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INTRODUCTION

ABSTRACT

This study aims to evaluate potential ecological risks and heavy metal pollution in sewage
sludge. For these purposes, domestic sewage sludge samples were collected for a period of
one year from a wastewater treatment plant in Bursa, Turkey and analyzed for heavy met-
als. The average heavy metal content of the sewage sludge was wherein decreasing order of
Zn>Cu>Ni>Cr>Pb>As>Se>Cd. As a whole, the concentration of heavy metals was below the
limit values indicated within the agricultural land application legal standards. Correlation
analysis showed a very strong correlation observed between Ni and Cr. Determining to pollu-
tion degree and potential ecological risks, some indices such as Enrichment factor (EF), Sin-
gle-factor pollution index (PI), Geoaccumulation index (Igeo), Nemerow synthetic pollution
index (PN), Contamination factor (Cf), Integrated pollution degree (Cd), Pollution Load In-
dex (PLI), Monominal potential ecological risk (ER), Potential ecological risk index (RI), and
the Probability of toxicity (mERM-Q) were used in this study. Based on the pollution index
calculations, Zn and Se posed the highest contamination while As and Cd posed the lowest
contamination. The mERM-Q values indicated that the probability of toxicity varied from 21
to 49%, while ecological indices indicated that ER (2.0-23.7) and RI (67.3-106.2) values were
lower than a threshold value for all samples.

Cite this article as: Yakamercan E, Aygiin A. Ecological risk assessment of domestic sewage
sludge: a case study. Sigma J Eng Nat Sci 2021;39(4):00-00.

purposes. Landfilling, soil application, incineration, and sea

A high amount of sludge is continuously produced as
an unavoidable end product in wastewater treatment plants
[1]. In the relevant literature, it is estimated that sewage
sludge production is more than 22 million tonnes in the
world, annually [2]. Although this high amount seems to
be a problem, the sludge can be used for different beneficial
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dumping are the well-known sludge disposal methods for
a long time, among them landfilling is the most common
disposal method and generally, it is used in developing
countries due to the most economical way but it is not a
beneficial purpose [3-4]. Incineration and land applica-
tion of the sewage sludge are classified as a beneficial usage

Published by Yildiz Technical University Press, Istanbul, Turkey

Copyright 2021, Yildiz Technical University. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).


https://sigma.yildiz.edu.tr�
https://orcid.org/0000-0003-4176-1976
https://orcid.org/0000-0002-6321-0350

Sigma J Eng Nat Sci, Vol. 39, No. 4, pp. 422-433, December, 2021

423

while during the incineration process air pollution occurs
and also secondary pollutants can be generated [5].

Moreover, reuse options such as agricultural applica-
tions are the most ecologically and sustainable way [6-7].
The main cost of the land application of sewage sludge is
transportation also finding a suitable area is also import-
ant [8]. The presence of a free field around the treatment
plant for the use of treatment sludge also reduces the cost
of transportation.

Sewage sludge can be used as a fertilizer (as soil addi-
tive) in agricultural areas due to its high organic and nutri-
ent content, therefore, more than 50% of produced sludge
is used in agricultural purposes in Europe [9]. It is reported
that the land application of sludge increases the yield of
crops and enhance soil properties [10-11]. However, some
legislations have been imposed to control agricultural
applications of sewage sludge [12-14].

In addition to providing nutrient sources for plants,
sewage sludge may contain potentially bioaccumulative,
toxic and carcinogenic elements such as heavy metals [4,8].
The heavy metal content of sewage sludge depends on the
origin of the raw wastewater and the treatment methods
[15]. In general, the heavy metal content of domestic sew-
age sludge is lower than industrial sludge [16-17]. Thus
domestic sewage sludge can be more suitable for agricul-
tural usage than municipal or industrial sludge.

Heavy metals can accumulate in the soil in long term
applications of sewage sludge and can cause irremedia-
ble damage to the soil [15]. The optimum sewage sludge
application dosage is also important and in literature, it is
reported that no pollution occurs in soil and plants in sludge
land application up to 30 t ha ~' [18]. Land application of
sewage sludge also causes both human health and envi-
ronmental risks [19]. To prevent possible environmental
problems in applications, the information on heavy metals
concentration was not enough alone, a proper risk analysis
should also be addressed before sewage sludge application
in soil. In the relevant literature, there are a lot of studies
based on the human health risk of sewage sludge land appli-
cation [20]. Heavy metals are the most important pollutants
and sensitive indicators for monitoring changes in the envi-
ronment [21]. The behavior of heavy metals affects water
chemistry [22]. On the other hand, heavy metals have the
bioaccumulation potential and incorporated into the food
chain in land application, thus ecological risk determina-
tion gains significance in terms of sustainability [4].

