
Jan KUCHARSKI1, Jadwiga WYSZKOWSKA1

and Agata BOROWIK1

NITRIFICATION PROCESS IN SOIL

CONTAMINATED WITH BENZENE

PROCES NITRYFIKACJI W GLEBIE

ZANIECZYSZCZONEJ BENZENEM

Abstract: A laboratory experiment was conducted to determine the effect of light loam contamination with

benzene doses of 0, 250, 500, 750 and 1000 mm3 kg–1 d.m. soil on the nitrification process. The N-NH4
+ and

N-NO3
– content of soil was measured at 7-day intervals over a period of 28 days. The soil nitrifying activity

and nitrifying bacteria counts (MPN) were also determined.

The results of the study indicate that soil contamination with benzene in quantities exceeding 250

mm3 kg–1 d.m. soil inhibits the nitrification process. The highest level of benzene pollution (1000 mm3 kg–1)

reduced the populations of phase II nitrifying bacteria 38-fold and lowered the soil nitrifying activity 3.6-fold.

Benzene had a more toxic effect on phase II than phase I nitrifying of bacteria which could lead to the

excessive accumulation of NO2
– in soil contaminated with the studied hydrocarbon.
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The nitrification process is one of the key stages in the nitrogen biogeochemical

cycle [1]. It takes place with the involvement of both chemolithotrophic and chemo-

organotrophic bacteria which are responsible for autotrophic and heterotrophic nitrifica-

tion, respectively [2, 3]. The oxidation of N-NH4
+ to N-NO3

– is more intense when it

involves chemolithotrophic bacteria than a varied group of chemoorganotrophic

microbes [3]. The growth of chemolithotrophs oxidizing reduced nitrogen compounds is

limited by the soil pH [2]. Soil acidification significantly reduces those bacterial

populations and changes the NH4
+ to NO3

–ratio in the soil at the expense of nitrate ions.

Although they contribute less to the nitrification process, chemoorganotrophic nitrifiers

are found in soils marked by a wider pH spectrum, and they are capable of oxidizing

reduced nitrogen compounds even in highly acidic soils.

The nitrification process may be analyzed on various levels. The higher the

nitrification intensity, the more fertile the soil, but the soil fertility and nitrifying activity
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are largely determined by its physical and chemical properties rather than the

nitrification process alone. Nitrification results in nitrogen loss due to N2O production,

NO3
– leaching and denitrification which may take place in oxygen deficient soil niches

[4, 5]. It may also contribute to higher nitrate accumulation in farming products [1].

Fertile soils with a neutral and lightly acidic pH are subject mostly to autotrophic

nitrification. The process may be slowed down by various factors affecting not only the

soil pH, but also its moisture content, temperature, content of organic matter, mineral

and organic pollutants. Mineral pollutants are inclusive of heavy metals [6, 7], while

organic contaminants consist of pesticides [8], oil-derivative substances [9] and

hydrocarbons [10].

Oil-derivative substances are the main source of environmental pollution with

benzene, toluene, ethylbenzene and xylene [11]. Benzene is absorbed by colloids in soil

[12] and it is highly biodegradable [13–16]. Benzene may affect the microbiological and

biochemical activity of soil both directly and indirectly through metabolites resulting

from its transformation [14].

The objective of this study was to determine the effect of soil contamination with

benzene on the nitrification process.

Materials and methods

A laboratory experiment was conducted in 6 replications. 100 g of air-dried soil

screened through a 2 mm mesh sieve was placed in 150 cm3 beakers. Under natural

conditions, it was typical brown soil developed from light loam (sand – 49 %, silt and

clay fraction – 37 %, pHKCl – 6.5, Corg – 7.1 g kg–1, total N – 0.58 g kg–1; hydrolytic

acidity – 1.28 cmol(+) kg–1, total exchangeable alkaline cations – 13.26 cmol(+) kg–1 d.m.

soil).

