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Abstract

The amount of wastewater characteristics loading is one of the main parameters in the design of wastewater collection
and treatment systems. The generation per capita per day (GPCD) of wastewater characteristics was estimated by
analyzing the monthly data of nine wastewater treatment plants in Tehran, capital city of Iran. GPCD values were
calculated from measured collected wastewater flow, the population and concentration data. The results indicated the
values of 32.96 ± 1.91, 49.25 ± 2.49, 37.31 ± 2.44, 6.77 ± 0.53, 1.96 ± 0.11, 92.23 ± 5.68, 2.07 ± 0.39 and 128.96 ± 6.69 g/d.cap
of GPCD for BOD5, COD, TSS, TKN, P, TDS, ON and TS, respectively, for Tehran’s wastewater. The per capita estimated for
the wastewater production and treatment were determined to be 186.06 ± 7.85 and 136.72 ± 5.43 L/d.cap, respectively. It
is estimated that about 504 m3/d and 346 m3/d of sludge, will be produced and waste as excrement raw sludge,
respectively, in Tehran. Simple regression models were presented the relationships such as the change of collected and
treated wastewater with population and changes of GPCD parameters with each other. It was revealed that the Tehran’s
wastewater may be classified as highly degradable, but during recent decades its Biodegradability Index (BI) has been
reduced up to 15%. The new suggested revised per capita parameters can be used for design purposes in Tehran, and
possibly, in areas with similar characteristics, substituting the classical values obtained from foreign textbooks. These
values could help in designing more accurate treatment systems and may lower the required capacity for the treatment
of wastewater up to 40% in Tehran.
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Introduction
The amount of wastewater characteristics loading is one of
the main parameters in the design of wastewater collection
and treatment systems. The per capita loading of wastewa-
ter characteristics such as chemical oxygen demand
(COD), Biological oxygen demand (BOD5), nitrogen, phos-
phorus and solids have been considered as useful main
functions in the design of wastewater collection systems
and in the control of water resources pollution [1].
The pollutants per capita values can be used to esti-

mate the present and the future pollution loading of
wastewater produced from a population. These also are
useful to estimate the equivalent population of an urban
or industrial wastewater flow [2]. By expressing the
wastewater pollution in terms of per capita values, the
concept of pollution would be more understandable for
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the citizens and policy makers. However, the changes in
mode and living standards [3] and the development of
wastewater collection and treatment technologies, would
suggest that a review and a re-examination of the pollu-
tion per capita loadings be made [1]. On the other hand,
the discharge of these pollutants can cause considerable
problems in environment [4]. Increased pollution of
water-receiving bodies, and the imposition of restrictive
limits by local administrations, led a need for new treat-
ment technologies [5-9]. Thus it is very important that
the properties of the discharged wastewater be assessed
in order to be able to improve current technologies and
provide adequate wastewater treatment [10].
Tehran, the capital city of Iran, has a population of

over 7.5 million. There are nine public and 18 private
wastewater treatment plant (WWTP) in Tehran those
can treat more than 100 MCM of wastewater per year
[11]. By construction of a new treatment plant system in
the south of Tehran which can treat about 750 million
cubic meters per year after project completion, the other
entral. This is an Open Access article distributed under the terms of the Creative
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treatment systems will be switched off gradually. Based
on the current existing information of in-use domestic
wastewater treatment plants in Tehran it may be pos-
sible to make an estimate of wastewater per capita pa-
rameters that can be used for design purposes and
development programs of wastewater treatment systems
in Tehran.
One of aims of the study reported in this paper is to

re-establish the main wastewater pollution measures (in-
cluding BOD5, COD, TSS, TKN, P, TDS, ON(Organic
Nitrogen) and TS) generation per capita per day (GPCD)
according to the recorded data of nine public wastewater
treatment systems in Tehran. The per capita loading of
wastewater is an important parameter in the design
process of a treatment plant’s units. Iran’s water and
sewage utility (ABFA company) states that per capita
water consumption in Tehran is currently about 378 li-
ters per day [11]. Our study also sought to determine
the amount of wastewater produced per capita per day
or the conversion factor of water to wastewater. Pollu-
tant discharge per capita (PDC; g/d.cap) with the waste-
water treatment system in Tehran is another parameter
that is important in the case of wastewater discharge in
to receiving bodies. This parameter and the per capita of
the producing sludge for domestic wastewater in Tehran
would also be estimated in this study from wastewater
treatment plants data. The later parameter may be useful
in sludge treatment and management programs. The
findings of this study can be used as basic data for the
design of wastewater treatment systems in Tehran and
possibly in areas with similar characteristics.

