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Abstract: To explore methods for a comprehensive assessment of the treatment 
effect of heavy metal pollution in the sewage sludge from China’s industrial parks, 
we studied the wastewater treatment plant of the Nanjing MV Industrial Park as an 
example. Eight common heavy metals in sewage sludge – Zinc (Zn), Copper (Cu), 
Lead (Pb), Mercury (Hg), Chromium (Cr), Nickel (Ni), Arsenic (As), Cadmium 
(Cd) were studied. The treatment effect of these containments was comprehensively 
assessed using the absolute niche fitness model, the relative niche model and the 
spatial niche fitness model. All three models showed that Pb > Cu > Ni > Hg > Cd 
> Cr > Zn > As in the samples. However, they produced – different numerical values 
– the absolute niche suitability model < the spatial niche suitability model < and the 
relative niche suitability model. Therefore, we concluded that special attention 
should be paid to the carcinogenic risk of As and Cr heavy metals to the person 
exposed to the sewage sludge. 
Keywords: assessment of treatment effect, heavy metal pollution, niche model, 
sewage sludge, wastewater treatment plant 

1. Introduction 
With the fast development of wastewater treatment plants in China’s industrial 
parks, while continuously improving the water quality, a large amount of sewage 
sludge is also produced (Zhang et al. 2013, Li et al. 2019). Sewage sludge produced 
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by these wastewater treatment plants is a biologically active mixture containing 
many bacteria, germs, and toxic substances (Yang et al. 2019, Szarek 2020). Sew-
age sludge is used frequently as fertiliser in agriculture, sometimes as landfill, and 
occasionally incinerated. No matter which treatment method is adopted, the heavy 
metals in the sewage sludge will pollute the environment to some extent, threaten-
ing people’s health and even life (Yang et al. 2019, Li et al. 2019). Therefore, it is 
crucial and urgent to study the treatment effect of heavy metal pollution in sewage 
sludge from the wastewater treatment plant in those industrial parks. 

In the early 20th century, the scientific committee of the British Medical As-
sociation studied the general toxic effects of heavy metals after subcutaneous in-
jection and advocated for the development of relevant regulatory standards 
(Moore et al. 1913). Physicians in the United States found that excessive intake 
of Zn and Ni could cause permanent damage (Salant and Mitchell 1915). Re-
search on heavy metal pollution in developed countries began in the late 1940s. 
Dr Heller observed a medical accident when using combined heavy metal therapy 
to treat syphilis and called for assessing the toxicity effect (Heller 1946). Studies 
on heavy metal pollution in wastewater and its treatment effect assessment began 
in the early 1960s. Jenkins and Cooper (1964) analysed the presence of heavy 
metals in sewage sludge and found that heavy metal exposure from sewage sludge 
had a negative impact on human health. After decades of efforts, the research on 
heavy metal pollution and its health risk assessment in developed countries has 
achieved specific results (Ukah et al. 2019). Mainly there are many studies fo-
cused on industrial parks (Selvam et al. 2017, Pobi et al. 2019, Xu et al. 2020). 
The research on this topic started late in China. The earliest research appeared in 
the early 21st century. Early studies mainly focused on heavy metal pollution’s 
impact (Huang et al. 2009). After 2010, Chinese scientists began to look into 
heavy metal pollution in sewage sludge of industrial parks and its treatment effect 
assessment (Peng et al. 2013, Liang et al. 2014). Subsequently, scientists began 
to study the pollution degree of heavy metals in the sewage sludge of wastewater 
treatment plants in industrial parks and its treatment effect assessment (Chang et 
al. 2019, Mao et al. 2020). Since then, academic research on this issue has begun 
to show the trend of specialisation and multi-methods (Liew et al. 2021). 

From the above literature review, there have been some research achieve-
ments on heavy metal pollution and its treatment effect assessment by scientists. 
Domestic research on this problem is still limited, and research on the treatment 
effect assessment of heavy metal pollution in sewage sludge is even more scarce. 
The rapid development of China’s industrial parks has gradually exposed some 
challenges to controlling environmental pollution, including the lag of treatment, 
the relative shortage of investment and the limited treatment ability. Therefore, 
the authors’ modelling of environmental pollution degree and assessment of its 
treatment effect in this study and the application of these models are essential 
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innovations and make a significant contribution to the exploration of the compre-
hensive assessment method for the treatment effect of heavy metal pollution from 
sewage sludge of large wastewater treatment plants in China’s industrial parks. 

