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Abstract

Background: Wastewaters with high salt content disturb the metabolic function of microorganisms causing plasmolysis or ac-
tivity loss in microorganisms, so the efficiency of biological treatment of saline wastewater by conventional microorganisms will
decrease.

Objectives: This study aimed to find the outbreak of disorder in the biological wastewater treatment process and how much salt
leads to low efficiency in the wastewater treatment plant.

Methods: A study unit consisting of two aeration and sedimentation parts was used in this pilot research. Initially, 2 to 10 gr of NaCl
was added to wastewater (WW) then aerated and settled for six and two hours, respectively. During a 10-weeks period, 10 samples
were obtained and, the parameters of biological oxygen demand in 5 (BOD5), chemical oxygen demand (COD), total suspended
solids (TSS), pH, turbidity, total dissolved solids (TDS) and mixed liquor suspended solids (MLSS), were measured. All experiments
were done according to standard methods.

Results: Removal efficiency of qualitative parameter including BOD, COD, TSS and turbidity showed a reduction of about 79.7,73.9,
67.6 and 66%, respectively by addition of 8 gr/L of NaCl to wastewater. By increasing TDS by more than 4000 mgj/L, biological treat-
ment was done at a low efficiency and was disturbed with TDS of about 8000 mg|L, with efficiency of the treatment system strongly
decreasing.

Conclusions: For wastewater with high TDS content, modification such as dilution, collection system sanitation, application of

halophytic organisms, the use of non-biological methods and so on is recommended.
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1. Background

Currently the world is faced with a water crisis because
of population increase, urbanization, public health pro-
motion, climatic changes and so on, thus the need for new
water resources is inevitable (1). Due to finitude fresh wa-
ter resources, the reuse of treated wastewater (WW) can be
a permanent water resource that may have numerous ap-
plications. In addition to reusable water production, WW
treatment has a potential for environmental protection
through reduction of waste, and production of energy, nat-
ural fertilizer and many other benefits (2, 3). Different
methods are applicable for wastewater treatment, which
are selected based on nature and characteristics of WW,
climate conditions, economic and environmental limita-
tions and so on. Since physicochemical methods are often
costly treatment methods, many researches have been con-
ducted regarding the application of substitutes of low cost
methods. In most methods, aerobic and anaerobic biolog-

ical treatments are the most widespread method for WwW
treatment around the world (4). The salinity of plant ef-
fluents depends on many factors including: lack of control
in surface runoff and flood, high level of saline groundwa-
ter, and local dust such as sand that exist naturally (5, 6).
Normally, saline wastewaters that are obtained from dif-
ferent industrial activities such as leather factory, marine
products, drugs, and industries related to the extraction of
crude oil and gas refining, are rich in organic compounds
and have atleast1to 3.5 gof TDS (7, 8).

One of the chemical wastewater parameters, which
plays a huge role in biological WW treatment is salt con-
tent, in a way that salt concentration of more than 1%
(Nacl) causes plasmolysis of microorganisms and reduces
their ability to remove organic and inorganic pollutants
(6); on the other hand, discharge of saline wastewaters
without treatment has considerable effects on aquatic life,
and it causes immigration, death, destruction of organ-
isms and imbalance of ecosystems.
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In year 2011, a study was conducted to optimize phys-
ical parameters such as temperature, inoculum size, pH,
and salinity and incubation time, for the production of
a salt tolerant enzyme secreted by a salt tolerant Pseu-
domonas Aeruginosa strain isolated from a type of saline
wastewater (9). In 1995, Omil et al. could not determine
the exact toxic effects of fish processing wastewater on an
anaerobic system in a laboratory scale. They showed that
bacteria are able to adapt with the existing salt density (10).
The existence of salt resistant bacteria in biological saline
wastewater treatment systems is necessary for decomposi-
tion of different organic pollutants. The important point
is that anaerobic digestion systems are more sensitive to
salinity content in comparison to activated sludge systems
(11). Another treatment method of organic solids is aerobic
digestion. Today, two types of conventional aerobic diges-
tion and pure oxygen digestion are commonly applied. In
conventional aerobic digestion, the sludge is aerated for
a long time in an unheated outdoor pool by using con-
ventional air distributor or surface aeration equipment;
this process can be done continuously or intermittently. A
batch method is commonly applied in small plants (12-15).
High content of salt, about 5 g|L to 8 gL, is accepted in or-
der to process aerobic treatment of wastewater (16). Unlike
the destructive effect of salt on microbial activity, activated
sludge can treat saline wastewater to some degree. Adapt-
ability successes of the mentioned treatment systems de-
pend on various factors, such as the type and growth stage
of microorganisms, and also gradual speed of density in-
crease of salt in the process of adaptation. According to
previous researches, the highest level of adaptation to salt
has been seen in the bacteria Escherichia coli (17). One in-
vestigation indicated that the best way for improvement of
efficiency of aerobic treatment process is using halophile
bacteria, which can decrease the level of chemical oxy-
gen demand (COD), biological oxygen demand (BOD), VSS,
potassium, magnesium, phosphor, and TKN (18).