Materials and methods
The data were used in this study obtained from monthly
reports (from 2007 to 2013) of nine wastewater treatment
plants in Tehran including Sahebgharaniyeh, Mahallti,
Zargandeh, Qeitariyeh, Qods, Shush, Ekbatan, Dowlatabadi
and Jonoob. The data includes the quantitative informa-
tion of wastewater production and characteristics data
over 80 months from April 2007 to November 2013 for
all domestic WWTPs in Tehran. The analysis of waste-
water samples were done by the laboratory stuffs of
WWTPs according to Standard Methods for the Examin-
ation of Water and Wastewater [12]. The parameters moni-
tored were temperature, pH, Biological Oxygen Demand
(BOD5), Total Dissolved Solid (TDS), Total Solids (TS),
Total Suspended Solid (TSS), Chemical Oxygen Demand
(COD), Organic Nitrogen (ON), Total Phosphorous (TP)
and Total Kjeldahl Nitrogen (TKN). Data analysis involved
the data pre-processing and conducting some descriptive
and analytical studies using Microsoft Excel 2007 and R
software packages.
The study included data pre-processing and preparing

them to make the estimates of desired parameters. Initial
data processing, although is a time consuming step, but
is very important part in the success of statistical ana-
lysis [13]. At this step, the raw data of nine in-use
WWTPs collected during the recent years was assessed.
The raw data was included 720 instances, although there
were some outlier values. The data that appear to be
very distant from the normal data distribution may be
classified as being outliers. In certain instances however,
this outlying value may be correct and is a natural prod-
uct of the variables distribution [14]. All examples with
missing values were represented with NA (not available).
In this study, we took a normal distribution with a cutoff
of three times of standard deviations around the mean
to detect the outliers. Thus, the data that was more than
μ ± 3SD was considered as outliers.
The descriptive statistics of raw (720 instances) and

pre-processed (499 instances) data are summarized in
Tables 1 and 2, respectively.
The estimation of pollutant generation per capita per

day (GCPD) values was conducted according to the fol-
lowing equations:

GCPDBOD5 ¼ Collect=30ð Þ � BODinð Þ=CurentPop
GCPDCOD ¼ Collect=30ð Þ � CODinð Þ=CurentPop
GCPDTSS ¼ Collect=30ð Þ � TSSinð Þ=CurentPop
GCPDTKN ¼ Collect=30ð Þ � TKNinð Þ=CurentPop
GCPDP ¼ Collect=30ð Þ � Pinð Þ=CurentPop
GCPDTDS ¼ Collect=30ð Þ � TDSinð Þ=CurentPop
GCPDOrgN ¼ Collect=30ð Þ � OrNinð Þ=CurentPop
GCPDTS ¼ Collect=30ð Þ � TSinð Þ=CurentPop
GCPDSluP ¼ ProSlu=30ð Þ =CurentPopð Þ � 1000
GCPDSluE ¼ ExcSlu=30ð Þ =CurentPopð Þ � 1000
CollPerP ¼ Collect=CurentPopð Þ=30ð Þ � 1000
TretPerP ¼ Treat=CurentPopð Þ=30ð Þ � 1000

The pollutant discharge per capita (PDC; g/d.cap) with
the wastewater treatment system was defined and deter-
mined in terms of pollutant generation per capita (GCPD;
g/d.cap) and pollutant removal efficiency (PRE; %) of the
wastewater treatment systems as follow [15]:

PDC ¼ GCPD� 100−PREð Þ=100½ �

Results and discussion
The total yearly averaged population covered by Tehran’s
nine municipal wastewater treatment plants from 2007 to
2013 was determined to be 4,502,065 persons per year. In
average, out of 22,778,632 m3/year estimated collected
wastewater from 2007 to 2013, only 19,749,770 m3/year of
it were treated. In other words, about three MCM per year
(13% of estimated collected wastewater from 2007 to
2013) were discharged into the environment without ad-
equate treatment. The mathematical relationships between



Table 1 The statistics of raw data of wastewater characteristic for Tehran WWTPs

Parameter Mean SD SE Max. Min. UB LB

Nomin 300670 281473 24756 900000 10500 325427 275914

Collect 458191 807439 85130 7445021 39000 543321 373060

Treat 397265 796648 83993 7445021 11395 481258 313272

ProSlu 88.16 77.63 6.83 225.00 1.00 94.99 81.34

ExcSlu 64.15 57.37 5.05 188.00 1.00 69.20 59.11

CurentPop 90558 172233 18159 1459808 7000 108717 72399

Tin 21.83 3.81 0.42 29.50 12.90 22.24 21.41

pHin 7.96 0.34 0.04 9.00 6.91 7.99 7.92

BODin 171.85 54.42 5.93 352.00 15.00 177.78 165.92

CODin 259.60 79.69 8.74 507.00 28.80 268.34 250.87

TSin 697.97 171.35 19.03 1280.00 246.00 716.99 678.94

TSSin 198.65 69.09 7.61 400.00 30.00 206.26 191.04

TDSin 494.88 145.66 17.72 985.00 185.00 512.60 477.16

Pin 11.24 4.68 0.53 29.70 3.92 11.77 10.72

OrNin 11.30 6.05 1.99 28.80 0.97 13.29 9.31

TKNin 35.16 12.33 1.55 79.38 12.00 36.71 33.61

Tout 20.94 4.13 0.45 28.20 10.00 21.39 20.49

pHout 7.39 0.35 0.04 9.00 6.50 7.43 7.35

BODout 11.90 8.96 0.98 72.28 2.40 12.88 10.93

CODout 23.95 12.83 1.41 98.50 6.40 25.36 22.54

TSout 482.38 135.12 15.03 934.50 3.00 497.41 467.35

TSSout 14.25 14.04 1.55 114.00 1.00 15.80 12.70

TDSout 465.12 128.18 15.59 902.00 214.00 480.71 449.52

Pout 4.24 1.60 0.18 12.97 0.05 4.42 4.06

OrNout 0.93 0.75 0.09 5.00 0.00 1.02 0.83

TKNout 4.28 4.33 0.57 23.85 0.04 4.85 3.71

SD, Standard deviation; SE, 1.96 × Standard error; Max., Maximum of observation; Min., Minimum of observation; UB, Upper bound of 95% confidence interval; LB,
Lower bound of 95% confidence interval.
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wastewater flows and population in Tehran were shown in
Figure 1.
According to the latest report of the basic operational