2. Materials and Methods 
2.1. The Basic Thinking Framework 
The treatment effect assessment of heavy metal pollution from sewage sludge of 
wastewater treatment plants is a major research topic that needs to be solved ur-
gently. This problem has become a key factor affecting the ecological environ-
ment quality in China’s industrial parks. In order to effectively solve this critical 
problem, the author has determined the basic research framework of this paper, 
which is illustrated in Fig. 1. 

2.2. Sewage Sludge Sample Collection and Analysis 
According to the statistical data of the bulletin of China’s ecological environment 
status, at the end of 2020, China had 2,679 urban wastewater treatment plants. 
Their designed daily treatment capacity has reached 192 million cubic meters. It 
can meet the sewage treatment requirements of China’s cities, which discharge 
sewage at a pace of 60 billion cubic meters per year and an average of 164.38 
million cubic meters per day. There are many kinds of heavy metals in sewage 
sludge, including Zn, Pb, Cu, Cd, Cr, Ni, Hg and As. Among them, Cd, Cr, As, 
and Ni are carcinogenic heavy metals. As is a non-metallic. Because it has the 
characteristics of heavy metals, the Chinese government also classifies it as 
a heavy metal. 

The Nanjing MV Industrial Park is located in the high-tech development zone 
of Pukou District, Nanjing, China. The wastewater treatment plant concentrates 
on treating wastewater from the production and living of enterprises in the indus-
trial park. The wastewater treatment plants have an annual processing – capacity 
of about 8 million cubic meters and discharge 16500 tons of sewage sludge an-
nually. Due to the discovery of excessive heavy metals in the sewage sludge from 
these plants, starting from 01 October 2019, the wastewater treatment plant in 
Nanjing Industrial Park has taken a series of treatment measures for heavy metals 
exceeding the standard, and the treatment effect has been assessed through regu-
lar testing. Therefore, we accepted the invitation from the wastewater treatment 
plants to participate in the inspection and assessment research work, which lasted 
from 15 September to 29 December 2020. One sample of sewage sludge was 
taken every five days, and a total of 20 samples were collected. 
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The samples were packed with tin foil paper, numbered from 001 to 020 fol-
lowing the time sequence, and sent to the Taihu Lake Environmental Monitoring 
Institute laboratory. The laboratory technicians processed the sewage sludge sam-
ples with certified equipment according to standard operating procedures, includ-
ing drying, grinding, screening and digestion of the measured samples. Because 
this test is carried out as part of the annual assessment of the pollution treatment 
effect of excess heavy metal content in sewage sludge commissioned by the plant, 
the sampling process did not consider the impact of seasonal changes. The test 
results are listed in Table 1. 

 
Table 1. Results of heavy metals content determination in sewage sludge samples Unit: 
mg/kg 

No. Pb Zn Cu Hg Cr As Cd Ni 
001 38.48 109.48 50.34 0.18 78.28 15.32 0.11 39.37 
002 41.49 115.38 52.39 0.11 62.32 6.28 0.18 28.31 
003 27.51 81.27 37.37 0.09 28.39 15.62 0.09 41.28 
004 52.29 96.25 69.28 0.13 70.26 8.29 0.22 17.49 
005 33.49 98.32 41.23 0.1 38.38 14.84 0.18 35.28 
006 45.29 101.28 45.98 0.15 56.39 13.29 0.1 36.72 
007 28.37 93.29 59.32 0.14 65.38 5.39 0.2 19.31 
008 55.48 96.28 32.29 0.07 31.28 15.39 0.22 40.28 
009 37.38 65.39 73.28 0.14 69.62 16.39 0.25 14.74 
010 39.18 118.29 59.64 0.16 58.39 18.29 0.21 40.82 
011 33.85 113.29 61.28 0.21 41.28 21.38 0.16 38.37 
012 32.39 115.38 46.32 0.12 32.38 20.37 0.15 15.39 
013 53.49 72.53 55.26 0.22 60.29 18.39 0.07 30.38 
014 28.39 75.25 43.29 0.13 43.26 12.39 0.21 13.48 
015 35.98 115.18 56.92 0.17 71.39 6.09 0.16 38.94 
016 41.62 78.28 71.29 0.08 70.36 9.28 0.16 40.21 
017 38.39 98.29 34.63 0.23 66.35 18.39 0.25 31.38 
018 30.29 67.29 52.39 0.12 29.38 18.28 0.11 12.89 
019 26.96 126.26 37.59 0.09 57.62 20.21 0.08 39.78 
020 52.49 92.39 62.26 0.21 55.63 16.29 0.21 30.32 

