Journal of Environmental Protection, 2015, 6, 1149-1157 ‘Q:Q Scientific
Published Online October 2015 in SciRes. http://www.scirp.org/journal/jep ’.:.0 gﬁgﬁg;ﬁng
http://dx.doi.org/10.4236/jep.2015.610102 ¢

Impact of Improving Water Quality
at the Tala Drain on the Rosetta
Branch Water Quality

Mohamed K. Mostafa

Department of Civil, Construction, and Environmental Engineering, University of Alabama at Birmingham,
Birmingham, USA
Email: mkhaled@uab.edu

Received 21 September 2015; accepted 24 October 2015; published 27 October 2015

Copyright © 2015 by author and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The Tala drain is the second major source of pollution along the Rosetta branch. The Tala drain
receives discharge from dairy industry and agricultural drainage, as well as untreated domestic
wastewater. This research involved attempting to improve water quality at the Rosetta branch by
improving water quality at the Tala drain. Water quality at the Tala drain will be improved
through improving effluent water quality from the dairy industry using aluminum chloride (AICl3)
as a coagulant, with injections of carbon dioxide (CO:), and constructing a new WWTP. Results in-
dicated that the optimum aluminum chloride dosage was 225 mg/L at a pH value of 6.15. The es-
timated treatment cost of 1.0 m3 of dairy wastewater is $0.0425 per day. The river pollutant (RP)
modeling was also used to study the effect of improving water quality at the Tala drain in the Ro-
setta branch water quality. The RP modeling showed that applying the proposed solutions will
significantly improve water quality at the Tala drain and at the Rosetta branch.
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1. Introduction

The Nile River in Egypt divides at Cairo into two branches, Damietta and Rosetta, which form the Nile delta.
The Tala drain is the second major source of pollution along the Rosetta branch [1]. The Tala drain is located
north of Cairo in the EI-Menufia governorate. This drain is polluted mainly by agricultural drainage, domestic
wastewater, as well as by industrial wastewater from dairy industry located along its path. The analysis of the
water samples revealed relatively high levels of BOD and COD at the Tala drain [1]. Twenty samples were col-
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lected from the Tala drain before discharging to the Rosetta branch and the average COD, BOD, TSS, TDS,
TOC, CI" and DO concentrations were recorded to be 181.77, 89.60, 94.87, 896.40, 10, 265 and 2.23 mg/L, re-
spectively [1]. The average value for pH in the Tala drain was recorded to be 7.8 [1]. The average flow at the
Tala drain is about 450,000 m*/day (118,877,400 gal/day) [1]. Four villages discharge more than 200,000 m® of
raw sewage daily to the Tala drain. The dairy industry generates about 5500 m* (1,452,946 gallons) of wastewa-
ter every year. The Tala drain receives also about 250,000 m*® (66,043,000 gal) of agricultural drainage water
every day.

Dairy products include fresh milk, icecream, yogurts, processed milk, and cheeses. Milk and whey, the main
components of waste streams, contain a high concentration of BOD (reaching up to 100,000 mg/L). Thus, any
loss likely leads to a significant increase in the concentration of BOD in wastewater [2]. Several studies were
conducted to improve effluent quality from dairy industries. Parmar et al. [3] studied the use of ferrous sulfate
and aluminum sulfate (alum) in the treatment of dairy wastewater and found optimum dosages for ferrous sul-
fate and alum of 225 and 100 mg/L, respectively. The results showed COD removal efficiencies using ferrous
sulfate and alum of 53% and 60%, respectively. The removal efficiency for turbidity reaches 55% using alum
and 60% using ferrous sulfate. In their study, Harush et al. [4] investigated the treatment of dairy wastewater
using coagulation and aerobic biodegradation. The removal efficiency of COD and odor increased with increas-
ing aeration rate to an optimum rate of aeration of 320 mL/min. The removal efficiency for COD and odor
reached 87.05% and 80%, respectively. Dabhi [5] conducted a comparison study involving the use of ferrous
sulfate and ferric chloride in the treatment of dairy wastewater. The average COD concentration in the collected
samples ranged from 1500 to 2900 mg/L, whereas turbidity ranged 15 to 30 NTU. The optimum dosages for
ferrous sulfate and ferric chloride were found to be 260 and 220 mg/L, respectively. The results showed that the
removal efficiencies for COD using ferrous sulfate and ferric chloride were 57 and 83 mg/L, respectively, and
that those rates for turbidity reached 73.7% using ferrous sulfate and 76.8% using ferric chloride [5].