items of Tehran’s wastewater company [16], a capacity
of 675,000 m3/d had been allocated for the treatment of
wastewater produced by 3,150,000 persons up to June
2014. This means that the per capita loading of wastewa-
ter considered by designers for the design of a wastewa-
ter treatment plant in Tehran, is about 215 L/d. By a
roughly estimation according to Figure 1(b), it is ex-
pected that for a population of 3,150,000 persons, the
capacity of 455,822 m3/d is a sufficient capacity that
needs to be allocated. This capacity is about 40% lower
than current allocated value. Therefore, the overesti-
mated per capita loading value of 215 L/d in Tehran,
leads the system to be designed for a capacity more than
that is required.
The pattern changes of Tehran wastewater quality con-

tents from 1984 to 2013 is another issue were assessed in
Table 3. The most of the wastewater quality parameters
have not shown considerable changes during this period.
However, averaged value of TSS parameter in the influent
wastewater of Tehran’s WWTPs was considerably de-
creased from 353.33 in 1984 to 198.65 mg/L in 2013. It is
clear that TSS content of Tehran domestic wastewater has
been decreased by 56% of its value in 1984. This result indi-
cates that the per capita generation of TSS parameter could
also be reduced similarly.
The estimated per capita loadings for domestic waste-

water of Tehran, as summarized from the results of this
investigation, are presented in Table 4. The GPCD
values of 32.96 ± 1.91, 49.25 ± 2.49, 37.31 ± 2.44, 6.77 ±
0.53, 1.96 ± 0.11, 92.23 ± 5.68, 2.07 ± 0.39 and 128.96 ±
6.69 g/d.cap were estimated for BOD5, COD, TSS, TKN,
P, TDS, ON and TS, respectively. In a study conducted
by Azimi and Ameri [20] on the estimation of per capita
loadings for domestic wastewater of Saheb-Gharanieh
treatment plant in Tehran (based on the data collected



Table 2 The statistics of pre-processed data of wastewater characteristic for Tehran WWTPs

Mean SD SE Max. Min. UB LB

Nomin 300670 281473 24757 900000 10500 325427 275914

Collect 458190 807439 85130 7445021 39000 543321 373060

Treat 397265 796648 83993 7445021 11395 481258 313273

ProSlu 88.16 77.63 6.83 225.00 1.00 94.99 81.34

ExcSlu 64.15 57.37 5.05 188.00 1.00 69.20 59.11

CurentPop 90558 172233 18159 1459808 7000 108717 72399

Tin 21.83 3.81 0.42 29.50 12.90 22.24 21.41

pHin 7.96 0.34 0.04 9.00 6.91 7.99 7.92

BODin 171.85 54.42 5.93 352.00 15.00 177.78 165.92

CODin 259.60 79.69 8.74 507.00 28.80 268.34 250.87

TSin 697.97 171.35 19.03 1280.00 246.00 716.99 678.94

TSSin 198.65 69.09 7.61 400.00 30.00 206.26 191.04

TDSin 494.88 145.66 17.72 985.00 185.00 512.60 477.16

Pin 11.24 4.68 0.53 29.70 3.92 11.77 10.72

OrNin 11.30 6.05 1.99 28.80 0.97 13.29 9.31

TKNin 35.16 12.33 1.55 79.38 12.00 36.71 33.61

Tout 20.94 4.13 0.45 28.20 10.00 21.39 20.49

pHout 7.39 0.35 0.04 9.00 6.50 7.43 7.35

BODout 11.90 8.96 0.98 72.28 2.40 12.88 10.93

CODout 23.95 12.83 1.41 98.50 6.40 25.36 22.54

TSout 482.38 135.12 15.03 934.50 3.00 497.41 467.35

TSSout 14.25 14.04 1.55 114.00 1.00 15.80 12.70

TDSout 465.12 128.18 15.59 902.00 214.00 480.71 449.52

Pout 4.24 1.60 0.18 12.97 0.05 4.42 4.06

OrNout 0.93 0.75 0.09 5.00 0.00 1.02 0.83

TKNout 4.28 4.33 0.57 23.85 0.04 4.85 3.71

SD, Standard deviation; SE, 1.96 × Standard Error; Max., Maximum of observation; Min., Minimum of observation; UB, Upper bound of 95% confidence interval; LB,
Lower bound of 95% confidence interval.