To determine the ecological risks and pollution poten-
tial of land application of the sewage sludge, some indices
are used such as Enrichment factor (EF), Geoaccumulation
index (Igeg), Single-factor pollution index (PI), Nemerow’s
synthetic pollution index (PN), Potential ecological risk
index (RI), Sediment quality guidelines, and the Probability
of toxicity (mERM-Q) [23]. PI and Igeo indicate the accu-
mulation level of heavy metals in samples and, PN indicates
the heavy metal pollution level of the samples, but toxicity

is not considered these indices while RI and mERM-Q
focus on the toxicity of heavy metals [23-25]. mERM-Q is
among the most widely used sediment quality assessment
indices [26]. In literature, although there are comprehen-
sive studies about the potential ecological risks of soil, sed-
iment and biochar [27-31], there are the limited studies
about ecological risk assessment for use of sewage sludge
in agricultural areas [4,9,32]. To the authors” best knowl-
edge, this is the first study on sediment quality guidelines,
EF, and mERM-Q index calculations on determination of
the sewage sludge land application potential. Many indices
were developed for evaluating the environmental risks of
toxic metals in surface sediments [23].

The aims of this study are (i) to evaluate the heavy
metal (Cu, Cd, Zn, Pb, Nj, Cr, Se and As) content in sewage
sludge samples collected from domestic WWTP (Yenisehir,
Bursa) in terms of the regulations (national (TR) and inter-
national (EU and EPA)) on the land application; (i) to
define the relationship between heavy metals statistically;
(#ii) to assess the heavy metal pollution and ecological risks
of heavy metal in sludge with using several indices; (iv) to
compare and evaluate the indices results.

MATERIAL AND METHODS

Study Area

Yenisehir islocated in the eastern part of Bursa Province,
Turkey with a population of 53,921, and covers 720 km?
of a total surface area. The main economic activity of this
rural district is agriculture and livestock, hence, there is not
an industrial discharge to the treatment plant. Beet, pear,
beans, wheat and peaches are the main agricultural prod-
ucts in Yenisehir [33]. The annual rainfall and temperature
were 58.74 mm and 14.6 °C, respectively. The dry season
is described between April and September, while the wet
season is between October and March.

Sampling of Soil and Sewage Sluge

Soil samples were collected from an agricultural site in
Yenisehir (North-Western Turkey), is located between 40°
17" 13" of the northern latitudes and 29° 38" 46" of eastern
latitudes, from the surface layer based on Turkish National
Standard T'S 9923 [34]. The top 10 cm of the soil layer were
sampled using a hand shovel. 3-5 subsamples were mixed
to obtain a bulk sample. The soil samples were kept under
4° C in plastic containers and transported to the labora-
tory. Field moist soil was homogenized, sieved (2 mm), air-
dried, and milled in compliance with TS 10308 1SO11464
for chemical analysis [35]. The soil background contents of
As, Cd, Cr, Cu, Fe, Hg, Ni, Pb, Se and Zn are 8.74, 4.18,
34.30, 63.45, 25.63, 0.97, 39.75, 11.35, 1.35, 122.59 mg/kg,
respectively.

In this study, sewage samples were collected from the
Yenisehir wastewater treatment plant (WWTP) which is
located between 40° 15" 05" of the northern latitudes and
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29° 40" 25" of eastern latitudes. The background soil type
is alluvial and the heavy metal content of this soil was used
in calculations.

The WWTP was operated as A’O process and sludge
dewatered with a decanter. In this study, dewatered sludge
was used for the characterization of heavy metals. The volu-
metric flow rate and daily sludge production of the WWTP
are 5,420-6,878 m® day’' and 20,471-24,258 kg day”,
respectively. Sewage sludge samples were collected during
2019 for dry and wet seasons from the domestic wastewater
treatment plant two times a month and 24 samples were
evaluated totally. All collected samples were kept at 4 °C
due to inhibition of biological activity until the laboratory
analyses, especially for nutrients and organic content.

