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Abstract

Yamuna river is one of the most important rivers of India and is highly polluted. The river water and the adjacent soil are
contaminated with various pollutants including heavy metals. Soil enzymes play important role in various bio-geochemical
cycles and help in maintaining nutrient availability of soil. They are very sensitive toward changing environment and therefore
act as a key indicator of soil health. In the present study, effects of seasonal variations and heavy metals contamination in
Yamuna river water were observed on physicochemical properties and enzyme activities of soil. Soil samples were collected
from ten different locations, along the course of the Yamuna river in Delhi—-NCR, in three different seasons, i.e., summer,
rainy and winter. These sampling sites were divided into three segments, up, middle and lower streams. The concentrations
of heavy metals were found to be higher than their safe limit at all the ten sampling points. The total organic carbon content
and soil respiration was significantly higher in lower stream. Dehydrogenase enzyme activity was higher in winter season,
while urease and arginine deaminase enzyme activity was higher in summer season. Dehydrogenase, arginine deaminase
and nitrate reductase enzyme activities were higher in lower streams, while urease enzyme shows maximum activity in the
up stream. Thus, we conclude that the continuous application of Yamuna water for irrigation may degrade the soil quality.
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Introduction drains that submerge in Yamuna River (Dhillon et al. 2013).

Pesticides leaching from agricultural soil and heavy met-

Yamuna River plays an important role in day to day life of
many people living along its bank and nearby areas. With
the rapid increase in population and industrial revolution
during the last few decades, it became one of the most pol-
luted rivers in the world. Industrial effluents and household
wastes through various major and minor drains are mainly
responsible for its current state. In Delhi alone, there are 22
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als from industrial and household wastes are often found in
alarming concentration in the Yamuna River. Though few
heavy metals act as a cofactor for various enzymes, many are
toxic in nature, even at very low concentration (Singh et al.
2011). Since most of the agriculture practices in and around
Delhi use Yamuna water for irrigation purpose, there exists a
certain risk of these toxic chemicals entering our food chain
and causing serious health problems.

Enzymes are vital components of soil, responsible for
maintaining soil health (Datt and Singh 2019). Deterio-
ration of soil, and thereby soil health, is one of the major
concerns for human, animals and plant health because air
and water consumed by them can be adversely affected by
contaminated soil (Singer and Ewing 2000). Microorgan-
isms (living or dead), plants roots and residues, and animals
are the main source of soil enzymes. About 40-60% of soil
enzyme activity comes from enzymes, which are no longer
associated with viable cells. So, enzyme activity does not
necessarily correlate with soil microbial biomass. In fact,
it is the cumulative effect of long-term microbial activity
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and activity of the viable population at the time of sampling
(http://soilquality.org/home.html). However, an exception is
the dehydrogenase enzyme activity, which in theory can only
occur in viable cells and therefore indicates the activity of
viable cells (Salazar et al. 2011).

In the present study, the effect of seasonal variations
and Yamuna River water pollution on soil health is stud-
ied through various physicochemical properties and soil
enzymes activities. The activity of four soil enzymes dehy-
drogenase, urease, arginine deaminase and nitrate reductase
was studied. Dehydrogenase enzyme takes part in the elec-
tron transport system of microbial respiration, while urease
and arginine deaminase enzymes are responsible for nitrogen
metabolism. Nitrate reductase, on the other hand, converts
nitrate and nitrite into atmospheric nitrogen and thus com-
pletes the nitrogen cycle. Heavy metal content of soil as well
river water was also analyzed to observe their contamination
level. Therefore, this study helps us in better understanding
the complex relationship between microbes and its surround-
ing environment.

Palla [28°48° 47.6”N,077° 12°40.1”E]

Materials and methods
Soil sampling and sampling sites

To analyze the impact of seasonal variation and heavy metal
concentration on soil enzyme activity, sampling was per-
formed from ten different points along the river course in
three different seasons (summer, rainy and winter) for three
consecutive years (2010-2011, 2011-2012, 2012-2013)
between 28°48'-28°31' N and 077°12'-077°20" E (Fig. 1).
These points were divided into three different streams, i.e.,
upstream (least polluted), middle stream (less polluted) and
lower stream (most polluted). Soil sampling was done ran-
domly from 1 to 15 cm depth using the rectangular sampler
(5%x5x%10). At each sampling site, two soil samples were
collected, one from river bank and another from nearby
fields which are some 100 m away from the river. In order
to determine the water pollution status, water sample was
also collected from the above-mentioned sampling points.
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Fig. 1 Google map showing the geographic location of ten sampling sites along the Yamuna River
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These collected soil samples were stored at 4 °C until further
analyzed.