Figure 1 The flow of treated (a) and collected (b) wastewater versus population.
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Table 3 Changes of Tehran wastewater quality contents
from 1984 to 2013

Year Parameters Ref.

pH BOD5 COD TSS TDS P TKN

1984 n.a. 288.33 n.a. 353.33 495 25 n.a. [17]

1993 7.43 184.47 261.87 256.03 n.a. n.a. 45.56 [18]

1995 7.39 170 237.8 226.3 n.a. 9.9 39.37 [19]

1997 7.8 129.8 225 189.7 n.a. 2.7 38.3 [20]

2013 7.96 171.85 259.6 198.65 494.88 11.24 35.16 This study

n.a: not available.
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in 1997), they were found GPCD values of 36, 62, 52,
10.5 and 0.74 g/d.cap for BOD5, COD, TSS, TKN and P,
respectively. Although their estimated values are not
representative of all treatment plants, comparison of
them with the GPCD estimated in our study show that
the GPCD of BOD5, TKN, and P were not considerably
changed, but it was decreased by 71% and 79% of esti-
mated values (in 1997) for TSS and COD parameters,
respectively. This result is consistent with the pattern of
TSS changes in Table 3.
Table 4 The estimated values of per capita parameters

Parameter Mean SD SE Max. Min. UB LB

GCPDSlu_E 0.11 0.14 0.02 0.89 0.00 0.12 0.09

GCPDSlu_P 0.16 0.23 0.02 1.07 0.00 0.19 0.14

GCPDTS 128.96 56.39 6.69 395.04 40.07 135.65 122.27

GCPDOrgN 2.07 1.18 0.39 5.76 0.17 2.45 1.68

GCPDTDS 92.23 43.03 5.68 303.75 27.98 97.90 86.55

GCPDP 1.96 0.91 0.11 5.60 0.53 2.07 1.85

GCPDTKN 6.77 3.88 0.53 31.14 2.19 7.30 6.24

GCPDTSS 37.31 20.76 2.44 160.44 3.20 39.76 34.87

GCPDCOD 49.25 21.25 2.49 140.06 5.76 51.73 46.76

GCPDBOD5 32.96 16.41 1.91 104.07 2.82 34.86 31.05

(BOD5/COD)out 0.41 1.06 0.12 7.25 0.95 2.51 2.27

(BOD5/COD)in 0.61 1.20 0.13 21.87 0.23 1.75 1.49

TretPerP 136.72 51.53 5.43 360.75 33.61 142.15 131.28

CollPerP 186.06 74.42 7.85 522.71 44.83 193.91 178.22

PDCTS 89.49 38.92 4.63 283.05 0.39 94.12 84.86

PDCOrgN 1.82 0.92 0.32 4.03 0.17 2.14 1.49

PDCTDS 87.32 36.07 4.77 279.52 29.75 92.09 82.55

PDCP 0.76 0.29 0.04 1.60 0.25 0.80 0.73

PDCTKN 0.73 0.84 0.12 4.88 0.01 0.85 0.61

PDCTSS 2.47 2.33 0.28 21.54 0.26 2.75 2.20

PDCCOD 4.46 2.93 0.34 25.51 0.84 4.81 4.12

PDCBOD 2.15 1.60 0.19 15.31 0.36 2.34 1.96

SD, Standard deviation; SE, 1.96 × Standard Error; Max., Maximum of
observation; Min., Minimum of observation; UB, Upper bound of 95%
confidence interval; LB, Lower bound of 95% confidence interval.
For evaluating the biodegradability of Tehran’s domes-
tic wastewater the BOD5/COD ratio, is called Biodegrad-
ability Index (BI), was determined. The BI Index varies
from 0.4 to 0.8 for domestic wastewaters. If BOD5/COD
is > 0.6 then the waste is fairly biodegradable and can be
effectively treated biologically. If BOD5/COD ratio is be-
tween 0.3 and 0.6, then seeding is required to treat it
biologically. If BOD5/COD is < 0.3 then it cannot be
treated biologically [21,22]. From data in the literature
(Table 3) and the results of this study, the BI index was
obtained to be 0.70, 0.71, 0.57 and 0.61 for the years of
1993, 1995, 1997 and 2013, respectively. Although these
values reveal that the wastewater may be classified as
highly biodegradable, BI values for later two years are al-
most 15% lower than those for previous years. This may
be resulted from this fact that over the past 15-20 years
a wide range of diverse industrial synthetic detergents
which are mostly made from petroleum products and al-
cohols, has been produced and extensively used for
cleaning and disinfection purposes and then discharged
into sewage systems [23]. Many detergent compounds
was found to be resistant to biodegradation by bacteria
[24]. This may be the main reason of deceasing in the
biodegradation potential of Tehran’s wastewater accord-
ing to the BI index.
Table 5 summarizes the mathematical simple relation-

ships among the estimated GCPD parameters. The stron-
gest relationship was found between GCPDCOD and
GCPDBOD (R2 = 0.74). The next relationship with high cor-
relation (R2 = 0.66) was found between GCPDBOD and
GCPDTSS. These relationships may be useful for designers
to help them to estimate the GPCD values from each
other.
The per capita collected wastewater (CollPerP) was de-

termined to be 186.06 ± 7.85 while the CollPerP of
199.67 L/d.cap was estimated from the study’s results of
Sharifi Sistani [25]. This finding shows that this
Table 5 The main relationships between Tehran
wastewater quality parameters

