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Abstract
In the developing world, rapid urbanization and industrialization produces an enormous volume of wastes daily. This study was
aimed to explore the potential and risks associated with sewage sludge through the characterization and fractionation technique.
Sewage sludge samples were collected from various wastewater treatment in five different cities of Pakistan. Considerable
amounts of macro-elements were detected in all types of sewage sludge samples. The pHw of all sewage sludge were neutral
to slightly alkaline in reaction. Total organic carbon (TOC) was maximum (18.73%) with Coca-Cola sewage sludge (CSS) while
the minimum (14.69%) was with Water and Sanitation Agency (WASA) sewage sludge (WSS). Percent relative distribution of
cadmium (Cd) was higher in residual fraction (F4) up to 52% in the Nestle wastewater treatment plant, Sheikhupura (NSS). The
chromium (Cr) concentration in Kasur sewage sludge (KSS) was extremely in mobile fraction (exchangeable) as compared with
all other sludge samples, therefore showing a higher level of risk assessment code. While in the case of Iron (Fe), mobility was
less and its maximum portion was noted in residual fraction (F4) of all sewage sludge samples. Percent distribution of manganese
(Mn) showed variable trends for different sewage sludge samples. Zinc (Zn) concentration showed high mobility (exchangeable
fraction) in case of NUST wastewater treatment plant, Islamabad (NTS) (31.16%) and WSS (37.83%) as compared with other
sewage sludges. The risk assessment code indicated that Zn and Ni had a medium level of risk with I-9 Sector wastewater
treatment plant, Islamabad (ISS), CSS, KSS, and NSS whereas these pose a high risk with NTS and WSS. Based on physico-
chemical properties, nutrients, trace elements, mobility, and risk assessment code, it was concluded that KSS should not be
recommended at any application rate while NTS andWSSmay be used at low application rates whereas ISS, CSS, and NSSmay
be used for agricultural crop production.
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Introduction

With the rapid development, industrialization, and urbaniza-
tion, the massive volume of sewage sludge (SS) is being pro-
duced in the urban areas of the major cities of Pakistan (Riaz
et al. 2018a). The safe disposal of sewage sludgewithminimal
impact on the environment has surfaced as a serious concern
in recent times (Singh and Agrawal 2008). Among many, land
disposal as organic fertilizer is considered as the most popular
and economical method of SS management. It is applied to
agricultural lands because it supplies many essential nutrients
to crop plants and modifies soil physical, chemical, and bio-
logical properties (Latare et al. 2014; Riaz et al. 2018a; Cai
et al. 2019). Several researches have shown positive, benefi-
cial impacts of SS application like increment in biomass
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production and crop productivity and improvement in physi-
cochemical properties of soils (Murtaza et al. 2012; Riaz et al.
2018b). However, there is a severe apprehension that SS also
contains excessively high concentrations of potentially toxic
elements (PTE) that restricts its use as a substitute for fertilizer.
Various SSs exhibit wide variations in their physical, chemi-
cal, and biological properties depending on the origin of raw
wastewater such as municipal or industrial effluents.

Further to this, characteristics of SS typically depend on the
type and the degree of treatment processes followed and
finishing sludge treatment (Haynes et al. 2009; Smith 2009).
Studies showed that the SS processing method significantly
affected not only the beneficial elements but also potentially
toxic trace element concentration, fractionation, availability,
and mobility. These trace elements like cadmium (Cd), chro-
mium (Cr), iron (Fe), lead (Pb), and zinc (Zn) are naturally
non-biodegradable with complex chemistry and can accumu-
late in the soil and water for a long time, enter the food chain,
and thereby bioconcentrate in the environment (Zhang et al.
2017; Liu et al. 2018; Riaz et al. 2018b). The total concentra-
tions of trace elements in SS indicate the entire level, while the
mobilization capacity and the potential risk to the environment
mainly depends on specific chemical speciation/fraction of
metals in sewage sludge (Zhang et al. 2017). With the instal-
lation of a large number of wastewater treatment plants in
Pakistan, a large volume of SS is being produced daily (Riaz
et al. 2018b). Farmers use SS on croplands for nutrient en-
hancement. Information resolved from the total metal analysis
in SS was not sufficient to make a decision either it is acces-
sible to plant or not and ultimately affect the food chain.
Sequential extraction is the only way to estimate metal con-
centration associated with mobile or immobile forms.
Carbonate-bound concentration of metals is also easily acces-
sible to plants as they can be released at lowered soil reaction.
An immobile form of metal can be bound with manganese
oxides, amorphic iron oxides, and silicates, and also present
in the crystalline structures of minerals. The PTEs are bound-
ed with organic and inorganic contents in the SS (Liu et al.
2016; Braga et al. 2017). Thus, the evaluation of SS toxicity
by chemical speciation is essential before making a decision
on its suitability for agricultural application. A risk assessment
code (RAC) is employed to evaluate the potential environ-
mental risk of trace elements in sewage sludges and has been
widely used in the environmental sciences to ascertain trace
elements toxicity (Huang et al. 2011). The risk assessment
code assesses the available trace elements in SS by applying
the percentage of the readily available and toxic fraction (de-
noted as F1) of the total trace elements. The trace elements that
are weakly bound to sewage sludge could pose a greater risk
to the environment due to their higher bioavailability
potential.