Average 
 38.64 96.47 52.12 0.14 54.33 14.51 0.17 30.24 

Standard Deviation 
 4.8758 28.1822 3.9235 0.0831 4.3740 2.1597 0.0397 3.1933 

Coefficient of Variation 
 0.1828 0.2799 0.1255 0.1838 0.0749 0.1316 0.1803 0.0826 

Data source: laboratory test results of sewage sludge samples. 
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2.3. Construction of Assessment Models for Treatment Effect of Heavy 
Metal Pollution 
In order to effectively evaluate the treatment effect of heavy metal pollution in 
sewage sludge discharged from the wastewater treatment plant, we selected the 
niche model as the evaluation method based on comprehensive analysis. Based 
on the traditional degree model, the spatial ecology model is constructed by com-
bining the absolute ecology model and the relative niche model. The resultant 
spatial niche suitability model is suitable for Nanjing (Han and Cao, 2021). 
If there are n ecological factors in a region, the quantitative values of these eco-
logical factors are expressed by 𝑋. The ecological factors matrix can be ex-
pressed as X= {𝑋ଵ,𝑋ଶ,⋯ ,𝑋}. Then the ecological factors of m regions can form 
a ሺ𝑛 × 𝑚ሻ dimensional quantised values matrix of ecological factors (EM), which 
can be expressed as: 

𝐸𝑀 = ⎝⎛
𝑥ଵሺ௧భሻ 𝑥ଶሺ௧భሻ ⋯ 𝑥ሺ௧భሻ𝑥ଵሺ௧మሻ 𝑥ଶሺ௧మሻ ⋯ 𝑥ሺ௧మሻ⋮𝑥ଵሺ௧ሻ ⋮𝑥ଶሺ௧ሻ ⋮⋯ ⋮𝑥ሺ𝑡ሻ⎠⎞ (1) 

where 𝑖 = 1,2,⋯ ,𝑛; 𝑗 = 1,2,⋯𝑚. 𝑥൫𝑡൯ is a subset of the n-dimensional eco-
logical factor space 𝐸 at time 𝑡. 𝑓 ቀ𝑥ଵ൫𝑡൯, 𝑥ଶ൫𝑡൯,⋯ , 𝑥൫𝑡൯ቁ is called the 
niche of the ecosystem. If the actual value of an ecological factor is: 𝑋௧ = ቀ𝑥ଵ൫𝑡൯, 𝑥ଶ൫𝑡൯,⋯ , 𝑥൫𝑡൯ቁ, the most suitable value is 𝑋ఈ = ൫𝑥ଵሺ𝛼ሻ, 𝑥ଶሺ𝛼ሻ,⋯ , 𝑥ሺ𝛼ሻ൯. The approach degree between the two is the 
niche suitability of ecological factors, expressed in 𝑁𝑆௧. Then: 𝑁𝑆௧ = ൫𝑋，𝑋ఈ൯. 
The niche suitability model can be determined by using the distance formula as 
follows: 

          
       

i i j i i j in ni min max
t i 1 i 1

it max i j i i j i

W min x t x max x t xW
NS

x t x max x t x

   
     

          
   