Determination of Psyhcochemichal Charachteristics
of Sewage Sludge and Total Heavy Metal
Concentrations

Physicochemical properties of sludge were determined
via dry matter (TS 9546 EN 12880) [36], organic matter
(TS 9546 EN 12880) [36], Total Kjeldahl Nitrogen (TKN)
(TS 83371SO 11261) [37], and Total Phosphorous (TP) (TS
8338) [38]. The conductivity and pH value of samples were
determined by using a digital calibrated multiparameter
(WTW 330i, Germany).

The heavy metal concentration of sewage sludge and
soil were determined by the inductively coupled plasma
mass spectrometry (ICP/MS). Firstly, collected sludge sam-
ples were dried, then homogenized at 1000 rpm for 4 min-
utes by a blender. Microwave-assisted acid digestion system
(Berghof Microwave MWS-3) was used for the digestion of
1 g of a sample by the microwave-assisted acid (3 mL of
HCI + 9 mL of HNO,) according to EPA Method 3051A.
After the digestion process, heavy metal concentrations of
the samples determined by an ICP/MS (iCAP Qc, Thermo
Fisher Scientific, Bremen, Germany). In this study, for each
heavy metal, five replicate results were obtained and the
average heavy metal content was calculated per kg of sludge
or soil as a dry weight basis.

Pollution Indices and Potential Ecological Risk

Assessment

Pollution indices which are widely used were preferred
to evaluate the pollution and ecological risk potential of
heavy metals in sewage sludge samples. Summary informa-
tion for the pollution indices used in this study was given
in Table 1.

Statistical Analysis

All calculations were performed using MS Excel, R
Software (3.6.1), and Origin 9 Pro. Descriptive statistics
(mean, median, maximum, minimum, and standard devi-
ation) were calculated. The confidence interval of all sta-
tistical analyses was selected as 95% (p<0.05). T-test or
Mann Whitney U test was applied to explain the seasonal

differences. To determine the relationship between heavy
metals of sewage sludge, Spearman’s correlation coefficients
(r) were calculated. A very strong correlation is observed
when the absolute |r| value is close the 1, strong correlation
is considered when |r| value is between 0.7 to 1 and mod-
erate correlation is considered value is between 0.5 to 0.7.
Hierarchical cluster analysis (HCA) was applied to deter-
mine the groups of heavy metals in sewage sludge and also
their pollution (Igeo and C)) and risk indices (ER) the HCA
results were demonstrated as dendrograms. Cluster analysis
is based on a single linkage method thus squared Euclidean
distance which is used to determine the degree of the simi-
larities between analyzed groups calculated [39].

RESULTS AND DISCUSSION

Physicochemichal Characteristics of Sewage Sludge

The physicochemical properties of sewage sludge sam-
ples were shown in Table 2. pH is an important determi-
nant of metal mobility in soil, and increasing values of this
parameter causes decreased heavy metal migration and
enhances released content [40]. In this study, the annual
pH value of sludge samples ranged from 6.32 to 8.58. These
values are in the same range as previous studies for sewage
sludge land applications in other regions [15,41-42].

OM and nutrient content are important for determin-
ing the sewage sludge nutritive value for plants in land
application [10]. In this study, the sewage sludge, organic
matter content was variable from 61.6 to 71.3%. These val-
ues were higher than organic soil range, thus the situation
indicated that samples were rich in terms of organic matter
[29]. Nutrient concentrations were characterized by TKN
(9.28-46.62 g/kg), and TP (8.86-13.97 g/kg), those provide
high benefit for agricultural usage when compared to com-
mercial fertilizers.

EC is an indicator of salt content, higher values may
result in adverse effects on soil, and secondary salinization
may occur high EC values can be harmful for plant [42]. In
this study, EC values ranged from 0.99 to 1.9 mS/cm, which
were far from the risk of salinization.

When the obtained results are compared with previous
studies, OM parameter is higher than relevant literature
[43-44], while other parameters such as an EC is found to
be lower than the values given in previous studies [42,45].
TKN and TP values are similar to slightly above the previ-
ous studies [46]. As clearly seen from the relevant examples,
these differences are common in sewage sludge samples and
mainly resulted from the influent wastewater characteris-
tics and treatment methods [3].

