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Abstract: Biological monitoring is a sensitive indicator of soil ecological stress for early restoration. The addition of manure,
such as sewage sludge (SS) to agricultural soil contributes to the enhancement of organic compounds. However, SS may
contain toxic metals that potentially affect soil microbial growth and the enzymes they produce. Soil samples were collected
from three agricultural locations in Kentucky (Adair, Meade, and Franklin Counties), from areas where municipal SS was
applied as a soil amendment for commercial crop production. The objectives of this investigation were to: 1) assess the impact
of mixing native agricultural soil with municipal SS on the activities of the three enzymes that hydrolyze urea (urease, urea
amidohydrolase, EC 3.5.1.5), sucrose (invertase, B-D-fructofuranosidase), and p-nitrophenyl phosphate (acid and alkaline
phosphatase) and 2) determine total microbial activity using the fluorescein diacetate reagent. The concentrations of Cr, Ni, Cu,
Zn, Pb, and C content in soil mixed with SS in Franklin location were greater compared to Adair and Meade locations. The
elevated soil urease and invertase activities (47 and 89%, respectively) as well as acid and alkaline phosphatase activities (23
and 26%, respectively) in soil amended with SS provided evidence of increased soil microbial population and the enzymes
they produce.
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enzymes (ureases, invertases, dehydrogenases, cellulases,
amylases, and phosphatase) that are primary means of
degrading xenobiotics (manmade pollutants) in soil and
water systems, mineralization of organic compounds, and
release of nutrients for plant uptake. Soil enzymes are
sensitive indicators to environmental stress caused by soil
pollution [1]. Accordingly, soil enzymatic measurements
could be explored as a biological index of soil fertility and
microbiological processes.

In order to monitor crop response to soil organic matter
after addition of SS, one approach is to monitor soil enzyme
activities. Application of organic amendments to
agricultural soils makes a good use of natural resources and
reduces the need of synthetic inorganic fertilizers.
Agriculture in the state of Kentucky is a major industry and
many farmers are limited resource farmers (LRF). LRF are

1. Introduction

With increasing cost and shortage of inorganic nitrogen
fertilizers, there is increased emphasis on use of municipal
sewage sludge (SS) for land farming. SS refers to the residual,
semi-solid material that is produced as a by-product during
sewage treatment of industrial or municipal wastewater. SS is
inexpensive, locally available in large amounts, source of
organic matter, and its use in growing horticultural crops
provides a partial solution to its disposal problem. SS, a by-
product of sewage treatment plants, is currently applied to
some agricultural soils as an alternative to conventional
inorganic fertilizers. Microorganisms in soil, play a
significant role in keeping three main nutrients (C, N, and P)
through recycling from organic matter. Soil microorganisms
(bacteria, fungi, protozoa, algae) excrete a variety of
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continually searching for alternatives to synthetic fertilizers
to alleviate the production costs associated with the
increasing costs of fertilizers and the problems of soil
deterioration and erosion associated with intensive farming
systems. As more communities produce SS compost, there
is increased interest in its application to agricultural crops
including high value horticultural crops. The positive
aspects of using SS compost may outweigh its negative
aspects (such as presence of trace-elements) due to its
ability to increase soil organic matter content [2] and crop
yield [3, 4]. Despite their relatively low amounts, soil
microorganisms play a significant role in keeping the main
nutrients (carbon, nitrogen, and phosphorus) in soil. Urease
(urea amidohydrolase, EC 3.5.1.5) is the enzyme that
catalyzes the hydrolysis of urea to CO, and NH, ions
(Figure 1A) by acting on C-N non-peptide bonds in linear
amides. It is an important enzyme in soil that mediates the
conversion of organic nitrogen to inorganic nitrogen by
hydrolysis of wurea to ammonia. Invertase (B-D-
fructofuranosidase) is ubiquitous enzyme that catalyzes the
hydrolysis of sucrose to glucose and fructose (Figure 1B).
The activities of urease and invertase are important in soil
for releasing simple carbon and nitrogen sources for plant
growth and multiplication of soil microorganisms.
Phosphatases, a group of enzymes that catalyze the
hydrolysis of esters and anhydrides of phosphoric acid
(H;PO,), catalyze the hydrolysis of organic phosphate
esters to orthophosphate (Figure 1C), and thus constitutes
an important link between biologically unavailable and
bioavailable phosphorus pools in the soil. Phosphatases are
ubiquitous in soil and are produced by microorganisms in
response to low levels of inorganic phosphates.
Accordingly, the study of soil enzymes activities is
important since they reveal the potential of a soil to carry
out specific biochemical reactions for maintaining soil
quality and fertility.

