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ABSTRACT

Background: Sewage treatment leads to the production of large amount of sludge, containing organic matter and
nutrients and considering requirements for recycling could be used as fertilizer. The sludge may also contain various
pollutants that pose serious harm to human health and the environment. This study aimed at characterizing the industrial
sewage sludge and evaluating its capability as fertilizer with no or a minor pretreatment.

Methods: The sludge’s organic matter and nutrient contents, heavy metals, organic and microbial contaminants were
determined and compared to literature data and international guidelines.

Results: The organic matter, nutrients, phosphorous, and exchangeable potassium contents of the sludge samples were
significantly high as follows: 33.6 * 2.85 %, 6.29 + 0.16 %, 1.41+ 0.01 % and 1.236 g/kg, respectively. The concentration of
heavy metals was 94.3 + 59.5 mg/kg. The concentration of heavy metals, organic contaminants, such as PCBs, BTEX, and
PAHs, and microbial contents (coliforms & E. coli) were lower than those reported by other studies. Toluene concentration
was high.

Conclusions: All characteristics of the sludge samples, except for the toluene and microbial contaminations, were
acceptable for its use as land fertilizer. Both toluene and microbial contaminants can be removed, using thermal

conditioning as a pretreatment.
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INTRODUCTION

Sewage treatment leads to the production of large
amounts of sludge, and the treatment and disposal of
sewage sludge are the most expensive steps [1-4].
Further, sewage sludge contains much organic materials
and nutrients that could potentially be used as enriched
source of plant nutrients, i.e., fertilizer. However, the
sludge may contain various pollutants with serious and
harmful effects to human health and environment.
Heavy metals, organic contaminants such as, PCBs,
BTEX and PAHs, and pathogens are the main groups of
sludge pollutants [5-8]. The quantities of these pollutants
vary depending on the sewage source and the treatment
processes. Land application is the most common and
beneficial option for the disposal of sewage sludge
worldwide. Studies have been conducted on the
application of urban raw and digested sludge samples on
land, but only few have focused on other capabilities of
industrial sludge [9-11]. The sewage sludge treatment
consists of thickening, stabilization, conditioning, and
dewatering processes [12]. Depending on the type of
sludge, one or more steps may be removed from the
treatment.

This study was conducted to assess the characteristics
of raw and dried industrial sewage sludge and if a
complete sludge treatment is necessary for all types of
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sludge before they are considered as fertilizers. For these
purposes, the contents in nutrients, heavy metals,
organic materials, such as PCBs, BTEX, and PAHs, and
microbial contaminants were analyzed. The data were
then compared to those reported in the literature.
Further, we have proposed a helpful sludge pretreatment
step to remove the toluene content.

MATERIALS AND METHODS
Wastewater Sources and Treatment Chain

Wastewater sources were 15 industrial units,
including food processing (9 units), metal industry (3
units), cellulose industry (1 unit), window and door
manufacturer (1 unit) and electrical industry (1 unit)
located in Lahijan Industrial Complex (Guilan, Iran).
The influent (incoming) wastewater was treated at a
treatment plant in the following order: screening,
cyclone grit removal, APl grease and oil separator,
equalization tank, anaerobic fixed bed reactor (AFBR),
moving bed biological reactor (MBBR), settling tank
and chlorination. The treatment components are shown
in Figure 1.

The wastewater flow was 106 m*/d and influent COD,
BOD and TSS concentrations were in the range of 1400-
2200, 800-1200 and 1500-2500 mg/L, respectively.
Also, effluent (outgoing) COD, BOD and TSS
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concentrations were in the range of 40-110, 30-60 and
30-60 mg/L, respectively. Waste sludge was disposed to
gravity thickening and dewatered through a filter press.
Finally, dewatered sludge was transferred to bed driers
for further drying.
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Figure 1. Schematic diagram of wastewater treatment
plant.

