International Conference on Materials Chemistry and Environmental Protection (MEEP 2015)

A Study on Nutrient Properties and Heavy Metal Concentrations of Waste
Activated Sludge Derived from Municipal and Small Town Domestic Sewage
Treatment Plants

Sun Xuekai

Institute of Applied Ecology
Chinese Academy of Sciences
Shenyang, China
e-mail: sunxuekai@iae.ac.cn

Huang Ye, Dong Xing, Xu Chengbin
College of Environmental Sciences
Liaoning University
Shenyang, China
e-mail: hhyy0125@3126.com, 1106048393@qq.com,
xuchenghin80@163.com

Bai Jie
Liaoning Provincial Society for Environmental Sciences
Department of Environmental Protection of Liaoning Province
Shenyang, China

e-mail: shaijie@126.com

Abstract—In order to better understand land application of
sewage sludge, the nutrient properties and heavy metal
concentrations in sewage sludge were investigated from two
different wastewater treatment plants in China. The results
show that the OM contents were significantly different between
Shenyang domestic sewage treatment plant and Gangika
domestic sewage treatment plant. The OM contents were
48.75% and 77.66%, respectively. The total nutrient contents,
contained TN, TP and TK content, were 3.65% and 4.24%,
respectively. It was found that the total concentrations of As
(182.7 mg/kg dry matter) and Ni (109.0 mg/kg dry matter) in
Shenyang sewage sludge, and Hg (23.7 mg/kg dry matter) in
sewage sludge generated from Gangika are higher than
Chinese regulation limit of pollutant for sludge to be used for
agriculture (GB18918-2002), Hg and Ni elements are main
restrictive factor of sewage sludge application for agricultural
use.
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l. INTRODUCTION

The increasing generation of waste activated sludge by
domestic sewage treatment plant brings significant pressure
on the solid waste disposal. In China, production of waste
activated sludge from is about 4000x10* t in 2015. To
minimize and utilize the excess activated sludge is becoming
an important problem. At present, the use of excess activated
sludge in agriculture and for land reclamation is increasingly
being identified as the most potential disposal method for
both soil conservation and residual resource utilization [1].

Waste activated sludge, a byproduct from the domestic
wastewater treatment process, contains many valuable
materials such as organic matter, nitrogen, phosphorus, and
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other nutrients. Therefore, sludge is a good soil conditioner
for applying to soil improvement [2]. It can improve bulk
density and aggregate stability, increase porosity and enrich
soil by increasing organic matter and nutrients content [3, 4].
However, sludge addition has also produced undesirable
changes, such as increases in heavy metal contents [5, 6].
Moreover, composition of sewage sludge strongly depends
on the wastewater origin and on the treatment [7, 8]. Thus, it
is necessary to compare waste activated sludge characters
derived from different kinds of domestic sewage treatment
plant for avoiding environment and human health problems.
In this paper, we investigated the concentration levels of
nutrient, as well as the heavy metals in sewage sludge from
municipal and small town domestic sewage treatment plants.
The aim of the present study was to monitor and assess
sludge properties. The results can be very useful for the
proper application of excess activated sludge from domestic
sewage treatment plant into forest or agriculture soils.

Il.  MATERIALS AND METHORDS

A.  Sample Collection

Excess activated sludge samples were collected from two
domestic sewage treatment plants, each one having a
different size (here expressed in terms of m¥day of
wastewater entering the treatment plant on average):
Shenyang (400,000 m*/day) and Gangika (50,000 m*/day)
The sludge samples were divided into two sub-samples. One
sub-sample was air-dried at room temperature around 20°C
was stored at 4 °C for later use.
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B. Water Content, Organic Matter, Total Nitrogen, Total
Phosphorus and Total Kalium

Water content of fresh sludge samples was measured
with gravimetric method. Air-dried soil samples were ground
to pass through a 0.25-mm sieve for the measurement of
organic matter (OM), total nitrogen (TN), and total
phosphorus (TP), and to pass through a 0.15-mm nylon sieve
for the measurement of total kalium (TK). The OM
concentration was determined by the wet oxidation method
with K;Cr,0O; and concentrated H,SO.. To determine TN and
TP, the samples were first digested using the Kjeldahl
method [9]. The TN and TP concentrations in the digested
solution were measured using a continuous-flow auto-
analyzer  (AutoAnalyzer Ill, Bran+Luebbe GmbH,
Germany). TK was determined using ICP-Emission
Spectrometry (PE OPTIMA 3000).

C. Determination of the Total Concentration of Heavy
Metal

10 grams of air-dried samples, ground to pass through a
0.15-mm nylon sieve, were subjected to the total extraction
procedure. According to the Chinese Standards CT/T221-
2005, the total concentration of heavy metals in sludge
samples was determined by different method and
experimental equipment. Cu, Pb, Zn and Ni were determined
using Atomic Absorb Spectrometer (PE Analyst 100). Cd
and Cr were analyzed using ICP-Emission Spectrometry (PE
OPTIMA 3000). Hg and As were tested using Atomic
Fluorescence Spectrometer (AFS-2202). Values were
expressed as mg metal/kilogram of dry sludge.