   (2) 

where δ୧୲ = หx୧൫t୨൯ − x୧ሺαሻห，δ୫ୟ୶ = maxሼδ୧୲ሽ = max൛หx୧൫t୨൯ −x୧ሺαሻห,δ୫ୟ୶ = maxሼδ୧୲ሽ = min൛หx୧൫t୨൯ − x୧ሺαሻหൟ. i = 1,2,⋯ , m；t =1,2,⋯ , n;   is the model parameter (0 ≤  ≤ 1), in the average case  = 0.5. In 
order to improve the effectiveness of the niche suitability model assessment, we 
used the heavy metal concentration value in sewage sludge as the niche value, 𝑋൫𝑡൯ represents the heavy metal concentration value of the ith sample in the jth 
period. In order to construct the comprehensive assessment model of niche suit-
ability, the generalised correlation degree in grey theory is introduced to calculate 
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the niche of ecological factors (Ye et al., 2016). In order to facilitate the calcula-
tion of niche suitability, the assessment indicators need to be normalised to be-
tween [0,1], which can be calculated as follows: 

       

       

-1

i j i j i j

-1

i j i j i j

X t X t max X t forward pointer

X t 1-X t max X t contrary indicator

      


      

  (3) 

If 𝑋ሺ𝛼ሻ is the most appropriate value in the assessment indicators in line 𝑖, X୧ᇱ  is the most appropriate value of the assessment indicators after normalisation, 
which is calculated as follows: 

       

       

-1

i i i j

-1

i i i j

X X max X t forward pointer

X 1-X max X t contrary indicator

 

 

      


     

  (4) 

In order to construct the absolute niche suitability model, the following for-
mula is used to carry out the absolute null transformation of the assessment indi-
cator: 

            
            

it 1t 2t mt i j 1 j

i 1 2 m i j 1

X 0 x 0 x 0 x 0 x t x t

X 0 x 0 x 0 x 0 x t x 0   

        


       

， ， ，

， ， ，

L

L
 (5) 

Then, according to the results of absolute null transformation, the absolute 
niche suitability model is constructed. The specific model of absolute niche suit-
ability is as follows: 

t
t

t t

1 S S
A N S

1 S S S S



 

 


   
 (6) 

where    n 1
t k t n tk 2

1S x 0 x 0
2




   .  ktx 0  is the absolute null transfor-

mation value of the kth assessment indicators (k = 2,3,..., n-1), and  ntx 0  is the 
absolute null transformation value of the nth assessment indicators. 

   n 1
k ntk 2

1S x 0 x 0
2 




   ,  kx 0  is the absolute null transformation value 

of the optimal value of the kth assessment indicators (k = 2,3,..., n-1), and  ntx 0  
is the absolute null transformation value of the optimal value of the nth assess-

ment indicators.          n 1
t k kt n ntk 2

1S S x 0 x 0 x 0 x 0
2  




        . In order 

to construct the relative niche suitability model, the following equation is used to 
perform relative zero transformation on the assessment indicator: 
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1

it 1t 2t nt i j 1 j

1

i 1 2 n i 1 j

X 0 x 0 x 0 x 0 x t x t

X 0 x 0 x 0 x 0 x x t    
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L

L
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On this basis, the relative niche suitability model is constructed by using the 
above relative null transformation calculation results. The specific assessment 
model of relative niche suitability is as follows: 

t
t

t t

1 S S
RNS

1 S S S S



 

  


      
 (8) 

where    m 1
t kt ntk 2

1S x 0 x 0
2




    .  ktx 0  is the relative null transformation 

value of the kth assessment indicator.  ntx 0  is the absolute null transformation 

value of the nth assessment indicators.    m 1
k nk 2

1S x 0 x 0
2  




    . 

 kx 0  is the relative null transformation value of the optimal value of the kth 

assessment indicators.  nx 0 is the relative null transformation value of the op-
timal value of the n-th assessment indicators. 

         n 1
t k kt m ktk 2

1S S x 0 x 0 x 0 x 0
2  




          . The comprehensive assessment 

model of spatial niche suitability is the weighted average of the absolute and relative 
niche suitability models. If W is a relative weight, there are: 𝑆𝑁𝑆௧ఈ = 𝑊 ⋅ 𝐴𝑁𝑆௧ఈ + ሺ1 −𝑊ሻ𝑅𝑁𝑆௧ఈ (9) 

