re-colorization of oxazine dye.

The color reduction of the disazo dye occurred in the first 2 hrs of the anaerobic stage (Figure 3).
The initial decolorization rate (IDR) was 11.9 SU/h and the specific decolorization rate (SDR)
was 6.72 SU/gVSS-h. After that, the DR and SDR dropped to 0.44 SU/h and 0.25 SU/gVSS-h,
respectively. These latter figures are close to those of the two anthraquinone dyes, i.e., 0.37 and
0.48 SU/h and 0.19 and 0.25 SU/gVSS-h, respectively. The decolorization of the disazo dye
appeared in the first 2 hours along with the change (from 397 to 565 nm.) and a decrease in light
absorbance from the color measurement (Figure 4a; note that there is only one dominant
wavelength (Anax) for each color; the alteration in Ana hence apapligsca change of color). After
that, the Ayl values were relatively constant until the end of both anaerobic and aerobic steps.
This finding demonstrated the change in chemical structure of this particular disazo dye,
resulting in the color reduction phenomenon. This is not the same as those of dyes 2 and 3
(anthraquinone), for which Ana did not change but absorption dropped somewhat from 0.203 to
0.062 abs and from 0.322 to 0.128 abs, respectively. Some color reduction but no change in
color or dye chemical structure was evident in this case.

8 o 4 ———— Anaerobic | Aercbic $
6 0 —*— dyet —a— g ye? —— g ye3l —S—gyed
4 40 A
20 i — rrRRta—
0 e —a
0 5 POy R 20 25

Figure 3 Profile of color (SU) of the four dyes with reaction time
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Figure 4 Adsorption spectram at different times and stages
&
== 1.96 g
3 1 y e X
- _nd
SR Al a. Influent
—_%_ Yo ig wm
=._ igz.'f""gfcs
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Figure 5 Chromatogram of the disazo vinylsulphonyl dye by a MERCK 50943 LiChro CART
HPLC (3% methanol was used as the mobile phase and A was set at 597 nm)

The results were similar to those reported by Setiadi and Loosdrecht (1997) and Nigam et al.
(1996). However, Anax at the end of the aerobic step did not differ from that at the end of the
anaerobic stage for the disazo dye; meaning that no alteration of dye structure took place in the
aerobic process. In a related HPLC study, it was apparent that the chromatogram of the colored
wastewater of the azo dye origin had the main and minor peak at 2.48 min (Figure 5a). After the
anaerobic treatment, the response peak was at 3.63 min (Figure 5b), which means, there was
really an alteration in the chemical structure of the azo dye in the anaerobic step. It is possible
that the azo bonds in the disazo vinylsulphonyl dye behaved as electron acceptors and were
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broken down in the reduction-oxidatipn process, resulting in the color removal (Carliell et al.,
1995).

On the other hand, no change in the peak response time was observed (still at 3.63 min) when
the wastewater went further through the aerobic step (Figure 5c). This fact confirms the above
statement that no additional decolorization occurred in the aerobic process. There was no change
in the chromatogram for the cases with anthraquinone dyes at all stages (data not shown),
meaning that no alteration in the chemical structures of the two dyes took place in the system.
Certain decolorization. however, evidently occurred in the anthraquinone dye scenarios (Table
3). The possible explanation is that the dye molecules were adsorbed on the floc mass in the
system, and that is why much less color reduction was achieved (with the same MLSS of about
2000 mg/1) when more dye was added to the system.

The AA-SBR system tor dyes 1 (disazo) and 4 (oxazine) at 20 mg/l acted as an EBPR process,
in which the anaerobic phosphorus (P) release and the subsequent aerobic P uptake were
obvious (Figure 6 and Table 4), leaving the soluble phosphorus (SP) at 3.6 and 0.6 mg/] in the
effluent, respectively. However, when the dye concentration was raised to 100 mg/l, the P
removal efficiency dwindled from 78 and 96 to 48 and 42 percent for the azo and oxazine dyes,
respectively, ie., the high dose of dye could have a harmful effect on the PAOs. This was
confirmed by Panswad and [amsamer (1999) and Panswad and Techovanich (1999). This
occurrence. together with good decolorization by the non-EBPR phenomena for the
anthraquinone dyes, demonstrated that the color reduction in this process did not rely on only
the PAOs. The decolorzation could take place if only an anaerobic step was introduced into the
system. -

44— Anaerobic; Aerobic —; _
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Figure 6 Profile of soluble phosphorus (SP) for the four dyes at 20 mg/] concentration

Table 4 Phosphorus removal at 20 and 100 mg/l dye concentrations

Dve 20 mg/l dye 100 mg/l dye
Inf. Ana. Aer. Sorem. Inf. Ana. Aer. Anx. Yaremt,
1 16.3 26 3.6 78 16.0 124 9.3 8.4 48
2 163 13.8 1.9 52 16.0 133 94 83 48
3 16.3 11.7 9.6 41 16.0 13.1 8.6 8.3 48
4 16.3 28.6 0.6 96 16.0 13.2 9.0 93 42

Less COD removal was evident at a higher dye concentration, i.e., 96-97 to 89-93 percent when
increasing from 20 to 100 mg/l dye (Table 5). This is due to a higher non-biodegradable portion
of the dye. Not much difference was seen in the TKN removal efficiency; about 96-99 percent
was achieved for these four dyes (Table 5). That is, the reactive dyes did not pose any threat to
the heterotrophs and nitrifiers.
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Dye 20 mg/ dye 100 mg/l dye
Inf, An. Ox. %rem. Inf. An. Ox. Anx. Serem.

cop |1.Disazo 914 34 36 96 1144 90 70 84 93

2.Anthraquinone | 984 28 2 87 1137 147 118 120 &9

3.Anthraquinone Il 976 29 35 9 1123 103 132 106 91

4.oxazine 976 28 32 97 1131 69 88 86 92
TKN | 1.Disazo 49.6 101 1.0 98 - - - . -

2.Anthraquinone | 496 103 0.6 99 - - - - -

3.Anthraquinone 11 49.6 10.5 1.0 93 - - - -

4.Oxazine 496 106 1.8 %6 | - - - -

CONCLUSION

The color reduction in the AA process occurred mainly in the anaerobic step. Different chemical
structures and the higher concentration of reactive dyes had certain negative effects on the color
and phosphorus removal of the system. The color reduction of the disazo dye was through the
alteration of the dye structure (or cleavage of the azo bond) during the anaerobic treatment. The
decolorization of the anthraquinone dyes was through the adsorption on to floc materials. The
dye type did not greatly affect the COD removal. The same conclusion was drawn for the TKN
removal. However, due to the non-biodegradability of the unremoved portion of the dyes, more
COD was evident in the effluent when a higher dye concentration was added.
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ABSTRACT

Synthetic wastewater containing 500 mg/l of chemical oxygen demand, 40 mg/l of nitrogen, 10 mg/l of
phosphorus, and 0-30 mg/1 of copper was fed into a continuous anoxic-aerobic system. The results
showed that the concentration of copper by up to 30 mg/l had no significant adverse impact on the
organic carbon and nitrogen removal of the system. On the contrary, the denitrification process was in
fact improved in the presence of copper sulfate. The ordinary heterotrophs, nitrifiers, and denitrifiers
were able to tolerate the copper toxicity comparably although the nitrifiers and denitrifiers were able to
handle a shock load of 50 mg/l of copper slightly better than the heterotrophs. Nonetheless, all
microbes were able to regain their capabilities after a recuperation period of approximately 7-14 days.
The endogenous specific oxygen uptake rate, specific ammeonia uptake rate, and specific nitrate uptake

d rate were 0.17-0.83 mg O»/MLSS-hr, 1.32-1.39 mg NH;-N/g MLSS-hr and 1.38-7.8 mg NO;-N/g
MLSS-hr. respectively. Copper was removed effectively by the process and the soluble copper
comncentration in the treated effluent was only 0-1.4 mg/1.