Recycling wastes would reduce dependence on synthetic
fertilizers and provides amendments useful for improving
soil structure and nutrient status [5]. The benefits of organic
amendments to growth and yield of vegetables have been
clearly demonstrated [6, 7]. The U.S. Environmental
Protection Agency (USEPA) promotes the safe use of
municipal solids for land farming because it decreases
dependence on synthetic fertilizers and provides significant
economic advantages, such as reducing the needs for waste
disposal sites. SS contains organic matter, and macro- and
micro-nutrients important for plant growth. In addition, the
simultaneous use of soil conditioners, such as SS, to
enhance soil physical, chemical, and microbial conditions
could also enhance soil bioremediation [8, 9]. Agricultural
uses of SS have shown promise for a variety of field crops
and production of vegetables [3, 4]. Most agricultural
benefits of SS application to soil are derived from improved
physical properties related to the increased organic matter
content, nutrient and water holding capacity, total pore
space, aggregate stability, erosion resistance, temperature
insulation, and decreasing apparent soil density [10]. In

addition, the addition of organic waste to soil contributes to
enhancement of active humified components, such as humic
acid (HA) and fulvic acid (FA) [11], which exert an
important role in geochemical processes as source of
nutrients for plants and microorganisms, in acid-base
buffering capacity of soils, and in promoting a good soil
structure, thereby improving aeration and moisture
retention [12, 13].

Accordingly, in agronomic aspects, addition of organic
waste enhances soil biological activity and fertility and
provide nutrients and diverse groups of microorganisms, such
as bacteria, fungi, and actinomycetes [14-18] that mineralize
complex forms soil nutrients.

The objectives of this investigation were to: 1) assess the
impact of mixing native agricultural soil with municipal SS
at three locations in Kentucky (Adair, Meade, and Franklin
Counties) on the activities of the three soil enzymes that
hydrolyze urea (urease), sucrose (invertase), p-nitrophenyl
phosphate (acid and alkaline phosphatase) and 2) determine
total soil enzymes activity using the fluorescein diacetate
reagent.
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Figure 1. Diagram of soil enzymatic reactions with their substrates and
hydrolysis products of urease (4), invertase (B), and phosphatase (C).

2. Methods

Three field experiments were conducted at three locations
in Kentucky (Adair, Meade, and Franklin Counties). In each
location, plots (n=15) of 2 x 10 m each were separated using
grass strips. The soil in five plots was mixed with municipal
SS trade market as “Louisville Green” obtained from
Metropolitan Sewer District, Louisville, KY and applied at
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15 tacre™ on dry weight basis. Pure SS in five plots was used
alone as a top soil at 15 t acre”’ on dry weight basis, and
native soil in five plots was used as a no-mulch (NM) control
treatment (roto-tilled bare soil) for comparison purposes. SS
mixed with native soil was incorporated into the top soil with
a plowing depth of 15 cm. Potatoes ([pomoea batatus cv.
Kennebec) plants were grown from tuber cuttings and
planted according to Kentucky growers’ guidelines [19].
Thirty-cm of extra space was allowed between planting rows,
and the plants were watered, irrigated, and weeded as needed,
but no mineral fertilizer was applied during the growing
season.

Soil samples (n=3) were collected from the rhizosphere
(a zone of increased microbial and enzyme activity where
soil and root make contact) of growing potato plants to a
depth of 15 cm using a core sampler equipped with a plastic
linear tubes tube (Clements Associates, Newton, IA) of 2.5
cm i. d. for maintenance of sample integrity. Soil samples
were air-dried, passed through a 2 mm sieve, and kept in
plastic bags at 4°C up to 24 h before use. Soil pH was
determined using a glass electrode in a soil: distilled water
slurry (1: 5, w/v). Soil organic matter was calculated as dry
weight minus ash content [20]. Nitrogen (N) was
determined by the Kjeldahl method [21]. Cr, Ni, Cu, Zn,
Mo, Cd, Pb, and C were determined using an Inductively
Coupled Plasma Spectrometer after digestion and extraction
with HNO; [22].

For determination of urease activity, five g of soil were
placed in 50 mL volumetric flasks and 10 mL of 0.1 M
phosphate buffer (pH 6.7) was added to each flask. The
flasks were incubated for 24 hours at 37°C and the procedure
was completed as described by Tabatabi and Bremner [23].
Concentrations of NH," ions were determined by the
selective electrode method [21]. A series of standard
solutions of NH,CI covering the concentrations of 0.1-100 pg
NH,;-N mL"' of water was used for calibration. Urease
activity was expressed as pg NH,-N released per g dried soil
[5]. Invertase activity in soil was estimated by the method
described by Balasubramanian et al. [24]. A standard
calibration curve was obtained with each group of samples
using analytical grade glucose in the range of 10-50 pg mL™!
glucose standards (Sigma Chemical Company, St. Louis, MO,
USA). Acid and alkaline phosphatase activities in soil were
determined by the method developed by Tabatabai and
Bremner [25] which determines p-nitrophenol released when
soil is incubated with buffered sodium p-nitrophenol
phosphate solution (pH 6.7 for acid phosphatase assay and
pH 11 for alkaline phosphatase assay). A standard curve
containing 0-50 pg mL"' of p-nitrophenol was used for
calibration.