The variable experimental factors were:

1) level of benzene contamination: 0, 250, 500, 750 and 1000 mm3 kg–1 d.m. soil;

2) ammonium sulfate dose in mg N kg–1 d.m. soil: 0 and 250;

3) soil incubation time in days: 0, 7, 14, 21 and 28.

Soil samples were contaminated with benzene (variable 1) and (NH4)2SO4 (variable

2). All components were thoroughly mixed, and the moisture content of soil was

brought to 60 % capillary water capacity with the use of distilled water. The beakers

were incubated at a temperature of 25 oC (variable 3). The incubation process was

interrupted on different days of the experiment (variable 3), and N-NH4
+ and N-NO3

–

levels were determined in the soil. The content of ammonia nitrogen was determined

with Nessler’s reagent, and the content of nitrate nitrogen – with phenoldisulfonic acid.

Mineral nitrogen was extracted with a 1 % aqueous K2SO4 solution. The extractor to

soil ratio was 5:1. The detailed procedure of extracting mineral nitrogen and

determining N-NH4
+ and N-NO3

– concentrations is presented in a previous study [10].

Soil samples were also analyzed to determine the most probable number (MPN) of

phase I and II nitrifying bacteria by the serial dilution method [17], and nitrifying

activity – by the Kandeler method [18].

964 Jan Kucharski et al



The results were processed statistically with the use of Duncan’s multiple range test

and two-factorial and three-factorial analyses of variance. A statistical analysis was

performed in the Statistica application [19].

Results and discussion

A negative correlation between N-NO3
– levels (Table 1) and soil contamination with

benzene, and a positive correlation between N-NH4
+ concentrations and the presence of

this hydrocarbon in soil (Table 2) were observed in soil fertilized and not fertilized with

ammonium sulfate. Benzene significantly modified the content of both nitrogen forms

in soil fertilized and not fertilized with ammonium sulfate. The observed changes in the

nitrogen transformation process were induced by benzene introduced to the soil in the

amount of 500 mm3 to 1000 mm3 kg–1 d.m. soil. Benzene’s harmful effects were

intensified with an increase in soil contamination levels. When added in smaller

quantities of 250 mm3 kg–1, benzene did not alter nitrate nitrogen and ammonia nitrogen

levels.

Table 1

Benzene effect on the content of N-NO3
– in 1 kg d.m. soil [mg N kg–1]

Benzene dose

[mm3 kg–1 d.m. soil]

Soil incubation time [days]

0 7 14 21 28

Without (NH4)2SO4

0 16.5 0.7 34.4 0.3 36.7 0.3 39.9 1.9 40.9 0.7

250 16.5 0.2 32.6 1.2 37.0 1.0 40.6 0.8 39.2 0.8

500 16.3 0.1 29.8 0.7 36.6 1.6 39.5 0.7 39.5 2.1

750 16.2 0.2 26.7 0.5 33.8 1.0 38.8 0.7 39.5 0.7

1000 16.3 0.2 26.3 0.3 32.7 0.5 35.4 0.7 37.8 0.8

r –0.707 –0.981 –0.902 –0.834 –0.838

With (NH4)2SO4

0 16.6 0.2 46.8 1.1 72.9 2.5 178.1 4.6 208.5 1.5

250 16.6 0.2 39.9 0.4 68.8 1.6 177.3 3.5 207.0 2.9

500 16.6 0.3 32.3 1.4 48.8 2.4 100.5 1.5 184.2 4.6

750 16.6 0.2 28.2 0.8 36.4 0.8 86.1 2.5 96.7 3.9

1000 16.4 0.3 26.8 1.4 34.7 0.7 80.8 2.9 83.8 2.9

r –0.728 –0.971 –0.965 –0.921 –0.933

LSD0.01* a – 0.8; b – 0.5; c – 0.8; a b – 1.1; a c – 1.7; b c – 1.1; a b c – 2.4

r – coefficient of correlation; * LSD for: a – benzene dose, b – ammonium sulfate fertilization, c – soil incuba-

tion time.
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Table 2

Benzene effect on the content of N-NH4
+ in 1 kg d.m. soil [mg N kg–1]