KEYWORDS

Copper, biological nutrient removal, denitrification, nitrification, anoxic-aerobic, oxygen uptake
rate.

INTRODUCTION

Copper has been used in the production processes of several industries. Frequently, it can be
found at such a significant amount in wastewater that it may degrade the performance of
biological systems particularly in the industrial-municipal joint treatment configuration. Prior
studies indicated that heavy metals can retard or inhibit the activity of microorganisms in a
biological treatment system especially that with the conventional activated sludge process
(Madoni et al., 1996; Nurdan et al., 1997). Itis the objective of this study to evaluate the effects
of copper on the performance of an anoxic-aerobic activated sludge process with emphasis on
nitrogen and organic carbon removal.

MATERIALS AND METHODS

Two lab scale models, as shown in Figure 1, were fed with synthetic wastewater containing 500
mg/1 of chemical oxygen demand (COD), 40 mg/l of nitrogen (N), and 10 mg/l of phosphorus
(P). The composition of the synthetic wastewater is tabulated in Table 1. In addition to the
control (0 mg/]l copper) system, copper sulfate solutions at predetermined concentrations were
separately fed into the reactors upon which combined with the substrate solution yielded the

presented paper



w1 159

overall concentrations of 5, 20, and 30 mg/l copper. As demonstrated in Table 2, the hydraulic
retention time (HRT) and sludge age (0.) were maintained at 9.3 hours (1.3 hours for anoxic
stage and 8 hours for aerobic stage) and 10 days, respectively. The initial mixed liquor
suspended solids (MLSS) in all the experimental systems were 2800 mg/l. After a steady state
has been attained, each experimental system was shocked with 50 mg Cu/l of copper sulfate for
four consecutive days prior to returning to its original condition; the purpose of which is the
observe a tolerability and recoverability of the microbes in the system. At the end of each run,
all mixed liquor was discarded and the process was restarted with a new seed under other copper
conditions.

Motor Motor
3 ) Qr CA ’
T manual excess shudge
li Air Pump T rithdrawal
®© ® > Clarifier
o o |0 L o
o o .
g ° .o . oD o [}
b e O
>0 e
Anoxic Aerohic
P
Copper  Substate Ques
Tank Tank Effluent
Tank
Figure 1. Flow diagram of the anoxic-aerobic models.
Table 1. Composition of synthetic Table 2. Operational conditions of the
wastewater. models.

Constituents Concentration (mg/i} Parameters Value ,
Sucrose 358 (500 mg/l as COD) Flowrate (Qy), (1/d) 18
(NH4)2S04 188.6 (40 mg/l as N) Sludge recycle flowrate (Qgras),(1/d) 9
KH,PO, 33.5(10 mg/las P) Recirculation flowrate (Qgr), (I/d) 36
MgS0,4.7H,0O 135 Anoxic volume, (1) 1
FeCly 6 Aerobic volume, (1) 6
NaHCO; 325 Total HRT, (days) 0.39
CaCl, 8.5 Sludge age, (days) 10

All measurements were performed following the procedures described in Standard Methods
(1992) except the endogenous specific oxygen uptake rate (eSOUR), specific ammonia uptake
rate (SAUR), and specific nitrate uptake rate (SNUR) which followed the methods described by
Randall et al. (1992) and Kristensen er al. (1992). Samples were filtered through GF/C papers
prior the analyses wherever necessary.

RESULTS AND DISCUSSION

The results at the steady state, shock condition, and recuperation period of each model were
summarized in Table 3. Slightly variation in temperature was due to seasonal change. All
controlled parameters were within the appropriate range for biodegradation, nitrification, and



N 160

denitrification processes (Randall ef al., 1992). The measured DO of 0.1-0.2 mg/l in the anoxic
and 2.8-4.1 mg/l in aerobic stages indicate that the required environments were achieved in the
anoxic and aerobic reactors, respectively.

Organic Carbon Removal

At the steady state, the COD removal efficiencies of all models were comparable (96-97%)
regardless of the initial copper concentration. Most of the soluble COD removal occurred within
the 1.33-hour anoxic tank rather than in the 8-hour aerobic tank. The COD measured in all
anoxic tanks, where denitrification would have consumed only 15 mg/l COD due to the average
4 mg/l of NO5™-N entering the tank, were lower than 30 mg/l as compared with approximately
140 mg/l in the reactor after initial dilution. Thus, the biosorption of the COD should have
prevailed over the denitrification in the anoxic reactor. The sorbed organic matters were later
biodegraded in the aerobic stage. This indicates that, with proper acclimation, the heterotrophic
microorganisms were able to survive and function considerably well under a high copper
environment. ‘

The soluble COD of the samples from the anoxic, aerobic stages, and the effluent increased only
slightly when a shock load of 50 mg/l copper was applied to the systems regardless of the copper
acclimation level, Table 3. This implies that the applied shock load did not severely affect the
COD removal of the system. After a recuperation period of 7-14 days. the heterotrophs were
able to regain their activities. This was verified by the effluent COD which had approached
those of the steady state levels prior to the shock as illustrated in Table 3. Similar to the studies
conducted under high salinity wastewater (Panswad and Anan, 1999) and high zinc-containing
wastewater (Panswad and Polprucksa, 1998), the eSOUR, as shown in Table 4, indicates that the
copper compound had certain effect on the endogenous oxygen utilization rate of the
heterotrophs. The bacteria consumed oxygen more rapidly in the presence of copper than in its
absence, whereas the COD removal efficiencies were comparable in both environments. This
can be interpreted in two opposite ways; a) the presence of copper reduces the oxygen utilization
effectiveness: hence the microbes had to consume oxygen at a higher rate in order to be able to
oxidize an equivalent amount of organic matters; or b) copper is an essential trace element
which enhance the microbial activity; thus the microorganisms were able to take up oxygen
more rapidly, which consequently increased the biodegradation rate as well. However, since
this study was conducted under a continuous-feed system rather than a batch-feed mode, there is
no organic removal profile available for comparison. Additional studies are yet required before
any accurate conclusions regarding this matter can be made. Because of the ‘endogenous’
nature, the eSOURSs obtained from this study were much lower than typical SOURSs reported by
others, i.e., 0.17-0.95 versus 10.8-23.3 (Daukss ef al., 1994), 16.2-35.3 (Nann et al., 1994), 18.0-
25.0 (Chen et al., 1997), 9.7-15.1 (Panswad and Polprucksa, 1998), and 5.4 mg O,/g MLSS-hr
(Panswad and Anan, 1999).
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Table 3. Summary of physical and chemical analysis at each stage.”

