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ABSTRACT

Petrochemical wastewater contains various effluents, such as purified terephthalic acid (PTA),
polyethylene terephthalate (PET) and polyester (PE) effluents. The effects of mixed petrochemical
wastewater on biological processes were investigated by studying their acute toxicity and biodeg-
radation characteristics. The results of combined toxicity assays show that PTA + PET and PTA + PE
wastewaters demonstrate an antagonistic effect, while PTA + PET + PE wastewater exhibit a partly
additive effect. The results of aerobic biodegradation characteristics and specific oxygen uptake rate
assays show that the biodegradation processes of pollutants were inhibited at the initial period and
then recovered. On the contrary, there was no significant inhibition effect in the assays of anaerobic
biodegradation. The analysis on the relationship of toxicity and biodegradation characteristics show
that in aerobic batch assays the inhibition effect is related to the toxicity of wastewater, while anaero-
bic biodegradation processes were affected by the slowly biodegradable fraction in wastewater.

Keywords: Petrochemical wastewater; Acute toxicity; Luminescent bacteria test; Biodegradation
characteristics; Aerobic and anaerobic processes

1. Introduction

Petrochemical wastewater is an industrial wastewa-
ter generated from the production of petrochemical raw
materials, such as purified terephthalic acid (PTA), poly-
ethylene terephthalate (PET) and polyester (PE) [1]. Hence,
petrochemical wastewater contains effluents from differ-
ent petrochemical processes, such as PTA, PET and PE
wastewaters. Petrochemical wastewater exhibits several
characteristics, such as high concentration of organic mat-
ter, refractory, toxicity and inhibition, which have adverse
effects on the environment [2]. Hence, petrochemical
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wastewater should be treated efficiently before discharged
into the receiving water.

A range of treatment technologies have been widely
applied to treat petrochemical wastewater, such as advanced
oxidation process [3], absorbance [4] biological treatment
including aerobic and anaerobic processes, owing to the
advantages such as cost-saving and high efficiency [5] During
biological treatment, these pollutants can be degraded by
special microbes which form catabolic partnerships [6]
However, petrochemical wastewater contains different
organic pollutants which exhibit characteristics of toxicity
and refractory [7]. The catabolic partnerships of degrading
microbes are fragile and easily destroyed by other toxicants.
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Hence, in earlier studies, the performances and mechanisms
of pollutants removal during biological treatment were
investigated through individual petrochemical wastewater
(including actual and synthetic wastewater) [5]° However,
petrochemical wastewater with a mixture of various petro-
chemical effluent streams was actually treated by biological
processes. The mixed petrochemical wastewater may exhibit
an adverse effect on the biodegradation processes, because
of its toxicity and refractory characteristics of pollutants.
Hence, the combined toxicities and biodegradation char-
acteristics of the mixture of petrochemical effluents during
biological treatment require careful attention and should be
investigated.

In this study, actual petrochemical wastewaters (mixed
wastewaters of PTA, PET and PE) were collected from a pet-
rochemical plant in Tianjin. The individual and combined
toxicities of the wastewater were conducted using lumi-
nescent bacteria test. The biodegradation characteristics of
individual and mixed wastewaters were also investigated.
The effect of the mixture of petrochemical effluent streams
on biodegradation was revealed by the relationship of the
biodegradation characteristics and combined toxicities of
mixed wastewaters.

2. Materials and methods
2.1. Wastewater characteristics and mixture condition

Real PTA, PET and PE wastewaters were collected from a
petrochemical plant (Sinopec Corp, Tianjin, China). The char-
acteristics of wastewaters are shown in Table 1. The effects
of mixed petrochemical wastewater on biological treatment
were conducted according to the acute toxicity and biodegra-
dation characteristics of individual and mixed petrochemical
industrial effluents (PTA, PET, PE, PTA + PET, PTA + PE and
PTA + PET + PE wastewaters). The ratio of mixed wastewater
used was according to the volume ratio of PTA, PET and PE
streams in the actual petrochemical wastewater (PTA: 60%—
80%; PET: 10%-20%; PE: 10%-20%).

