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ABSTRACT

The paper aims to investigate the enzyme activity of soils exposed to Municipal Solid Waste (MSW) 
leachate. Soil enzymes are useful indicators for soil quality management as they respond to changes 
that occur in soil quality. To determine the effects of MSW leachate, three sites, i.e. Leachate Exposed 
Site (LES), Partially Leachate Exposed Site (PES) and Control Soil (CS) were considered located 
in and around Kapuluppada dumpsite which falls under Visakhapatnam city limits. The LES soil 
receives more leachate washings due to its proximity to waste heaps compared to PES soil. The 
third site, i.e. CS is located a little away from the MSW heaps and is free from any contamination. The 
samples were estimated for enzymes like dehydrogenase, invertase, alkaline phosphatase, protease, 
amylase and cellulase activity using standard assay methods. The following trend was observed: 
protease>amylase>invertase>alkaline phosphatase>dehydrogenase>cellulase.  Our results indicate 
that the enzymes showed higher activity with MSW leachate washings due to enhanced soil aeration 
and soil porosity. However, MSW leachate washings had not shown any significant inhibitive effect on 
organic carbon content, microbial biomass and enzymatic activities.   

INTRODUCTION

Enzymes are known to catalyse many biological transforma-
tions occurring in soils which may be intracellular or extra-
cellular (Thien & Myers 1992, Deng & Tabatabai 1997, Rao 
et al. 2000, Fuentes et al. 2006). It is believed that vegetation 
affects soil enzyme activities as the organic compounds are 
supplied to soil from plant and animal residues and other 
dead organisms (Mathur et al. 1980). As enzymes present in 
soil are of plant, animal and microbial origin, their activities 
reflect the metabolic status of soils. 

Enzymes also participate in the formation and degrada-
tion of wastes and contribute to nutrient cycling (Tabatabai 
1994, Dick et al. 1994, Taylor et al. 1989, Johansson et al. 
2000, Li et al. 2014).  The microbes and enzymes present in 
the soil play an active role in providing fertility to the soil 
and also involved in the nutrient cycles (biogeochemical 
cycles) that are essential for the growth of plants. They also 
act as biological indicators (Chinyere et al. 2013). The en-
zyme levels in soil vary due to different amounts of organic 
matter content, composition and activity of living organisms 
and the biological processes. The role of soil enzymes in the 
ecosystem will provide an opportunity for biological assess-
ment of soils due to their ease of measurement and response 
to changes in soil management practices (Dick 1994, Dick 
1997, Bandick & Dick 1999, Joachim et al. 2008).

The activity of enzymes involved in the transformation 
of nutrients is also a measure of soil microbial population 
(Crecchio et al. 2004). However, any disturbances in the soil 
system due to wastes/toxic chemicals may lead to a change 
in the soil system. Therefore, enzyme activities in the soil 
are indicators of stress management and warn us about soil 
degradation (Bergstrom et al. 1998, Margesin et al. 2000, 
Li et al. 2014). Kandeler et al. (1996) reported that a high 
concentration of heavy metals affects the growth, morphology 
and metabolism of microorganisms in soils. Baath (1989), 
Doelman & Haanstra (1989), Aoyama & Nagumo (1996) 
reported that heavy metals at high concentration reduce 
soil microbial activities like respiration, ammonification, 
nitrification and enzyme activities. In addition to the 
fundamental properties of enzymes in the soil, the data from 
enzyme assays are used as a guide for soil quality management 
(Powlson & Jenkinnson 1981, Garcia et al. 2000), an indirect 
measure of microbial biomass e.g. dehydrogenase activity 
(Ladd 1978) and a pointer towards the effects caused by wastes 
(Tyler 1974, Doelman & Haanstra 1979).

In the present study, the impact of MSW leachate exposed 
soil i.e., LES, PES and CS soil were assayed.

MATERIALS AND METHODS

Study area: The Kapuluppada dumping yard, a 100 acres 
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of low lying area with good vegetation has a tropical 
climate with little temperature variations throughout the 
year with May being the hottest and January the coldest 
month. It is covered with hills on two sides and a narrow 
opening connecting to the city on the other side. The total 
 annual rainfall is around 955 mm. Three sites were considered 
which includes leachate exposed site (LES), partially leachate 
exposed site (PES) and control soil (CS). These sites are 
located in and around the Kapuluppada dumpsite which falls 
under Visakhapatnam metropolitan region.