Sampling Procedure

The samples were taken from the bed dryers based on
standard procedures [13]. For this purpose, each bed
dryer was divided into three parts and samples were
taken from the center of each part. Then three samples
were mixed to obtain a representative sample. Sampling
was repeated three times and the average of three
analyses for each parameter was used in this work.
Sample transportation and storage were done according
to standard methods for the examination of water and
wastewater [13]. The samples were acidified to below
pH 2, when needed, and preserved in polyethylene
containers at 4°C.

Ammonia, Nitrate and Total Nitrogen Analysis

Ammonia nitrogen was analyzed using Nessler
method, modified for solid samples [14]. First, 20 g of
sludge was transferred to an Erlenmeyer flask to which
50 mL K>SO3 0.2 N was added. The mixture was shaken
for 30 min and filtered with 0.45 um Whatman paper
filter. Finally, 20 mL of the filtered solution was used
for ammonia nitrogen determination, using Nessler
method [14]. Nitrate was analyzed based on Brucine
method [15]. In this method, the reaction between nitrate
ions and brucine in acidic condition produce a yellow
color. Although color intensity is not in compliance with
Beer-lambert law, adsorption light curve is proportional
to nitrate concentration. First, 12.5 g of sludge and 1g of
activated carbon were transferred to an Erlenmeyer flask
to which 25 mL acetic acid 0.5 N (pH = 4.8) was added.
Finally, 1 mL of Brucine reagent was added to the
mixture and the color intensity was recorded, using a
spectrophotometer at 410 nm.

Total nitrogen was analyzed using, Kjeldahl method
[16]. For this purpose, 1 g of dry sludge (passed through

28

a 0.5 mm sieve) was digested; using a prompt tablet,
then 15 mL of concentrated sulfuric acid was added to
the digested sludge and heated to 180 °C until the
sample was decolored. Total Kjeldahl nitrogen (TKN)
was measured using Kjeldahl Digestion device (VELP
CO).

Available Phosphorous Analysis

The available phosphorous was analyzed using Olsen
method [16]. In this method, 1 g of air-dried sludge was
shaken along with 20 mL 0.5 N Na,COs (pH = 8.5) and
0.3 g activated carbon. Then, the mixture was
centrifuged at 120 RPM and the supernatant was filtered
through 0.45 um Whatman paper filter. Finally, 5 mL of
Olsen reagent was added to the filtered sample and its
absorbance measured on a spectrophotometer at 880 nm.

Organic Carbon Analysis

The organic carbon was analyzed based on the
Walkley-Black method [16]. In this method, 1 g of
sludge (passed through a 0.5 mm sieve) was transferred
to a 250 mL Erlenmeyer flask, then 10 mL of 0.5 M
K>Cr,0O7 and 20 mL of concentrated sulfuric acid were
added and reacted for 30 minutes. Finally, 100 mL
distilled water was added to the mixture and titrated with
0.5 M ammonium ferrous sulfate in the presence of
phenanthroline. Organic carbon was calculated using
consumed ferrous sulfate.

Heavy Metals Analysis

We analyzed 10 heavy metals contents of the samples
for Arsenic (As), Cadmium (Cd), Chromium (Cr),
Copper (Cu), Lead (Pb), Mercury (Hg), Molybdenum
(Mo), Nickel (Ni), Selenium (Se) and Zinc (Zn). For
volatile metals, such as As, Hg, and Se, freeze-dried
samples (1 g) were digested [1]. In this method, nitric
acid (HNO3) and hydrochloric acid (HCI) at a ratio of
1:3 were mixed with samples and heated for 1 hour at 40
°C and increased the temperature to 80 °C for 3 hours,
using reflux method [1,2]. For organic metals, 6 mL of
perchloric acid (HC1O4) were added to the sample. After
digestion, Tin (II) chloride was added to samples before
analysis by an atomic absorption spectroscopy unit
(AAS Varian 55B), equipped with cold vapor and
hydride production system.