Heavy Metal Concentrations in Sewage Sludge

The heavy metal content of sewage sludge must be
determined before the land application due to their poten-
tial ecological risks [9]. Sewage sludge samples were col-
lected in dry and wet seasons to obtain an annual and also



Sigma J Eng Nat Sci, Vol. 39, No. 4, pp. 422-433, December, 2021

425

Table 1. Pollution indices and description

Indices Equation Class Desciption
Geoaccumulation C L <0 Uncontaminated
Index (Igeo) [23] 1 w0 = log, ( L J 0< T, <1 Uncontaminated to moderately
B, x1.5 1<1<2 contaminated
C : Measured heavy metal concentration in sewage sludge (mg/kg) 2< 1, =3 Moderately contaminated
B, : Background soil heavy metal concentration (mg/kg) Il =4 Moderately to heavily
4<1,, <5 contaminated
5< 1, Heavily contaminated
Heavily to extremely contaminated
Extremely contamination
Single-factor C
pollution index PI=—* PI<1 No contamination
(PD) [23] C, 1< PI <2 Low level
C.: Measured invidual heavy metal concentration in sewage 2< PI<3 Moderate level
sludge or regulation standard (mg/kg) 3<PISS Strong level
C,: Background soil or regulation limit value of invidual heavy 5<PI Very strong level
metal concentration (mg/kg)
Nemerow ) 2 PN<0.7 Safety
synthetic PN = Brave t P 0.7< PN<1 Warning line of pollution
pollution index 2 1< PN<2 Slight pollution
(PN) [23] P .Th lue of sinele £ L 2< PN<3 Moderate pollution
. oo The average value of single factor pollution index .
. e The maximum value of single factor pollution index 3<PN Heavy pollution
Contamination C
factor (C) [23] C,= = C<1 Low degree
C, 1<C,<3 Moderate degree
C, Measured individual heavy metal concentration in sewage 3<C;<6 Considerable degree
sludge (mg/kg) 6<C, High degree
C: Background soil individual heavy metal concentration (mg/
kg)
Integrated n Cy<5 Low contamination
pollution degree C,= ZC’ f 5<C, <10 Moderate contamination
(Cy [23] i1 10< C, 20 Considerable contamination
20< C, High contamination
Pollution Load 1 PLI<1 Denote perfection
Index (PLI) [23] PLI = (Cf X Cf X Cf X Cf )” PLI=1 Only baseline levels of pollution
l ’ ’ ’ 1<PLI Deterioration of soil quality
n: Number of heavy metals
C.: Contamination factor
Monominal ER=T xP, ER<40 Low risk
potential P_: Single factor pollution index 40< ER<80 Moderate risk
ecological risk T : Metal toxic response factor 80< ER<160 High risk
(ER) [25] Zn (1), Cr (2), Cu (5), Ni (5), Pb (5), As (10), Cd (30) 160< ER<320  Very high risk
320< ER Extremely high risk
Potential RI< 150 Low risk
ecological risk RI= ZERi 150< RI<300  Moderate risk
index (RI) (25] ER;: Monominal potential ecological risk 300< RI<600  High risk
690< RI Very high risk
Enrichment 0.5 <EF<1.5 Heavy metal in the soil is caused by
factor (EF) [23] ;/ sample natural processes
EF = C EF>1.5 Heavy metal contamination from

“background
LV

LV: Reference metal (Fe) concentration

C: Measured individual heavy metal concentration in sewage
sludge (mg/kg)

C : Background soil individual heavy metal concentration (mg/kg)

anthropogenic activities
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seasonal characterization of land application potential.
Total heavy metal concentration in samples compared the
soil background and legal standards are demonstrated in
Table 3. These concentrations were within the legal stan-
dards for sewage sludge using in agricultural land.

The analysis shows that the Zn had the highest annual
concentration in sewage sludge and followed by Cu, Nj, Cr,
Pb, As, Se and Cd (Table 3). Similar studies also reported
the concentration of the Zn and Cu were the highest and Cd
was the lowest one in sewage sludge from municipal waste-
water treatment plants [46-47].

Generally, municipal sewage sludge contains lower
heavy metal content than industrial sewage sludge. The
heavy metal concentrations in this study consistent with
previous studies reported for municipal sewage sludge, but
lower than industrial sludge due to the significant contri-
bution of industrial processes on wastewater characteristics
[16,21].