The soil is red loamy. Various annual and perennial 
species, the majority being local, can be observed in this 
area. The Leachate Exposed Site (LES), Partially Exposed 
Site (PES) and Control Site (CS) are distinctly located in the 
study area (Fig 1). The LES is located 100 m away from the 
waste heaps; PES is 500 m away while CS is far away and 
500 m away from PES. LES is close to the waste heaps and 
the leachate generated from the waste heaps continuously 
flow over the LES soil. During the rainy season and the 
advent of cyclonic storms the leachate flow increases on the 
soil surface, hence accumulated is more. The PES receives 
fewer leachate washings than the LES since it is far away 

from the waste heaps. The third CS is nearer to the plane 
grassland and far away from the municipal solid waste heaps 
and nearly free from contamination. 

Sampling Frequency: A 10m × 10m quadrat was selected 
from each of the sample sites. Each quadrat was divided into 
10 sub-plots, each of 1m2 area. Soil samples were collected 
from the subplots with the help of soil corer; tagged and 
sealed in polythene bags and were brought to the laboratory 
with necessary precautions. Samples were collected during 
morning hours on the 10th day of every month from Decem-
ber 2002 to April 2004.

Enzymes in the soil samples were estimated as per the 
methods specified by Casida et al. (1964), Tabatabai & 
Bremner (1969), Eivazi & Tabatabai (1977), Speir & Ross 
(1975) and Cole (1977). All the chemicals and reagents used 
were of analytical grade and deionized double distilled water 
(DDW) was used throughout the analysis. 

RESULTS AND DISCUSSION

The activities of various enzymes in LES, PES and CS 
soils are presented in Figs. 2-7. Enzymes are biological 
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Fig. 1: Visakhapatnam Metropolitan region showing the study area. 
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catalysts and are of great agronomic and ecological value. 
Soil enzymes are assayed since many enzymes immediately 
respond to change in soil fertility. Therefore, enzymes are 
used as indicators for soil quality management (Powlson & 
Jenkinson 1981, Garcia et al. 2000, Joachim et al. 2008). Since 
enzymes react to changes in soil management practice more 
rapidly they may also be useful as indicators of biological 
changes (Bandick et al. 1999 and Masciandaro et al. 2004). 
The activities of various enzymes in LES, PES and CS soils 
are presented in Figs. 2-7. The dehydrogenase activity of LES 
soil ranged from 0.004 to 0.066 mg/g/hr, PES 0.005 to 0.045 
mg/g/hr and CS 0.002 to 0.043 mg/g/hr. The results indicate 
that among the three sites dehydrogenase activity was high in 
LES. The enzyme dehydrogenase is an indicator of biological 
activity in soils (Burns 1978). It oxidizes soil organic matter 
(Doelman & Haanstra 1979, Kandeler et al. 1996, Glinski & 
Stepniewski 1985). In the present study, dehydrogenase ac-
tivity was reported to be low compared to the other enzymes 
studied. Among the three study sites, dehydrogenase activity 
was high in LES soil compared to PES and CS. Rinku et al. 
(2017) reported that the dehydrogenase activity increased 
with increasing amounts of uncontaminated sewage sludge 
in the initial 15 days, but after 30 days it declined. Pitchel & 
Hayes (1990) also reported low dehydrogenase activity in soil 

polluted with fly ash. Several authors (Doelman & Haanstra 
1979, Rossel & Tarradellas 1991) have reported the inhibition 
of dehydrogenase by metal pollution. Marzadori et al. (1996) 
and Chander et al. (1991) have also reported that the activity 
of dehydrogenase was inhibited particularly by the presence 
of Pb and Cu in municipal sewage sludge. However, in our 
study dehydrogenase activity has not shown any significant 
inhibition in LES and PES soils over CS soil. The result indi-
cates that the dehydrogenase enzyme in the soil indicates the 
potential of the soil to support biochemical processes essential 
for maintaining soil fertility (Joachim et al. 2008). Joachim et 
al. (2008) also suggested that dehydrogenase could be a good 
indicator of microbial activities in soils in semiarid areas.