2. Objectives

Bandar Abbas is located in southern Iran along the Per-
sian Gulf coast. In this region due to the high level of saline
groundwater and the penetration of the water into the WwW
collection network, the WW entering the treatment plant
has relatively high salinity. In some cases high salinity
if WW leads to disruption of biological wastewater treat-
ment process. This study aimed to determine the outbreak
of disorder in the biological wastewater treatment process
and how much salt leads to low efficiency in the wastewa-
ter treatment plant.

3. Methods

In this pilot study, a two-part pilot, which consisted of
aeration and sedimentation, was used; the first part’s di-
mensions were L =27, W=21and D = 20 cm and the sec-
ond part’s dimensions were L =21, W =10 and h =20 cm.
The effective volumes of first and second parts of the pilot
were six and three liters. A small container was used as a
storage tank, from which the WW was discharged (Figure
1). At the start of the pilot, 6 L of WW and 6 L of sanitary WW
treatment activated sludge were mixed and poured into
the storage tank. To achieve the test, electro-conductivities
(1000 - 8000 EC uSjcm) and about 2 -10 gr of NaCl (Merck
Company) was added to WW; then the WW was aerated
for six hours and finally was transferred to the sedimenta-
tion apparatus for two hours. During a ten-week period,
ten samples were obtained from the inputs and outputs
of the pilot. Then, the tests of biological oxygen demand
(BOD5), chemical oxygen demand (COD), total suspended
solids (TSS), pH, turbidity, total dissolved solids (TDS) and
mixed liquor suspended solids (MLSS), were done on the
sample. All experiments were done according to standard
methods at Azad University of Bandar Abbas.

The tests of TSS, TDS, BOD, COD and MLSS were done
based on standard numbers 2540 B, 2540c, 5210, 5220 and
5220 D of standard method reference, respectively (19). In
order to determining the pH, the Metrohm pH-meter and
to measure the EC, aqualytic conductivity-meter was used;
turbidity was measured using the Hach turbidity-meter.
Linear regression was used for data analysis and determin-
ing efficiency level of removing the mentioned parame-
ters.

4. Results

The initial and final wastewater characteristics (before
and after adding the salt) are presented in Table 1.

As indicated by Table 1, with the addition of salt to
the WW, some parameters like EC and TDS showed a lot of
changes compared to their original value; while in some
other parameters like BOD, COD, MLSS and TSS changes
were less than the EC and TDS. By adding salt to WW, the av-
erage amount of BOD, COD, TSS and TDS increased by about
6%,14.5%, 14%, and more than 200%, respectively. The mini-
mum increment was related to pH with 1.4%.

After salt addition to WW, it was time for the aeration
and settling stages; the results of this section are shown in
Table 2.

The effect of different amounts of salt on removal of
four major parameters in a wastewater treatment plant is
presented in Figure 2.
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Figure 1. Schematic Picture of the Study Pilot
Table 1. Initial and Final Wastewater Characteristics (Before and After Adding the Salt)
Parameter BOD cop TSS TDS EC pH MLSS
Added Nacl (gr) Before After Before After Before After Before After Before After Before After Before After
No added 243 2794 427 470.86 264 31434 2131 1737 44477 3625.41 735 730 2765 2516
2 297 295.8 493 646.67 324 386.07 2298 2804 4251.8 5188.08 6.79 7.09 2923 2664
3.5 227 244.0 425 469.48 268 302.48 2006 37377 3550.6 5591.22 71 717 2065 1870
4 240 2621 402 52438 218 24032 231 45413 38093 7485.69 7.1 6.90 2540 2366
5.5 281 311.9 499 584.12 257 306.16 2402 6751.4 3974.5 104423 7 731 3012 2689
6 209 230 393 44149 208 236.71 2215 7646 3750.9 12947.9 7.5 7.26 2658 2512
7.5 255 259.7 428 468.04 269 29632 2078 8654.8 3135.8 13060.8 6.89 6.9 2667 2406
85 288 317.4 458 509.97 301 358.91 2171 9353.1 3210.6 138321 6.77 7.05 2870 2613
10 230 256.6 387 4271 253 290.65 2308 10182 42683 18830.2 72 730 2198 2021
15 304 306.0 473 533.15 342 408.76 2116 11058 3348.8 17501.4 7.1 743 2936 2783
Table 2. Comparison of Wastewater Characteristics; After Adding Salt and Settling of the Tank Effluent
Parameter BOD (mg|L) COD (mg|L) TSS (mg|L) Turbidity (NTU)
TDS (mgj/L) Salt added Effluent Saltadded Effluent Saltadded Effluent Salt added Effluent
2182 279 27 470.9 38 314.3 21 248.4 14
3818 295.8 66 646.7 114 386 43 286.1 28
4545 244 114 469.5 154 375 78 268.1 43
5818 262 160 524.4 257 31 105 199 69
6545 31 205 584.1 350 295 1 213.6 90
7091 230 198 441.5 293 288 17 186.2 96
7273 259 219 468.0 339 271 169 2243 101
7455 317 277 510.0 366 306 223 238 156
8182 256 218 4271 350 371 272 2343 168
8457 306 273 533.2 415 408.4 303 322 227