To the best of our knowledge, classification of various SSs
from all over Pakistan has not been done so far. This study was

conducted to explore the potential risk and fertility status of
SSs generated in Pakistan for use in agriculture and classify
them based on RAC.

Materials and methods

Collection and preparation of sewage sludge samples

Three sub-samples of SS of six primary wastewater treatment
plants (WWTPs) were collected from various cities of
Pakistan (Fig. 1). These samples included I-9 Sector wastewa-
ter treatment plant, Islamabad (ISS); Coca-Cola Company
wastewater plant, Lahore (CSS); Water and Sanitation
Agency (WASA) Treatment Plant, Faisalabad (WSS); Kasur
wastewater treatment plant (KSS); NUST wastewater treat-
ment plant, Islamabad (NTS); Nestle wastewater treatment
plant, Sheikhupura (NSS). The sampling was performed by
the grab method; it is the least expensive method of collecting
a reprehensive sample from huge WWTPs (Telliard 1989).

Each collected SS sample was adequately dried (air and
oven-dry) to achieve constant weight and ground. After grind-
ing, the samples were screened through a 2-mm sieve. The
practice of passing only a portion of the ground sample
through the sieve and discarding the remainder is erroneous.
This introduces a positive bias in the sample as the rejected
part may include sludge elements with differential fertility.
Therefore, the entire sample was passed through the sieve
except for concretions and pebbles of more than 2 mm.
Sieving was repeated and samples were grinded until all ag-
gregate particles were fine enough to pass through the sieve
and only pebbles, organic residues, and concretions remain.

Measurement of physicochemical properties
and trace elements

The pHw and ECw were measured by preparing 1:10 sludge/
water suspension (w/v) by adopting the method mention in
USEPA ( 2005). The total organic carbon (TOC) contents
were determined in the collected samples following Carballa
et al. (2005) on TOC Analyzer (Shimadzu: TOC-L CSH,
Kyoto, Japan). The TOC concentrations were calculated by
the difference between total carbon (TC) and inorganic carbon
(IC). Total nitrogen (TN) in sewage sludge was determined by
distillation after the digestion of individual SS samples with
concentrated sulfuric acid (H2SO4). Total phosphorus (TP)
was analyzed after digesting the samples in 3:1 mixture of
nitric acid (HNO3) and perchloric acid (HClO4), followed by
calorimetric determination using the molybdophosphoric acid
method on a spectrophotometer (UV 5100 B, Metash, China)
at 470 nm (Olsen and Sommers 1982). The extract of the
digestion made for TP analysis was also used for total potas-
sium (TK) analysis. The total concentrations of 19 trace
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elements like aluminum (Al), antimony (Sb), arsenic (As),
barium (Ba), bismuth (Bi), boron (B), calcium (Ca), cadmium
(Cd), Chromium (Cr), cobalt (Co), copper (Cu), Iron (Fe),
Lead (Pb), Lithium (Li), Magnesium (Mg), Manganese
(Mn), Nickel (Ni), selenium (Se), silver (Ag), and zinc (Zn)
in SS samples were determined in triplicate following wet
digestion with aqua regia (HNO3: HCl, 1:3) (USEPA 2005).
The digests were filtered throughWhatman No. 42 filter paper
and analyzed for elements using an inductively coupled plas-
ma optical emission spectrometer (ICP Optical Emission
Spectrometer, Optima 5300DV ICP-OES, Perkin Elmer,
USA).

Sequential extraction of trace elements in sewage
sludge

The Community Bureau of Reference (BCR) three-step se-
quential extraction procedure described by Ure et al. (1993)
was used to evaluate the distribution of trace elements Cd, Cu,
Cr, Fe Mn, Ni, Pb, and Zn in four fractions: acid soluble/
exchangeable fraction (F1, exchangeable metal and
carbonate-associated fractions); reducible fraction (F2, frac-
tion associated with Fe and Mn oxides); oxidizable fraction
(F3, fraction bound to organic matter); and residual fraction
(F4). The analysis was performed on four parallel samples of

Fig. 1 Geo-sampling locations of
sewage sludge collected from
different states of Pakistan

39744 Environ Sci Pollut Res  (2020) 27:39742–39752



different sewage sludges. Air-dried sludge samples (0.5 g)
were taken in 50 mL polypropylene centrifuge tubes, and
reagents specified for each fraction were added. After extrac-
tions, the liquid phase was separated by centrifugation at
4000 rpm for 20 min. The supernatant was then decanted into
a full mouth plastic bottle and kept in the refrigerator at
five ±2 °C till estimation. The residual metal fraction was
determined by digesting the residues of step 3 under
conditions. The extracts were analyzed for different elements
on inductively coupled plasma optical emission spectrometer
(ICP Optical Emission Spectrometer, Optima 5300DV ICP-
OES, Perkin Elmer, USA). The matrix effects were
countered by preparing the standards in solutions identical
to that of extracting reagent used for each fraction.