Wastewater samples were collected from the effluent of the dairy industry and analyzed for different parame-
ters. The parameters include pH, COD, TSS, TDS, and turbidity. The concentration of contaminants must not
exceed the limits specified in Egyptian Law 44/2000. The analysis of wastewater samples thus far has indicated
that the concentrations of TDS, COD, and TSS exceeded the limits specified in Egyptian Law 44/2000, as
shown in Table 1. Therefore, this type of waste must be treated to meet waste specific standards before being
discharged to various waterways.

This research involved attempting to improve water quality at the Rosetta branch by improving water quality
at the Tala drain. Water quality at the Tala drain will be improved through improving effluent water quality from
the dairy industry using aluminum chloride (AICI5) as a coagulant, with injections of carbon dioxide (CO,), and
constructing a new WWTP.

2. Materials and Methods
2.1. The Dairy Industry

Dairy wastewater samples were collected in 10.0 liter plastic containers from the effluent of the plant. Waste

Table 1. Physicochemical characterization of raw effluent from a dairy industry [1].

Parameter Dairy Effluent Law 44/2000
COD, mg/L 1290 <100
BOD, mg/L 600 <60
TSS, mg/L 601 <60
TDS, mg/L 2387 <2000
Turbidity, NTU 167 <50
pH 7.70 06 -09
TOC, mg/L 148.20 N/A
CI', mg/L 250 <250

COD: chemical oxygen demand, BOD: biochemical oxygen demand, TOC: total organic carbon, TSS: total suspended solids, TDS: total dissolved

solids, CI: chlorides.
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water samples were placed in an ice box for transfer to the laboratory. A series of jar tests were used to evaluate
the effectiveness of AICI; in dairy wastewater treatment. pH, is an important component for proper coagulation
performance, it can affect the surface charge of floc particles and the coagulant solubility. The optimal pH val-
ues for the elimination of the turbidity, BOD, COD, and TSS ranged from 6.1 to 6.2 for the AICI; [6]. The opti-
mum settling time was determined by treating the wastewater in the beakers with the same coagulant dosage at
pH 6.15. The contents were rapidly stirred at a speed of 150 rpm for 1 minute, followed by slow mixing for 10
minutes at 30 rpm. Jar tests were also used to determine the optimum dosage of AICI;. The samples were then
analyzed for BOD, pH, COD, TOC, TSS, CI', TDS, and turbidity according to the standard methods for waste-
water analysis [7]. Standard quality control procedures were used for the analysis of the samples [7]. The TDS,
pH, and DO were measured in the field, while the other parameters were measured in Egyptian Housing Build-
ing Research Center (HBRC) laboratory, located in Cairo city. The HM digital TDS meter enabled measurement
of TDS level in the wastewater samples. The WTW multi 340i meter was used to measure DO and pH levels in
the samples. The 5-day BOD test 5210B and the test method 2540D was used in the determination of the BOD
and TSS concentrations in wastewater samples, respectively. The ion chromatography method 4110B and the
closed reflux, titrimetric method 5220C enabled determination of the chlorides (CI") and COD concentration in
the samples, respectively. A Shimadzu TOC-4200 analyzer enabled measurement of TOC level. Then, the re-
moval efficiency (%) for each parameter was calculated by subtracting the parameter concentration after coagu-
lation treatment from the parameter concentration at the blank sample, and then dividing the result by the para-
meter concentration at the blank sample. Mass balances were used to estimate the concentrations of different
parameters at the Tala drain after effluent water quality was improved at the dairy industry and installing new
WWTP.