For other stable metals, first, the samples were dried
at 105 °C and powdered, then filtered with 63 um sieve
and digested, using wet digestion method [1,2]. The
procedure was as described above, except for the second
heating period where the temperature was increased to
120 °C. Digested samples were analyzed, using
inductively coupled plasma - optical emission
spectrometry (ICP-OES; Liberty RL model).

Chlorinated Organic Compounds Analysis

For these analyses, the polychlorinated biphenyls and
benzene chloride were extracted with a mixed solvent,
diethyl ether/hexane or methylene chloride/hexane. The
extract was concentrated by evaporation and, if
necessary, it was cleaned up by column adsorption-
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chromatography [13]. The individual compounds then
were determined by gas chromatography — mass
spectrometry (GC/MS; Agilent Technology).

Polynuclear Aromatic Hydrocarbons (PAHs) and
Total Petroleum Hydrocarbons (TPH) Analysis

Preparation and extraction of these compounds were
similar to the method mentioned earlier for chlorinated
organic compounds, based on Standard Methods [13].
Analysis of these compounds was conducted by GC/MS
(Agilent Technology).

Microbial Analysis

For investigation of microbial presence in the dried
sludge samples, total coliforms, based on multiple-tube
fermentation technique and E. coli (fecal coliforms)
were selected as indicators. These analyses were
performed based on APHA Standard Methods (9221 A
and 9221 F) [13]. For total coliforms, 15 tube procedure
with three steps include presumptive phase, confirmed
phase and completed phase was used. For these phases,
lauryl tryptose broth, brilliant green (BG) and brilliant
green lactose bile broth (BGB) along with electrical
conductivity (EC) were used as the Culture medium,
respectively.

Other Analyses

For pH determination of the samples, sludge was
mixed with distilled water (ratio 1:2) and shaken for 30

minutes. Finally, the samples’ pH was determined using
a Metronm pH meter (Herisau, Switzerland). The EC
was analyzed using the same Metrohm device.

RESULTS
Physico-Chemical Characteristics of Sludge

Results of the nutrients and organic matter contents of
the sludge samples in comparison with reported values
in literature are shown in Table 1.

Heavy Metals Concentration in Sludge

Results of heavy metal analysis in undigested sludge
are shown in Table 2.

Organic Contaminants in Sludge
PCBs and BTEX

The concentrations of PCB 44, 88 and total PCBs
were 7 = 3.1, 3.7 £ 0.3 and 10.7 = 3.4 pgkeg,
respectively.

Table 3 shows the mass concentration of BTEX in the
studied sludge.

Polynuclear Aromatic Hydrocarbons (PAHs)

The contents of individual PAHs and total PAHs
documented in the present study against reported values

for raw and digested sludge samples are shown in Table
4,

Table 1. Organic matter and nutrient contents of undigested industrial sewage sludge (mean value (SD), n=3) in
comparison with urban sewage sludge reported by other studies.

NH.*

K (%) Exchang

Parameter OM (%) TN (g/kg) TP eable K pH Ref.

Current work 33.6 (2.85) 6.29 (0.16) @  0.98(0.07) 1.41(0.01)® 0.31 1.236 6.06
(0.00) (0.00) (0.00)
Dewatered sludge 19.82 3.43 - - - - 6.82 [17]
anaerobically 43.4 2.5 - 1.06 0.2 0.2 8.6 [4]
digested biosolids
Dried sewage 23.2 2.6 - 1.34 0.42 0.42 7.1 [4]
Standards (EPA) - 0.1-3.5 - 0.3-3.5 0.1-2.8 - 6-8  [18]
Dried sewage 36.2 (3.6) - 0.25 9.13 [19]
sludge (0.34)  (0.16)
Stabilized after - 40.61 (1.12) 0.4 (0.02) 42.54 (1.12) 0.41 [1]
centrifuge (0.01)
Stabilized with - 18.58 (0.43) 0.4 (0.02) 63.52 (2.14) 0.41 [1]
sawdust (0.0D)
sludge (compost - 18.95(0.42)®  0.4(0.02) 51.78(1.89)® 0.45 [1]
for 4 month) (0.01)
sludge (mature - 11.08 (0.35)®  0.4(0.03) 41.4(2.56)® 0.45 [1]
compost) (0.01)
Sewage sludge 12.2 (0.04) - 5.4(0.21) 7.3(0.4) [3]
compost
Anaerobic septic 32.5 - 8.7 (0.15) 2.5 [3]
sludge (0.15)
Aerobically- 53.7(0.12) - 16.9 (0.22) 5.7 [3]
digested sludge (0.05)
(a) %
(b) g/kg (DM)
29
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Table 2. Concentration of heavy metals (mg/kg) compared to reported values for digested sludge samples by different