Reactors
Parameters Control 5 mg Cu/l 20 mg Cu/l 30 mg Cuw/l
An Ox Eff An Ox Eff An Ox Eff An Ox Eff

1. Steady state stage

pH 71 713 715 71 74 17 72 15 80 10 72 78
Temperature (°C) 270 254 258 312 312 302 300 290 290 304 296 290
Alkalinity (e as cscoy) 470 320 292 380 354 340 396 356 348 362 322 308
DO (mg/b) 01 31 17 61 35 15 02 38 27 02 38 22
MLSS (mg/l) 2539 2595 - 2462 2088 - 2853 2512 - 2964 2537 -
SS (mg/h) - - 1 - - 10 - - 13 - - 10
TKN (mg/l) - - L5 - - 13 - - 1.9 - - 23
NH;-N (mg/1) 42 0 0 66 0 0 52 0 0 63 0 0
NO:—N (mg/]) 0 0 0.010 0 0.014 0028 0010  0.144 0.144 0.010 0.010 0.034
NO;-N (mg/T) 03 47 46 0 50 50 0 56 55 0 59 59
CODgirare (mg/)’” 24 23 19 28 24 14 2 20 14 25 24 14
Total copper (mg/l) 0 0 0 70 8 02 345 312 27 454 460 31
Filtrate copper (mg/1) 0 0 0 0 0 61 06 06 08 15 13 14
2. Shock Stage
pH 69 72 76 6% 14 15 69 72 719 70 13 19
Temperature (°C) 270 275 268 303 298 290 298 290 285 303 295 290
Alkalinity (mg ss cacoy 448 264 354 384 351 335 365 308 313 340 290 285
DO (mg/1) 01 28 15 o1 38 17 02 32 22 02 36 29
MLSS (mg/1} 2280 2230 - 2478 2223 - 2860 2551 - 2910 2697 -
SS (mg/) - - 10 . - 14 - - 19 - - 14
TKN (mg/1) - - 23 - - 1.8 - - 1.8 - - 13
NH;-N (mg/1) 53 0 0 69 0 0 8.5 0 0 6.7 0 0
NO;-N (mg/]) 0.020 0.138 0.085  0.008 0.021 0213 0.005 0.230 0.302 0.003 0.003 0.023
NO;-N (mg/l) 07 37 47 0 53 51 01 54 56 0 59 6l
CODfijge (mg/1)"" 55 23 20 31 30 13 27 21 23 36 24 21
Total copper (mg/1) 33 19 07 105 140 06 451 382 43 511 502 43
Filtrate copper (mg/1) 0.7 03 02 03 03 0.3 i3 12 12 1.6 1.9 1.5
3. Recovery stage .

pH 70 74 77 70 74 14 74 13 80 71 74 18
Temperature (°C) 267 273 265 305 295 290 3001 296 288 306 293 285
Alkalinity (me s caco, 469 320 315 393 330 323 389 333 348 328 313 306
DO (mg/l) 01 29 17 01 41 22 02 36 20 02 39 29
MLSS (mg/1) 2319 2386 2321 2517 - 3157 2784 - 2896 2864 -
SS (mg/l) . - 10 - - 1 - - 3 - - 24
TKN (mg/1) . - 2.0 - - 15 - - 1.8 - - 17
NH;-N (mg/i) 45 0 0 63 0 0 64 0 0 44 0 0
NOZ_N (mg/]) . 0.017 0.125 0.102  0.002 0.005 0.058 0019  0.060 0.073 0.003 0.001 0.011
NO;-N (mg/1) 06 46 56 0 44 49 01 47 53 0 42 43
CODfigaee (mg/D)™ 2 16 13 26 2 17 17 16 15 16 14 13
Total copper (mg/1) 78 33 0.1 189 181 01 499 470 L1 512 500 53

Filtrate copper (mg/1) 04 0l o1 ol 01 0l 10 06 06 L1 1.1 1.1
Taverage from 6, 4, and 7 daily samples for steady state, shock, and recovery, respectively.
filtered through GF/C paper.

Table 4. SOUR, SAUR, and SNUR at each stage.

[Cu”] eSOUR (mg Oy/g MLSS-hr)  SAUR (mg NH;-N/g MLSS-hr) SNUR (mg NO;-N/g MLSS-hr)

(mg/l) ~Steadystate 3" day shock  recovery  Stcadystate 3" dayshock rccovery  Steadystaic 3 day shock  recovery

0 0.17 0.19 0.31 1.58 023 1.86 7.80 2.13 3.52
5 0.74 0.54 0.95 1.34 1.43 1.53 6.48 4.43 1.15
20 0.83 0.83 0.82 1.32 0.82 1.04 1.38 2.06 2.15

30 0.42 0.32 0.30 ~ 1.59 0.72 0.72 2.91 0.90 1.47
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Nitrogen Removal

There is naturally no nitrification in the anoxic unit but the concentration of NHs-N in the anoxic
tank at the steady state decreased by a half from that after the initial dilution (= 11.5 mg/l).
Thus, the nitrogen reduction must have been via biosorption mechanism. The NH3;-N was
further reduced to an undetected level in the aerobic stage through nitrification process. A mass
balance between the concentrations of the NH;-N entering the aerobic tank and the NO;-N in the
aerobic tank supports this occurrence. Low organic substances combined with suitable
environment, e.g., pH, DO, etc., certainly enhanced the activities of the nitrifiers. The SAUR of
the biomass under different copper environments as listed in Table 4, were all comparable (1.32-
1.59 mg NH;-N/g MLSS-hr); they fell within the lower range of the values reported by other
investigators, i.e., 1.5-4.0 (Panswad and Polprucksa, 1998), and 4.8 mg NH3;-N/g MLSS-hr
(Panswad and Anan, 1999), and 0.9 (Eckenfelder, 1994), and 3.1-5.8 mg NH3-N/g VSS-hr (Su
and Ouyang, 1997).

The shock of 50 mg/l of copper had a moderate impact on the SAUR as shown in Table 4.
However, no NH;3-N was present in the effluent during the shock period since the aerobic sludge
age of 8.6 days were long enough and the nitrifiers could apparently tolerate this level of copper
shock. The SAUR also returned to its preshock level after an appropriate recuperation periods
of 7-14 days.