2.2. River Pollutant (RP) Modeling

The river pollutant (RP) modeling was then used to study the effect of improving water quality at the Tala drain
in the Rosetta branch water quality [8]. The RP modeling is a river water quality model used to calculate water
quality parameters such as DO, TOC, CI°, BOD, COD, TDS, TSS, pH, and temperature along the Nile River
delta [8]. Data required to run the RP modeling include the cross-sectional area and the water velocity upstream
of the Tala drain, the parameters concentration upstream the Tala drain, the parameters concentration and the
flow rate at the Tala drain, and the river water velocity downstream of the Tala drain [1]. The RP modeling uses
the mass balance and the exponential equations which enabled seasonal estimations of the values of different
parameters downstream the Tala drain. The mass balance helps to mathematically estimate the mass loading at
any point along the study area. Consequently, the RP modeling aided in the identification of the mixing condi-
tion and in the determination of mass balance along the study area.

3. Results and Discussion
3.1. The Dairy Industry

The proposed scenario is to improve water quality at the Tala drain through improving effluent water quality
from the dairy industry and constructing a WWTP with a capacity of more than 200,000 m*/day (52,834,410.5
gal/day). Equal amounts of the wastewater sample were poured into a series of plastic beakers, and then each
beaker was treated with 180 mg/L AICIs. The contents were rapidly stirred at a speed of 150 rpm for 1 minute,
followed by slow mixing for 10 minutes at 30 rpm. The optimum time for settling was found to be about 65 min,
as shown in Figure 1.

Jar tests were also used to determine the optimum dosage of AICIs. According to the above results, the fol-
lowing doses were selected: 120, 150, 180, 225, 250, and 300 mg/L. Results indicated that the optimum alumi-
num chloride dosage was 225 mg/L at a pH value of 6.15, as shown in Figure 2. The results showed that alu-
minum chloride at a dose of 225 mg/L results in removal efficiencies reaching 86.60%, 84.10%, 87.40%,
42.30%, 50.10%, 91.80%, and 42.0% for BOD, COD, TSS, TDS, TOC, turbidity, and chlorides, respectively.

Water samples for analysis were collected from point sources discharging to the Tala drain. Mass balances
were used to estimate the concentrations of different parameters at the Tala drain after applying the proposed
solution, as shown in the equations below. Water flow and characterization at the Tala drain for the current and

proposed solution, are presented in Table 2.
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Figure 1. Removal efficiencies of BOD, COD, TSS, and tur-
bidity at different treatment times.
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Figure 2. Removal efficiencies of BOD, COD, TSS, TOC,
TDS, chlorides, and turbidity at different AICI; doses.

Table 2. Water flow and characterization at the Tala drain.

Proposed solution

L eI (Improve water quality at the Tala drain)
Flow, m%day 449,878 449,878
BOD, mg/L 89.6 24.8
COD, mg/L 181.77 48.34
TOC, mg/L 10 51
TDS, mg/L 896.4 629.7
TSS, mg/L 94.87 30.2
DO, mg/L 2.23 242
pH, dimensionless 7.8 7.9

COD: chemical oxygen demand, BOD: biochemical oxygen demand, TOC: total organic carbon, TSS: total suspended solids, TDS: total dissolved
solids, DO: dissolved oxygen.

(QSewage x CSewage ) + (QAgricuIture X CAgricultural ) + (QDairy X CDairy ) = QTaIa drain x CTala drain (1)

For COD:
(2x105 m® x 70 mg/l_)+(249858 m® x 31 mg/l_)+(2o m?® x 205.11 mg/l_) = 449878 M* x 1y, g

CTalal drain = 4834 mg/L
For BOD:
(2x10° m®x34.5 mg/L )+ (249858 m* x17.13 mg/L ) + (20 m* x80.4 mg/L ) = 449878 Mm* X Cr, g

CTaIadrain = 248 mg/L
For TSS:
(2x10° m®x30 mg/L ) + (249858 m° x30.5 mg/L ) +(20 m* x 75.73 mg/L ) = 449878 M* X Cr,y, i,