Alkaline phosphatase activity of LES and PES site soils 
ranged from 0.001 to 0.084 and 0.012 to 0.083 mg/g/hr re-
spectively. The enzyme phosphatase plays a vital role in the 
phosphorus cycle, by allowing orthophosphate to be released 
from organic and inorganic compounds and thus increasing 
the bioavailability of phosphorus. Several researchers (Thien 
& Myers 1992, Deng & Tabatabai 1997, Rao et al. 2000) 
have also studied the role of phosphatase in the phosphorus 
cycle and its bioavailability in soil. Phosphatase is commonly 
used to examine the toxicity of metals (Doelman & Haanstra 

8 
 

 
Fig. 2: Min, Max and Mean values of dehydrogenase, alkaline phosphatase and protease 

activity of LES soil. 

 

 

 
Fig. 3: Min, Max and Mean values of amylase, invertase and cellulase activity of LES 

soil. 

 

 

 

 

 

 

Fig. 2: Min, Max and Mean values of dehydrogenase, alkaline 
phosphatase and protease activity of LES soil.

8 
 

 
Fig. 2: Min, Max and Mean values of dehydrogenase, alkaline phosphatase and protease 

activity of LES soil. 

 

 

 
Fig. 3: Min, Max and Mean values of amylase, invertase and cellulase activity of LES 

soil. 

 

 

 

 

 

 

Fig. 3: Min, Max and Mean values of amylase, invertase and cellulase 
activity of LES soil.

8 
 

 
Fig. 2: Min, Max and Mean values of dehydrogenase, alkaline phosphatase and protease 

activity of LES soil. 

 

 

 
Fig. 3: Min, Max and Mean values of amylase, invertase and cellulase activity of LES 

soil. 

 

 

 

 

 

 
Fig. 4: Min, Max and Mean values of dehydrogenase, alkaline 

phosphatase and protease of PES soil.

9 
 

Fig. 4: Min, Max and Mean values of dehydrogenase, alkaline phosphatase and protease 

of PES soil. 

 

 

 

 
Fig. 5: Min, Max and Mean values of amylase, invertase and cellulase activity of PES 

soil. 

 

 

 

 

 

 

 

 

 
Fig. 6: Min, Max and Mean values of dehydrogenase, alkaline phosphatase and protease 

activity of CS. 

 

 

Fig. 5: Min, Max and Mean values of amylase, invertase and cellulase 
activity of PES soil.



646 G.S.J. Shailaja et al.

Vol. 20, No. 2, 2021 • Nature Environment and Pollution Technology  

1989) or organic pollutants such as pesticides. The variations 
in phosphatase activity may be due to an increase in soil 
moisture content because phosphatase activity is observed 
to be higher in saturated soil than in dry soil (Gavrilova & 
Shimko 1969, Daraseliya et al. 1975). The present study 
reveals that the alkaline phosphatase activity was not in-
hibited by leachates despite their heavy metal content (Tam 
1998). Chinyere et al. (2013) while studying the soil enzyme 
activity of Njoku solid waste dump site Owerri municipal, 
Nigeria, reported that the alkaline phosphatase activity was 
not affected by waste dumping.

Proteases play an important role in N mineralization 
(Ladd & Jackson 1982). Urease and protease hydrolyse 
nitrogen compounds to ammonium using urea and low 
molecular weight protein substrates respectively (Garcia-
Gill et al. 2000). Protease activity occurs partly in the soil 
as a humocarbohydrate complex (Mayaudon et al. 1975, 
Bastistic et al. 1980), from arable soil (Ladd 1972, Mayaudon 
et al. 1975, Hayano et al. 1987), from solid municipal waste 
compost (Rad et al. 1995) and forest or permanent grassland 
soils (Nannipieri et al. 1980, 1982, 1985). In the present 
study protease activity ranged from 0.177 to 0.580 mg/g/hr, 
0.091 to 0.563 mg/g/hr at LES and PES soils respectively. 
Among the three study sites, the LES soil showed increasing 
protease activity due to more quantity of leachate washings. 
The present observations along with the earlier observations 
(Ross 1977, Mishra et al. 1979, 1988, Mohanty & Padhan 
1992) suggest that variation in soil protease activity might 
be due to the changes in soil physicochemical properties and 
microbial biomass. 