2.2. Luminescent bacteria test

Acute toxicities of individual and mixed wastewaters
were assessed by luminescent bacteria test [8]. For this, the
employed luminescent bacterium strain was Photobacterium
phosphoreum T3 spp. (Nanjing Institute of Soil Science,
Chinese Academy of Sciences). To resuscitate the bacteria,
1 mL cold NaCl solution (2.5%) was added to the ampoule
bottle containing freeze-dried luminescent bacteria (0.5 g).

Table 1
Characteristics of real PTA, PET and PE wastewaters

The luminescent bacteria began to luminescence at 20°C.
Luminescent bacterial solution (0.2 mL) was then injected
into 2 mL test tube containing 3% NaCl solution and the
luminosity range was tested. The freeze-dried Photobacterium
phosphoreum T3 spp. can be used if the luminosity is in the
range of 600-1,900 mV.

2.3. Acute toxicity assays of individual wastewater

The acute toxicity assays and the determination of stan-
dard curve were conducted according to the standard toxicity
measurement method [9]. For individual wastewater (PTA,
PET and PE wastewater), seven concentration gradients
were prepared. All samples were diluted by NaCl solution
and adjusted to pH =7. During toxicity test assays, 1.8 mL of
samples or 2.5% NaCl solution (as control) were added into
the test tubes containing a solution of 0.2 mL luminescent
bacteria. After exposure for 15 min at 20°C + 1°C, the indi-
vidual toxicities of wastewater samples were recorded and
repeated in triplicates. The toxicity values are expressed in
relative luminosity unit (RLU) and RLU (%) were calculated
by the following equation [10].

RLU = LU
LU

x100% ¢y

0

where LU is the mean luminescence unit of the wastewater
samples and LU, is the mean luminescence unit of the con-
trol (only NaCl solution). The concentrations that cause a
50% inhibition of bioluminescence (IC,)) were obtained by
linear regression analysis of the concentrations of wastewa-
ter and RLU. The linear fitting and correlation coefficient
(R?) were obtained by Microsoft Excel 2010. The acute tox-
icity of individual wastewater (PTA, PET and PE waste-
water) was also represented by the concentration of Zn?*
(ZnSO, serves as a standard toxicant). The extent of lumi-
nescent inhibition of the samples was standardized into
an equivalent concentration of Zn?, which is related to the
toxic effect of organic matter in wastewater on luminescent
bacteria [11].

2.4. Combined toxicity of mixed wastewater

According to the IC,, values of individual streams, the
combined toxicity assays of mixed wastewaters (PTA + PET,
PTA +PE and PTA + PET + PE) were tested. The ratio of mixed
wastewater samples used was according to the volume
ratio of PTA, PET and PE streams in actual petrochemical

Characteristic parameters PTA wastewater PET wastewater PE wastewater
COD (mg/L) 3,750-4,250 889-1,900 164-2,141
BOD, (mg/L) 500-600 200-500 60-900

DOC (mg/L) 1,132-1,328 177-380 59-784
NH;-N (mg/L) 17.35-20.74 5.23-8.89 12.87-19.94
TP (mg/L) 1.04-1.23 1.37-1.97 0.51-0.82

pH 4.0-6.0 4.5-7.0 5.5-7.5
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wastewater. PTA + PET mixed wastewater sample contained
80% PTA wastewater and 20% PET wastewater; PTA + PE
mixed wastewater sample contained 80% PTA wastewater
and 20% PE wastewater; PTA + PET + PE mixed wastewater
sample contained 80% PTA wastewater, 10% PET wastewater
and 10% PE wastewater. For the mixed wastewaters, seven
concentration gradients were prepared and tested in tripli-
cates. The tests for mixed wastewaters were conducted in a
similar way as that of individual wastewaters.