Contrary to the nitrification process, the presence of copper up to 30 mg/l unexpectedly
improved the denitrification process in the anoxic reactors over the control, as illustrated by the
nitrate concentration in the anoxic tank (nitrite was considerably low, as shown in Table 3, and
thus was regarded as negligible). A possible explanation for this observation is that copper is an
activator or cofactor for nitrate reductase, nitrite reductase, and nitrous oxide reductase enzymes
necessarily for denitrification (Murphy et al., 1997). Hence, the existence of copper in the
solution could be more beneficial for the denitrifiers than the absence of metal. The steady-state
values of SNUR obtained from this study are shown in Table 5, they are within the ranges
reported in earlier literature, i.e., 11.3-34.2 (Randall et al., 1992), 4.79-6.89 (Su and Quyang,
1997), 8.3 mg NO;-N/g VSS-hr (Kim et al., 1997), and 1.3-6.3 (USEPA, 1975), 2.1-16.7
(Panzer et al., 1980), 3.0-30.0 (Ekama er al., 1984), 0.2 (Abeling and Seyfried, 1992), 10.0-20.0
(Carucci et al., 1996), 16.2-19.6 (Panswad and Polprucksa, 1998), and 2.5 mg NO3;-N/g MLSS-
hr (Panswad and Anan, 1999).

Slightly retardation of denitrification in the control system during the shock period resulting in
some nitrate still remaining in the anoxic stage. The microbial copper-acclimation in the
systems fed with copper wastewater can explain this observation. Contrary to the SAUR, the
SNUR showed a decreasing trend when the shock load was applied and the system did not fully
recover within 7-14 days of recuperation.

Between the two nitrogen microorganisms, the nitrifiers showed a slightly better capability in
handling the copper shock load of 50 mg/l than the denitrifiers. This finding is in agreement
with the result obtained from the study on the zinc shock system (Panswad and Polprucksa,
1998); however, it is contrary to that occurred in the salinity shock system (Panswad and Anan,
1999). Nevertheless, both microorganisms were able to resume their performance satisfactorily
after a certain pertod of recuperation.



»
w163

Table 5. Copper accumulation at each stage.

Stage Reactor Input Rate* Output Rate**  Accumulation Rate***
(mg Cu/day)  (mg Cu/day) (mg Cu/day)

Steady state Control 0 0 0

5 mg Cw/l 90 57.4 32.6

20 mg Cuwl 360 276.7 833

30 mg Cuwl 540 373.5 166.5
Shock Controt 900 30.3 869.7

5 mg Cw/l 900 96.1 803.9

20 mg Cu/l 900 365.9 534.1

30 mg Cwl 900 428.9 471.1
Recovery Control 0 490.6 -40.6

5 mg Cw/l 90 131.2 -41.2

20 mg Cu/1 360 358.2 1.8

30 mg Cu/l 540 445.9 94.1

Note: * Input rate = influent flowrate x influent concentration
** Qutput rate = (excess sludge flowrate x total copper concentration in reactor) +{(influent flowrate —
excess sludge flowrate) x total copper concentration in effluent)}
*** Accumulation rate = input rate — output rate

Copper Removal

It can be seen from Table 3 that, at steady state, copper was accumulated primarily in bacterial
floc or solid phase, leaving only 0-1.4 mg/l of soluble copper in the effluent. As the copper
content in the feed increased from 5 to 30 mg/l, the soluble copper concentrations in anoxic and
aerobic stages rose only minutely from 0 to 1.5 mg/l, while the total copper concentrations in
biofloc matrix increased greatly from 70 to 460 mg/l, respectively. At the steady state, the
concentration of total copper in the mixed liquors of each system was proportional to the
influent’s copper content, i.e., the total copper in the MLSS of the 30 mg Cu’l run was
approximately 1.5 and 6 times higher than the values of 20 and 5 mg Cw/l runs, respectively.
The pH of the solution may have also played an important role in removing the copper.
According to the solubility product constant of Cu(OH); which is 10”2 at 25°C (Eckenfelder,
1989; Stumm and Morgan, 1996), the concentration of soluble copper in the aqueous phase at
pH about 7, which is similar to this study, is within the range of 0.1 to 5 mg/l, i.e., the excess
copper will be precipitated out. The precipitated copper can in turn be adsorbed onto biofloc
matrix leaving very little copper in the effluent. '

During the shock condition, a significant increase of the total copper accumulating in the MLSS
under both anoxic and aerobic stages was evident in all experiments compared with the fairly
consistent copper content in the aqueous phase. This indicates that most of the copper applied to
the systems during shock condition (50 mg Cwl1) was accumulated again in solid phase through
Cu(OH), precipitation and its subsequent sorption onto biomass. From the copper mass balance
during the shock load, Table 4, copper accumulation rate in the control system was the highest
followed by the 5 mg/l, 20 mg/i, and 30 mg/l systems, respectively. The difference is simply
due to the sorption capacity of the microbes in the mixed liquors, i.e., the cells with no or low
copper accumulation were able to sorb more copper than those with higher or nearly saturated
initial copper content. After a period of recuperation following the removal of the shock load
condition, the total and soluble copper concentrations in the effluent decreased towards those at
their steady-state levels. Hence, in field practice, a biological system receiving an abrupt high
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copper shock should be able to recover and function well afier a not so long recuperation period,
probably some 10-14 days. ‘

1t is noted that although copper could be removed effectively in biological treatment process, the
effluent from the 20 and 30 mg Cu/l systems still contained a high total copper content
{(primarily in suspended solids forms) and did not meet the effluent standard of 2 mg/l set by the
Pollution Control Department of Thailand. Hence, the secondary clarifier should be carefully
operated when treating wastewaters containing very high copper content; otherwise, a separated
physical treatment unit such as filter has to be installed.

CONCLUSIONS

Copper concentration of up to 30 mg/l did not have any significant adverse impact on the
organic carbon and nitrogen removal efficiency of the anoxic-aerobic system. In fact, the
denitrification process seemed to be improved in the presence of copper sulfate. The
heterotrophs. nitrifiers, and denitrifiers were able to tolerate copper toxicity comparably
although the nitrifiers and denitrifiers were able to handle a copper shock load of 50 mg/l
slightly better. All microbes, however, could regain their performance after a recuperation
period of 7-14 days. The SAUR and SNUR were found to be within the values reported by
several other studies whereas the eSOUR due to the endogenous nature was much lower than the
typical SOUR. Copper was removed reasonably well through chemical precipitation and its
subsequent sorption onto biofloc matrix. Nonetheless, the effluent’s copper concentration
(primarily in solid form) of the systems fed with 20 mg copper/l or higher still exceeded the
effluent standard of 2 mg/l set by the Pollution Control Department of Thailand, hence a
filtration unit may be necessary.
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ABSTRACT

In this research, the effécts of different color intensities, anoxic+anaerobic times and
tvpes of substrate on color removal effectiveness were studied using 16-liter bench
scale sequencing batch reactor (SBR) anoxic+anaerobic/aerobic models. The systems
were fed with a synthetic wastewater containing 500 mg/l of COD, 50 mg/l of N, 15
mg/l of P along with 10, 40 and 80 mg/1 of reactive diazo Remazol Black B dye. The
anoxic-+anaerobic/aerobic periods were 0/11 (normal aerobic SBR), 2/9, 4/7 and 8/3
hours, respectively. The color removal occurred mainly under the anaerobic
eovironment, while a slight attenuation was noticed under the aerobic condition. A
better decolorization could be achieved with a longer anoxictanaerobic period. The
sodium acetate was a slightly better co-substrate for the color removal than glucose.
The decolorization efficiency dwindled as the fed dye concentration increased, but the
overall color removal leaned in the opposite direction. The phosphorus removal of the
anoxic+anaerobic/aerobic systems was outstanding, whereas only 50% removal was
achieved for the aerobic process. A dye concentration of up to 80 mg/{ did not have
anyv significant impact on the performance of the polyphosphate accumulating
organisms {PAOs). The removal of organic carbon and TKN was comparable among
ail experiments regardless of system configurations, color intensities and types of
substrate.