X Y Equation R2

GCPDCOD GCPDBOD Y = 0.66X + 0.16 0.74

GCPDBOD GCPDTSS Y = 1.03X + 3.61 0.66

GCPDCOD GCPDTSS Y = 0.76X-0.15 0.60

GCPDBOD GCPDTDS Y = 2.03X + 25.88 0.58

GCPDCOD GCPDTDS Y = 1.55X + 16.55 0.56

GCPDBOD GCPDTKN Y = 0.17X + 1.17 0.52

GCPDCOD GCPDTKN Y = 0.12X + 0.62 0.45

GCPDTSS GCPDTKN Y = 0.12X + 2.31 0.42

GCPDCOD GCPDP Y = 0.03X + 0.72 0.35

GCPDBOD GCPDP Y = 0.03X + 0.92 0.33

GCPDTSS GCPDP Y = 0.02X + 1.16 0.30
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parameter has been decreased in 2013 by 93% of its
value in 2000. This seven percent decrease during recent
thirteen years may be results from some reasons such as
increasing the level of public awareness on water saving
tips, using of treated water for construction purposes
and cars or yards washing and probably increased use of
fast foods instead of cooking meals at home.
Table 6 compares the per capita values of wastewater

quality parameters estimated for Iran’s domestic waste-
water treatment plants in 2001. These values are drawn
from a report of Department of Energy [26]. As shown
in this table, different cities in Iran have different values
for per capita loadings.
As shown in Table 6 the GCPD values of BOD5, TSS,

TKN and TP in 2001, according only to one wastewater
treatment plant data (Zargandeh), were more than those
for 2013 obtained to be 28.9, 32.3, 6.1 and 1.6 g/d.cap,
respectively. The result indicates and confirms that the
GCPD of TSS considerably reduced during the recent
decade.
According to the technical criteria standard N. 3-129

[27], a new sewage treatment plant in Iran should be de-
signed at least based on a per capita average of 40 to
50 g/d.cap BOD5 and 50 to 60 g/d.cap of total sus-
pended solids (TSS). These values have been universally
used in the design of wastewater treatment systems and
unchallenged since the publication of this standard in
Iran. The recommended values of 40-50 g/d.cap for
BOD5 and 50-60 g/d.cap for TSS are more than the
values of 31.05-34.86 and 34.87-39.76 g/d.cap estimated
in this study, respectively. In another word, the esti-
mated values of GCPD for BOD5 and TSS for Tehran’s
wastewater are 27% and 32% lower than the mean of
recommended values by Department of Energy, respect-
ively. Using the guideline values recommended by De-
partment of Energy for the design of wastewater
treatment plant for the city of Tehran, with different liv-
ing habits in different parts of the city, may results in
considerable overestimations in the design process of
new treatment plants. Thus, it is recommended that our
estimated GPCDs be used in the design of new wastewa-
ter treatment plants in Tehran instead of recommended
values by Department of Energy.
Table 6 Basic characteristics of raw sewage intended for the

Paramater Per capita parameters as g/d.cap for different pl

Toiserkan Zargandeh
(Tehran)

Pa
(M

BOD5 40 40 50

TSS 50 83 46

N(TKN) - 14 -

TP - 1 -
In Table 7, the GCPD values for main wastewater pa-
rameters in different countries were compared with the
estimated GCPD values for Tehran’s wastewater. The es-
timated values for Tehran are close to the per capita
values obtained for countries such as Turkey, India, and
Egypt. In these countries, the GCPD values are lower
than that for European countries and United States. Low
consumption of toilet papers in this countries and espe-
cially in Tehran may be one of the reasons for the low
values of GCPD for BOD5 and TSS [20].
It is estimated that over 90% of the treated wastewater

effluent from treatment plants across Iran country is
reused in some way; however, much of it is mixed with
freshwater before further use, particularly in the subur-
ban areas [29]. The direct use of untreated wastewater
from sewage outlet, directly used for crop production is
not a common scene in Iran. However, treated or par-
tially treated wastewater used directly for irrigation with-
out being mixed or diluted is more common. This is
practiced in many treatment plants and there is no exact
estimate about the amount used by this method to irri-
gate fodders, cereals, fruit trees, and vegetables eaten
cooked or uncooked [29]. Thus the pollutants discharge
per capita (PDC; g/d.cap) with the wastewater treatment
systems is important parameter should be considered to
be estimated.
The PDC with the wastewater treatment systems in

Tehran was defined and determined in terms of GCPD
and pollutant removal efficiency (PRE; %). The pollut-
ants removal efficiency of wastewater treatment systems
in Tehran ranged 92.11–93.41% for BOD5, 89.65–
90.97% for COD, 91.48–93.18% for TSS, 28.65-31.72%
for TS, 1.73-2.76% for organic nitrogen (ON), 58.52-
61.24% for P and 84.62-88.26% for TKN.
The ranges of estimated PDC summarized in Table 4,

were compared with conventional domestic wastewater
treatment systems in the United States [30] (Table 8). The
generation per capita of BOD5, COD, ON and TP of the
United States wastewater treatment systems were almost
thrice, four times, nine times and twice as those in Tehran,
respectively. Conventional and nutrient removal activated
sludge treatment systems are regarded as representative
wastewater treatment processes in urban area of developed
design of wastewater treatment plants in Iran [26]

ant or cities

rkandabad
ashhad)

Hovaizeh Arak Zabol

54 57 57

50 60 50

- 5 -

- 0.45



Table 7 Comparison of per capita loadings (g/d.cap) of
wastewater parameters in different countries with
estimated values in Tehran

Parameter BOD5 TSS TKN TP

Turkeya 27-50 41-68 8-14 0.4-2

Indiaa 27-41 n.a. n.a. n.a.