The combined toxicities contain four main types: inde-
pendent effect, additive effect, synergistic effect and antag-
onistic effect [8]. Toxic unit (TU) was applied to assess
the combined toxicity and is calculated by the following
equation:

C.
TU, = — @

ICSO,i
M=3TU =St Sy G ®

i=1 ICSO,l ICSO,Z IC50,H

M
M, = 4
T ?

where C, represents the concentration of compound i when
the mixture is at its IC, ; TU, is the toxic unit of 7; M is the sum
of the toxic units according to Eq. (3); (TU)), _ is the maximum
toxic unit of the mixture and M, is the ratio of M and (TU))__
according to Eq. (4). The combined toxicity can be revealed
by the relation of M and M, the details as follows: if M <1,
the combined toxicity is synergistic; if M = 1, the combined
toxicity is simply additive; if M > M, the combined toxicity is
believed to be antagonistic; if M = M, the combined toxicity
is independent and if M, > M > 1, the combined toxicity is
partly additive [8].

2.5. Aerobic degradation using batch assay

The biodegradation characteristics under aerobic con-
dition were observed by batch assays. Six beakers (500 mL)
were fed with PTA, PET, PE, PTA + PET, PTA + PE and
PTA + PET + PE wastewaters, respectively. The samples
(5 mL) from the beakers were collected at the time inter-
vals of 0, 2, 4, 10, 40, 70, 90, 110, 130 and 150 h, respectively.
The collected samples were then passed through 0.45 pm
filter to remove suspended solids and then analyzed for dis-
solved organic carbon (DOC). Specific oxygen uptake rates
(SOUR) of activated sludge were also investigated at 0, 4, 40,
70, 110 and 150 h, in the six beakers. The seeding sludge of
batch assays was collected from the petrochemical plant and
acclimated for 30 d. Mixed liquor suspended solids (MLSS)
in the beakers were kept at 4 g/L according to the MLSS value
of aerobic tanks in petrochemical wastewater treatment plant
of Sinopec Corp. The dissolved oxygen of the batch assays
was kept at 3.0 mg/L.

2.6. Anaerobic degradation using batch assay

The biodegradation characteristics under anaerobic con-
dition were determined by batch assays. Six serum bottles

(500 mL) were fed with PTA, PET, PE, PTA + PET, PTA + PE
and PTA + PET + PE wastewaters, respectively. The samples
(5 mL) from the bottles were collected at the time intervals
of 0, 2, 8, 20, 30, 40, 50, 70 and 90 h, respectively. The sam-
ples were then passed through 0.45 um filter to remove
suspended solids and then analyzed for DOC. MLSS in the
bottles were kept at 10 g/L according to the MLSS value of
anaerobic processes in petrochemical wastewater treatment
plant of Sinopec Corp.

2.7. Analytical methods

The data set for principal component analysis (PCA)
were used to assess the internal correlations between acute
toxicity and biodegradation characteristics. Analytical data
set covered toxicity variables: IC,, and toxicity standardized
into an equivalent concentration of Zn* (Toxicity, ); aerobic
biodegradation variables: SOUR maximum value (SOUR ),
SOUR during inhibition stage (SOUR, ... ), maximum
value of removal rate (RR__ ) and removal rate during inhi-
bition stage (RR, . ... ); anaerobic biodegradation variables:
removal rate of readily biodegradable organics (ARR ;)
and removal rate of slowly biodegradable organics (ARR

in the batch assays of individual and mixed wastewaters.
Removal rate (RR) is calculated by the following equation:

RR =0 ;Cf (5)

where C; and C, represent the concentration of DOC at the
beginning and at the end of stage, and t represents the time
required during the stage.

SOUR analysis was measured using a respirometric test
[12]. Parameters of chemical oxygen demand, 5 d biochemical
oxygen demand (BOD,), pH, total nitrogen (TN), ammonia
nitrogen (NH;-N) and total phosphate (TP) were observed
by the standard method [9]. DOC was determined using a
DOC analyzer (Shimadzu, Japan).