The amylase activity at LES and PES sites ranged from 
0.091-0.550 mg/g/hr, 0.056 to 0.520 mg/g/hr respectively. 
Amylase activity was reported to be high at LES soil. 
Variations in amylase activity were observed among the LES 
and PES soils due to differential leachate washings. Galstyan 
(1965), Ross & Roberts (1970), Cortez et al. (1972), Mishra 
et al. (1984) and Mishra & Pradhan (1987) observed seasonal 

variations in soil amylase activity. 

The invertase activity of LES soil ranged from 0.01 to 
0.71 mg/g/hr and PES soil ranged from 0.01 to 0.36 mg/g/hr. 
The findings indicate that invertase activity varied season-
ally (Raguotis 1967, Cortez et al. 1972, Mishra et al. 1984, 
Mishra & Pradhan 1987). In the present study, invertase 
activity showed a significant correlation with organic carbon  
(Vekhrer & Shamshieva 1968, Kiss et al. 1971, Mishra et 
al. 1979).

Cellulase activity of LES and PES soils ranged from 
0.007 to 0.056 mg/g/hr, 0.009 to 0.060 mg/g/hr respectively. 
The cellulase activity was reported to be high at LES and 
PES soil over control. However, the LES and PES site soils 
showed significant variations. Mishra et al. (1984) observed 
seasonal variations in cellulase activity in some tropical 
grassland soils and related the variation in cellulase activ-
ity to the variation in cellulase secreting microorganisms. 
Hence, the seasonal variation in cellulase activity may be 
due to variation in microbial populations, vegetation and 
physicochemical factors operating in a particular ecosystem. 

Correlation among enzymatic activities in the field: 
The majority of the enzymes were found to be involved in 
microbial oxidoreductase metabolism. The activity of such 
enzymes depends on the metabolic state of the soil biota. 
Dehydrogenase and amylase were found to be significantly 
correlated with soil microbial biomass in both the LES and 
PES soils. This indicates that dehydrogenase and amylase 
activity could be a good indicator of soil microbial activity 
in MSW exposed soils (Garcia et al. 1994b). A significant 
increase in dehydrogenase and amylase activity occurred in 
LES and PES sites than control soil. This is due to the presence 
of high amounts of humidified organic matter in MSW which 
is more resistant to microbial mineralization (Garcia-Gill et 
al. 2000). Tam (1998) reported that dehydrogenase activity in 
soils receiving wastewater was similar to control throughout 
the experiment suggesting that the activity was not affected by 
the addition of wastewater containing heavy metals. 
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Protease activity was higher in both LES and PES sites. 
This may be due to the presence of a high concentration of 
metabolites such as NH4 (Konig et al. 1966) as a consequence 
of the mineralization process in soil. Changes in soil phos-
phatase activity, which play an essential role in the miner-
alization of organic phosphorus were also observed in both 
LES and PES sites and exhibited an increase in the enzyme 
activity. Alkaline phosphatase was significantly correlated 
with protease (P< 0.005). Generally, this enzyme is activated 
when there is low phosphorus availability in soils. 

CONCLUSION

All the enzymes have shown a higher activity with MSW 
leachate washings. This result may be explained by the im-
proved soil aeration and soil porosity. The strong bonding of 
enzymes to soil colloids also may protect the enzyme from 
denaturation. The leachate had not shown any significant 
effect on the organic carbon content, microbial biomass 
and enzymatic activities. The reason for the harmfulness of 
both LES and PES is the leachates that increase in the soil 
pH which inhibits metal toxicity and converts ammoniacal 
nitrogen into non-ionized ammonia. Overall, our results 
have shown that the MSW and the leachate washings have 
not shown any significant inhibitive effect on soil biological 
and biochemical properties.
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