Average levels of almost all heavy metals, except As
and Cd, in sludge samples were higher than corresponding
values in background soil (Yenisehir). Toxic elements such
as Pb and Cd are not expected to enrich from the sewage
sludge disposal onto land ecosystems, but the environmen-
tal processes such as dry and wet atmospheric deposition

Table 2. Physicochemical properties of sludge

Parameters Max. Min. Mean
pH 8.58 6.32 7.44
Electrical conductivity (EC) (mS/cm ) 1.89  0.99 1.45
Organic matter (OM) (%) 71.30 61.60 63.90
Dry matter (DM) (%) 19.27 15.15 17.64
Total Kjeldahl Nitrogen (TKN) (g/kg DM) 46.62 9.28 18.60
Total phosphorus (TP) (g/kg DM) 13.97 886 10.93

and industrial discharges are well-known sources of those
heavy metals in urban and background soil [48]. Some
heavy metals were higher in wet season such as Ni and
Se. Similar to previous studies, there was not a significant
difference (p>0.05) between wet and dry seasons [21,49].
As it is stated above, atmospheric deposition resulting the
enhancement in the urban run-oft flows may be another
reason of the seasonal fluctuations of heavy metal species in
influent wastewater to the plant, and in the sludge samples
indeed [50].

The main sources of heavy metals could be run-oft flow
of urban streets and corrosion within the sewage system
besides the reason of the high Zn concentration is galva-
nized water supply pipes [40]. The concentrations of these
metals depend on raw wastewater characteristics and treat-
ment process [3].

The distribution fittings of heavy metals were inspected,
then Spearman correlation coefficients (r) of the heavy met-
als were assessed to explain inter-relations among elemen-
tal species (Fig. 1a). There were both positive and negative
correlations among heavy metals in the samples. The multi-
variate analyses (cluster and principal component analysis)
showed that very strong correlation observed between Ni
and Cr, and also Cr and Cu. Chromium was also shown a
moderate correlation with Zn (p<0.05), and the observed
relationships were also reported in similar studies [47].

The high correlation coefficients indicate that the sta-
tistically related heavy metals in sewage sludge probably
have common sources according to their covariances. To
evaluate the sources of the heavy metals, hierarchical clus-
ter analysis (HCA) was applied to samples. There are three
singletons in a cluster which were showed Fig. 1b. Similar
to the previous study based on the elemental characteriza-
tion of municipal sewage sludge samples in China, Zn and
Cu were placed in a single cluster and related to other clus-
ters, but in this study, Zn had the highest distance while the

Table 3. Heavy metal in sludge samples and heavy metal limits for land application of sludge

Heavy metals Value Heavy metal limits for land
(mg/kg) application of sludge

Min. Max. Ave. Std. EU [12] TR [13] USEPA [14]
As 6.7 9.8 8.6 1.0 - - 41
Cd 3.3 4.3 3.8 0.3 10 10 39
Cr 34.9 102.2 65.4 24.9 1000 1000 -
Cu 117.8 197.6 151.4 21.2 1000 1000 1500
Fe 8444 11254 9385.7 919.9 - - -
Ni 40.3 262.7 89.0 66.5 300 300 420
Pb 21.3 39.6 27.4 4.6 750 750 300
Se 5.2 10.2 6.3 1.4 - - 100
Zn 566.8 900.3 716.8 99.5 2500 2500 2800
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Figure 1. a) Spearman correlation and b) Hierarchical cluster analysis of the heavy metals on sewage sludge samples com-

parison of the indices.

previous one, and Cu had the highest distance [46]. Also,
Cr-Ni and As-Cd- Se were placed in one cluster indicating
all they are sharing the common drivers in their vicinity
in municipal sludge. Almost similar clusters were observed
in both dry and wet season samples, except Cu, was not
placed a single cluster in the wet season indicating that this
element may have variable sources in two seasons such as
atmospheric deposition, agricultural production, traffic
intensity on urban streets, etc.

Assessment of Pollution Level and Ecological Risk

Individual and complex indices were used to evaluate
the pollution level and ecological risk when the sewage
sludge applied to the agricultural soils [9,16]. The enrich-
ment factors (EF), Geo-accumulation index (Igeo), Single-
factor pollution index (PI) and Contamination factor (C,)
as the individual indices while Nemerow synthetic pollu-
tion (PN) index and pollution load index (PLI) as complex
indices were applied in this study to evaluate the accumula-
tion levels of the heavy metals. Besides, Potential ecological
risk index (RI) and the probability of toxicity (mERM-Q)
indices were used to assess the ecological risk of heavy met-
als in the domestic sewage sludge.