CTaIadrain = 302 mg/L

(=)
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For DO:
(2X105 m®x1.2 mg/L)+(249858 m® x 3.4 mg/L) +(20 m® x6 mg/L) = 449878 M* x Cy1. yran

~ CTaladralin =242 mg/L
For TDS:
(2x10° m® x 400 mg/L ) + (249858 m* x813.3 mg/L ) + (20 m* x1377.3 mg/L ) = 449878 M* x Cr,
- CTaladrain =629.7 mg/L
For TOC:
(2x10° m° x3mg/L )+ (249858 m® x 6.74 mg/L ) + (20 m* x 74 mg/L ) = 449878 M’ x 1.,

. CTaladrain = 51 mg/L
For Chloride:

x10° m®x88 mg/L )+ m*x240.73mg/L )+(20 m”x145mg/L ) = M X Crata g

2x10° m*x88 L)+(249858 m® x 240.73 L 20 m® x145 L)=449878 m® Crata drain

- CTaIadrain =172.82 mg/L
For pH:

Qsewage % (1O_pHSewage )+ QAgricunural x (1O—PHAgricullural )+ QDairy x (1O_pHDaiW ) — QTaIa drain X (10*pHTaIa drain ) (2)

2x10° m? x (10*7'72 ) +249858 m® x (10*8-1)+ 20 m® x (10*6-2 ) = 449878 m® x (10-PHTa'adrain )
pH =79

Tala drain

3.2. Economical Study

Cost is one of the most important parameter in wastewater treatment. A sedimentation tank and a chemical mix-
er tank are needed for treating wastewater by using coagulants. The treatment cost of dairy wastewater with
AICl; and CO; is calculated using the below equation. The cost of aluminum chloride to treat one cubic meter of
dairy wastewater at pH equal 6.14 is 0.2936 EGP. The total cost to treat 20 m® of dairy wastewater is 6.0 EGP or
$0.85.

Cost of AICI, and CO,, EGP/day = flow (m®/day)x [AICI3 cost (EGP/m®)+CO, cost (EGP/m? )J (3)
Cost = 20 m*/day x| 0.2925 EGP/m® +0.0011 EGP/m”® | ~ 6.0 EGP/day ~ $0.85/day

3.3. RP Modeling Results

The river pollutant (RP) modeling was used to predict improvement in the Rosetta branch water quality after
improving water quality at the Tala drain by constructing a WWTP with a capacity of more than 200,000 m*/day,
and after improving effluent water quality from the dairy industry with the application of AICI; at a lower pH
value. The simulations of the current situation and the proposed solution are shown in Figures 3-10. The water
quality standard specified in Egyptian law 48/1982 and EPA standards for BOD is 6.0 mg/L [9] [10]. In the cur-
rent situation, the BOD concentrations downstream of the Tala drain was about 14.02 mg/L. These values clear-
ly exceeded the water quality standards, as shown in Figure 3. After water quality at the Tala drain is improved,
the BOD concentration downstream of the Tala drain will decrease to 12.85 mg/L. In comparison with findings
for the current situation, those resulting from applying the proposed solution will reduce the BOD concentration
downstream of the Tala drain by about 8.4%. Consequently, if the proposed solution is applied, the BOD con-
centration downstream of the Tala drain will decrease, and thus, improve the water quality at the Rosetta branch.
The chlorides concentration downstream of the Tala drain did not exceed the 250 mg/L maximum value speci-
fied in Egyptian law 48/1982 and EPA standards [9] [10]. After water quality at the Tala drain is improved, the
chlorides concentration along the study area will decrease by about 2.34% (see Figure 4).