KEYWORDS

anaerobic/aerobic process, biological phosphorus removal, color removal, phosphorus
accumulating organisms, reactive dye, sequencing batch reactor, textile wastewater.

INTRODUCTION

The activated sludge process is barely able to remove color from textile wastewater (Shaul
et al., 1987; Ganesh ef al., 1994; Tepper et al., 1997). Some studies, however, indicated
that the color from azo reactive dyes can be effectively removed under anaerobic
conditions (Brown and Laboureur, 1983; Carliell et al, 1995). Under anaerobic
decomposition, the azo bond will be broken down to form aromatic amine intermediates
which are relatively less colored or even colorless. These aromatic amines are potential
carcinogens and/or mutagens (Baughman and Weber, 1994) but are decomposable under
an anaerobic environment- (Brown and Hamburger, 1987). Hence, an integrated
anaerobic/aerobic system seems to be the preferred treatment for reactive dye wastewaters
(Bhattacharya et al, 1990; Zaoyan et al, 1992; Seshadri er al, 1994). This
anaerobic/aerobic configuration is similar to that of a biological phosphorus removal
(BPR) system.
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The color removal efficiency of any anaerobic/aerobic system depends on several factors.
Rahman (1991) found that the organic matter, dye concentration and temperature are
major factors controlling the cleavage of azo bonds under anaerobic conditions.

This research aims to compare the color removal and other performance aspects of aerobic
and anoxictanaerobic/aerobic sequencing batch reactors (SBR) treating a synthetic
reactive dye wastewater under different conditions, namely, types of substrate,
anoxic+tanaerobic contact times and initial dye concentrations.

MATERIALS AND METHODS

Three 16-liter bench scale SBR models were operated at 12 hours per cycle and 8 days of
sludge age. The volume ratio of the influent to the remaining mixed liquors (ML) was 2 to
1. The scope of work and operational steps are summarized in Tables 1 and 2,
respectively. Sludge from an extended aeration municipal wastewater treatment plant and
two cultures of phosphorus accumulating organisms (PAOs), ie., Psuedomonas
fluorescens (Timm and Steinbuchel, 1990) and Acinetobactor culcoaceticus (Ohtake et al.,
1985) were inoculated in the reactors for 7 months prior to the feed of dye wastewater. To
compare the color removal efficiency between the ordinary heterotroph organisms (OHOs)
and the PAOs, the 11-hour reaction period was divided into four combinations, i.e., 0+11
hours {(conventionally aerobic), 2+9, 4+7 and 8+3 hours of anaerobic+aerobic phases,
hereafter refered 10 as AER, ANA2. ANA4 and ANAS, respectively. Here, the term
‘anaerobic’ includes the anoxic phase which naturally preceded the anaerobic condition in
the SBR units. The synthetic wastewater contained 500 mg/t of COD, 50 mg/1 of nitrogen,
15 mg/l of phosphorus (COD:N:P = 100:10:3) and other essential elements as shown in
Table 3. The nutrient broth (NB) supplied half of the COD portion in the wastewater,
while the remaining was from either glucose (GL) or sodium acetate (SA). With these two
different carbon sources, the effect of the type of co-substrate on the color removal
performance can also be investigated. Remazol Black B dye, an azo reactive dye with the
molecular structure as shown in Figure 1 was tested at concentrations of 10, 40 and 80
mg/l. As shown in Table |, nine incorporated scenarios were investigated in this study. In
order to minimize the dissolved oxygen interference in the anoxic+anaerobic stage, one of
the two air pumps was switched off prior to the end of the aeration period by a
microprocessor. The experimental svstems took a few months to reach a steady state.
Samples were collected and analyzed following the procedures described in Standard
Methods (APHA, AWWA and WEF, 1995). Color intensity was measured in space units,
SU, (Gregor, 1992) using a Shimatsu UV1201 spectrophotometer. The samples were
filtered through a 0.45 micron filter prior to the measurements of color and phosphorus but
through 1.2 micron filter paper for the suspended solids (SS), filtrated COD and TKN
analyses. Nitrite and nitrate were not measured due to interference from the dye. The
equipment and model setup are illustrated in Figure 2.

RESULTS AND DISCUSSION

The temperatures of the systems were within 28.5-31.5 °C which does not inhibit the
growth of nitrifiers (WEF and ASCE, 1992) and PAOs (Mamais and Jenkins, 1992;
Panswad and Laorujijinda, 1999). Dissolved oxygen at the end of aerobic stage was
between 1.5-3.5 mg/l which ensured a sufficient oxygen level for the heterotrophs and
nitrifiers to function, while having little impact on the following anoxict+anaerobic phases.
The oxidation reduction potential (ORP) profile of all systems corresponded very well
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with the dissolved oxygen. The ORP values at the end of anaerobic stage were -91 to -
115, -176 to -202 and -242 mV for ANA2, ANA4 and ANAS, respectively, i.e., more
negative values were recorded as the anaerobic time increased. At the end of the aerobic
stage, the ORP was measured to be within +93 to +115 mV. The pH values of all systems
were between 6.85 and 8.00, which is in the appropriate range for denitrification (WEF
and ASCE, 1992), yet does not retard the nitrification process (Randall et al., 1992).
Matsuo and Hosobora (1988) and Sedlak (1991) were also able to obtain an impressive
biological phosphorus removal within this pH range.

HO NH;
SO3Na-O(CH2),S80;- O-N=N— @-N=N— O— S0,(CH2),0-803Na

SO;3Na SO;Na

Figure 1 Molecular structure of Remazol Black B dye.

Table 1 Scope of investigation.

RUN Duration (hr) Substrate* Dye System
No Code Anx+Ana Aer {mg/l)

1 AER-GL-10 [\ 11 GL+NB 10 AER
2 AER-GL-40 40

3  ANA2-GL-10 GL+NB 10

4  ANA2-SA-10 2 9 SA+NB 10

5  ANA2-GL-40 GL+NB 40 ANX+ANA/AER
6  ANA4-SA-10 10

7  ANA4-SA-40 4 7 SA+NB 40

8 ANA4-SA-80 . 80

9  ANAS-SA-10 8 3 ‘SA+NB 10

* 250+250 mg/l as COD
Note: GL = glucose; SA= sodium acetate; NB=nutrient roth.