3. Results and discussion
3.1. Acute toxicity of petrochemical industrial wastewater

3.1.1. Acute toxicities of individual petrochemical industrial
effluents

To obtain the toxiciy values of individual petrochemical
industrial effluents, the acute toxicities of diluted wastewa-
ter samples to luminescent bacteria were tested. DOC and
toxicity response relationships of individual wastewaters are
shown in Fig. 1. It could be seen that the RLU was negatively
correlated to the concentration of DOC of diluted waste-
water samples. The linear regression equations, correlation
coefficients (R*) and the IC,; values of individual wastewa-
ters are listed in Table 2. The IC_ values of PTA, PET and
PE effluents were 28.37, 5.62 and 27.73 mg/L, respectively.
The smaller is the IC | value, the more toxic is the wastewa-
ter sample to luminescent bacteria. The toxicities of organic
pollutants in the wastewater samples were in the following
order: PET > PE > PTA.

Generally, the toxicities of petrochemical industrial
effluents by luminescent bacteria test have not been widely
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Fig. 1. DOC and toxicity response relationships of individual petro-
chemical industrial wastewater samples.

Table 2
Acute toxicities of the individual wastewater samples
Wastewater  Linear regression R? IC,, (mg/L)
equation
PTA RLU =-1.7407c +99.391  0.9862 28.37
PET RLU =-9.711¢ + 105.25 09574 5.62
PE RLU =-1.695¢c + 96.999 09844 27.73

reported and discussed. PTA wastewater showed gene and
reproduction toxicities owing to the existence of typical pol-
lutants, such as terephthalic acid (TA), benzoic acid (BA) and
p-toluic acid (PT-acid) [7,13,14]. In PET wastewater, ethylene
glycol and TA, which are the main pollutants, contributed
to the toxicity effect on luminescent bacteria [15]. In PE
wastewater, TA and phenol are the key pollutants that have
contributed to acute toxicity [16].

3.1.2. Combined toxicities of mixed petrochemical
industrial effluents

The combined toxicity values of mixed wastewaters were
also obtained by luminescent bacteria test. DOC and toxicity
response relationships of the mixed wastewaters are shown
in Fig. 2. It could be observed that the RLU values were neg-
atively correlated to the concentration of DOC of the diluted
wastewater samples. The linear regression equations, cor-
relation coefficients (R?) and the IC,, values of mixed waste-
waters are listed in Table 3. The IC,, values of PTA + PET,
PTA + PE and PTA + PET PE wastewaters were 69.81, 44.12
and 33.09 mg/L, respectively. The smaller is the IC,; value,

Table 3
Combined acute toxicities of the mixed wastewater samples
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=~ 60
=
E 40
20
O T T T T T
0 20 40 60 80 100 120

DOC(mg/L)

Fig. 2. DOC and toxicity response relationships of mixed petro-
chemical industrial wastewater samples.

the more toxic is the wastewater samples to luminescent bac-
teria. The toxicities of organic pollutants in the wastewater
samples were in the following order: PTA + PET + PE > PTA
+ PE > PTA + PET. Based on the results of combined effect in
Table 3, PTA + PET and PTA + PE were antagonistic, while
PTA + PET + PE was partly additive.

Based on the results of acute toxicity, the mixture of
three pretrochemical effluents exhibited different effects of
combined toxicity. However, the pollutants in the waste-
water showed different characteristics of inhibition on
both luminescent bacteria and microbes in the aerobic and
anaerobic treatment processes. Thus, the removal character-
isitics of individual and mixed effluents during aerobic and
anaerobic treatment should be investigated.

3.2. Characteristics of biodegradation of petrochemical industrial
wastewater

3.2.1. Removal of organic pollutants of the wastewater during
aerobic biological treatment

The removal characteristics of organic pollutants in batch
assays could demonstrate the characteristics of the compo-
sition of wastewater and the processes of biodegradation. It
also reflects the effect of the mixture of different streams on
biological treatment. Fig. 3 shows the DOC removal char-
acteristics of individual and mixed wastewaters in aerobic
batch assays. All the individual and mixed wastewater sam-
ples exhibited an inhibition effect on activated sludge at the
beginning, and then recovered with the progress of biodeg-
radation processes.