Spectrophotometric determination of the hydrolysis of
fluorescein diacetate [3, 6-diacetylfluorescein (FDA)] was
used for measuring total soil enzyme activities. The activity
of total soil enzyme classes including urease, invertase,
phosphastases, lipases, esterases, and proteases results in

the hydrolytic cleavage of FDA (colorless) into fluorescein
(fluorescent yellow-green color). In this assay, 2 g soil
sample were mixed with 0.2 mL of FDA in 15 mL of
potassium phosphate buffer (pH 7.6) and incubated for 30
min at 30°C. The intensity of the resulting yellow-green
color at 490 nm wavelength is indicative of the amount of
enzymatic cleavage of the FDA molecule and the overall
enzymatic activity in soil samples. Quantification of total
soil enzyme activity was performed by measuring the
intensity of color formation using a spectrophotometer [26,
27]. Total soil enzymes activities were expressed as FDA
concentration in pug gf1 dry soil. The activities of urease,
invertase, acid and alkaline phosphatases, and total soil
enzymes activity were compared using analysis of variance
[28] and Duncan’s multiple range test for mean
comparisons.

3. Results and Discussion

Regardless of soil location, results indicated that the
activity of native soil invertase and wurease were
significantly (P< 0.05) enhanced due to addition of SS
(Figure 2A). Invertase and urease activities were increased
by 89 and 47%, respectively in soil mixed with SS
compared to native soil. Similarly, acid and alkaline
phosphatase activities increased by 23 and 26%,
respectively (Figure 2B) after soil incorporation with SS. In
addition, regardless of soil treatments, urease activity was
greater in soil samples collected from Meade location
compared to Adair and Franklin locations. Whereas,
invertase activity was significantly greater in both Franklin
and Meade locations compared to Adair location (Figure
3A). Acid and alkaline phosphatase activities in Adair and
Meade were greater than Franklin location (Figure 3B). The
increase in urease activity associated with SS addition may
be explained by the presence of urea, the substrate of the
enzyme in SS compost. According to Garcia et al. [29], SS
contains high amounts of enzymatic substrates. These easily
available substrates stimulate microbial growth and
enzymes secretion. Low enzymatic activity in native soil
could be due to low concentrations of substrate (urea),
decreased enzyme synthesis associated with inhibited
microbial growth, or trace-metal inhibition of the enzyme
by masking the active groups, by protein denaturation, or
by effects on enzyme configuration. Accordingly, the
discrepancies found among three locations in Kentucky
(Figure 3) are partly due to the fact that soils collected in
this study have different trace metals composition (Table 1),
which impact enzyme activities. The concentrations of Cr,
Ni, Cu, Zn, Pb, and C content in soil mixed with SS in
Franklin location were significantly higher compared to
Adair and Meade locations (Table 1), Zn for example
inhibits urease activity [30] and this could be the reason of
the lower urease activity in Franklin soil amended with SS
(Figure 3A).
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Table 1. Trace metals in municipal sewage sludge (SS) amended with native soil at three agricultural locations in Kentucky (Adair, Meade, and Franklin).

Adair SS mixed with Native Soil

Meade SS mixed with Native Soil

Franklin SS mixed with Native Soil

Soil Content 4g g dry weight

Cr 0.05b 0.09b 16.58 a
Ni 1.05b 0.88b 1730 a
Cu 1.08 ¢ 3.65b 13.87 a
Zn 0.63 ¢ 11.02 b 66.17 a
Mo 0.87a 0.11b 0.00 b
Cd 0.87a 023 b 0.17b
Pb 4.87c 8.05b 2930 a
% C 1.89b 2.52b 370a
% N 0.18a 031a 039a
% Organic Matter 3.1b 43a 43a
pH 55b 73a 7.6a

Each value is an average of analysis of three replicate samples.
% Organic matter was calculated as dry weight minus ash content.

pH was determined using a glass electrode in a soil: distilled water slurry (1: 5 W/V). Values accompanied by the same letter in each row are not significantly
different (P> 0.05). Statistical comparisons were carried out among amended soils at three locations using Duncan’s multiple range test.
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Overall enzyme activities determined using the FDA
reagent, revealed that total soil enzyme activities were
significantly (P< 0.05) greater in SS amended soil compared
to no-mulch native soil. This could be explained by the
increase in soil fertility, microbial population, and the
hydrolysis of FDA reagent by the enzymes secreted in the
soil by microorganisms after the addition of SS (Figure 4).
Microbial activity and soil fertility are closely related.