Japana 40-45 n.a. 1-3 0.2-0.4

Egypta 27-41 41-68 8-14 0.4-0.6

Ugandaa 55-68 41-55 8-14 0.4-0.6

Italya 49-60 55-82 8-14 0.6-1

Germanya 55-68 82-96 11-16 1.2-1.6

Denmarka 55-68 82-96 14-19 1.5-2

Swedena 68-82 82-96 11-16 0.8-1.2

Brazila 55-68 55-68 8-14 0.6-1

United Statesa 50-120 60-150 9-22 2.7-4.5

Tehran (This study) 31-34 35-40 6.2-7.3 1.8-2

a: Adapted from Wastewater engineering: treatment, disposal, and reuse [28].
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countries such as USA. PDCs with these treatment systems
were estimated as 16.1 g-BOD5/d.cap, 31.6 g-COD/d.cap,
4.9 g-ON/d.cap, and 3.2 g-TP/d.cap [30] while PDCs with
Tehran’s wastewater treatment systems were estimated as
2.15 ± 0.19 g-BOD5/d.cap, 4.46 ± 0.34 g-COD/d.cap, 1.82 ±
0.32 g-ON/d.cap, and 0.76 ± 0.04 g-TP/d.cap. Deployment
of larger removal efficiency treatment systems will decrease
PDC with increase of PRE. When judging only from pollu-
tant discharge reduction function of treatment systems,
countries or cities with smaller GCPD and larger PDC-
BOD5 should be prioritized for investments on wastewater
treatment measurements including assistances in order to
improve ambient water quality [31].
The estimated PDC of some regions studied by Tsuzuki

[15] were compared with that of Tehran and summa-
rized in Table 9. When the criteria are applied, the
group of countries in the Region of South China Sea
and Tehran were found to be with higher and lower
priority of BOD5 discharge reduction from domestic
wastewater, respectively (Table 9). The PDC of ROP-
MEa sea area region, Red sea region and Gulf of Aden re-
gion is 2.5 g/d.cap and comparable with that obtained for
Tehran (2.15 g/d.cap).
Table 8 Comparison of GDPCs and PDCs of conventional activ
[30] with those in Tehran

Country Parameters

United States (Qasim, 1998) GDPC (g/d.cap)

Removal efficiency (%)

PDC (g/d.cap)

Tehran (This study) GDPC (g/d.cap)

Removal efficiency (%)

PDC ((g/d.cap)
The comparatively low BOD5-PDC in sewage treat-
ment plants of Tehran may results from the fact that
the per capita loading of BOD5 in Tehran is lower than
that for other countries and on the other hand the re-
moval efficiency of BOD5 in most of treatment plants
are more than 90%.
Tajrishi [29] estimated that less than 40% of the total

domestic sludge in Iran’s wastewater treatment plants is
being treated completely. In other words; of more than
200,000 cubic meters of daily produced sludge (2000
tons/d dry solids) of total fecal, septic and waste excre-
ments sludge, only about 80,000 cubic meters (800 tons)
is being digested and/or stabilized daily by different
treatment methods. According to the finding of our
study, the per capita values of 0.16 ± 0.02 and 0.11 ±
0.02 L sludge/d were determined for the produced and
waste excrements sludge in Tehran’s WWTPs, respect-
ively. According to these values and the population cov-
ered by Tehran’s WWTPs (3,150,000 persons/d), it is
estimated that 504 m3/d and 346 m3/d of sludge will be
produced and waste as excrement raw sludge, respect-
ively, in Tehran. This high volume of sludge needs to be
managed and discarded properly. The most common
method of treatment for these sludge is digestion (aerob-
ically and an aerobically). The lagooning, composting,
and landfilling are the next methods of treatment.
Mechanical dewatering may also be implemented as final
treatment to reduce the volume of the stabilized sludge.

Conclusions
In this study, the basic characteristic data regarding to the
nine main domestic wastewater treatment plants in Tehran
was assessed and analyzed. The BOD5 and TSS parameters
of 32.96 ± 1.91, 37.31 ± 2.44 g/d.cap obtained in this study
are considerably lower than the values of 40 to 50 and 50
to 60 g/d.cap, respectively, recommended by Department
of Energy of Iran for the design of new treatment plants.
The per capita loading of wastewater were used by de-
signers for the design of a wastewater treatment plant in
Tehran, was estimated to be 215 L/d.cap while the actual
per capita collected wastewater according to the real data
of treatment plants was determined to be 186.06 ± 7.85 L/
d.cap. This disparity has interesting implication when these
ated sludge wastewater treatment systems in the USA

BOD5 COD ON TP

95 180 18 4

80-85 80-85 60-85 10-25

16.1 30.6 4.9 3.2

31.0-34.8 46.7-51.7 1.6-2.4 1.8-2.0

92.1-93.4 89.6-90.9 1.7-2.7 58.5-61.2

1.96-2.3 4.1-4.8 1.4-2.1 0.7-0.8



Table 9 Comparison of PDC of other regions from 1998
to 2002 [15] with that of Tehran

Region/country PDC (g/d.cap)