methods.

Metal As Cd Cr Cu Hg Mo Ni Pb Se Zn reference

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg)
Present work 1.6 + ND® 5.6+ 103+  0.14+ 0.57 + 34+ 7.4+ 0.78+ 943+ -

0.25 4.8 6.5 0.03 0.2 1.7 8.2 0.16 59.5

Germany - 1.5 100 60 1 - 50 100 - 200 [8]
(agriculture)
EUA - 20 1500 70 8 - 210 150 - 1400 [8]
(agriculture)
Four raw - 1.9-76 27.6- 156- - - 21.7- 37.9- - 1015- [2]
sewage sludge 120 335 155 59.5 1385
(mean values)
76 days - 1.95-76  25.7- 155- - - 17.7- 35.2- - 935- [2]
compost of 4 124.5 314 177 52.5 1490
sewage sludge
Undigested 15.3 161.5 321.3 - - 127.2 109.3 408 [19]
dried sewage (2.8) (7.5) (6.8) (8.1) (6.8) (7.0)
sludge
Stabilized after 2.38 72 81.3 0.6 - 17.3 21.8 691.5 [1
centrifuge (0.21)  (2.04) (2.12)  (0.09) (0.34)  (0.77) (11.21)
Stabilized with 2.12 40.8 333 0.59 - 16.1 18.5 299.1 [1
sawdust (021) (1.21) (0.99)  (0.09) (0.25)  (0.43) (7.6)
sludge 0.78 38.5 39.2 0.58 - 9.6 7.23 160.5 [1
(compost for 4 (0.19)  (1.09) (1.12)  (0.08) (0.12)  (0.19) (4.22)
month)
sludge (mature 0.56 33.2 23.7 0.58 - 8.4 6.38 220.9 [1
compost) (0.1) (1.01) (0.78)  (0.08) (0.1) (0.22) (6.13)

(a) Nondetectable

Table 3. Contents of BTEX (ug/kg) in sludge samples compared to reported values.

Compound Benzene Toluene Ethylbenzene Total xylenes Total BTEX Reference
Current work ND 376 (40.4) ND ND 376 (40.4) -
Sewage sludge (a) ND 0.39 (0.43) ND 0.83 (0.37) 0.64 (0.8) [9]
Dyeing sludge 12.81 33.98 16.85 84.27 147.91 [20]
Leather-tanning sludge 2.72 11.1 8.21 12.21 34.24 [20]
Paper mill sludge 7.9 29.52 25.66 86.07 149.15 [20]
Municipal sludge 3.91 9.02 6.18 8.4 27.51 [20]
Municipal sludge 11.12 9.66 6.2 12.12 39.1 [20]
Municipal sludge 8.51 18.88 17.73 36.3 81.42 [20]
Municipal sludge 2.55 8.47 5.73 8.37 25.12 [20]
(a): average values of 5 raw sewage sludge
Table 4. PAHs contents of industrial sewage sludge (ng/kg) compared to reported values.
Compound Naphthalene  Acenaphthene Phenanthrene 1 Benzo[K] Others Total Ref
uoranthene
Present work 9.5 (1.76) 3.3 (0.46) 5.1(0.9) 1.3 (0.26) ND 19.2 (3.4) -
11 raw urban sewage 0.49 0.15 2.2 0.4 16® [7]
sludge®
35 raw urban sewage ND 26.25 (9.5) 63.5(32) 68 (62)© - 452.5 [6]
sludge (149)
19 raw urban and 80 (225) 65.9 (300) 1062 (1490) 28.7 (70)@ - 2420 [11]
industrial sewage sludge (3000)
14 digested urban 3.7094) 4 (2.45) 7 (6.4) 2.2(1.9) - 130 [21]
sewage sludge (151.5)
(a) Mean value (mg/kg)