2.4. Determination of Assessment Criteria for Treatment Effect of Heavy 
Metal Pollution 
In order to obtain a comprehensive assessment of the treatment effect of sewage 
sludge heavy metal pollution in the Nanjing MV Industrial Park wastewater treat-
ment plant, the evaluation standards of heavy metal pollution level should be de-
termined first. Therefore, we drew on the research results of domestic environ-
mental management scholars (Zhang et al. 2018, Yan et al.2019) and referred to 
China’s Urban Sewage Treatment Sludge (GB T24188-2009), Request for Com-
ments on Technical Standard for Sludge Treatment of Urban Sewage Treatment 
and Urban Sewage Treatment Pollutant Discharge Standard (GB18918-2016). 
The standards of heavy metal pollution degree in the wastewater treatment plant 
of the Nanjing MV Industrial Park are shown in Table 2. 
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Table 2. Assessment standard of heavy metal pollution content indicator in sewage 
sludge Industrial Park’s wastewater treatment plant 

Pollution  
Level Pb Zn Cu Hg Cr As Cd Ni 

LevelⅠ 0-25 0-75 0-30 0-0.15 0-60 0-10 0-0.20 0-30 
LevelⅡ 25-150 75-150 30-120 0.15-0.3 60-90 10-15 0.2-0.3 30-50 
Level Ⅲ 150-350 150-350 120-280 0.30-0.5 90-210 15-30 0.3-0.6 50-100 
Level Ⅳ 350-500 350-500 280-400 0.5-1.0 210-300 30-40 0.6-1 100-200 
Level Ⅴ >500 >500 >400 >1.00 >300 >40 >1.00 >200 

 
According to the heavy metal pollution treatment standards of sewage sludge 

from wastewater treatment plants formulated by the national and local govern-
ments, the value range of the assessment result is [0,1]. We divided the pollution 
treatment effect of heavy metals in the sewage sludge of the Nanjing MV Indus-
trial Park wastewater treatment plant into five levels. The specific standards are 
as follows: Level Ⅰ[0.90,1.00] indicating non-pollution; Level Ⅱ[0.80,0.90], 
indicating micro-pollution; Level Ⅲ[0.60,0.80] indicating mild-pollution; 
Level Ⅳ[0.40,0.60] indicating moderate-pollution; and Level Ⅴ[0,0.40] indi-
cating heavy-pollution. 

3. Results and Discussion 
3.1. Normalisation Processing of Comprehensive Assessment Indicators 
Since the assessment indicators are all reverse indicators, equations (3) and (4) 
need to be used for normalisation. The normalisation results of specific assess-
ment indicators are shown in Table 3. 

 
Table 3. Processing results of the normalisation process of assessment indicators 

Indicators Pb Zn Cu Hg Cr As Cd Ni 
X1 0.9230  0.7810  0.8742  0.8200  0.7391  0.6170  0.8900  0.8032  
X2 0.9170  0.7692  0.8690  0.8900  0.7923  0.8430  0.8200  0.8585  
X3 0.9450  0.8375  0.9066  0.9100  0.9054  0.6095  0.9100  0.7936  
X4 0.8954  0.8075  0.8268  0.8700  0.7658  0.7928  0.7800  0.9126  
X5 0.9330  0.8034  0.8969  0.9000  0.8721  0.6290  0.8200  0.8236  
X6 0.9094  0.7974  0.8851  0.8500  0.8120  0.6678  0.9000  0.8164  
X7 0.9433  0.8134  0.8517  0.8600  0.7821  0.8653  0.8000  0.9035  
X8 0.8890  0.8074  0.9193  0.9300  0.8957  0.6153  0.7800  0.7986  
X9 0.9252  0.8692  0.8168  0.8600  0.7679  0.5903  0.7500  0.9263  
X10 0.9216  0.7634  0.8509  0.8400  0.8054  0.5428  0.7900  0.7959  
X11 0.9323  0.7734  0.8468  0.7900  0.8624  0.4655  0.8400  0.8082  
X12 0.9352  0.7692  0.8842  0.8800  0.8921  0.4908  0.8500  0.9231  
X13 0.8930  0.8549  0.8619  0.7800  0.7990  0.5403  0.9300  0.8481  
X14 0.9432  0.8495  0.8918  0.8700  0.8558  0.6903  0.7900  0.9326  
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Table 3. cont. 