Table 2 Operational steps Table 3 Composition of the synthetic wastewater
Step. Duration Substrate Concentration (mg/l}
fill 5 min glucose* 263 (250 as COD)
anaerobic * CH3;COONa* 543 (250 as COD)
aerobic * nutrient broth 263 (250as COD, 33 as N, 2.5as P)
sludge withdrawal 5 min (NH;).CO 36.8(17asN)
settling 55 min KH,PO, 554(125asP)
draw 5 min NaHCO; 300 (215 as CaCOs3)
total 12 hr FeCly 58(2asFe)
* up to each run (see Table 1) CaCl, 21(75asCa)
MgS0,4.7H,0 38 (3.75as Mg)

* either one of the two.
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Figure 2 Experimental setup.

The mixed liquor suspended solids (MLSS) and mixed liquor volatile suspended solids
(MLVSS) of the systems were 1658-1701 and 1478-1492, 1993-2010 and 1591-1654,
2067-2103 and 1597-1686, 2386 and 1977 mg/l for AER, ANA2, ANA4 and ANAS
conditions, respectively (Table 4). A slight increase in the biomass along with the
extension of the anaerobic time is observed. The ratio of volatile matter to total biomass
in the aerobic SBR was higher than that of the anoxic+anaerobic/aerobic mode. This was
expected since the PAOs in the latter units also accumulate calcium and magnesium in
addition to phosphorus and, hence, more inert solids were collected within the cells as
compared to the OHOs in the aerobic system. An exceptional sludge settling was
observed in all systems except the ANAS unit, i.e., the suspended solids (SS) of effluent,
30-minute sludge volume (SV3¢) and sludge volume index (SVI} were within the range of
7-18 mg/l, 62-114 ml/1 and 30.7-61.1 ml/g, respectively. The correspondent figures for
the ANAS scenario were 11 mg/l, 281 ml/l and 117.6 ml/g, respectively.

Table 4 Solids concentration and characteristics at steady state *
Parame-  unit AER ANA2Z . ANA4 ANAS
ters 10GL 40GL | 10GL 10SA  10SA 40GL 10SA 408A 80SA
MLSS mg/l 1658 1701 1993 2386 2010 1999 2067 2079 2103
MLVSS mg/l 1478 1492 1616 1977 1654 1591 1637 1597 1686

f % 89.1 37.8 81.1 329 82.3 79.6 79.2 76.8 80.2
EffSS mg/l 18 10 7 11 15 15 7 9 14
SV30 mll 101 64 86 281 63 62 14 77 64

SVI mlig 611 37.5 430 1176 315 311 35.0 372 30.7

* n=15, grab samples at the end of aerobic stage during the steady state.

The color reduction in the AER unit was only 14.6-18.3%, whereas the ANA units were
able to attenuate the color by 35.2 to 62.5%. Figure 3 shows that the color reduction
occurred primarily in the anaerobic stage (26.9-60.5%) rather than in the aerobic stage
(1.9-16.7%). Hence, the anaerobic environment is necessary for effective dye-color
removal. Considering the color intensity profile in Figure 4, it can be seen that the color
of the wastewater was reduced readily in the first two to four hours of each cycle which
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coincided with an abrupt reduction in COD (no data shown). This observed phenomenon
is in agreement with the proposed mechanisms of color disapperance, i.e., a) the
biochemical destruction of the dye’s molecular structures at the covalent bonds to form
aromatic amines under an anaerobic environment by microorganisms, which requires an
external carbon source as an electron donor (Brown and Hamburger, 1987; Carliell ez al.,
1995), and/or b) the adsorption of dye molecules onto the biofloc matrix (Shaul et al.,
1987; Hu, 1992 and Luangdilok and Panswad, 1999).

It can be seen also that the aerobic decolorization of the normal and
anoxict+anaerobic/aerobic SBRs were somewhat similar.  This suggests that the
mechanism for decolorization under aerobic conditions should be via biosorption onto the
floc matrix. Similar results were also obtained by the studies of Shaul et al. (1987),
Pansuwan and Panswad (1997) and Luangdilok and Panswad (1999). The results from the
light absorbance analysis during the color measurement as shown in Figure 5 indicated
that the removal of dye under aerobic conditions is only sorption onto the floc matrix
without any bond cleavage since the peak absorbance of the collected samples was still at
590 nm, similar to that of the dye solution itself. The results confirm those of Shaul er al.
(1987) and Luangdilok and Panswad (1999) who found anaerobic digestion to have a
diminutive capability in removing color. Under anaerobic conditions, however, the
occurrence of peak absorbance has been shifted from 590 nm to 574-585, 551-557 and
558-560 nm for ANA2-10SA. ANA4-10SA and ANAB-10SA scenarios, respectively.
This confirms the statement by Carliell et al. (1995) and Luangdilok and Panswad (1999)
that the change in the dye’s structure was through azo bond cleavage.

The anaerobic contact time affected the color removal performance, as shown in Figure 3,
i.e., the decolorization was 35.2-43.0, 54.5-62.8 and 62.5% for 2, 4 and 8 hours under an
anoxic+anaerobic environment, respectively. A better color removal was obtained as the
anaerobic contact time increased; however, after a certain period of time, the removal
efficiency became steady with respect to contact time. Hence, the dye at the concentration
of 10 mg/l was degraded effectively within 4 anoxic+anaerobic hours. This agreed with
the study of Panswad and lamsamer (1999) which observed 63 and 68% decolorization of
the same dye (also 10 mg/l) at 6 and 18 hours of anaerobic contact period, respectively.
As the dye concentration increased to 40 mg/l, the color removal efficiencies under ANA2
and ANA4 conditions were 35.2 and 52.7%, respectively, which were lower than when fed
with 10 mg/l of dye at a similar anoxic+anaerobic contact time. Therefore, extended
anaerobic time might be required to attain the maximum reduction capability for a higher
color wastewater.

The results also suggest that the type of substrate also affected the color removal
performance of a biological system. The system fed with sodium acetate showed a slight
improvement over the one fed with glucose, i.e., 43.0% for ANA2-SA as compared to
36.8% for ANA2-GL, which is similar to the result from Panswad and Iamsamer (1999).
This implies that the fermentation of starch, which is normally used in the dyeing process,
should be beneficial to the color removal of the system.

Considering the effects of dye concentrations on the color removal effectiveness, the
ANA4-SA unit achieved 62.8, 52.7 and 54.5% color removal as the concentration of dye
increased from 10 to 40 and 80 mg/l, respectively. The ANA2-GL case was able to obtain
36.8 and 35.2% removal efficiency for 10 and 40 mg/l of dye, respectively, whereas the
corresponding figures for the AER unit was only 18.3 and 14.6%, respectively. This
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indicates that the color removal effectiveness decreased as the fed dye concentration
increased, although the total color removal in terms of SU leaned in the opposite direction.
The AER unit was consistently unable to remove color effectively regardless of reaction
time, which is in agreement with the results of Shaul er al. (1987), Pansuwan and Panswad
(1997) and Tepper et al. (1997).