(b) Sum of 16 US EPA priority PAH concentration.
(c) Sum of 3 isomers j, k and b of benzo-fluoranthene
(d) Sum of 2 isomers j and k of benzo-fluoranthene

30
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Microbial Contaminations of Sludge Samples

The values of total coliforms, fecal coliforms and E.
coli for studied sludge samples were 17.8 + 0.5 X
10%gDS, 7.3 £0.7 x 10%gDS and 3.6 £ 0.35 x 10%gDS,
respectively.

DISCUSSIONS
Physico-Chemical Characteristics of Sludge

As seen in Table 1, organic matter contents of the
industrial sewage sludge (33.6 £+ 2.85) were in the range
of reported dried [17,19] and digested urban sewage
sludge [4], but values of nutrients were higher than
mentioned sludge samples. Both AFBR and MBBR
processes employed for the treatment of industrial
wastewater produced stabilized sludge, so the dried
sludge samples had similar organic contents compared
to the reported values in the literature. The high organic
matter of the studied sludge could improve the short-
term properties of soil including the microbial
populations and humic contents [19]. The values of
phosphorous and potassium were in the range required
for land applications, based on EPA standards, but
nitrogen contents were higher than the normal limits.
The pH value of the undigested industrial sludge was
lower than those reported by other studies. In this
context, the acceptable pH range for land application is
anywhere from pH 6 to 8) [22]. Although mineralization
of OM in the sludge could induce metal solubilization
and release into the soil solution, sludge chemical
properties, such as pH buffering capacity and high levels
of exchangeable cations, would suppress the release of
metals into solution [17]. The low pH value may be
because of non-degraded organic acids (mainly acetic
and butyric acids) [23] in the undigested sludge or the
characteristics of treated wastewater. The EC value of
the investigated sludge samples was 7.23 + 0.1 dS/m.
The high EC value of the sludge samples was because of
high salinity contents of processed food and cellulose in
the wastewaters [24,25].

In comparison with stabilized sludge samples
obtained through different methods, the investigated
sludge in this study had a very high content of total
nitrogen, the ammonium content was slightly higher
than 2-fold. Based on the reported value in Table 1,
increased in stabilization level of the sludge samples
lead to a decrease in nitrogen contents through dilution,
microbial consumption, and gaseous loss. Regarding the
land application as fertilizer, ammonia nitrogen is
directly available for the plants, so undigested sludge
has a higher fertilizing value than the stabilized sludge
[26].

Phosphorous is another valuable element for
recycling. The total phosphorous content was 22-33-fold
higher than that found in the digested sludge. The
solubility of potassium leads to its release from the
treated sludge supernatant, it appears that digestion
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methods lead to a loss of K* contents [1,2]. As shown in
Table 1, the potassium content found in this study was
approximately 3 times higher than the reported values
for the evaluated and digested sludge samples.

Heavy Metals in Sludge Samples

Based on the date presented in Table 2, the
concentrations of all of the heavy metals were
significantly lower than the international limits for
agricultural use. Except for the lead content, compared
to the wvalue in well-digested composts, the
concentrations of other heavy metals found in the
present study were significantly lower than those
reported for raw and stabilized sludge samples
[1,2,8,19]. The high concentrations of heavy metals
reported by other studies could be due to variations in
wastewaters and treatment processes. The order of
individual heavy metals, based on their values from
undigested sludge samples was: Zn > Cu > Pb > Cr >
Ni> As > Se > Mo > Hg > Cd. This order was different
from both undigested dry sludge (Zn > Cu > Cr > Ni >
Pb > Cd) (19) and digested sludge by different methods
(1). Shrivastava et al. [19] reported that the residual
fractions of Zn, Cu, Cr, Ni, Pb, and Cd in undigested dry
sludge was higher than those in available forms when
measured by fractionation method. Using a similar
method, Ignatowicz et al. [1] reported that the available
heavy metals in digested sludge samples were
significantly higher than those in the residual fractions.
This suggests that the digestion of sewage sludge leads
to the release of heavy metals and their harmful
dissipation into the environment.