BOD TP

South China Sea Region 43 n.a

Caspian Sea Region 24 n.a

Eastern African Region 11 n.a

Pacific Island Region 8.5 0.51

West and Central African (WACAF) Region 4.6 1.8

ROPMEa sea area and Red sea and gulf of Aden region 2.50 1.10

Tehran (this study) 2.15 0.76

a: Regional Organization for the Protection of the Marine Environment.
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estimated values are applied to the design of new wastewa-
ter treatment plant and calculation of an equivalent popula-
tion for an industrial waste. The design of new treatment
plant in Tehran with a per capita of 186.06 ± 7.85 L/d.cap
may lower the required capacity for the treatment of waste-
water up to 40%. The results of this study reveal that the
Tehran’s wastewater may be classified as highly degradable,
but during recent decades the Biodegradability Index has
been reduced up to 15%. This may be resulted from this
fact that over the past 15-20 years, a wide range of diverse
industrial synthetic detergents have been produced and ex-
tensively used for cleaning and disinfection purposes and
then discharged into sewage systems. According to the
PDC of BOD5, Tehran was found to be with lower priority
of BOD5 discharge reduction from domestic wastewater. It
is estimated that 504 m3/d and 346 m3/d of sludge will be
produced and waste as excrement raw sludge, respectively,
in Tehran.
In conclusion, the use of new revised per capita parame-

ters obtained in this study could help in designing more ef-
ficient treatment systems and generating more reliable data
for operational control of wastewater treatment process in
Tehran. However, further research on wastewater quality
and quantity assessment and adequate monitoring mea-
sures are required for existing and future treatment facil-
ities in Tehran to ensure that they comply with safe
operational and environmental standards.

Endnote
aRegional Organization for the Protection of the Marine

Environment.

Nomenclature
Nomin; the nominal capacity of WWTP (m3/month)
Collect; the collected volume of wastewater (m3/month)
Treat; the treated volume of wastewater (m3/month)
ProSlu; the produced sludge (m3/month)
ExcSlu; the excess sludge (m3/month)
CurentPop; the current covered population
Tin; the Influent temperature (C°)
pHin; the Influent pH
BODin; the Influent BOD5 (mg/L)
CODin; the influent COD (mg/L)
TSin; the influent total solids (mg/L)
TSSin; the influent suspended solids (mg/L)
TDSin; the influent dissolved solids (mg/L)
Pin; the influent phosphorous (mg/L)
OrNin; the influent organic nitrogen (mg/L)
TKNin; the influent total Kjeldahl nitrogen (mg/L)
Tout; the effluent temperature (C°)
pHout; the effluent pH
BODout; the effluent BOD5 (mg/L)
CODout; the effluent COD (mg/L)
TSout; the effluent total solids (mg/L)
TSSout; the effluent suspended solids (mg/L)
TDSout; the effluent dissolved solids (mg/L)
Pout; the effluent phosphorous (mg/L)
OrNout; the effluent organic nitrogen (mg/L)
TKNout; the effluent total Kjeldahl nitrogen (mg/L)
GCPDSlu_E; the generation per capita per day of excess
sludge (L sudge/d.cap)
GCPDSlu_P; the generation per capita per day of pro-
duced sludge (L sludge /d.cap)
GCPDTS; the generation per capita per day of total solids
(g /d.cap)
GCPDOrgN; the generation per capita per day of organic
nitrigen (g /d.cap)
GCPDTDS; the generation per capita per day of total dis-
solved solids (g /d.cap)
GCPDP; the generation per capita per day of total phos-
phorous (g /d.cap)
GCPDTKN; the generation per capita per day of total
kjeldahl nitrogen (g /d.cap)
GCPDTSS; the generation per capita per day of total sus-
pended solids (g /d.cap)
GCPDCOD; the generation per capita per day of chemical
oxygen demand (g /d.cap)
GCPDBOD5; the generation per capita per day of bio-
logical oxygen demand (g /d.cap)
(BOD5/COD)out; the biodegradability index of effluent
wastewater
(BOD5/COD)in; the biodegradability index of influent
wastewater
TretPerP; the per capita per day of treated wastewater
(L/d.cap)
CollPerP; the per capita per day of collected wastewater
(L/d.cap)

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
AM, SN and AHM contributed to drafting and editing the manuscript. HRT
participated in raw data provision. MH contributed in the design of study,
data analysis and drafting the manuscript. All authors read and approved the
final manuscript.



Mesdaghinia et al. Journal of Environmental Health Science & Engineering  (2015) 13:25 Page 9 of 9
Acknowledgements
The authors are grateful to the Center for Water Quality Research (CWQR) at
the Institute for Environmental Research (IER) of Tehran University of Medical
Sciences for providing facilities and supports for this research.

Author details
1Center for Water Quality Research (CWQR), Institute for Environmental
Research (IER), Tehran University of Medical Sciences, Tehran, Iran.
2Department of Environmental Health Engineering, Faculty of Health, Tehran
University of Medical Sciences, Tehran, Iran. 3Center for Solid Waste Research
(CSWR), Institute for Environmental Research (IER), Tehran University of
Medical Sciences, Tehran, Iran. 4Department of Environmental Health
Engineering, School of Public Health, Islamic Azad University-Tehran Medical
Branch, Tehran, Iran.

Received: 10 September 2014 Accepted: 3 March 2015

References
1. Zanoni A, Rutkowski R. Per capita loadings of domestic wastewater. J Water

Pollut Control Fed. 1972;44:1756–62.
2. Calvert C, Parks EH. The population equivalent of certain industrial wastes.

Sewage Work J. 1934;6:1159–64.
3. Goldstein SN, Moberg WJ. Wastewater treatment systems for rural

communities. DC: Washington; 1973.
4. Hadi M, Shokoohi R, Ebrahimzadeh Namvar A, Karimi M, Solaimany

Aminabad M. Antibiotic resistance of isolated bacteria from urban and
hospital wastewaters in Hamadan City. Iran J Health and Environ.
2011;4:105–14.