Enrichment Factor (EF)

Enrichment factor was calculated to evaluate the pos-
sible impact of anthropogenic activity [23]. Due to its
stability in soil, iron (Fe) was selected as a reference ele-
ment for enrichment calculations [51]. All EF values were
lower than 0.5, this indicated that no enrichment would be

occurred due to the application of sewage sludge to back-
ground soil.

Geo-accumulation Index (I, )

The Geo-accumulation index (I ) for land applica-
tion of sewage sludge revealed a different degree of heavy
metal contamination. The annual mean I index results,
given in Fig. 2, showed that the agricultural soil was
uncontaminated with respect to, As and Cd. The average
L., values of heavy metals were in the decreasing order of
Zn>Se>1>Pb>Cu>Ni>Cr>0>As>Cd. This index indicated
that the soil was classified as “uncontaminated to moder-
ately contaminated” with Cr, Cu, Ni and Pb. Besides, the
pollution level of Zn and Se was “moderately contaminated”.
Based on these results, it was indicated that Zn (1.95+0.21)
caused the highest, and As (-0.61+0.19) caused the lowest
contamination in sewage sludge. All of the I values in this
study were lower than or consistent with previous study [9].

On the comparison of the dry and wet seasons in terms
of I, generally in dry season I values, except Niand Se,
higher than wet season due to sludge heavy metal content,
although there was not a significant difference between dry
and wet seasons (p>0.05).

Hierarchical Cluster analysis was used to determine the
groups of heavy metals in terms of I index. Two clusters
can be distinguished; As-Cd and Cu-Pb were the most sim-
ilar to each other because they had the lowest distance. As,
Cd, Cr, Ni, Cu and Pb can be a group in one cluster, while
Se and Zn can be another cluster. The cluster formed for
heavy metal concentrations was found to be different from
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Figure 2. Geoaccumulation index values (a) and HCA cluster (b).

the cluster for the Igeo index. This difference can arise from
soil background content.

Single-factor Pollution Index (PI) and Nemerow

Synthetic Pollution (PN) Index

In this study, the single factor pollution index was cal-
culated based on two different approaches for C_ value [9,
23]. Firstly, soil background values were used as C_and PI
ranged from 0.9 to 5.85. Single-factor pollution index val-
ues of As and Cd were lower than one this indicated that no
contamination occurs. Zn represented the highest pollution
potential, whereas Cr showed the lowest to the soil when
sewage sludge applied. Secondly, C_is used as the standard
of the individual heavy metal, mg/kg, according to stan-
dards for pollutants in sludge from agricultural use [12-14].

In the USEPA regulation on the application of sludge
to the land, there is no restriction for Cu, and EU and TR
for As and Se [12-14]. The annual single factor pollution
index ranged from 0.05 to 0.17 for USEPA and 0.03 to
0.34 for TR and EU 3™ Draft based calculations. All cal-
culated PI values were lower than the suggested value for
that no contamination occurs when sewage sludge applied
to land. All Nemerow synthetic pollution (PN) index val-
ues were lower than 0.7 wherein the safety class. The PN
values of heavy metals were in the following decreasing
order Ni>Cd>Zn>Cu>Cr>Pb for TR and EU also this order
Ni>Zn>As>Cu>Pb>Cd>Se was for USEPA rule regulation.

It has been observed that there is a significant difference
in PI and PN values calculated using two different C_ values.
The reason for this difference was that the background heavy
metal concentration of the soil was considerably lower than
the standard values of application of the sludge in the soil.

Contamination Factor (CF) and Pollution Load

Index (PLI)

From the results of C, evaluation, it was revealed that
the land application may result “moderately contamina-
tion” due to Cr, Cu, Ni, Pb and Se; and “contamination”

8-
Considerable
- 7
° Moderate
(8]
5 4- j
0
[m]
] Low ; T i Deterloratlgn
of soil quality
B — S
0 T T T T T T T T T
As Cd Cr Cu Ni Pb Se Zn PL

Figure 3. Contamination factor and PLL

due to Zn and Se (Fig. 3). Also, As and Cd were expected
to result “low contamination” in the soil. Higher C, values
depend on the lower background soil heavy metal content
in this study and Zn concentration in sewage sludge was far
more than average soil background value.