D. Statistical Analysis

All trials were performed in triplicate to minimize
experimental errors. The average of three replicates and
standard deviation for sludge samples were calculated by
Microsoft Office Excel 2010. Data were statistically
analyzed using SPSS 13.0 for Windows software package.

IIl.  RESULETS AND DiscussioN

A. Water Content and Nutrient Properties of Waste
Activated Sludge

The results of the water content, OM, TN, TP and TK
analysis of waste activated sludge are shown in Table I.
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TABLE I. WATER CONTENT AND NUTRIENT PROPERTIES ANALYSIS AT
TWO DIFFERENT PLANTS
Domestic Sewage Treatment Plants
Properties
Shenyang Gangika

Water content(%) 82.64+0.09 86.75+0.03
OM (on dry matter

basis) (%) 48.75x2.45 77.66+4.69
TN (on dry matter

basis) (%) 1.97+0.15 2.61+0.48
TP (on dry matter

basis) (%) 0.82+0.05 1.03+£0.14
TK (on dry matter

basis) (%) 0.86+0.06 0.60+0.04

Sludge samples, collected after the mechanical drying
process of municipal (Shenyang) and small town (Gangika)
domestic sewage treatment plants, have water contents more
than 80%.

The OM contents in sludge were significantly different
between Shenyang domestic sewage treatment plant and
Gangika domestic sewage treatment plant. The OM contents
were 48.75% and 77.66%, respectively. The total nutrient
contents, contained TN, TP and TK content, were 3.65% and
4.24%, respectively. The results revealed that the contents of
OM, N, P and K in sewage sludge are rich. Therefore, the
sludge is a good soil conditioner for enriching soil.

B. Heavy Metal in Sewage Sludge

The concentrations of heavy metals expressed on a dry
mass basis in sludge are given in Table Il. Chinese standard
(GB18918-2002) prohibits the use of sewage sludge as
fertilizer in agriculture that exceeds the maximum values
allowed for total concentrations of heavy metals (Table II).
The data demonstrated that the total concentrations of As in
Shenyang sewage sludge obviously exceed the limit values
for basic soil according to the law. The total concentrations
of Hg in Shenyang sewage sludge exceed the limit values for
acidic soil and in Gangika sewage sludge exceed the limit
values for basic soil, while the total concentrations of Ni in
Shenyang sewage sludge exceed the limit values for acidic
soil according to the law. Therefore, As, Hg and Ni elements
are main restrictive factor of sewage sludge application for
agricultural use.
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TABLE II. THE CONCENTRATION OF HEAVY METALS IN SEWAGE SLUDGE
SAMPLING FROM DIFFERENT PLANTS AND THEIR COMPARISONS WITH MAXIMUM
PERMITTED CONTENT USED FOR soIL (6818918-2002)

Domestic Sewage Maximum Permitted
Heavy Metals Treatment Plants ConteE't _Usg(:].for Sail
(mg/kg dry pr in China
matter) Shenyang Gangika pH<G6.5 pH>6.5
Cd 3.410.6 0.54+0.08 5 20
Hg 9.3+1.8 23.7+3.2 5 15
As 182.7+41.5 63.4£10.7 75 75
Cu 369.0+£89.8 65.7+£13.2 800 1500
Pb 88.8+7.6 11.9+1.4 300 1000
Cr 193.0+38.3 69.9£13.0 600 1000
Zn 891.0+135.6 | 341.3+69.2 2000 3000
Ni 109.0+22.3 16.6+£3.4 100 200

C. Risk Assessment of Sludge Application

Based on our results in Table I, all of the sewage sludge
should not be directly used in agriculture, particularly due to
the high total concentration of As in Shenyang sewage
sludge and that of Hg in Gangika sewage sludge. The high
As concentration in sewage sludge may result from industrial
source. The high Hg concentration in sewage sludge can be
originated from sterilization in hospital and household. The
possible final deposition according to German legislation law
would be used for landfilling [7]. Otherwise, it could be
chosen a method such as application to the forest land that
could not enter into food chain.

IV. CONCLUSIONS

Nowadays, it is necessary to find alternatives to recycling
waste activated sludge in order to take environmental
protection action. In this paper, we investigated properties of
sewage sludge samples derived from municipal and small
town domestic sewage treatment plant for assessing sludge
application risk. Therefore, several tests were performed on
the sludge samples, and data about their water and organic
matter content, nutrient matter content, and heavy metal
concentration were obtained. The contents of OM, N, P and
K in sewage sludge are rich. However, the total
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concentrations of As, Hg and Ni in two sewage sludge
samples exceed regulatory limits at different degrees for
sludge to be used in agriculture in China (GB18918-2002).
Therefore, the sludge from those wastewater treatment plants
should not be directly used in agriculture.
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