Total enzyme activity increased from 9.7, 6.9, and 9.3 in
native soils from Meade, Adair, and Franklin locations to 21,
17, and 22 pg FDA g dry soil, respectively (Figure 4) after
addition of SS to native soil. This increase has provided

evidence of increased soil microbial activities and the
enzymes produced. The literature review revealed that the
addition of organic amendments such as yard waste compost
[5] straw [31] manure [32] tree leaf mulch [33] wood
products [34] and chipped wood from twigs [35] have been
found to reduce the negative effects of xenobiotics (manmade
pollutants) on soil microbial populations and their enzyme
secretions due to the increased content of organic matter and
its role in sorption processes of organic pollutants [36-38].
This is due to the increase in humic substances containing
carbonyl, carboxyl, phenolic, and alcohol functional groups
[39]. Binding of organic pollutants to humic substances in
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recycled wastes such as SS protects microorganisms from the
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This increase of organic matter in soil after addition of SS
has a great impact on the biological and biochemical
properties of soil [40]. However, some organic wastes are
associated with inorganic and organic toxic compounds
(trace-metals and pesticide residues) that when incorporated
into soil, constitute a pollution problem - by affecting soil
microorganisms and the enzymes they produce and
consequently lessen the growing plants. Accordingly, soil
enzymes could be tracked as indicators of soil quality
following the addition of soil amendments to monitor the
presence and activities of soil microorganisms prior to
implanting animal manure or throughout the growing season.
Different species of bacteria, viruses and parasites are found
in animal manure, which are mainly derived from the
digestive tract of the animal. The most numerous group in
manure is bacteria, with typical numbers at about 1010
bacteria gf1 dry manure, dominated by faecal coliforms and
streptococci [41]. Soil incorporation of SS compost increased
urease and invertase activities in soil, indicating their
stimulation and enzymes production by microflora. In
addition, it has become common practice to add organic
matter such as SS to contaminated soils for bioremediation
[42, 43].

The immobilization of pollutants in agricultural soil has
been recognized as a promising technique for removing trace
metals from soil mixed with animal manures, preventing
their accumulation in edible plants, and protecting soil biota.
Immobilization of hazardous trace metals through binding to
soil amendments reduces hazardous compounds from
leaching through the soil column and prevents groundwater
contamination. Organic matter in soil amendments provides a

partial solution to environmental contamination. Investigators
reported that SS added to agricultural soil increased the
organic matter content from 1.4 to 4.8% when applied at 20 g
kg—1 while, the estimated trace metals in soils were either
below Cu, Fe, Mn, Mo, Zn, and Pb or within Co, Ni, Cd, and
Cr maximum permissible levels [44]. In addition, Mierzwa-
Hersztek et al. [45] reported a positive correlation between
microbial population and soil pH. Mixing SS amended soil
with lime (calcium carbonate) or biochar (a carbon-rich
product obtained when biomass, such as wood, manure, or
leaves, is heated in a closed container) has been proposed to
reduce soil contamination by trace metals due to their impact
soil pH [46, 47]. In addition, biochar is effective at retaining
water- soluble nutrients required for many beneficial soil
microorganisms [48].

Crop producers looking for cost-effective sources of N, P,
and K nutrients have found that the use of animal manure is a
cost-effective way to meet their requirements [48]. Organic
farming requires organic fertilizers. There is a growing
scientific evidence about the positive quality aspects of
organically produced food like higher dry matter, vitamin
content, and improved storage quality. Unlike conventional
agriculture, organic farming has not been blessed with
extensive research and development [46].

4. Conclusion

Increasing costs of commercial fertilizers and release of
large amounts of municipal sewage sludge (SS) worldwide
have made cropland application of this waste an attractive
disposal option. This investigation has focused on one type of



94 George Fouad Antonious and Eric Todd Turley: Trace Elements Composition and Enzymes Activity of Soil
Amended with Municipal Sewage Sludge at Three Locations in Kentucky

municipal SS. Accordingly, these results cannot be
generalized to different sources of sludge. Soil incorporation
of SS compost used in this investigation increased urease,
invertase, and phosphatase activities in soil, indicating their
stimulation and production by microflora. In recent years, it
has become common practice to add organic matter to
contaminated soils for their bioremediation [42, 43]. Studies
have highlighted the role of organic matter in the sorption
processes of organic pollutants, probably due to the presence
of humic substances containing several major functional
groups, such as carboxyl, phenolic, alcohol, and carbonyl that
form stable combinations of organic pollutants with organic
matter lowering the impact of toxic compounds on soil
microorganisms that secretes hydrolyzing enzymes.
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