Risk assessment

The RAC was also applied to estimate the environmental risk
associated with heavy metal pollution in sewage sludge. It
classifies the risk levels based on the chemical speciation of
heavy metals. RAC assesses the availability of metals by ap-
plying a scale to the percentage of metals present in the F1
fraction. Risk classification in terms of RAC (Zhang et al.
2017). RAC was calculated as follows:

Risk assessment code ¼ F1

HM
� 100

where F1 is the concentration of trace elements in exchange-
able fraction (mg kg−1), and HM represents the total concen-
tration of trace elements (mg kg−1).

Quality assurance

All chemicals used in this study were chromatographically
pure. All laboratory consumables and centrifuge tubes were
dipped in 20% nitric acid solution which was prepared with
ultrapure water overnight and then flushed thoroughly with
ultrapure water. Determination in ICP was carried out in three
replicates, and the reported results were the average of three
replicated along with the standard deviation. All determina-
tions were performed at room temperature.

Results and discussion

Physicochemical properties

Table 1 shows some selected physicochemical properties of
the different sewage sludges. The highest ECw (12.46 ±
0.20 dS m−1) was found for WSS, and the lowest ECw was
recorded with ISS (4.11 ± 0.07 dS m−1). The pHw of all the
collected samples ranged from 6.69 to 7.56. The lowest pH

value was found with ISS (6.69 ± 0.12), while the highest was
with CSS (7.56 ± 0.15). The highest total organic carbon
(TOC) content was found in CSS (18.73%) followed by ISS
(18.58%), while the lowest inWSS (14.69%). The color of the
collected samples was mostly black (Table 1). The EC pro-
vides information about the number of soluble salts present in
the material (Lopez-Moreno et al. 2015). The sewage sludge
obtained from Water and Sanitation Agency, Faisalabad,
wastewater treatment plant had the highest EC due to more
soluble salts present in sewage water as the groundwater of
Faisalabad city is brackish (Khaliq 2014). Application of SS
having such type of physicochemical properties (e.g., WSS)
under arid to semi-arid conditions may cause an increase in
soil salinity and affect the soil-water balance, plant nutrient’s
availability, microbial activity, and final crop yields (Li et al.
2013), while the application of other sewage sludge samples
having low EC, neutral pH, and a significant quantity of N, P,
K, and TOCmay improve the soil fertility status of certain soil
types. The pH of all sewage sludge samples was neutral to
slightly alkaline (Table 1). Usually, the sewage sludge pro-
duced from municipal/city wastes or industrial wastes has
neutral to slightly alkaline pH. It is assumed that at neutral
pH, there will be a high availability of trace elements (Latare
et al. 2014; Singh and Agrawal 2010). Another property is the
color of SS, which indicates the maturity and stability of the
SS product (Sullivan and Miller 2001). The color of SS sam-
ples ranged from gray to dark black (Table 1) that could be due
to the presence of colored chemicals released from various
textile industries into wastewater streams. Further, the waste-
waters generated from dying industries may contain multiple
contaminants like acids, toxic compounds, and color com-
pounds (Fan and Zhang 2008). Out of these, color is the first
contaminant to be predictable in SS. Alkaline-black is one of
the most commonly used dyes in industries, which is the main
reason for the black color in wastewater streams (Solpan and
Guven 2002).

All the samples had a considerable amount of N, P, and K
nutrients. The highest N contents were found in ISS
(4597 mg kg−1 DW), followed by CSS (3124 mg kg−1 DW).
The trend for N contents was as ISS > CSS >NTS > NSS >
KSS >WSS. The highest concentration of P was found in
NSS (5009 mg kg−1 DW), and the least was recorded in
WSS (1021 mg kg−1 DW). Maximum K was found in NSS
(153 mg kg−1 DW) and least in CSS (27 mg kg−1 DW). The
trend for K contents in SS samples was as NSS > NTS >
KSS >WSS > ISS > CSS. The primary plant nutrient associ-
ated with SS is N (Zebarth et al. 2000). Among the collected
SS samples, maximum N contents were found in ISS, which
may be attributed to some industrial wastes where nitrogen
gas is used for the preparation of their products. In literature,
N contents in sewage sludge are reported in the range from 0
to 5.0% (Zebarth et al. 2000). The concentration of P in sew-
age sludge varies even more broadly than N (Warman and
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Termeer 2005) while in the soil-plant system, P uptakes by
plants are regulated by soil Al, Fe, and Ca content. The K
contents in sewage sludge are usually low (0.15–0.40%) in
concentration (Haynes et al. 2009). In our collected samples,
the concentration of K was low as compared to N and P.

Total concentration of trace elements

The highest concentration of total B was noted in CSS and the
lowest was recorded in ISS (Table 2). The highest Cu contents
were found in WSS (2.05 mg kg−1 DW), while the lowest Cu
contents were recorded in KSS (0.46 mg kg−1 DW). The trend
for Cu was WSS > ISS > CSS >NTS >NSS >KSS. Boron is
used in the fiberglass and glass industries because of its me-
chanical qualities. Boron is also used in production of deter-
gents and bleaches as well (Parks and Edwards 2005). The
potential sources of Cu in sewage sludge and composts in-
clude cleaning and plating, baths, pulp, industrial chemicals
(Bouzid et al. 2008). The highest concentration of Cu in WSS
may be due to the mixing of municipal/city solid wastes adja-
cent to the Cu industry. A considerable amount of Mn was
also present in all collected samples. A large quantity of Fe
was also present in the collected samples, which ranged from