5. Hadi M, Samarghandi MR, McKay G. Simplified fixed bed design models for
the adsorption of acid dyes on novel pine cone derived activated carbon.
Water Air Soil Pollut. 2011;218:197–212.

6. Mahvi A. Sequencing batch reactor: a promising technology in wastewater
treatment. Iran J Environ Health Sci Eng. 2008;5:79–90.

7. Mahvi A, Nabizadeh R, Pishrafti M. Evaluation of single stage USBF in
removal of nitrogen and phosphorus from wastewater. Eur J Sci Res.
2008;23:204-211

8. Naghizadeh A, Mahvi A, Mesdaghinia A, Alimohammadi M. Application of
MBR Technology in Municipal Wastewater Treatment. Arab J Sci Eng.
2011;36:3–10.

9. Naghizadeh A, Mahvi A, Vaezi F, Naddafi K. Evaluation of hollow fiber
membrane bioreactor efficiency for municipal wastewater treatment. Iran J
Environ Health Sci Eng. 2008;5:257–68.

10. Karagozoglu B, Altin A. Flow-rate and pollution characteristics of domestic
wastewater. Int J Environ Pollut. 2003;19:259–70.

11. Tajrishy M, Cities S, Abdolghafoorian A, Abrishamchi A. Water reuse and
wastewater recycling: Solutions to Tehran’s growing water crisis. In: Quentin
Grafton R, Wyrwoll P, White C, Allendes D, editors. Global Water: Issues and
Insights. Australia: ANU Press; 2014. p. 223.

12. APHA, AWWA, WEF: Standard methods for the examination of water and
wastewater. 22 edn: American Public Health Association (APHA), American
Water Works Association (AWWA) & Water Environment Federation (WEF);
2012.

13. Teng CM. Correcting Noisy Data. In: Proceedings of 16th International
Conference on Machine Learning; San Francisco. 1999. p. 239–48.

14. Masters T. Practical Neural Network Recipes in C++. San Diego: Academic
Press; 1993.

15. Tsuzuki Y. Comparison of pollutant discharge per capita (PDC) and its
relationships with economic development: An indicator for ambient water
quality improvement as well as the Millennium Development Goals (MDGs)
sanitation indicator. Ecol Indic. 2009;9:971–81.

16. Statistics and basic operational items of Tehran’s wastewater company
[http://ts.tpww.ir/abfa_content/media/image/2015/03/33358_orig.pdf]

17. Seyed Morteza H. Wastewater Quality and Quantity. Hoseinian: Tehran;
1974.

18. Sazeh Consultants Engineering & Construction Co.: Assessment the results
of wastewater quality analyses of Tehran's Jonoob wastewater treatment
plant. Sazeh Consultants Engineering & Construction Co. Tehran; 1993

19. Afshar J. Assessment of the quality and quantity of Tehran's wastewater.
Master of Sciences Thesis: Tehran University of Medical Sciences,
Department of Environmental Health Engineering; 1995.
20. Azimi AA, Ameri M. Determination of per capita flow rate and wastewater
pollutants of saheb-gharanieh treatment plant in Tehran. J Environ Stud.
2002;28:93–100.

21. Rim-Rukeh A, Agbozu L. Impact of partially treated sewage effluent on the
water quality of recipient Epie Creek Niger Delta, Nigeria using Malaysian
Water Quality Index (WQI). J Appl Sci Environ Manag. 2013;17:5–12.

22. Srinivas T. Environmental biotechnology. New Delhi: New Age International
Publishers; 2008

23. Matthijs E, Debaere G, Itrich N, Masscheleyn P, Rottiers A, Stalmans M, et al.
The fate of detergent surfactants in sewer systems. Water Sci Technol.
1995;31:321–8.

24. Scott MJ, Jones MN. The biodegradation of surfactants in the environment.
Biochim Biophys Acta Biomembr. 2000;1508:235–51.

25. Sharifi Sistani M. Wastewater treatment in Iran, past, present and future.
Water Environ J. 2000;38:25–32.

26. Department of Energy: In Specialized workshop proceedings on assessment
of wastewater treatment plants challenges; Shiraz. Water and Wastewater
Company; 2001

27. Department of Energy. Technical criteria for reviewing and approval of
urban sewage treatment projects, Standards No. 3-129. Tehran: Plan and
Budget Organization, Office of Research and Technical Criteria; 1993.

28. Metcalf L, Eddy H, Tchobanoglous G: Wastewater engineering: treatment,
disposal, and reuse. New York: McGraw-Hill; 2003

29. Tajrishy M. Wastewater Treatment and Reuse in Iran: Situation Analysis.
Tehran: Departement of Civil Engineering, Sharif University of Technology,
Environment and Water Research Center (EWRC); 2010.

30. Qasim SR: Wastewater treatment plants: planning, design, and operation.
New York: CRC Press; 1998.

31. Tsuzuki Y. Relationships between pollutant discharges per capita (PDC) of
domestic wastewater and the economic development indicators. J Environ
Syst Eng. 2007;63:224–32.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://ts.tpww.ir/abfa_content/media/image/2015/03/33358_orig.pdf

	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	Endnote

	Nomenclature
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