DOC removal of the individual wastewater samples exhib-
ited a similar trend. The removal processes of the pollutants in

Wastewater Linear regression equation R? IC,,(mg/L) M M, Combined effect
PTA + PET RLU =-0.784c + 104.75 0.9722 69.81 4.45 1.79 Antagonistic
PTA +PE RLU =-1.147¢ + 100.04 0.9826 44.12 1.56 1.26 Antagonistic
PTA + PET + PE RLU =-1.553c + 101.37 0.9668 33.09 1.64 1.76 Partly additive
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Fig. 3. The characteristics of DOC removal of individual and mixed wastewaters during aerobic treatment. Phase I is the degradation
of readily biodegradable component; Phase Il is the inhibition stage; Phase III is the recovery stage; Phase IV is the degradation stage

of slowly biodegradable and inert components.

wastewater could be divided into four phases. DOC removal
efficiency increased rapidly in the beginning which showed
that the easily removable compounds could be degraded
rapidly. Following this, the organic pollutants were removed
slowly due to the inhibition effect of toxic compounds on the
activated sludge. The efficiency of DOC removal increased
rapidly again due to the elimination of inhibition effect with
the removal of toxic compounds. Finally, the organic pollut-
ants were removed slowly. Overall, it exhibits that the biode-
gradable organics were almost completely removed and the
remaining were slowly biodegradable and inert fraction.

The characteristics of DOC removal of individual efflu-
ents in aerobic batch assays showed an inhibitory effect on
the activated sludge in the initial period. The presence of
toxic compounds in the wastewater contributed to the inhibi-
tory effect on the activated sludge in the initial period. These
compounds could be degraded and hence the rate of removal
of DOC was recovered.

In the assays of mixed wastewaters (PTA + PET, PTA + PE,
PTA + PET + PE wastewaters), the characteristics of DOC
removal in mixed wastewaters (PTA + PET, PTA + PE,
PTA + PET + PE wastewater) had a similar trend compared
with PTA wastewater, which may be due to that PTA waste-
water was a main stream in the mixed wastewaters, account-
ing for approximately 80%. However, some details on the
removal of pollutants in the batch assays of mixed wastewa-
ters were different from the batch assay of PTA. In the batch
assay of PTA + PET, readily biodegradable compounds were
removed during 0-10 h. The removal characteristics of this
fraction seem to be similar to the batch assay of PTA. The
toxic pollutants were removed more rapidly and maintained
a longer phase than PTA batch assay during the stage of toxic
effect (10-90 h). In the PTA + PE batch assay, the readily bio-
degradable fraction was in a large part and was removed
during 0-10 h. The removal characteristics of toxic pollutants
were similar to PTA batch assay. The readily biodegradable

compounds were removed during 70-90 h and the rest of
the compounds were inert and refractory. The whole pro-
cesses of removal of pollutants took less time than PTA batch
assay. In PTA + PET + PE batch assay, readily biodegradable
compounds were removed during 0-10 h. The removal char-
acteristics of this fraction seem to be similar to PTA batch
assay. The toxic pollutants were removed during 10-40 h and
the inhibitory phase took a short time. The rest of the readily
biodegradable compounds was removed during 40-110 h,
and the removal rate of this fraction was lower compared
with PTA batch assay.

In mixed wastewater batch assays, the combined effects
of mixed wastewater on the activated sludge were exhibited
by the removal characteristics of pollutants. In PTA + PET
and PTA + PE wastewaters, there was no significant differ-
ence between the removal rate of inhibitory phase and the
recovery phase. It illustrates that the inhibitory effect was
eliminated through PTA wastewater mixed with PET and
PE wastewaters. In PTA + PET + PE batch assay, the removal
characteristics seem to be similar to PTA batch assay. The rate
of removal of inhibitory phase and recovery phase seems
to be lower compared with PTA batch assay.