0.1 to 2.0%. The highest (value) Zn concentration was detect-
ed with NTS and lowest (value) in KSS, showing the trend as
NTS > ISS > CSS >NSS >WSS >KSS. The concentration of
Fe was too high in all collected samples of sewage sludge. The
main sources of Fe in sewage sludge are industrial wastewater,
household waste, and city wastes. The presence of a consid-
erable amount of these beneficial nutrients (B, Co, Mn, Mo,
and Zn) in all collected samples (Table 2) makes these prod-
ucts valuable for agricultural application. According to
Council Directive of the European Communities (1986), the
concentration of B, Cu, Co, Mn, Mo, and Zn were well below
the permissible levels in the analyzed sewage sludge samples.
Moreover, the highest concentration of T-As was found in
CSS (26.54 mg kg−1 DW), followed by NSS (7.05 mg kg−1

DW). The analysis showed that the highest T-Cd concentra-
tion was found in ISS (3.29 mg kg−1 DW), followed by NSS
(2.05 mg kg−1 DW) as compared with all SS samples
(Table 3). In the case of Cr, the highest concentration was
recorded in KSS (17,115 mg kg−1 DW). A considerable
amount of T-Ni, T-Sb, and T-Se were also present in all col-
lected SS samples. The highest T-Pb concentration was found
in CSS (124.3 mg kg−1 DW) and lowest in KSS (18.8 mg kg−1

DW). The concentration of trace elements in the sewage

Table 1 Some selected properties and concentration of macro nutrients in various sewage sludges

Sources EC TOC pH N P K Color
dS m−1 (%) mg kg−1 d.w.

ISS 4.11 ± 0.07 18.58 ± 0.78 6.69 ± 0.12 4597 ± 143.5 3436 ± 57.3 34 ± 1.5 Black

NTS 5.54 ± 0.12 16.47 ± 0.97 6.93 ± 0.04 3050 ± 63.4 2544 ± 62.6 95 ± 7.4 Dark gray

WSS 12.46 ± 0.20 14.69 ± 1.09 7.06 ± 0.03 1194 ± 79.7 1021 ± 67.8 35 ± 7.8 Blackish brown

CSS 6.06 ± 0.13 18.73 ± 0.99 7.56 ± 0.15 3124 ± 100.4 4119 ± 105.0 27 ± 2.0 Black

KSS 9.08 ± 0.28 17.29 ± 1.21 7.32 ± 0.06 1753 ± 98.4 3157 ± 55.6 57 ± 3.8 Dark gray

NSS 4.65 ± 0.35 17.46 ± 1.43 6.91 ± 0.09 2550 ± 101.2 5009 ± 105.2 153 ± 7.6 Black

Values are means ± standard deviation (n = 3), EC: Electrical Conductivity, TOC: Total organic carbon: N: Nitrogen, P: Phosphorus, K: Potassium, ISS:
I-9 Sector, wastewater treatment plant sewage sludge, Islamabad, NTS: NUSTwastewater treatment plant, Islamabad sewage sludge, WSS: Water and
Sanitation Agency (WASA) Treatment Plant sewage sludge, Faisalabad, CSS: Coca-Cola Company wastewater plant sewage sludge, Lahore, KSS:
Kasur wastewater treatment plant sewage sludge, NSS: Nestle wastewater treatment plant sewage sludge, Sheikhupura

Table 2 Concentration of micronutrients in collected samples

Sources B Cu Fe Mn Mo Zn
mg kg−1 d. w.