Organic Contaminants of Sludge

PCBs andBTEX

Only two PCBs marked as 44 and 88 were detected in
the sludge samples, while other PCBs were
undetectable. Also, 7 indicator PCB congeners for
agricultural use (codes of 28, 52, 101, 118, 138, 153 and
180) were not detected in undigested sewage sludge. By
comparison of these compounds with other reported
values, it is obvious that the concentration of PCBs in
studied sludge samples were negligible compared to the
raw, digested, centrifuged and thermally dried sludge
samples [5]. This is mainly because of variations in
wastewater source (urban versus industrial) and the
applied treatment processes. On the other hand,
quantified PCBs in this work (codes of 44 and 88) were
not reported by other studies [8,27]. The total PCBs
concentration (10.7 £+ 3.4 ug/kg) was by far lower than
the maximum value recommended for agricultural use,
i.e., 0.2 mg/kg DW [8,27]. Based on studies on PCBs
biodegradation, congeners with high chlorine number
(tetra and higher) could degrade simply through
anaerobic dehalogenation and congeners with low
chlorine number (mono, di, and tri) could degrade better
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under aerobic conditions [10,28]. Therefore, the
treatment processes employed in present work (AFBBR
and MBBR) and their order could qualify these
requirements for PCBs degradation.

In this study, the detected PCBs in the sludge samples
where highly-chlorinated (2,2',3,5'-Tetrachlorobiphenyl
and 2,2',3,4,6-Pentachlorobiphenyl). Therefore, the
appropriate digestion process for the stabilization of
current sludge is anaerobic digestion.

As shown in Table 3, toluene was detected in our
sludge samples at a concentration of 376 + 40.4 pg/kg.
This high concentration of toluene not only makes it
higher than that in typical urban and industrial sludge
samples, but also makes the total BTEX concentration
higher than others. Higher concentration of toluene in
undigested industrial sludge compared to that of other
aromatic hydrocarbons (benzene, ethylbenzene, and
xylenes) is consistent with other reports [29,30]. The
high concentration of toluene could be because of
wastewater source (use of toluene as a dye in cellulose
and paper industries) and its production in anaerobic
processes, mostly acidogenic phase [20,29,30]. In
addition to the high concentration of toluene in sludge,
its concentration in the supernatant during the drying
process is high and can be used as carbon source in
enhanced biological nutrients removal processes
(EBNRP) [29]. For the removal of toluene, thermal
conditioning of sludge at 170-220°C and pressure of 1.2-
2.5 MPa for 15-30 minutes is the best option before
dewatering samples through filter press. Using this
method, 75-80% of toluene is degraded, 20-25% of
which is emitted into the air. Therefore, adding an
appropriate air pollution control system is a necessary
step for this unit. This system improves the sludge
dewatering by 50-60% after filter press and eliminates
the need for chemical conditioning and sterilization of
the sludge [12].