Indicators Pb Zn Cu Hg Cr As Cd Ni 
X15 0.9280  0.7696  0.8577  0.8300  0.7620  0.8478  0.8400  0.8053  
X16 0.9168  0.8434  0.8218  0.9200  0.7655  0.7680  0.8400  0.7990  
X17 0.9232  0.8034  0.9134  0.7700  0.7788  0.5403  0.7500  0.8431  
X18 0.9394  0.8654  0.8690  0.8800  0.9021  0.5430  0.8900  0.9356  
X19 0.9461  0.7475  0.9060  0.9100  0.8079  0.4948  0.9200  0.8011  
X20 0.8950  0.8152  0.8444  0.7900  0.8146  0.5928  0.7900  0.8484  

 
All the above indicators have been converted into positive indicators. As a re-

sult, it is not necessary to consider the reverse nature of the assessment indicators 
in the specific comprehensive assessment process. 

3.2. Assessment Results of Different Niche Suitability Models 
According to the research design, we used the absolute niche suitability model, 
the relative niche suitability model and the spatial niche suitability model to com-
prehensively assess the treatment effect of heavy metal pollution in the sewage 
sludge discharged from the wastewater treatment plant of the Nanjing MV Indus-
trial Park(Han & Cao, 2022). First, the absolute null transformation value and the 
relative null transformation value need to be calculated using equations (5) and 
(7). In order to save space, specific calculation results are omitted. On this basis, 
equations (6), (8) and (9) are used to calculate the assessment results of the three 
methods, respectively. The results are presented in Table 4. 

The absolute niche suitability model concluded that Pb and Cu are at level Ⅰ 
(non-pollution) level, Ni, Hg and Cd are at Level Ⅱ (micro-pollution) level, Cr 
and Zn are at level Ⅲ(mild-pollution) level, while As is at level Ⅳ (moderate-
pollution) level. The relative niche suitability model concluded that Pb, Cu, Ni 
and Hg are at level Ⅰ (non-pollution), Cd, Cr and Zn are at Level Ⅱ (micro-pollu-
tion), while As is at level Ⅲ (mild-pollution). The spatial niche suitability model 
concluded that Pb and Cu are at level Ⅰ (non-pollution), Ni, Hg, Cd and Zn are at 
Level Ⅱ (micro-pollution), while As is at level Ⅲ (mild-pollution). According to 
these results, it can be seen clearly that the spatial ecology varies with the models, 
and the final assessment results largely depend on the changes in relative weights 
(Luo et al., 2022). In order to reflect the impacts of changes in the relative weights 
of the assessment indicators on the assessment results, we used 11 different 
grades from 0 to 1 and calculated the results summarised in Table 5. 

In order to illustrate the influence of different relative weights on the assess-
ment results of the spatial niche suitability model, the data in Table 5 are plotted 
as histograms in Fig. 2, which reflect the impact of different relative weights on 
the spatial ecological degree of influence of bit suitability. 
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Fig. 2. Analysis of the variation range of the assessment results of the spatial niche 
model 

 
From Fig. 2, it can be seen that the assessment results of the spatial niche 

fitness model are biased towards the assessment results of the relative niche fit-
ness model with a relatively large value (plus literature on the spatial niche). The 
assessment results of the spatial niche fitness model are mainly affected by the 
difference between the assessment results of the absolute niche suitability assess-
ment model and the relative niche suitability assessment results and the change 
of relative weights. The assessment results of the suitability model are adjusted 
between the assessment results of the absolute niche assessment model and the 
assessment results of the relative niche suitability assessment model (Guo et al. 
2022) to increase the content of the combination of objectivity and subjectivity 
in the decision-making results. 

3.3. Discussion on Difference in Assessment Results of Different Niche 
Assessment Methods 
Three different niche suitability models were used to comprehensively assess the 
treatment effect of heavy metal pollution in the sewage sludge discharged from 
a large wastewater treatment plant in the Nanjing MV Industrial Park. The con-
clusions of the assessment results are the same, with only differences in the values 
(Han & Cao 2022). In order to show and analyse the differences in the assessment 
result values of the three niche suitability models. The cone chart in Fig. 3 shows 
the change rules of the assessment result values of the three niche assessment 
models. 
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Fig. 3. Difference in assessment results of different niche suitability models 