ISS 0.35 ± 0.003 1.79 ± 0.11 13,820 ± 635 329 ± 17 23.42 ± 1.4 831 ± 48

NTS 0.58 ± 0.004 0.97 ± 0.005 12,495 ± 469 320 ± 16 5.92 ± 0.8 957 ± 51

WSS 0.29 ± 0.002 2.05 ± 0.12 12,745 ± 897 240 ± 12 40.31 ± 3.1 323 ± 24

CSS 1.11 ± 0.04 1.19 ± 0.09 11,435 ± 968 104 ± 05 26.27 ± 1.3 565 ± 47

KSS 0.77 ± 0.009 0.46 ± 0.008 4038 ± 326 146 ± 06 71.77 ± 4.2 203 ± 18

NSS 0.61 ± 0.005 0.65 ± 0.003 4801 ± 452 164 ± 07 19.06 ± 1.0 333 ± 25

Values are means ± standard deviation (n = 3), B: Boron, Cu: Copper, Fe: Iron,Mn:Manganese, Mo:Molybdenum, Zn: Zinc, ISS: I-9 Sector, wastewater
treatment plant sewage sludge, Islamabad, NTS: NUST wastewater treatment plant, Islamabad sewage sludge, WSS: Water and Sanitation Agency
(WASA) Treatment Plant sewage sludge, Faisalabad, CSS: Coca-Cola Company wastewater plant sewage sludge, Lahore, KSS: Kasur wastewater
treatment plant sewage sludge, NSS: Nestle wastewater treatment plant sewage sludge, Sheikhupura
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sludge depends on various aspects such as (a) origin of sew-
age, (b) processes of sewage treatment, and (c) sludge treat-
ment degrees. In our study, the highest concentration of total
As in CSS was due to the use of packing materials of bever-
ages and cold drinks which contain a sufficient amount of As
in their composition (Montanari 2015; Mandal and Suzuki
2002). The wide variation of trace elements found among
SSs depends on the source of background concentrations.
The sewage sludge obtained frommunicipal wastewater treat-
ment plants (ISS, NTS, WSS, and KSS) showed the higher
content of metals (Cd, Cr, and Pb) as compared with food
industries (NSS and CSS) sewage sludges. This is because
there is no arrangement for the separate disposal of sewage
generated from household and small and large industries; even
hospital water is being discharged in the common disposable
drains. Therefore, the concentration of trace elements was
more in sewage sludges produced from municipal wastewater
treatment plants than that of industrial wastewater treatment
plants. Industrial effluents came from the point source, but in
the case of domestic wastewater, the non-point sources are
involved. The highest Pb concentration in ISS and CSS sam-
ples was due to the use of Pb in various domestic and indus-
trial products in Islamabad and Lahore cities like Pb-batteries
in automobiles and Pb-alloys (Iqbal and Shah 2011). The

galvanizing and electroplating may be a reason for metal ac-
cumulation such as Cu, Cr, Ni, Pb, and Zn, while industrial
products may, at the end of their life, be discharged as wastes.
Key urban inputs include business effluents (e.g., dental uses,
car washes, other originalities), drainage waters, traffic-related
emissions (asphalt wear, petrol/oil leakage, linings, brake
tires, vehicle exhausts, etc.), and atmospheric deposition,
which are transported with domestic and industrial wastewater
into the sewage system (Sorme and Lagerkvist 2002).

In Pakistan, during the past decade, the percentage share of
leather export has aggravated by an average of over 8%. There
are more than 600 tanneries in the formal sector of Pakistan,
and 50% of these are located in Kasur, a district of Punjab
province, with a long-standing tradition of leather tanning
(Afzal et al. 2014). These leather tanneries are significant
sources of Cr in groundwater, soils, plants, and wastewater
adjacent to those areas (da Costa Cunha et al. 2016). Our
results indicated that the highest Cr contents were found in
KSS, which was due to the presence of these leather tanneries
in Kasur district. Previous studies showed that the concentra-
tion of Cr in Kasur tanneries was up to 4000 mg kg−1 soil
(Afzal et al. 2014; Ateeq et al. 2016; Tariq et al. 2005). The
concentration of other elements like Ag, Al, Ba, Bi, Ca, Li,
andMg, showed a significant amount in all samples (Table 4).

Table 3 Concentration of trace elements in collected samples

Source As Cd Cr Co Ni Pb Sb Se
mg kg−1 d. w.

ISS 2.13 ± 0.02 3.29 ± 0.067 40 ± 02 7.73 ± 0.25 52 ± 3.66 74.4 ± 4.66 1.94 ± 0.32 3.21 ± 0.09

NTS 6.01 ± 0.89 1.73 ± 0.001 107 ± 08 8.13 ± 0.74 9 ± 0.76 77.7 ± 4.11 0.08 ± 0.005 2.43 ± 0.45

WSS 5.14 ± 0.76 0.86 ± 0.0001 50 ± 03 6.06 ± 0.32 56 ± 3.87 47.5 ± 2.43 4.95 ± 0.54 3.33 ± 0.32

CSS 26.54 ± 1.54 3.03 ± 0.012 1209 ± 10 3.17 ± 0.15 32 ± 1.87 124.3 ± 6.87 4.26 ± 0.37 1.44 ± 0.09

KSS 1.84 ± 0.86 0.32 ± 0.0003 17,115 ± 526 0.15 ± 0.001 10 ± 0.75 18.8 ± 1.65 30.26 ± 2.64 1.64 ± 0.005

NSS 7.05 ± 0.79 2.05 ± 0.002 380 ± 12 1.92 ± 0.09 49 ± 2.67 25.2 ± 1.87 0.80 ± 0.004 0.79 ± 0.004

Values are means ± standard deviation (n = 3), As: Arsenic, Cd: Cadmium, Cr: Chromium, Co: Cobalt, Ni: Nickel, Pb: Lead, Sb: Antimony, Se:
Selenium, ISS: I-9 Sector, wastewater treatment plant sewage sludge, Islamabad, NTS: NUST wastewater treatment plant, Islamabad sewage sludge,
WSS: Water and Sanitation Agency (WASA) Treatment Plant sewage sludge, Faisalabad, CSS: Coca-Cola Company wastewater plant sewage sludge,
Lahore, KSS: Kasur wastewater treatment plant sewage sludge, NSS: Nestle wastewater treatment plant sewage sludge, Sheikhupura