Benzene dose

[mm3 kg–1 d.m. soil]

Soil incubation time [days]

0 7 14 21 28

Without (NH4)2SO4

0 5.0 1.3 3.4 0.5 3.6 0.2 3.2 0.3 5.7 0.4

250 5.2 0.3 3.2 0.2 4.1 0.3 3.1 0.2 6.0 0.5

500 5.5 0.6 6.0 0.5 7.2 0.4 6.6 0.4 6.2 0.4

750 5.3 0.6 7.4 0.3 9.1 0.8 11.1 0.9 12.9 0.6

1000 5.5 0.3 12.6 0.4 12.7 0.6 14.6 0.8 15.1 0.7

r 0.849 0.930 0.978 0.964 0.910

With (NH4)2SO4

0 225.0 9.4 84.4 5.4 75.2 4.5 60.4 1.3 50.7 3.4

250 223.4 3.1 78.1 2.9 78.5 1.3 62.7 1.3 54.2 3.4

500 228.1 6.1 89.5 1.5 102.3 6.5 88.4 1.1 71.3 1.1

750 226.6 7.9 94.5 1.5 118.1 4.0 101.5 2.3 100.9 2.2

1000 221.9 8.1 106.5 5.0 118.8 2.2 104.9 1.9 102.0 2.2

r –0.200 0.889 0.957 0.960 0.957

LSD0.01* a – 1.7; b – 1.1; c – 1.7; a b – 2.4; a c – 3.8; b c – 2.4; a b c – 5.4

* Refer to the legend in Table 1.

Soil samples not contaminated with benzene were marked by the highest nitrifying

activity at 2.39 % N d–1 (Fig. 1). The lowest level of nitrifying activity was determined

in samples characterized by the highest benzene contamination (1000 mm3 kg–1).

Benzene doses of 750 mm3 kg–1 lowered nitrifying activity 2.9-fold, doses of 500
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Fig. 1. Effect of benzene on the nitrification activity of soil as percentage of N d–1 nitrified
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mm3 kg–1 – only 1.2-fold, while 250 mm3 benzene per kg soil had no adverse effect on

the nitrification process.

In this experiment, nitrification intensity varied over time. The highest quantities of

nitrified nitrogen were observed on day 28, while the dynamics of the nitrification

process was highest between the 14th and the 21st day of the experiment (Table 3). On

day 14, soil samples not contaminated with benzene contained only 14.5 % nitrified

nitrogen, and on day 21–55.3 %.

Table 3

Benzene effect on the quantity of nitrified nitrogen [%]

Benzene dose

[mm3 kg–1 d.m. soil]

Soil incubation time [days]

7 14 21 28

0 4.95 14.47 55.29 67.04

250 2.92 12.71 54.71 67.12

500 0.99 4.90 24.40 57.86

750 0.60 1.05 18.90 22.88

1000 0.22 0.80 18.15 18.40

Average 1.94 6.78 34.29 46.66

r –0.941 –0.956 –0.913 –0.928

LSD0.01* a – 0.7; b – 0.7; a b – 1.6

* LSD for: a – benzene dose, b – soil incubation time.

Benzene had an adverse effect on chemolithotrophic nitrifying bacteria. Benzene

inhibitory effect on the nitrification process increased with a rise in its concentrations in

soil. The studied pollutant had a long-term effect on both phase I (Fig. 2) and phase II

(Fig. 3) nitrifying bacteria. On day 28, a benzene dose of 1000 mm3 kg–1 reduced

nitroso group bacterial populations 3.5-fold in soil not fertilized with ammonium sulfate
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Fig. 2. Effect of benzene dose on the number of I phase nitrifying bacteria in 1 kg d.m. of soil (MPN 105)



and 21.8-fold in soil fertilized with ammonium sulfate, and led to an 11.8-fold and a

32-fold decrease in nitro group bacterial counts, respectively. Benzene more toxic effect

on phase II than phase I nitrifying bacteria is particularly dangerous as it exposes soil

microorganisms not only to the harmful effect of benzene but also to the toxic influence

of N-NO2
– which may be accumulated in larger quantities under such conditions.