SOUR changes of activated sludge during aerobic bio-
logical treatment were investigated to reveal the relationship
between the inhibitory effect and the removal characteristics
of DOC in the wastewater. The obtained results are shown
in Fig. 4. The SOUR of PTA wastewater batch assay exhib-
ited a low value in the beginning, which was 0.09 mgO,/
gMLSS min. This indicates that the activated sludge was
inhibited because of the presence of toxic pollutants in
PTA wastewater. SOUR increased gradually from 0 to 40 h
with the removal of toxic organic matter. SOUR decreased
gradually with the metabolized substrate in PTA wastewa-
ter. In general, SOUR of PTA wastewater batch assay main-
tained at low values throughout the experiments due to high
concentration of toxic compounds [17].
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Fig. 4. SOUR changes of activated sludge during aerobic biological treatment of individual and mixed wastewaters.

In PET wastewater batch assay, SOUR achieved at
2.14 mgO,/gMLSS min, and decreased rapidly from 0 to 4 h.
This may be due to the removal of readily biodegradable
compounds in PET wastewater during the first 4 h. SOUR
increased from 40 to 70 h because of the removal of toxic
organic matter. These results coincided with the removal rate
of organic matter in PET wastewater batch assay. After that,
SOUR decreased and maintained at a low value because of
the slow degradation of refractory compounds.

In PE wastewater batch assay, SOUR increased to
1.13 mgO,/gMLSS min at the initial 4 h, and decreased grad-
ually during 4-40 h. SOUR decreased and maintained at a
low value from 40 to 150 h. It illustrates the presence of a
toxic effect in PE wastewater which was removed gradually
during the first 4 h. The readily biodegradable compounds
were metabolized in 440 h, and the slowly removable com-
pounds were present in PE wastewater which were removed
gradually in 40-150 h.

In mixed wastewater degradation assays, SOUR increa-
sed significantly during 0-70 h of PTA + PET wastewater.
It illustrates that the toxic compounds were removed in
0-70 h and the SOUR maximum value of activated sludge
increased when PTA wastewater was mixed with PET
wastewater. The trends in the changes of SOUR in PTA + PE
wastewater degradation assay were similar to PTA wastewa-
ter degradation assay. In PTA + PET + PE wastewater batch
assay, SOUR decreased in 04 h because of the removal of
readily biodegradable compounds and the existence of toxic
pollutants. SOUR increased in 4-40 h because of the removal
of toxic pollutants similar to PTA wastewater batch assay.
However, the maximum value of SOUR in PTA + PET + PE
wastewater batch assay was higher compared with PTA
wastewater batch assay.

Based on the above results, the characteristics of changes
in SOUR also exhibited inhibitory effect of toxic pollutants on
the activated sludge. PTA wastewater contributed the main

inhibitory effect on the activated sludge during aerobic treat-
ment of mixed wastewaters, and the inhibitory effect seems
to be relieved by different mixture of industrial effluents.

3.2.2. Anaerobic biodegradation characteristics of
the wastewater

The characteristics of removal of organic matter in anaero-
bic batch assays demonstrate the effect of mixed wastewater
on anaerobic biodegradation. Fig. 5 shows the removal char-
acteristics of DOC of individual and mixed wastewater sam-
ples in anaerobic batch assays. The removal characteristics of
organic matter in anaerobic batch assays show a similar trend
during anaerobic treatment of individual and mixed waste-
water samples. Readily biodegradable compounds were
removed during 0-8 h, while slowly biodegradable com-
pounds exhibited different removal rate in anaerobic batch
assays. In PTA wastewater batch assay, most of the slowly
biodegradable organics were removed in 8—40 h. The slowly
biodegradable compounds in PET and PE wastewater were
removed in 8-20 h. In PTA + PET wastewater batch assay, the
removal characteristics of slowly biodegradable compounds
were similar to PTA wastewater batch assay. It seems that
there is no significant effect on the anaerobic biodegradable
process of PTA + PET wastewater. In PTA + PE wastewater
batch assay, the process of slowly biodegradable compounds
was shortened with PE wastewater mixed with PTA wastewa-
ter. In PTA + PET + PE wastewater batch assay, the process of
slowly biodegradable compounds was significantly extended
with PE and PET effluents added into PTA wastewater.