The water quality standard specified in Egyptian law 48/1982 and EPA standards for COD is 10.0 mg/L [9]
[10]. For the current situation, the COD concentration downstream of the Tala drain is about 27.59 mg/L. This
value clearly exceeded the water quality standards, as shown in Figure 5. After water quality at the Tala drain is
improved, the COD concentration downstream of the Tala drain will decrease to 25.18 mg/L. In comparison
with findings for the current situation, those resulting from applying the proposed solution will reduce the COD

()
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concentration downstream of the Tala drain by about 8.77%. Applying the proposed solution will decrease the
negative affect of the Tala drain in the Rosetta branch water quality. The water quality standard specified in
Egyptian law 48/1982 and EPA standards for TDS is <500 mg/L [9] [10]. For the current situation, the TDS
concentration along the branch did not exceed the 500 mg/L maximum value specified in Egyptian and EPA
standards; thus, the TDS concentration in the Rosetta branch is not negatively affected by receiving discharge
from the Tala drain (see Figure 6). After water quality at the Tala drain is improved, the TDS concentration
along the study area will decrease by about 2.15%. The pH value specified in Egyptian law 48/1982 and EPA
standards ranges from 7.0 to 8.5 [9] [10]. The pH value upstream of the Tala drain was about 8.15, which agrees
with water quality standards (see Figure 7). The pH value downstream of the Tala drain is expected to increase
from 8.098 to 8.101 after improving water quality at the Tala drain. For the current situation and the proposed

Position Vs. BOD concentration
T T T

15 X: 1000 . T
Y% 14.02[|r111g/L Limit < 6.0 mg/L

X: 1.19¢+005m
| Y:9.627 mg/L

X: 1000 m
Y: 12.85 mg/L |

BOD concentration [mg/L]

—Current situation 1.1
8| | — After improving water quality at Tala drain Y: 8.821 mg/L 1
L L L L I L
0 2 4 6 8 10 12
Position [m] x10*

Figure 3. BOD concentration along the Rosetta branch for current situation
and proposed solution.

Position Vs. Chloride concentration

7 !
X: 1000 m
Y: 70.96 mg/L

70+

65

60 X: 1000 m

Chloride concentration [mg/L]

Y: 69.3 mg/L X: 1.19¢+005m
Y: 48.71 mg/L |
551 T
50 I
Limit < 250 mg/L
S— X: 1.19e+005m

451 —Currer.lt situation ) . Y: 47.57 mg/L 4

— After improving water quality at Tala drain -

L L L L L L L

0 2 4 .6 8 10 12

Position [m] x10*

Figure 4. Chlorides concentration along the Rosetta branch for current situa-
tion and proposed solution.

Position Vs. COD concentration
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Y: 18.94 mg/L
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Y: 25.18 mg/L
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COD concentration [mg/L]

187 Limit < 10 mg/L
—— Current situation X: 1.19¢+005m

16 | —— After improving water quality at Tala drain Y: 17.28 mg/L
" i ‘ ‘ .
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Figure 5. COD concentration along the Rosetta branch for current situation
and proposed solution.
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Position Vs. TDS concentration

T T

X: 1000 m L.
|Y: 227.4 mg/L Limit < 500 mg/L

X: 1000 m

TDS concentration [mg/L]

1901 Y:222.5 mg/L
X:1.19e+005m

180 - Y: 156.1 mg/L 1
170 - -
160

—— Current situation X: 1.19e+005m
150 — After improving water quality at Tala drain |Y: 152.7 mg/L |

1 1 L L 1

0 2 4 8 10

12
Posit160n [m] x10*

Figure 6. TDS concentration along the Rosetta branch for current situation
and proposed solution.

Position Vs. pH
8.106} 1 L. [—— Current situation
Limit=7.0-8.5 | — After improving water quality at Tala drain
8.105
%‘8.104
'ES 103 X: 1000 m X: 1.19¢+005 m
.g . Y: 8.101 Y: 8.101 |
58.102
A8.101 =
E sl X: 1000 m X: 1.19¢+005 m
8.099 / Y: 8.098 WS008
8.098]
L L s L s
0 2 4 8 10 12
Posigon [m] x10*

Figure 7. pH value along the Rosetta branch for current situation and pro-
posed solution.

Position Vs. DO concentration
o - . : . : ™
Limit > 4.0 mg/L

3.8
3.6 =
341 =
3.2¢ .