Integrated pollution degree (C,) values were the sum of
individual C,values. Considering this degree varied from 16.69
to 28.72 with an annual average of 21.35 (high contamination).
Besides, C.and C, values were lower than previous study [16].

To compare the pollution status and heavy metal effect
on sludge quality, pollution load index was evaluated. In
this study, PLI of all sewage sludge samples were higher
than 1 and the annual average was 2.2, indicated that sludge
samples polluted the soil considerably. When the seasonal
variation of PLI and C, value was examined, the average
value of PLI was higher in the dry season compared to the
wet season, whereas in C, it was the opposite.

Potential Ecological Risk (RI)

Determining the potential ecological risk from heavy
metals is important before the sewage sludge land applica-
tion. In this study, ecological risks were calculated based on
Hakanson approach [25], this index was commonly used to
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determine ecological risk assessment of soil, sediment and
sludge due to its high-level precise scale while the main dis-
advantage of this index is not useable for some heavy metals
such as Se [23].

Calculated results were given in Fig. 4a. Toxicity
response values were used in the single pollution index cal-
culation. In average cadmium posed the highest potential
ecological risk factor (ER: 26.97+2.4) while Cr posed the
lowest one (ER: 3.81+1.5). Similar results were obtained
by Gomes et al. [4] who reported the highest and lowest
ER values were Ni and Cr respectively. On the other hand,
maximum ER value for Ni was higher than Cr.

The average ER values were in the decreasing order of
Cd>Pb>Cu>Ni>As>Zn>Cr. A similar order was found in
the previous study that indicates the calculated ER values of
domestic sewage sludge in Poland, were found as decreas-
ing order: Cd>Hg>Pb>Zn>Cu>Ni>Cr [32]. Although sew-
age sludge was taken from domestic WWTP in these two
studies, the WWTP, where sludge samples were taken in
the previous study, was located in an industrial area while
in this study it was in the rural area this situation can be a
reason of the higher ER values in the previous study (0.9-
1060) than this study (4.6-33) [52]. On the other hand, in
this study, ER value was lower than 40 for all sludge sam-
ples. This indicated that sludge samples have not a potential
ecological risk for land application.

There were not any significant differences between the
wet and dry seasons, and the average ER values were 11.48
and 11.85, respectively. The ER order was similar in dry and
wet seasons, however Pb and As posed higher ER in the dry
season than the wet season while Ni posed higher ER in the
wet season than the dry season.

Potential ecological risk (RI) was the sum of ER, in this
study this value varied from 67.34 to 106.2 and RI value for
all samples lower than 150 which indicated that low risk
occurs when land application of the sewage sludge. These
findings were lower than [9,32,53] and consistent with pre-
vious studies [4,54].

HCA was applied to heavy metal based on ecologi-
cal risk indices and dendrograms showed in Fig. 4b. This
dendrogram can be divided into three singletons (As, Ni

and Cd) and two clusters. Cluster 1 contained Cu-Pb and
cluster 2 contained Cr-Zn. Of all heavy metals, ER values
Cu and Pb were the more similar ones due to low dis-
tance. Besides, the distance between cluster 1 metals was
lower than the distance between cluster 2 metals. The Cd
singleton had the highest distance, thus it can be higher
risk potential than other heavy metals, but all the sludge
samples ER value was lower than the threshold. In the lit-
erature, HCA study based on ER from municipal sewage,
heavy metals reported that one cluster (Zn and Pb) and
three singletons (Ni, Cu and Cd) was observed [32]. The
difference can be arise from the heavy metal content of the
sewage sludges.

Sediment Quality Guidelines and the Probability of

Toxicity (mERM-Q)

Sediment quality guidelines are commonly referred to
estimate the biological effects of heavy metals in polluted
sediments [23]. Biological effects are classified to effect
range row (ERL) and effect range median (ERM) which
were described in a previous study [26]. To best of the
authors’ knowledge, it is the first time to use this index in
sewage sludge. Based on this study’s results, it was indicated
that Zn concentration of all sewage sludge samples was
higher than ERL and ERM that can be risky for ecosystem
while Pb was lower than ERM and ERL. The 70% of samples
had higher As concentration than ERL and 10% of samples
had lower Ni than ERM.