 
In Fig. 3, the assessment results of the treatment effects of heavy metals are 

in order from poor to good. The treatment outcome of As is the worst, showing 
the most severe pollution. On the other hand, the treatment outcome of Pb is the 
best, showing no pollution. Therefore, according to the assessment results, we 
recommend that the Nanjing MV Industrial Park wastewater treatment plant pay 
special attention to the pollution treatment of As, Zn and Cr in sewage sludge 
heavy metal pollution treatment. Furthermore, among these three contaminants, 
the focus should be on As and Cr, which are carcinogenic. Since part of the sew-
age sludge from the wastewater treatment plant in the Nanjing MV Industrial Park 
is used as waste by farmers in the outer suburbs, it could pose health risks to the 
residents of Nanjing. 

3.4. Discussion on the Difference in Assessment Results from Different 
Niche Assessment Models 
In this paper, the samples are collected from the settled sewage sludge in the sed-
imentation tank. The treatment effect of the sewage entering the sedimentation 
tank directly determines the degree of heavy metal pollution. The quality of sew-
age treatment and the way of sewage sludge treatment also determine the health 
risk (Yang et al. 2019). Therefore, it is the key to continuously improve the treat-
ment effect to monitor the content of heavy metals in sewage sludge dynamically 
and continuously strengthen the treatment of heavy metal pollution according to 
the monitoring results. The assessment results of the treatment effect of heavy 
metal pollution in the sewage sludge of the Nanjing MV Industrial Park wastewater 
treatment plant in this paper are mainly based on the results of 20 sewage sludge 
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samples. Fig. 4 presents the variation between the normalised results of the heavy 
metal contents in these 20 samples. The measured values from these samples ul-
timately determine the treatment effect of heavy metal pollution in the sewage 
sludge of the wastewater treatment plant. Due to various reasons, the sampling 
time in this study was relatively short, and the number of samples was relatively 
small. These factors have greatly affected the final assessment. It is worth noting 
that the assessment method in this paper is a dynamic assessment method, which 
needs to be continuously tested and assessed to find out the change of heavy metal 
content in the sewage sludge over time. Effective heavy metal pollution treatment 
measures need to be taken according to the change to ensure the continuous im-
provement of the treatment effect of heavy metal pollution in the sewage sludge 
of the wastewater treatment plant and to minimise the health risk posed by the 
heavy metal pollution in the sewage sludge to the exposed population. 

 

 
Fig. 4. Variation diagram of main influencing factors of the treatment effect of heavy 
metal pollution 
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4. Conclusions 
In order to explore the effective method of a comprehensive assessment of the 
treatment effect of heavy metal pollution in sewage sludge from the wastewater 
treatment plant, 20 sampling samples were taken from the Nanjing MV industrial 
park, and eight heavy metal content indicators (Zn, Cu, Pb, Hg, Cr, Ni, As, Cd) 
are analysed. Three basic assessment methods are adopted in the study, including 
the absolute niche fitness model, relative fitness model and spatial niche fitness 
model. It is found that the order of the assessment results of the treatment effect 
of heavy metal pollution in sewage sludge from wastewater treatment plants are 
consistent from all three models, where there are differences in the assessment 
result values. The assessment result value of the absolute niche suitability model 
is the smallest, the assessment result value of the relative niche suitability model 
is the largest, and the assessment result value of the spatial niche suitability model 
is between the two. Its trend can be adjusted by changing the weight, which has 
the characteristics of stationarity. The assessment results of the three niche suita-
bility models are Pb > Cu > Ni > Hg > Cd > Cr > Zn > As. According to the 
assessment results of the spatial niche suitability model, Pb and Cu are at level 
Ⅰ (non-pollution), Ni, Hg, Cd and Zn are at Level Ⅱ (micro-pollution), while As is 
at level Ⅲ (mild-pollution). 

City residents usually do not have direct contact with sewage sludge from 
wastewater treatment plants. However, some of the sewage sludge from the Nan-
jing MV Industrial Raw Wastewater Treatment Plant is used by farmers in remote 
suburbs, which poses a health risk to Nanjing residents. Therefore, we recom-
mend that wastewater treatment plants strengthen the control of heavy metal pol-
lution in sewage sludge and take timely control measures according to the find-
ings of this assessment. 
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