Benzene has a completely different impact on bacteria than commercial nitrification

inhibitors [1] which have a selective, toxic effect on phase I nitrifying bacteria and,

consequently, they do not lead to the excessive accumulation of NO2
– in the soil.

The results of this study indicate that benzene contamination upsets the soil

metabolic balance and has an adverse effect on nitrogen transformation. Benzene

harmful impact on the nitrification process was observed throughout the entire period of

the experiment, but it was alleviated towards the end of the study as benzene is

biodegradable under both aerobic and anaerobic conditions [13–16]. In an aerobic

environment, benzene is transformed by oxygenases into phenol or catechol, while in an

anaerobic environment it is reduced and hydroxylated to phenol carboxylated to

benzoate or methylated to toluene [14].

Benzene toxic effect on nitrifying bacteria and soil nitrifying activity was similar to

that exerted by fluorene [10], anthracene, phenanthrene [20], benzopyrene and chrysene

[21]. Similarly to benzene, fluorene inhibitory effect on the nitrification process was

also reduced over time.

Conclusions

1. Soil contamination with benzene in quantities exceeding 250 mm3 kg–1 d.m. soil

may inhibit the nitrification process.

2. The highest benzene concentrations (1000 mm3 kg–1) in soil reduced the

populations of phase II nitrifying bacteria 38-fold and lowered the soil nitrifying

activity 3.6-fold.
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Fig. 3. Effect of benzene dose on the number of II phase nitrifying bacteria in 1 kg d.m. of soil (MPN 105)
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3. Benzene has a more toxic effect on phase II than phase I nitrifying bacteria. The

above contributes to the harmful impact of this hydrocarbon on soil microorganisms –

by creating an environment conducive to the accumulation of NO2
– ions, benzene has

a destructive influence on many bacteria.
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PROCES NITRYFIKACJI W GLEBIE ZANIECZYSZCZONEJ BENZENEM
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Abstrakt: W doœwiadczeniu laboratoryjnym badano wp³yw zanieczyszczenia gliny lekkiej benzenem

w dawkach: 0, 250, 500, 750 i 1000 mm3 kg–1 s.m. gleby na przebieg procesu nitryfikacji. Przez 28 dni

w odstêpach 7-dniowych oznaczano zawartoœæ N-NH4
+ i N-NO3

– w glebie. Okreœlano tak¿e aktywnoœæ

nitryfikacyjn¹ gleby oraz miano (NPL) bakterii nitryfikacyjnych.

Stwierdzono, ¿e zanieczyszczenie gleby benzenem w iloœciach wiêkszych od 250 mm3 kg–1 s.m. gleby

powoduje zak³ócenia w przebiegu procesu nitryfikacji. Najwiêksze zanieczyszczenie gleby benzenem (1000

mm3 kg–1) 38-krotnie zmniejsza³o liczebnoœæ bakterii II fazy nitryfikacji i 3,6-krotnie obni¿a³o aktywnoœæ

nitryfikacyjn¹ gleby. Benzen okaza³ siê bardziej toksyczny dla bakterii II fazy nitryfikacji ni¿ dla bakterii

I fazy, co w przypadku zanieczyszczenia nim gleby mo¿e doprowadziæ do nadmiernej kumulacji NO2
–.

S³owa kluczowe: benzen, nitryfikacja, bakterie nitryfikacyjne, aktywnoœæ nitryfikacyjna
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