The initial decolorization rate (IDR) and the specific decolorization rate (SDR) were
calculated for the first 2 hours of the anaerobic period (Figure 4 and Table 5). The trends
of both rates were similar for different anoxictanaerobic contact times and initial dye
concentrations, i.e., with longer anaerobic times or higher dye concentrations, higher rates
were detected, while no difference in rates was observed for 4 and 8 hours
anoxict+anaerobic time at the same dye concentration. On the contrary, the type of
substrate did not have any significant impact on the IDR and SDR.

Table 5 IDR and SDR after the first 2 hours of the anaerobic period

Para- unit AER ANA2 ANA4 ANAS
meter 10GL 40GL | 10GL 10SA 40GL | 10SA 40SA B80SA | 10SA
IDR SU/Mhr 1.7 8.7 1.7 7.6 31.1 143 588 858 | 135

SDR  SU/hr-gSS 1.0 5.1 39 3.8 15.6 69 283 408 5.7

The AER unit was able to achieve 58.8-59.2% phosphorus removal which is equivalent to
95.4 mg P per cycle. This value was considerably higher than the amount that would be
expected from the normal excess sludge withdrawal, i.e., the fraction of phosphorus in
microbial cells was found to be as high as 3.1-3.3%. A hump in the phosphorus profile
{(Figure 6) might explain this auxiliary removal, i.e., a batch feed of the organic substrate
could cause a short anaerobic period due to temporary oxygen depletion. As a result, the
existing PAOs, though in a very small amount, could release phosphorus as indicated, and
then uptake more phosphorus after adequate oxygen was provided and a ‘true’ aerobic
condition was achieved.

All anoxic+tanaerobic/aerobic units achieved 96.0-99.3% phosphorus removal efficiency
and left less than 1 mg/l of phosphorus in the effluent. That is, the Remazol Black B dye
at the concentration of 80 mg/l did not have any significant impact on the capability of
PAOs. In addition, the 2 hours of anoxic+anaerobic time were evidently long enough to
obtain the complete denitrification as well as a subsequent ‘true’ anaerobic environment.
The anaerobic time of up to 8 hours did not cause secondary phosphorus release as
mentioned by Bamard (1984) although the organic substrate has been up-taken almost
entirely within 2-3 hours. In this study, glucose which is known to encourage the growth
of glycogen accumulating organisms (GAOQOs) did not interfere with the enhanced
biological phosphorus removal process. This suggests that the PAOs were able to use
glucose as a substrate, which was later transformed sequentially to acetyl-CoA and PHA.
Mino et al. (1998) explained that the PAOs require less energy for cell synthesis than
GAOs and hence can outgrow the GAOs in most circumstances. The fraction of
phosphorus to biomass in the form of volatile suspended solids was in the range between
4.8-5.5% for anoxic+anaerobic/ aerobic systems, which is lower than typical values
expected from an EBPR process due to the high COD:P ratio (100:3) used in this
experiment,
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The carbon removal based on COD was comparable among all systems (greater than 95%)
regardless of the anaerobic/aerobic contact time. Most of the carbon substrates were
consumed within the first two hours of the cycle (83.4-95.1% removal) regardless of the
type of substrate. Luangdilok and Panswad (1999) also observed similar incidents as
above. This may be because acetic acid, glucose and nutrient broth altogether are rapidly
biodegradable substrates. Glucose and nutrient broth are readily fermentable under an
anaerobic condition to form volatile acids which can be utilized later by the PAOs. Sedlak
(1991) measured the amount of volatile fatty acids formed under anaerobic conditions and
proposed that these by-products, after being generated by bacteria, were absorbed
instantaneously into cells.

TKN was removed very effectively in all systems; hence, only a small amount was
remaining in the effluents. More than half of the removal occurred in the anaerobic stage.
The absorbed nitrogen under anaerobic conditions may be used to form amino acids and
peptides within the microbial cells (Satoh er al, 1998). The TKN was additionally
removed under the aerobic environment through a nitrification process. Dye concentration
seems to have a limited impact on the TKN removal performance of the systems.
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CONCLUSIONS

Although the removal of color seemed to depend, to some extent, on the anaerobic contact
time, it is obvious that the available organic substrate indeed played an important role in
the decolorization. Serving as an electron donor, the organic substrate caused the cleavage
of azo bonds of Remazol Black B dye. The color was attenuated slightly under the aerobic
environment. More than 90% of phosphorus was removed in the
anoxict+anaerobic/aerobic systems whereas only 50% removal effficiency was obtained by
the aerobic systems. The anaerobic contact time, type of substrate and Remazol Black B
dye concentration of up to 80 mg/l did not have any significant impact on the enhanced
biological phosphorus removal process in this study. All experimental models, regardless
of the system’s configuration and type of substrate, were able to remove organic carbon
and TKN effectively due to a proper sludge age and readily biodegradable substrates being
used.
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Abstract

The sludge dewatering was investigated on 570 mm 5 X 900 mm H pilot-scale drying beds,
with 3 layers of fiitering media, namely, 10-15 mm 2, gravel of 100 mm height, 3-5 mm () coarse
sand of 100 mm height, and 0.36 mm ES with 148 UC sand of 350 mm height for the lower,
intermediate and upper layers, respectively. The applied volume of sludge was 76.5 litres which
was equivalent to 300 mm éf the sludge initial height on the beds. Tested sludge samples were
collected from wastewater treatment plants of different types ¢f industries and pre-prepared ::nto
four different concentrations by thickening or dilution. Two parameters, namely, specific resistance
(1) and capillaty suction time (CST) was investigated to see their effects on the drying time
required to reach at Jeast 20 % solids.

The results showed that the drying time correlated well with CST. That is, sludge with high
CET required more drying time than sludge with low CST. But specific resistance could not

concluded for this mean.
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m3iaf capillary suction time (CST)
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TN 1 AMENUAUMUINAWIY, capillary suction time WaY A lumsmnadadimauann

@uldansimluadadtiounihdouay 80)

Siudge origin Type of sludge r CST drying time *, days
(m/kg) (sec)

1) dye wastewater AS/ bio sludge  3.78E+12 16.9 30
2.90E+12 16.5 35
319E+12 276 7.0
3.60E+12 345 8.0
2) dye wastewater aerobic digestion/ 6.22E+12 15.6 25
/bio sludge 967E+12 16.6 35
9.20E+12 18.2 4.0
1.528+13 27.6 £0
3) canned-fruit AS/ bio sludge  477E+13 §7.2 3.0
3.76E+13 1054 6.0
2.97E+13 123.0 70
4795413 198.3 75
4} brewery UASB/bio sludge 1.34E+12 305 05
2.45E+12 31.3 0.5
163E+12 451 20
1.61E+12 1033 15
b} tanning wastewater AS/bio sludge  6.05E+12 195 15
3.548+13 265 2.0
5.93E+12 40.7 3.0
6.26E+12 57.0 3.0
B) elastic rubber . AS/bio sludge  1.35E+13 38.1 056
1.63E+13 472 - 20
2.21E+13 70.3 : 35
2.21E+13 1267 4.0
7) aluminium chemical sludge 7.26E+11 262 4.0
6.43E+11 306 45
1.04E+12 440 6.5

1.85E+12 £7.8 8.5
8) car assembly chemical sluage 1.12E+13 482 05
8.71E+12 1.3 - 20

6.90E+12 85.6 40 -

6.86E+12 1471 45
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Abstract

The shadge dewatering was investigated on 570 mm & X 900 mm H pilot-scale drying beds,
with 3 layers of filtering media, namely, 10-15 mm )] gravel of 100 mm height, 3-5 mm (J coarse
sand of 100 mm height, and 0.36 mm ES with 1.48 UC sand of 350 mm height for the lower,
intermedizie and upper layers, respectively. The applied volume of sludge was 765 litres which
was equivalent to 300 mm of the sludge initial height on the beds. Tested sludge samples wete
collected from wastewater treatment plants of different types of industries and pre-prepared into
{our differsnt concentrations by thickening or dilution. Two experimental sets were initiated in this
study, i.e. without treatment {control units} and with the withdrawal of supernatant after sludge
settling o the sludge drying beds(test units). The ratio of drain water to siphonable water to
evaporate water were establish for this study.