Table 4 Concentration of other elements in collected samples

Source Ag Al Ba Bi Ca Li Mg

ISS 56.80 ± 4.12 3432 ± 278 247.67 ± 12.43 129.6 ± 9.43 71,950 ± 1990 45.87 ± 3.21 5483 ± 412

NTS 54.87 ± 4.78 4672 ± 395 241.88 ± 11.32 163.89 ± 9.99 46,543 ± 1098 65.78 ± 3.12 5347 ± 482

WSS 54.18 ± 4.24 11,620 ± 183 236.78 ± 16.54 177.89 ± 10.21 43,985 ± 1604 32.46 ± 2.43 4855 ± 342

CSS 36.33 ± 2.43 1432 ± 121 82.97 ± 5.65 72.69 ± 4.33 17,140 ± 1876 17.255 ± 1.24 4309 ± 378

KSS 26.22 ± 1.43 5555 ± 487 97.5 ± 4.32 40.33 ± 3.12 103,945 ± 3533 31.78 ± 2.43 5330 ± 489

NSS 23.87 ± 1.21 3423 ± 378 54.88 ± 4.65 90.88 ± 5.65 74,245 ± 1987 45.87 ± 3.43 4344 ± 396

Values are means ± standard deviation (n = 3), Ag: Silver, Al: Aluminum, Ba: Barium, Bi: Bismuth, Ca: Calcium, Li: Lithium, Mg: Magnesium, Se:
Selenium, ISS: I-9 Sector, wastewater treatment plant sewage sludge, Islamabad, NTS: NUST wastewater treatment plant, Islamabad sewage sludge,
WSS: Water and Sanitation Agency (WASA) Treatment Plant sewage sludge, Faisalabad, CSS: Coca-Cola Company wastewater plant sewage sludge,
Lahore, KSS: Kasur wastewater treatment plant sewage sludge, NSS: Nestle wastewater treatment plant sewage sludge, Sheikhupura
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The Industrial Estate in I-9 and I-10 sector Islamabad was
established in 1963. It comprises of more than 250 industries.
The industries include flour mills, re-rolling mills, marble cut-
ting, steel melting furnaces, oil and ghee, pharmaceuticals,
soap, auto body shops polishing, and recycling of Pb storage
batteries (Nazir et al. 2011). Therefore, the metals detected
from ISS include Pb, Zn, Cu, Co, Ni, Cr, and Cd.

Chemical fractionation of trace elements

The highest concentration of Pb was mainly associated with the
residual fraction (F4) in all SS samples (Fig. 2b). The reserved
concentration of Pb with F4 in ISS, NTS, WSS, CSS, KSS, and
NSS was 63, 68.41, 8.19, 71.53, 52.77, and 41.74%, respective-
ly. However, F1was less than 2.6% in sludge samples and below
the detection limit in KSS and NSS. The variable trend of Ni
distribution was observed in sludge samples (Fig. 2c). Nickel
was broadly distributed in four fractions in all sewage sludge
samples due to its mobility. The sum of the two (F1 and F2)
fractions ranged from 47% in ISS to 67% inWSS. Highmobility
of Ni was also reported by Liu and Sun (2013). Nickel associated
with F4 ranged from 30.5% in ISS to 13.91% in WSS. This
highest concentration was mainly found in F1 and F4 fractions
in KSS and CSS, respectively. About 32% and 58% concentra-
tion of Cr in KSS and CSS was associated with F4 fraction and
about 36–44% distributed in F3 fraction concerning total Cr

concentration. Among all sewage sludge samples, the concentra-
tion of Zn was detected in all fractions (F1, F2, F3, and F4). The
highest level of Zn was detected in the F1 fraction (Fig. 3a). The
percentage of concentration distribution of Zn in all samples
ranged from 26 to 37% for F1, 24–29% for F2, 19–29% for
F3, and 10–23% for F4. A remarkable behavior of Zn was ob-
served in the case of CSS andKSS inwhich F1was about 14 and
17% and F3was 38 and 31%, respectively of total concentration.
The total concentration of Cu was very less in all samples (Fig.
3b). Thus, its fractional distribution concentration was below the
detection limit in the case of NTS, KSS, and NSS, although it
was detected in ISS, WSS, and CSS samples. The maximum
concentration of Fe was observed in the F4 fraction in all sewage
sludge samples (Fig. 3c). The decreasing order of Fe concentra-
tion in four fractions was as F4 (35–57%) > F3 (21–33%) > F2
(11–27%) > F1 (8–16%). Sewage sludge samples showed a var-
iable trend regarding Mn fractions (Fig. 3d). In ISS, about equal
concentrationwas present as F3 and F4. In the case ofNTS,CSS,
and KSS maximum Mn was associated with F4 (36.65, 38.24,
and 37.50%, respectively). Approximately 32% of Mn was as-
sociated with F1 fraction in case of WSS. Higher F3 was ob-
served in case of NSS.

Every change in environmental conditions, such as acidity,
redox potential, inorganic, and organic ligand concentrations re-
sults in mobility changes, and thereby in metal bio-accessibility.
Insoluble salts such as phosphates can immobilize the main