As the figure shows, there was a uniform trend for re-
duction of all parameters; however, there was a small dif-
ference in the amounts of removal for the presented pa-
rameters (Figure 1). By increasing TDS level of wastewater,
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there was a significant decrease in removal efficiency of
all mentioned parameters, so by increasing the TDS from
2182 to 8457 mg[L, removal efficiency is decreased from
90.5% to 10.8%, and there is a significant relationship be-
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Figure 2. The Effect of Total Dissolved Solids (TDS) on Removal Efficiency of Biological Oxygen Demand (BOD5), Chemical Oxygen Demand (COD), Total Suspended Solids (TSS)

and Turbidity

tween these two variables (P < 0.05). The highest (87%) and
lowest (16.33%) COD removal efficiency was observed with
minimum TDS and TDS of more than 8100 mg|[L, respec-
tively (91.9 and 18 % removal). The maximum (93.4%) and
minimum (25.8%) TSS removal efficiency was achieved at
a TDS concentration of 2182 mg/L and 8457 mg/L, respec-
tively. Regarding the data associated with removal rate of
the four-presented parameters, BOD; was the most sensi-
tive parameter against TDS increase, and the lowest impact
of increased salinity was related to turbidity (difference be-
tween the highest and lowest removal rate were 79.7% and
66% for BOD5 and turbidity, respectively).

5. Discussion

Based on results, with an increase in TDS, removal of
BOD, COD, TSS and turbidity was decreased, which can be
due to the sensitivity of bacteria to salts and lack of adap-
tion of the microbial type responsible for treatment of
saline wastewater. The biological treatment of wastewa-
ter with conventional microorganisms leads to an efficient
decrease of wastewater pollutants removal, especially BOD
and COD. As stated in previous studies, the presence of
high concentration of salt in wastewater leads to plasmol-
ysis or reduction of bacterial activity (20); the study of
Amin et al.,, showed that at < 5000 mg/L of NaCl concen-
tration, the protozoa species were observed clearly, while
at higher concentration of NaCl (> 5000 mg/L), the pro-
tozoa population were significantly reduced or even dis-
appeared at the higher end of the studied NaCl concen-
tration. The results of the mentioned study, confirm our
findings, in which with TDS above 6000mg/L, more than
60% reduction was observed in wastewater organic load.

This is because aerobic bacteria, by using oxygen dissolved
in aquatic environments, oxidize and decompose organic
materials (21). Salinity has an undesirable effect on mi-
croorganisms; causes lysis of the cell wall, loss of the cell
wall and eventually cell death. Therefore, the effect of mi-
croorganisms on the treatment of organic compositions
will decrease.

The main part of wastewater turbidity is caused by the
conversion of dissolved to suspended materials, as a re-
sult of biological deposition. As in high content salinity,
biodegradation is reduced, changing the dissolved to sus-
pended materials is done less, so effluent will be turbid.
This is the main mechanism by which salinity influences
turbidity removal. The linear regression test was done and
the statistical test showed that there is a relationship be-
tween the reduction of removal efficiency for wastewater
TSS and turbidity, and the increase of wastewater salinity.

5.1. Conclusion

The results showed that the biological treatment of
wastewater in TDS up to 4000 mg/l (EC = us/cm 7273) is
economical and technically is acceptable. By increasing
TDS more than 4000 mg|L, biological treatment is done at
a low efficiency and it is disturbed at TDS of about 8000
mg/L, where efficiency of the treatment system strongly de-
creases.

According to the findings of this study, organic con-
tent removal has the greatest impact on increased salinity
wastewater; while settleability showed the lowest impact.
Given that salt can cause problems in biological wastewa-
ter treatment process, contamination of wastewaters with
salt should be avoided. In situations with WW with TDS
content more than the above range, modification options
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for WW treatment, have to be considered; dilution of ww,
sanitation of collection system, the production of halo-
phytic organisms and application of these organisms to
saline WW treatment, the use of non-biological methods
and so on.
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