The resuits showed that ratio of drain water was high at low solids concentration and decrease
with increzse of solids concentration. Ratio of siphonable water were like to ratio of drain water
But if the sludge contained very low solids concentration, the water was drained so rapidly that

supernata—z could not be discharge in time.
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Ratio *

shudge from Type of sludge % of sludge contro] test
at nitial Drain |Withdra| Evap | Drain (Withdra | Evap
1) dye wastewater AS/ bio sludge 049 27.50 0.00 1.00 1316 0.20 1.00
051 5.39 000 1.00 14.70 497 1.00
0.9 3.76 0.00 1.00 7.78 063 1.00
- 1.36 1347 | 000 | 100 | 1744 | 000 | 100
2) dye wastewater | aerobic digestion/ 0.34 6.35 0.00 100 477 2.34 1.00
/bio sludge 0.49 534 0.00 1.00 3.88 121 | 10
068 437 000 160 377 062 1.00
0.93 428 0.00 1.00 372 0.00 1.00
3} canned-fruit AS/ blo shudge 064 585 000 1.00 245 375 | 100
133 453 | 000 | 100 | 364 | t97 | 100
175 23¢ | 000 | 100 | 258 | 030 | 100
2.95 161 0.00 1.00 152 0.00 1.00
4) brewery UASB/bio sludge 2.10 3% Q.00 1.00 501 7.85 1.00
289 269 0.00 1.00 1.69 5.26 1.00
530 ° 29 0.00 1.00 2.18 232 1.00
783 . 308 000 1.00 1.88 0.81 1.00
£} tanning AS 0.63 10.55 0.00 1.00 6.78 8.56 1.00
095 213 0.00 1.00 199 257 1.00
158 202 0.00 1.0 219 1.20 1.00
2.35 201 0.00 1.00 20 0.00 1.00
6) elastic rubber AS/bio sludge 0.63 404 0.00 100 200 234 1.00
057 3.07 000 1.00 1.75 1.99 1.00
1.32 1.71 0.00 1.00 1.90 1.59 1.00
1.87 1.87 0.00 1.00 1.55 0.54 1.00
7) aluminium chemical sludge 0.40 30.20 0.00 1.00 28.06 0.00 1.00
’ 0.99 6.54 0.00 100 16.53 258 1.00
1.73 382 0.00 1.00 3.60 0.51 1.00
_ 228 204 | 000 | 100 | 198 [ 000 [ 100
8) car assembly chemical sludge 099 581 000 1.00 5.49 0.00 1.00
1.77 409 0.00 1.00 3.27 1.56 1.00
2.3 360 0.00 100 3.46 0.22 1.00
| 570 448 | 000 | 100 | 461 | 000 | 1.00

* Water to.be evapoie"2 was set at 1.00, as reference.
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Effect of Copper on the Nitrogen and Organics Carbon Removal from Wastewater by tho
Anoxic- Oxic Activated sludge Process

Aoy dund
madgiransruiinaden AnEARanTsuAnaRT
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NIINHY 10330

ineans. 652 218 6666
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wanfndiasdasusietientnaaninlnemassainindudanmnnmileon 500 un/ hilnnau 40
unJe. uasdasWedd 10 un/a uasinisuwlsAmoauaad 0, 5, uay 10 un/e. TRvad Rl suLd
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Abstract
Study of copper effect on nitrogen and organic carbon removal from wastewater bv on anoxic - oxic

sctivated sludge process that experiment with synthetic wastewater of COD 500 mgd, nitrogen 40 mgfl and
phosphorus 10 mgfl and copper dosage of 0, 5 and 10 mgl . Hydraulic retention time sludge age and MLSS
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were 9.3 hour, 10 days and 2,800 mgh respectively When the system reached on steady state, the system
had been Shocked by adding copper 50 mgft for 4 days and let it carne back o the intial condition for studying
the ability of system in corning back.

From the experiments, it showed that the efficiency of removing COD and nitrogen was 95 and 96 percent,
-zspectively  Effluent COD and nitrogen were 25 and 1.6 mgfl respectively . After shocked, COD and nitrogen
removal efficiency was decrease only 1-2 percent . When 5 mgfl copper was add, it found that the efficiency
of removing COD  and nitrogen were $7 and 94 percent, respectively, that was not different from control
systern And after shocking, the efficiency of removing COD and nitrogen were decrease to 84 and 88 percent,
respectively, that was different from contral system . Whereas 10 mg/l copper was added, it was found that
the efficiency of removing COD and nitrogen was decreased to 80 and 89 percent, respectively, that was
criferent from control system . After shocked, the efficency of removing COD and nitrogen was 86 and 92
percent, which show that the system was resist 10 copper up 10 5 mg/l . But time copper shocking would be

eifdgt to decrease sfficiency of the system .
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Abstract

In some coastal areas, sea water is ane another chioce for saving fresh water consumption.
That water is used for toilet flushing in some cities. It does the high salt concentration
wastewater that can be harmful to the bioactivity in any biological treatment process, some
factories, i.e., tanning, pickling, canned seafood, etc., do too. An anaerobic-anoxic-aerobic
process of 2-2-12 hours, respectively, and the sludge age of 10 days was used for study this
effects. A synthetic wastewater with the ratio of COD;N:P of 500:25:15 mg/l and the sodium
chloride dosage of 0 (control}, 5, 10, 20 or 30 g/l were fed to the process. When the salinity
concentration increased from 0 to 30 g/l of NaCl, the COD removal efficiency decreased from 97
to 87, 86, 76 and 68 percent and the T-N removal efficiency decreased from 88 to 83, 78, 70 and
68 percent, respectively. The phosphorus removal in this study was not as high as reported
elsewhere, probably decreased from 48 to 42, 40, 36 and 30 percent, respectively. The
decreasing of specific nitrification and denitrification rate confirmed the decreasing of T-N
removal efficiency. But the specific oxygen uptake rate (SOUR) was adverse increased from

6.06 to 6.20, 6.39, 6.63 and 6.84 mg/g MLSS.hr, respectively, to survive under such condition.
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