Fig. 2 Distribution pattern of a
Cd, b Pb, c Ni, and d Cr fractions
in different sewage sludge
generated in Pakistan. F1: Acid
soluble/exchangeable fraction,
Cd: Cadmium, Pb: Lead, Ni:
Nickel, Cr: Chromium, action F2:
Reducible fraction F3: oxidizable
fraction, F4: residual fraction, I-9
Sector, wastewater treatment
plant sewage sludge, Islamabad,
NTS: NUSTwastewater treat-
ment plant, Islamabad sewage
sludge, WSS: Water and
Sanitation Agency (WASA)
Treatment Plant sewage sludge,
Faisalabad, CSS: Coca-Cola
Company wastewater plant sew-
age sludge, Lahore, KSS: Kasur
wastewater treatment plant sew-
age sludge, NSS: Nestle waste-
water treatment plant sewage
sludge, Sheikhupura
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portion of the total Pb (Walker et al. 2003). The second most
abundant fraction in case of Pb is F3, which ranges from 14 to
38%. These results agreed with other studies (Liang et al. 2013;
Liu and Sun 2013). Braga et al. (2017) described metal fraction-
ation results of six sewage sludge treatment plants of Brazil and
reported that approximately 66% of total Pb contents were asso-
ciated with F4 followed by F3 (29%). The pH is the major factor
governing Pb distribution in different fractions in SS (Sungur
et al. 2015). Nickel is often found in greater quantities in the
mobile fractions (Kabata-Pendias and Pendias 2002). Within or-
ganic matter, they have a preferential bonding with the largely
soluble fulvic acids, which partly explains their high degree of
mobility (Brummer 1986). Hanay et al. (2008) also indicated the
predominant form of Ni in the exchangeable form. Liang et al.
(2013) concluded that Ni was abundantly distributed in F1 and
F2, but in some samples, F4 fraction was high due to the alkaline
stabilization process. Preferential affiliation of Cd with F3 in
sludge was also stated by Singh et al. (2015) and Chen et al.
(2014). Liu and Sun (2013) reported similar results after
extracting various forms of Cd in different sewage sludge sam-
ples from China. Hanay et al. (2008) reported the dominant form
of Cr in the oxidizable form. This may correlate with the oxidiz-
ing character of Cr. The trivalent cation is relatively immobile
because this form has a strong affinity for negatively-charged
ions and colloids (Fendorf 1995). Egiarte et al. (2009) also re-
ported that Cr was mainly found with the metal oxides (50%),
while 26% was organically bound and 24% with the residual

fraction. Braga et al. (2017) reported that, on average, about
78% of total Cr was bound with organic matter and 19% asso-
ciatedwith the residual fraction. The organically bound portion is
hardly considered very mobile or available because the metals
remain associated with the stable, high-molecular-weight humic
substances, which decompose slowly (Singh et al. 1998).
However, under oxidative conditions, the metals bound to OM
and sulfurs have been reported to be re-released. In this fraction,
the metal ion acts as the central ion, and the active OM group
serves as the ligand or perhaps through the reaction of the sulfide
ion and trace elements (Wang et al. 2010). F1was only present in
WSS, CSS, and KSS. The sum of the first two fractions (F1 and
F2) hardly exceeds 10% of the total Cr concentration. Liu and
Sun (2013) found that F1 and F2 were less than 5 and 15%
respectively. Co-precipitation and occlusion of Zn with Fe and
Al oxyhydroxides may become an important mechanism for
retention of Zn in these wastes. (Rosazlin et al. 2007) reported
Zn concentration mainly in the residual form (43%) followed by
Fe-Mn oxides (27%). The high concentration of Zn associated
with organically bound fraction was due to the formation of
stable Zn sulfide precipitates (Braga et al. 2017). McLean and
Bledsoe (1992) stated that Zn could exist in a considerable frac-
tion in F1, mainly as carbonates, and its stability is pH-depen-
dent. Zn is also seen to absorb largely on oxide, organics, and
residual fractions and the stability of Zn increases with increasing
pH (Brummer 1986). Co-precipitation and occlusion of Zn with
Fe and Al oxyhydroxides may become an important mechanism

Fig. 3 Distribution pattern of a
Zn, bCu, c Fe, and dMn fractions
in different sewage sludge
generated in Pakistan. F1: Acid
soluble/exchangeable fraction,
Zn: Zinc, Cu: Copper, Fe: Iron,
Mn: Manganese, F2: Reducible
fraction F3: oxidizable fraction,
F4: residual fraction, I-9 Sector,
wastewater treatment plant sew-
age sludge, Islamabad, NTS:
NUSTwastewater treatment
plant, Islamabad sewage sludge,
WSS: Water and Sanitation
Agency (WASA) Treatment Plant
sewage sludge, Faisalabad, CSS:
Coca-Cola Company wastewater
plant sewage sludge, Lahore,
KSS: Kasur wastewater treatment
plant sewage sludge, NSS: Nestle
wastewater treatment plant sew-
age sludge, Sheikhupura
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for retention of Zn in these wastes. Copper is immobilized by
binding with the mineral fraction of the sludge (iron oxides) and
in the bonds of organic and residual fractions. The presence of
humic acids that are only slightly soluble is of significance in the
context of the stability of Cu by binding with such compounds.
Several authors found Cu mainly associated with the organic
fraction (Rosazlin et al. 2007). This finding is consistent with
the known affinity of Cu for organic matter ligands. Hanay
et al. (2008) also found Cu predominantly in the oxidizable frac-
tion. The mobility and bioavailability of Cu if any may be con-
trolled by the binding of Cu to the soluble part of organic matter
because of the special affinity of Cu to organic matter (Kabata-
Pendias and Pendias 2002). Braga et al. (2017) also reported that
up to 15% Fe was presented as exchangeable and carbonate
bound, whereas 35% Fe as a residual fraction. Fe can be precip-
itated as Fe3(PO4)2, after reaction with phosphate, or can form
FeS and Fe thiol after interacting with inorganic and organic
forms of sulfur, respectively. Diverse distribution of Mn in dif-
ferent fractions was also noticed by Liu and Sun (2013).
Manganese is typically found in nature as its oxide and
hydroxide forms, e.g., as manganite or braunite. The source of
Mn in sewage may be related to discharge from industrial
facilities or leachate from landfills and soils. Our results of Mn
are in agreement with Braga et al. (2017) about the variable
behavior of Mn fractions in different SS samples.