Physicochemical properties of soil and water

Physicochemical analysis except moisture content was
performed with air-dried and sieved (<2 mm) soil sam-
ples according to their respective standard techniques. Soil
texture was determined through sieving separation method
(Gee and Bauder 1986) and analyzed using soil texture
triangle (Toogood 1958). Soil moisture content and soil
respiration were determined using R. Ohlinger method
(Ohlinger 1996). The CHNS content was analyzed using
C.H.N.S.O analyzer (Elementar Analysesysteme GmbH
Vario EL V3.00) from the University Science Instrument
Center, Delhi University. Soil pH was measured by using
two different buffers having pH 4.0 and pH 7.0 using
Corning pH meter. The metal content of seventeen heavy
metals, i.e., iron (Fe), zinc (Zn), cadmium (Cd), lead (Pb),
nickel (Ni), arsenic (Ar), cobalt (Co), chromium (Cr),
magnesium (Mg), lithium (Li), sodium (Na), potassium
(K), calcium (Ca), aluminum (Al), tin (Sn), vanadium
(V) and silver (Ag) was determined using AAS (Sensa
AAS Dual, GBC, Australia) by EPA’s acid digestion pro-
cedure (EPA, 3050B). Total organic carbon of all the soil
samples was determined using modified Walkley—Black
method (Walkley and Black 1934). Water sample was also
subjected to analyze COD, BOD, DO and pH using their
respective protocols as described in Methods in Applied
Soil Microbiology and Biochemistry by Alef and Nan-
nipieri (1995).

Enzyme activity assays

Enzyme activity assays were performed using the freshly
sampled sieved (<2 mm) soils. The activity of four soil
enzymes viz. dehydrogenase, urease, arginine deaminase
and nitrate reductase was determined using their respec-
tive protocols as described in Methods in Applied Soil
Microbiology and Biochemistry by Alef and Nannipieri
(1995).

Statistical analysis

Level of significance due to seasonal variations and waste
water contamination in all the above-studied parameters were
assessed using two-way analysis of variance (ANOVA) fol-
lowed by the Tukey’s test (p <0.001, Sigma plot version 12.5)
except heavy metal concentration. The statistical significant
difference in the heavy metal concentrations was analyzed by
three-way ANOVA followed by the Tukey’s test (p <0.001,
SigmaPlot version 12.5).

Results and discussion
Physicochemical properties of soil and water

Soil texture directly affects the physicochemical properties
of soil and hence the nutrient availability within the soil
(Bowman and Hutka 2002). All the soil samples collected
from river bank and fields belong to silty loam class. Mois-
ture content of river bank soil was slightly higher (22.49% in
summer to 29.43% in Rainy) than that of field soil (13.69%
in summer to 25.54% in Rainy). Carbon and nitrogen are
the two extremely important elements, especially in rela-
tion with each other, i.e., C/N ratio (Jiana et al. 2016). The
ratio of the mass of carbon to the mass of nitrogen in the
soil, i.e., C/N ratio is an indicator for nitrogen limitation of
plants and other organisms in the soil. The average C/N ratio
of the river bank soil samples ranged between 2.1% mg~!
(up stream) and 2.4% mg~! (lower stream) while in case of
field soil, it ranged between 2.0% mg~' (Up stream) and
2.4% mg~! (lower stream) and did not show any significant
seasonal variations during the entire study period. pH of
Yamuna River soil and field soil remained slightly alkaline
throughout the study period ranging from 7.2 (up stream)
to 8.1 (lower stream). The slightly higher alkaline pH in the
lower stream might be due to the presence of organic matter
contaminations and high salt concentration in soil. Yamuna
River water and field soil showed higher Na and Ca content
which may make a buffer for soil pH. The presence of K also
helps to stabilize pH between 7 and 8 which is suitable for
most enzymatic reaction (http://www.superiorminerals.co.
nz). Additions of pesticides, industrial wastes, including var-
ious pollutants and heavy metals in the soil and river water,
are also responsible for increase in the soil pH (Ying et al.
2013). Physicochemical properties of water samples were
also observed (Fig. 2). Increase in BOD while decrease in
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Fig.2 Physicochemical parameters of river water along the three dif-
ferent streams. Results were shown as average of three different sea-
sons (summer, rainy and winter) in three consecutive years (2010-
2011, 2011-2012 and 2012-2013)
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COD and DO levels signifies the increase in pollution level
from up stream to lower stream. COD is a chemical oxygen
demand; as the concentration of organic/inorganic chemicals
increases in river water, concentration of dissolved oxygen
(mg/1) decreases and biological oxygen demand increases
(Said and Hussain 2019).

Heavy metal analysis

Heavy metal plays important roles in the activity of soil
enzymes. They are generally required only in trace amounts
and excess level of any metal have a toxic effect on soil
enzyme activities (Bansal 2018). Since most of the agricul-
tural practices in Delhi—-NCR depend on Yamuna for irriga-
tion, the field soil is directly exposed to the heavy metals
contaminated river water. These heavy metals enter our body
through food chains.