Polynuclear Aromatic Hydrocarbons

As seen in Table 4, only four compounds
(Naphthalene,  Acenaphthene, = Phenanthrene, and
Benzo[k]fluoranthene) were detected in the sluge
samples. The total concentration of detected compounds
was 19.2 + 3.4 ug/kg that was significantly lower than
the maximum permissible concentration (6 mg/kg)
proposed by EU for sludge used as soil fertilizer and to
protectthe soil microbial contents [6,7]. The
concentrations of individual and total PAHs were
considerably lower than those for raw urban and
industrial sewage sludge reported by China, Italy and
Spain [6,7,11,21]. However, the concentration of
individual PAHs obtained in the present study was
comparable with that for digested sludge, but total PAHs
for digested sludge was higher and the reported
concentration of naphthalene in digested sludge was
lower than that in the present work. Considering to
reported values in Table 6, there is a wide fluctuation
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among the reported concentrations for individual and
total PAHs in the literature. This could be due to
differences among wastewater characteristics and the
employed treatment processes. Regarding the number of
rings in the structure of PAHs, the total concentration of
2-ring PAHs (naphthalene and acenaphthene), 3-ring
PAHs (Phenanthrene) and 4-ring PAHs
(Benzo[k]fluoranthene) were 12.8 + 2.22, 5.1 + 0.9 and
1.3 £ 0.26 ug/kg, respectively. Unlike PAHs’ contents of
raw urban sewage sludge, where three and more carbon
rings were dominant, as reported by Quan-Ying et al.
[7], 2-ring ng PAHs were the dominant variety in this
study. This could be due to the degradation of high-ring
PAHs in FBBR and MBBR process and their conversion
to low-ring types. The only carcinogenic compound
detected in our samples was benzo[k]fluoranthene at
extremely low concentration of 1.3 + 0.26 pg/kg.

Microbial Contamination of Sludge

The abundant presence of pathogenic bacteria (i.c.,
fecal coliforms and E. coli) was due to the treatment of
domestic and wastewater in the treatment plant. The
total and fecal coliform concentrations were
approximately 10 to 10* times lower than the values
reported by Sidhu et al. [31] for raw sewage sludge.
Total coliforms and E. coli concentration in the present
study were 10* and 10* times, respectively, lower than
those reported for raw sludge by Lloret et al. [32].
However, the E. coli concentration was higher than the
value reported by Sidhu et al. [31]. In the case of fecal
coliforms, the obtained value was higher than both class
A (<1000 MPN/g DS) and class B (<2 x 10° MPN/gDS)
requirement proposed by USEPA for land application
[33]. Also, the concentration of E. coli in the present
work was not consistent with the requirements set by the
European directive on the application of sludge as
fertilizer (<1000 MPN/g DS) [32]. However, for
application of sludge to lands, treatment of sludge is
necessary primarily for reducing its pathogens. As
mentioned above, thermal conditioning  before
mechanical dewatering can sterilize the sludge.

CONCLUSIONS

This study investigated the characteristics of raw
industrial sewage sludge and its capability for use as soil
fertilizer. Based on our findings and the facts presented
in the Discussion section, the following conclusions and
recommendations can be made:

. Organic matters, nitrogen, phosphorous and
potassium contents of studied sludge were higher than
those in the digested sludge. Therefore, the value of the
investigated sludge as fertilizer was higher. Other
physio-chemical characteristics of the studied sludge
were consistent with the range of values for raw and
stabilized sewage sludge samples as reported in the
literature. Also, there was no significant problem against
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the application of sludge in soil compared to the
international guidelines.

. The concentrations of heavy metals in the sludge
were significantly low without exceeding the limitations
for land application. However, the dissipation of heavy
metals in raw sludge is lower than in digested sludge
because of degradation of metals in organic compounds.

. Regarding such contaminants as PCBs, BTEX
and PAHs, the concentration values (except for BTEX)
were lower than those reported in the literature and the
international requirements for land application. Thermal
conditioning should be employed before the filter press
for toluene removal.

. The only significant problem for the sludge
samples used in our study for land application was
unmet microbial requirements. To resolve this issue,
there is a need for a pretreatment. Thermal conditioning
is a viable option that is capable of destroying the
pathogens and the organic contaminants.

Finally, it can be concluded that for land application
of sludge, wastewater source and treatment processes
should be considered before considering the high cost of
sludge treatment. Also, careful analyses should be
conducted on raw sludge to identify the simplest and
least expensive pretreatment processes before using
sewage sludge from any source.
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