DO concentration [mg/L]

2.8 1

—Current situation
2.6} | —After improving water quality at Tala drain
1 L

| L L L

0 %) 4 6 8 10 12
Position [m] x10*

Figure 8. DO concentration along the Rosetta branch for current situation and
proposed solution.

solution, the pH value along the Rosetta branch is in agreement with the water quality standards specified in
Egyptian and EPA standards. Consequently, the pH value in the Rosetta branch is not negatively affected by us-
ing carbon dioxide in dairy wastewater treatment.

The DO concentration specified in Egyptian law 48/1982 and EPA standards is >4.0 mg/L [9] [10]. In the two
cases, the DO concentration downstream of the Tala drain was lower than limits (see Figure 8). In comparison
with findings for the current situation, those resulting from applying the proposed solution will slightly increase
DO concentration along the Rosetta branch. The TOC concentration upstream of the Tala drain was approx-
imately 1.25 mg/L, which clearly is within the 3.0 mg/L maximum value specified in Egyptian law 48/1982 [9].
In the two cases, the TOC concentration along the study area was also within the permissible limits. After water
quality at the Tala drain is improved, the TOC concentration will decrease by about 6.20% downstream the Tala
drain (see Figure 9). The TSS concentration upstream of the Tala drain was about 46 mg/L, which clearly ex-

()
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Position Vs. TOC concentration
: ; .

TOC concentration [mg/L]
U = S TR
7 i i

=
o

0

X: 1000 m
Y: 1.421 mg/L

X: 1000 m
Y:1.333 mg/L
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2 4

Positélon [m]

—— Current situation
— After improving water quality at Tala drain

.19¢+005m

X:1
Y: 0.9757 mg/L
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Y: 0.9151 mg/L

8 10

12)<104

Figure 9. TOC concentration along the Rosetta branch for current situation
and proposed solution.

Position Vs. TSS concentration
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W W w o B S B

%)
=
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Position [m]

10

12
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Figure 10. TSS concentration along the Rosetta branch for current situation
and proposed solution.

ceeded the 20 mg/L maximum value specified in Egyptian law 48/1982 and EPA standards [9] [10]. After water
quality at the Tala drain is improved, the TSS concentration downstream of the Tala drain is expected to de-
crease from 47.03 to 45.95 mg/L, with a percentage decrease of about 2.30% (see Figure 10). These values
clearly exceeded the water quality standards, so the TSS concentration in the Rosetta branch is negatively af-
fected by receiving discharge from the Tala drain.

4. Conclusions

Environmental laws have been enacted to protect public health and the environment. The company may be ex-
posed to the risk of criminal and civil liability as a result of noncompliance with environmental regulations.
Treating the dairy wastewater is very important for preventing high loading pollutants from entering and pollut-
ing the environment. The optimum time for settling was found to be 65 min. The application of 225 mg/L of
AICl; at pH value of 6.15 caused a reduction in COD, BOD, TSS, TDS, TOC, chlorides, and turbidity of up to
84.10%, 86.60%, 87.40%, 42.30%, 50.10%, 42.0%, and 91.80%, respectively. Aluminum chloride is very effec-
tive in treating dairy wastewater, especially at pH between 6.1 and 6.2; the estimated treatment cost of treating
the daily effluent (20 m®) is approximately $0.85.

The RP modeling showed that the concentrations of COD, TDS, BOD, TSS, and TOC along the Rosetta
branch downstream of the Tala drain are expected to decrease after improving water quality at the Tala drain.
The modeling results also showed that the proposed scenario, improving water quality at the Tala drain, will
have a minor effect in reducing the chloride concentration and increasing the DO concentration. The pH is also
expected to increase slightly downstream of the Tala drain after the proposed scenario is applied. In the two
cases, the BOD, TSS, and DO concentrations along the study area exceeded the limit specified in the Egyptian
and EPA standards; in contrast the TDS, pH, TOC, and chlorides values along the study area are within the lim-

its specified by Egyptian and EPA standards.
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