The concentrations of heavy metals from Yamuna River
water and field soil were analyzed (Fig. 3). The result was
discussed and compared with standard value recommended
by WHO (Table 1) (http://www.who.int/water_sanitation
_health/bathing/srwel/en/). The mean square value of
heavy metal content was found to be higher in the lower
stream followed by middle stream and up stream. Sewage
water and wastewater are the major source of heavy metal

Yamuna river's field soil
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contamination. The heavy metal concentration varied with
the seasonal variation, i.e., temperature, rainfall, etc., as
summer season showed significantly higher (p <0.001) con-
centration followed by winter and rainy seasons. Decrease
in the river water level during the summer season lead to
increase in concentration of heavy metals in water and sedi-
ments (Shanbehzadeh et al. 2014), whereas heavy rainfall
and increase in river water level during the rainy season
dilutes the heavy metal concentration (Ahmad et al. 2010;
Kaur and Mehra 2013).

The concentration of heavy metal in field soil also cor-
responds to that of river water with lower stream showing
significantly higher concentration followed by middle stream
and up stream (Fig. 3). However, the concentration level of
these heavy metals in field soil was found to be lower than
WHO recommended safety limits. Seasonally field soil also
showed significantly higher (»p <0.001) mean square value
of heavy metal content in the summer season than winter
and rainy seasons.

Total organic carbon

The total organic carbon (TOC) was significantly higher
(p<0.001) in lower stream than up and middle stream
(Fig. 4A). Total organic carbon includes all the elements

Yamuna river's field soil
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Fig.3 Concentrations (ppm) of heavy metals in Yamuna River water and field soil at the three different streams during the summer, rainy and
winter seasons. *Concentration of Na and Fe is divided by 100
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Sla <Zt (hydrogen, oxygen, nitrogen, etc.) that are components of
organic compounds, not just carbon. Organic compounds
< are the main source of nutrients for soil microbes. TOC is
Mo Z generally used as a nonspecific indicator of water quality
- and hence indicates soil pollution level (EIA 2013). Sew-
XN é age and municipal waste from various drains dumping into
the Yamuna River in Delhi—-NCR are rich source of organic
a8 compound and other pollutants (Pascual et al. 2000). Due
sl =g to higher concentration of pollutants, lower stream might
show higher TOC value. However, no significant seasonal
§ variation was observed.
50 ‘.
|~ Soil respiration
<t
§ The soil respiration was significantly (p <0.001) higher in
> S <zt lower stream during the summer season (Fig. 4B). It is the
amount of total CO, released from soil and includes respi-
_ ‘é‘ < ration of plant roots, the rhizosphere, microbes and fauna.
v | Z Various anthropogenic activities led to increase in the global
CO, level, which in turn increases the soil respiration rate
|22 (Yu et al. 2011). It increases exponentially with temperature
and shows a negative relationship with soil moisture content
£l a o (Lai et al. 2012). Higher temperature during the summer
season and maximum pollution in the lower stream might
o $ be the reason for increase in soil respiration.
AEE
Enzyme activity assays
8
— i Soil enzymes are either intracellular or extracellular in
|32 nature. They play a key role in maintaining the nutrient
g availability within the soil. Any type of fluctuation in the
& g environment and microbial community structure cause vari-
g . c‘f’ln ations in their activity (Saxena and Singh 2013).
= e Dehydrogenase enzyme Dehydrogenase enzyme showed
i, = significantly (p <0.001) higher activity in lower stream
5 o T followed by middle stream and upstream (Fig. 4C). It is
g2l & an intracellular enzyme which takes part in the oxidative
E phosphorylation mechanism of soil microorganisms; thus,
2l I it dlsplays strong fluctuation m.the activity of .s01l. micro-
= organisms. It plays a key role in cellular respiration and
E " o also helps to maintain the carbon cycle in the environment;
= | O S < therefore, its activity varies with the increase in pollution
é concentration (Moeskops et al. 2010). Sewage sludge is
> |z %I composed of highly oxidizable organic substrate and con-
E <| 3 & tains a huge amount of biomass. An increase in the amount
8 of organic pollutants leads to increase in nutrient availabil-
E § ity to soil microbes which results in increase the dehydro-
= -3 voL genase enzyme activity in soil treated with polluted water
%) Ale o (Pascual et al. 2000; Olaniran et al. 2017). These drains are
% - the rich source of sewage sludge and municipal waste which
A § favors the growth of microbial population. Lower stream is
% 5 the most polluted stretch of Yamuna River because of the
= 2 3 various drains which directly or indirectly merge with the
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Fig.4 Mean value of total organic carbon (A), soil respiration (B),
and soil enzymes activities, i.e., dehydrogenase enzyme (C), urease
enzyme (D), arginine deaminase enzyme (E), and nitrate reductase
enzyme (F) of Yamuna River soil and field soil during the three years