Risk assessment code

Risk assessment results of various SS samples are in Table 5.
RAC has graded the risk into five classes, i.e., RAC < 1% no
risk, 1–10% low risk, 11–30% medium risk, 31–50% high
risk, and > 50% very high risk (Zhang et al. 2017).
Accordingly, RAC results suggested that Cd was at low risk
(relatively safe to the environment) in ISS and CSS. The RAC
value for Cu was below 1% in all samples; therefore, it poses
no risk to the environment. As shown in Fig. 1, KSS falls into
the high-risk category due to the high value of Cr having an
RAC of 52%. The RAC analysis showed that Zn posed a

medium risk with ISS, CSS, KSS, and NSS while it posed a
high risk with NTS and WSS. Data also showed that Ni had a
medium threat with all SS samples except in the case of WSS,
which posed a high risk as the RAC value was high enough
(40%). It could be inferred that Fe showed a low risk to the
environment in all SS samples except in the case of KSS,
which showed a medium risk as its value ranges between 11
and 33%, the only single sample not showing a risk class
regarding all trace elements.

Maximum allowable limits of potentially toxic
elements in different countries

The maximum permissible limits of potentially toxic elements
for the land application of SS in various countries shown in
Table 6. The comparison of our results with these limits ex-
plored that the concentration of Zn in all analyzed samples

Table 5 Risk assessment code of trace element pollution in different
sewage sludge

PTEs ISS NTS WSS CSS KSS NSS

Cd 4.54 < 0 0 3.13 < 1 < 1

Cr < 1 2.68 0.52 2.12 52.54 < 1

Cu < 1 < 1 < 1 < 1 < 1 < 1

Pb 2.54 2.59 1.98 1.23 < 1 < 1

Ni 23.94 30.22 40.22 30.13 30.12 25.13

Fe 8.21 9.09 10.12 10.29 17.34 10.24

Mn 29.79 20.01 33.54 21.09 20.13 14.54

Zn 29.84 31.08 40.65 14.12 18.76 27.98

PTEs: Potentially toxic elements, < 1 RAC: No risk, ISS: I-9 Sector,
wastewater treatment plant sewage sludge, Islamabad, NTS: NUST
wastewater treatment plant, Islamabad sewage sludge, WSS: Water and
Sanitation Agency (WASA) Treatment Plant sewage sludge, Faisalabad,
CSS: Coca-Cola Company wastewater plant sewage sludge, Lahore,
KSS: Kasur wastewater treatment plant sewage sludge, NSS: Nestle
wastewater treatment plant sewage sludge, Sheikhupura

Table 6 Maximum permissible limits for land application of sewage sludge of different countries

Metal 86/278/EEC (range) Sweden Netherlands France USA (Part 503)
mg kg−1 d. w.

Zn 2500–4000 800 300 3000 7500

Cu 1000–1750 600 75 1000 4300

Ni 300–400 50 30 200 420

Cd 20–40 2 1.25 20 85

Pb 750–1200 100 100 800 840

Cr – 100 75 1000 3000

Hg 16–25 2.5 0.75 10 57

Mn – – – – –

86/278/EEC: Council Directive of United Kingdom on the use of sewage sludge, USA: United States of America
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was lower than the permissible limits of 86/278/EEC,
Sweden, France, and the USA (Part 503), but higher than
the Netherlands permissible limits except in the case of
KSS. The comparison of current study results depicted that
the concentration of Cu in all analyzed samples were lower
than permissible limits. The Ni concentration in present study
results was lower than permissible limits defined by 86/278/
EEC, France and the USA (Part 503). The concentration of Ni
in ISS,WSS, CSS, and NSS were higher than Sweden and the
Netherlands permissible limits of potentially toxic elements in
sewage sludge. The concentration of Cd in the case of ISS,
CSS, and NSS were higher than the permissible limits of
Sweden and the Netherlands. In the case of Pb, only the con-
centration of Pb in CSS was higher than the permissible limits
of Sweden and the Netherlands. The permissible limits for Cr
were 100 mg kg−1, 75 mg kg−1, 1000 mg kg−1, and
3000 mg kg−1 for Sweden, Netherlands, France, and the
USA (Part 503), respectively.

Conclusion

The presence of beneficial nutrients (B, Co, Mo, Mn, and Zn)
in a significant quantity in all collected samples makes these
products valuable for agricultural land application. On the
other hand, these products also possess some PTEs in their
composition like CSS contains As above the critical limit, and
KSS showed a high RAC due to the high concentration of Cr
(52%), which may become a threat to the soil-plant system if
applied to croplands. The RAC revealed that Zn and Ni stood
a medium risk with ISS, KSS, and NSS while stances a high
risk with NTS and WSS. Thus, ISS may be applied to crop-
lands but in lower application rates.
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