Also, mERM-Q index was applied to determine the
probability of toxicity. The mERM-Q values were ranged
from 0.47 to 1.26. These values indicated that the probabil-
ity of toxicity 21-49 % (medium to high-risk level) when
sewage sludge applied to the land. The major risk contribu-
tor metals were Ni and Zn besides, minor risk contributors
were Cr, As and Pb. In wet season average mERM-Q value
was higher than the dry season but significant differences
were not observed between seasons (p>0.05).

The soil pollution from sewage sludge land applica-
tion studies generally used sediment pollution indices
[9,25,26,32] thus in this study, sediment quality guidelines
applied to determine toxicity profile of sewage sludge.
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Figure 4. ER and RI values of heavy metals (a) and dendrogram for IR values (b).
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Evaluation of the Indices

The heavy metal concentration of sewage sludge was
not enough for determining the appropriateness or not the
agricultural application alone, thus some calculations based
on predefined indices were necessary to clarify the pollu-
tion, toxicity and risk degree. Although these indices were
generally used for determining soil and sediment pollution,
nowadays they applied the sewage sludge [9,32].

In this study, though C. and PI were calculated with
the same formula, the results of the indices were evaluated
according to their different ranges. Therefore, some differ-
ences were observed in the interpretation of the calculated
values. For example, C.and PI for Cr were found to be 1.9,
according to the evaluation table of the indices (Table 1),
this value was interpreted as moderate pollution in C, and
low pollution in PI.

Although, similar interpretation of results was observed
between I and C, calculations the pollution level of some
indices varied due to their different calculation methods.
During the PI calculations, C_ value used as background
soil heavy metal content and legal standards [13]. PI and
Nemerow index values based on legal standards were lower
than C_based on background soil. Higher C, values depend
on the lower background soil heavy metal content in this
study and Zn concentration in sewage sludge was far more
than average soil background value. The sewage sludge land
application regulations allow higher heavy metal concen-
trations than soil background values, thus the differences
were originated from this situation.

Based on ecological risk calculations, there is no risk
potential was estimated due to the low ER and RI values,
on the other hand, pollution indices demonstrate the con-
tamination level was high for some heavy metals such as Zn
and Se. The reason for this situation is the soil background
contained low heavy metal content. Besides, the contam-
ination degree of the samples based on before mentioned
indices can be decreased with mobility and degradation of
the heavy metals.

Statistical methods such as hierarchical cluster analysis
(HCA), principal component analysis (PCA) and regres-
sion analysis (for I, C, PI, PN, ER indices) can be applied
to the comparison of indices. The dendrograms for indices
were shown in Fig. 5. The dendrogram based on I, C,, PL,
PN, ER indices can be divided into one cluster and single-
ton. ER index included singleton because ER was used to
determine the ecological risk and others are commonly
used to determine the pollution degree of heavy metal
(except mERM-Q). C, and PI were the same clusters due
to they calculated with the same equation. EF was similar
to I, consistent with the literature due to they both involv-
ing soil background values [23].1  and mERM-Q were the
most similar to each other even tiough they used different
purposes, but they can group in one cluster. PN and PI can
be grouped in another cluster because PI (or C)) values used
in PN calculations.
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Figure 5. Comparison of indices.

The risk level calculations based on mERM-Q index
were found medium to high while the ecological risk calcu-
lation from ER and RI demonstrated that there was no risk
occur when sewage sludge applied to the land. The reason
for this can be due to the ERM values used in the mERM-Q
index calculations.

Although the ER and I indices are mostly used in the
risk and pollution assessment of the sewage sludge in the
literature [4,16,19], in this study, these assessments were
made from different perspectives by applying the indices.

CONCLUSION

The domestic sewage sludge samples are suitable for use
instead of fertilizers in terms of having low heavy metal con-
tent (within the permissible values permitted by the legal
standards) and high nutrient content. However, it is imper-
ative to determine the potential ecological effects of heavy
metal content. According to pollution indices, the pollu-
tion degree varied from “uncontaminated” to “considerably
contaminant” and Zn caused the highest and As caused
the lowest contamination in sewage sludge. Because, soil
background value was lower than sewage sludge samples.
On the other hand, all samples posed a low risk based on
ER and IR indices. To ensure the safetly land application of
sewage sludge, health risk assessment is recommended. At
the same time, ecological and health risk assessment studies
are site-specific, even the heavy metal concentration’s is the
same, the ecological and health risks maybe quite different
if the sludge applied in different sites.
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