Yamuna River. One of the largest drain in Delhi—-NCR is
the Shahdara drain which discharges its waste at the Noida
Bridge in the lower part of the Yamuna River.
Dehydrogenase enzyme activity was maximum in win-
ter season followed by rainy and summer seasons (Fig. 4C).
During winter season, low temperature increases the mois-
ture content and decreases the availability of oxygen in the
soil therefore favors the anaerobic conditions. Microbes
responsible for dehydrogenase activity are obligate anaer-
obes, and hence, activity increases with high moisture
content (Woliriska and Stgpniewska 2012). Low moisture
content and high heavy metal concentration during the sum-
mer season reduce the intracellular water potential, thereby
reducing hydration and dehydrogenase enzyme activity. Also
frequent drying and rewetting cycles of soil during the rainy
season decreases the cellular respiration rate resulting in
lower dehydrogenase enzyme activity (Leitner et al. 2015).
Urease and arginine deaminase enzymes Both play
significant role in the bio-geochemical cycle of nitrogen.
Urea is a most common nitrogen source for bacteria and
plants. Chemical hydrolysis of urea within the soil is a very
slow process; therefore, hydrolysis of urea in soil is mainly
catalyzed by the action of urease enzyme (Dharmakeerthi
and Theenabadhu 1996). Arginine, on the other hand, can
serve as a source of carbon, nitrogen as well as energy
through various metabolic pathways (Lu 2006). Therefore,
ammonification by arginine deaminase is generally studied
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(2010-2013). Values with the same letter are not significantly differ-
ent from each other. *a, b, c=significant among the three streams at
p<0.001 according to Tukey’s test. *A, B, C=significant among the
three seasons at p <0.001 according to Tukey’s test

to measure the microbial biomass and their activity in the
soil (Alef and Kleiner 1987).

Urease enzyme activity is highly sensitive toward the
salinity of soil. Its activity decreases with an increase in
the salt concentration of the soil (Adetunji et al. 2017). This
might be the reason why the soil urease enzyme activity in
the present study was significantly higher in the up stream
where the river water is least polluted (Fig. 4D). Moreover,
the chemical fertilizers used in various agricultural practices
in the Delhi—-Haryana border might also be contributed to
increase the urease enzyme activity in this region. On the
other hand, the activity of arginine deaminase enzyme was
significantly higher in the lower stream followed by middle
and up stream respectively (Fig. 4E). The presence of excess
amounts of nitrogenous waste from various drains, dumping
sewage and municipal waste is responsible for the increased
arginine deaminase activity in the lower stream. Besides, the
arginine deaminase enzyme activity also facilitates the acid-
resistant mechanism of various microbes in soil (Colon and
Marquis 1988). The urease and arginine deaminase activ-
ity was significantly higher in the summer season (Fig. 4D,
E). High temperature during the summer season favors both
these enzymes activities, as the optimal temperature for ure-
ase enzyme activity is reported in the range of 50-60 °C
(Bremner and Jantua 1975).

Nitrate reductase enzyme It catalyzes the process of
denitrification, the conversion of nitrate and nitrites into
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atmospheric nitrogen. Denitrifying microbes require very
low oxygen concentration of less than 10% therefore; pre-
fer anaerobic conditions (Guimaraes et al. 2017). Nitrate
reductase enzyme activity was found to be significantly
higher (p <0.001) in lower stream than up and middle stream
(Fig. 4F). Various organic pollutants in the lower stream
resulted in partial anaerobic conditions within the soil which
might enhance the activity of the nitrate reductase enzyme
(Pascual et al. 2000). The activity of the nitrate reductase
enzyme do not show any significant seasonal variation.

There were a significant correlation between total heavy
metal content and enzyme activity, reflecting the com-
mon geochemical origin (Table S1) (Nabulo et al. 2010).
Although the total soil concentration of heavy metal com-
monly used to indicate degree of contamination, however,
inhibition of soil enzyme activity by heavy metal contami-
nation is well documented (Hagmann et al. 2015; Dindar
et al. 2015).

Conclusion

Increase in the heavy metal concentration and overall water
pollution level in the Yamuna River led to increase in the
activity of dehydrogenase, arginine deaminase and nitrate
reductase enzyme while inhibiting the urease enzyme activ-
ity. Higher temperature during the summer season increased
the arginine deaminase and urease enzyme activity while
higher soil moisture content during winter season favored
dehydrogenase enzyme activity. Soil enzymes are highly
subtle toward any changes in the environment; therefore,
they are often used as biomarkers for soil ecosystem. Regu-
lar use of polluted river water for irrigation results in degra-
dation of soil health and therefore these soils enzymes can
be used as the indicator of soil health.
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