According to the above-obtained results, the toxicity of
wastewater exhibited no significant adverse effect on the
anaerobic treatment. PTA wastewater was the main compo-
nent in mixed wastewater. The typical pollutants, such as
TA, BA, PT-acid, can be degraded by special microbes which
form catabolic partnerships [18].
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Fig. 5. DOC removal characteristics of individual and mixed wastewaters during anaerobic treatment. Phase I is the degradation stage
of readily biodegradable component; Phase II is the degradation stage of slowly biodegradable component; Phase III is the stage of

the existence of inert component.

3.3. Relationship of toxicity and biodegradation characteristics
during the processes of biodegradation

PCA was used to assess the internal correlations between
acute toxicity and biodegradation characteristics. Analytical
data set covered toxicity variables: IC_ and toxicity, ; aerobic
biodegradation variables: SOUR __, SOUR, ... RR _ and
hibitions ANA€robic biodegradation variables: ARR dily and
ARR , in the batch assays of individual and mixed waste-
waters. Eigenvalue and loading were shown by PCA. The
eigenvalue reflected the relationship of variables. The first
three factors were indicated and their loadings have been
shown in Fig. 6.

Factor 1 showed positive correlations with RR, ...
and IC,; (loadings at 0.98 and 0.81, respectively). Factor 2
showed that SOUR. exhibited a positive correlation

with SOUR__, while SOUR _and SOUR_showed a
negative correlation with Toxicity, . These results indicated
that aerobic biodegradation processes of both individ-
ual and mixed wastewaters were impacted by the toxicity
effects on the activated sludge. It also revealed that acute
toxicity by luminescent bacteria test could represent the
toxic effect of both individual and mixed wastewaters on
the activated sludge. Therefore, factor 1 can be explained
as a complicated parameter which mainly represented tox-
icity based on IC,, while factor 2 can also be explained as a
toxicity parameter based on Toxicity,, .

Factor 3 showed positive correlations with ARR__, ~in
anaerobic batch assays and RR__ in aerobic batch assays.
However, ARR y ARR dily and RR _ showed non-signif-
icant correlation with toxicity variables. It illustrated that
ARR, —and RR__ were affected by the refractory charac-
teristics of the pollutants in the wastewater. The removal
rate of organic pollutants in anaerobic batch assays was
not impacted by the toxicity of water because of the exis-

tence of catabolic partnerships [6]. Hence, factor 3 can be

T
- RR
—— max
L 4
°
08 ARR

i
%; 04 RRmInbm.on.
8 e ARRread\!y
s ) Toxicil
) SOUR,,, ! Vi
—
> &1 ®iC
'ﬂ R, hibiion

o
S

Fig. 6. PCA scatter diagram of three factors.

explained as a parameter based on refractory characteristics
of the pollutants in the wastewater. The results also show
that anaerobic processes could be more suitable for mixed
petrochemical wastewater treatment compared with aerobic
processes.

4. Conclusions

In this investigation, it has been found out that differ-
ent mixture of petrochemical industrial effluents show var-
ious toxic effects and degradation characteristics during
aerobic and anaerobic treatments. Notably, aerobic bio-
degradation processes of petrochemical industrial waste-
water were significantly inhibited in the presence of toxic
pollutants. The combined toxicity of mixed wastewater
can be revealed by acute toxicity assays. PTA + PET and
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PTA + PE wastewaters show an antagonistic effect, while
PTA + PET + PE wastewater exhibit a partly additive effect.
These results coincide with the characteristics of aerobic
biodegradation. Anaerobic biodegradation processes seem
to be not influenced by the toxic compounds due to the
catabolic partnerships of the existing degrading microbes.
The anaerobic biodegradation processes are dependent on
the slowly biodegradable fraction of organic compounds
in wastewater. These results illustrate that anaerobic treat-
ment is more suitable for the mixed petrochemical industrial
wastewater treatment than aerobic processes.
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