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Abstract: Excessive use of chemical fertilizers (CF) in agriculture with soil degradation is associated with risks such as accumulating 

toxic chemical contaminants in the soil and also edible parts.Two pot experiments were conducted under greenhouse conditions to 

evaluate rhizo-remediation abilities of different biofilm biofertilizer (BFBF) and CF treatments on nitrosamine and heavy metal 

contaminants. Potting media were added with dimethyl nitrosamine and selected heavy metal solution mixturesof CdCl2 and 

PbCl2separately as the test contaminants.Potato plants as the test crop grown in the pots with the contaminants were treated with 

different combinations of BFBF (a combination of Bacillus pumilus, Bradyrhizobium japonicum, Bacillus subtilis and Trichoderma 

harzianum) and CF. Rhizo-remediation abilities of the treatments were evaluated by measuring the nitrosamine and heavy metal 

content in the soil and potato tuber.Results showed that the BFBF applied with 50% of recommended CF rate for potato (50CB) 

significantly (P < 0.05) reduced nitrosamine in tubers and in the potting media. 50CB showed significantly (P < 0.05) the lowest tuber 

and soil Cd and Pb contents in comparison with 100% CF (100C). The findings also confirmed that the soil health can be enhanced by 

the BFBF through the reduction of soil chemical contaminants. 
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1. Introduction 
 

In the last five decades, the rate ofCFand agrochemical 

application has increased tremendously. Although CF has 

been shown to have beneficial effect on crop yield, incorrect 

agrotechnical measures and improper fertilization practices 

can lead to seriously disturbed functions of the entire 

agroecosystems and contribute to the formation of toxic 

contaminants like nitroso compounds in the soil. It has been 

reported that out of numerous contaminants in the soil, 

nitrosamines deserve special attention as they are included 

among the most dangerous ecological poisons [3]. Dimethyl 

nitrosamine is an extremely toxic compound belongs to the 

nitroso group commonly found in soil in low concentrations 

[22,17]. They can be formed in agricultural soils treated with 

pesticides, fungicides like thiram and receiving heavy doses 

of N fertilizers like urea [2]. N-nitroso compounds are stable 

in the soil [32] and can be translocated into vegetable crops 

[28,5]. Intensive application of N fertilizers and 

agrochemicals is a common practice in cultivations like 

potato. Since potato tuber is an underground part, there is a 

great possibility to contaminate the tuber with nitrosamines, 

as also reported [1, 28]. 

 

Moreover, heavy metals are another important group of 

environmental pollutants threatening the health of human, 

population and natural ecosystems. Heavy metals can affect 

the quality of agricultural soils, including phytotoxicity and 

transfer of heavy metals to the human diet through crop 

uptake [19].It has been well documented that synthetic 

fertilizers and pesticides contain trace metals as impurities 

or active ingredients [16].For example, chemical phosphatic 

fertilizers such as TSP can contain appreciable amounts of 

Cd [24] and Cd contamination in soils of many countries is 

mainly a result of the use of Phosphate (P)[23]. These P 

fertilizers also introduce other contaminants, such as Hg, As, 

and Pb, into agricultural soils [26]. 

 

Mitigating soil toxicities through microbial interventions, 

also known as rhizo-remediation is performed by applying 

beneficial microorganisms, and it is considered as one of the 

most promising methods to improve soil quality. It has been 

proven that the rhizo-remediation can be carried out by 

artificial introduction ofviable microbial populations to 

contaminated sitesor by stimulating viable native 

populations. Moreover, microbial biofilms have been found 

to be suitable for the remediation of pollutants because of 

their high microbial biomass with exo-polysaccharides and 

ability to immobilize pollutants[27].Therefore, association 

of plant growth promoting rhizobacteria could provide 

plants with extra benefits in terms of rhizo-remediation by 

removal of most of the soil toxicities [12]. Thus, the current 

study was focused to investigate the rhizo-remediation 

ability of the biofilmstowards nitrosamine and heavy metal 

removal. 

 

2. Materials and Methods 
 

2.1 Pot experiment under greenhouse conditions 

 

Two pot experiments (P1 and P2)were conducted under 

greenhouse conditions to evaluate the rhizo-remediation 

abilities of different treatments on nitrosamine and heavy 

metals, respectively. The experiments were conducted at the 

Regional Agriculture Research and Development Center, 

Bandarawela, Sri Lanka. 
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Riversand (particle size ≤ 1 mm, pH 5-7) was used as the 

medium for the pot experiment P1,after washing the sands 

with water followed by heat sterilization to determine the 

effect of different CF and BFBF treatments on 

nitrosaminecontamination.The sterilized sand medium was 

filled into black plastic pots and each pot was amended with 

diluted nitrosamine solution prepared from3 ppm of 

dimethyl nitrosamine.Finely ground soil samplesobtained 

from Regional Agriculture Research and Development 

Center, Bandarawela, Sri Lanka was used as the medium for 

the pot experimentP2 to determine the effect of different CF 

and BFBF treatments on Cd and Pbcontamination. The 

initial concentrations of available Cd and Pb in the soil were 

determined (Kiskuet al., 2011) through acid digestion 

method (1 perchloric acid: 4 nitric acid)using Atomic 

Absorption Spectrophotometry (AAS)(Cd-0.3 ppm and Pb- 

3.5 ppm) and the medium was spiked with solutions having 

5 ppm Cd and 25 ppm Pb using CdCl2 and PbCl2. The final 

available heavy metal concentration of the soil was 

determined using AAS. 

 

A blend of urea (2.0 g/kg), Triple Super Phosphate (TSP) 

(3.33 g/kg), and Muriate of Potash (MOP) (1.33 g/kg) was 

mixed with the pot medium as a basal fertilizer mixture at 

the time of the seeding. The biofilm culture was diluted by 

250 times with clean water before the application and 

sprayed directly on to the soil and sand mediaof the two 

experiments, P1 and P2. Disease free seed tubers (‘Granola’ 

variety) obtained from Regional Agriculture Research and 

Development Center, Bandarawela, Sri Lanka (government 

certified), were grown in each potwith the spiked heavy 

metal containing soil mixture and the nitrosoamine 

containing sand mixture. Fertilizer application (2.0 g/kg of 

urea and 1.33 g/kg of MOP) was repeated after five weeks 

from the seed sowing,together with the biofilm application. 

Rates of the CF application was calculated per plant basis 

according to the DOA recommendations. Moisture level of 

the medium was maintained constantly by applying 250 ml 

of water for each pot every day.Plants were grown with a 

daily minimum-maximum temperature range of 20 
o
C – 30 

o
C. All the pots were arranged according to CRD inside the 

greenhouse and treatment combinations were 100% CF 

(100C), 50% CF (50C), 50% CF + BFBF (50CB), BFBF 

alone (B), and no amendments (0CB) with five replicates for 

each treatment.After 90 days from seed sowing, plants were 

uprooted without damaging the tubers and were washed 

carefully with water to remove unwanted materials. 

Subsequently, the tubers were transferred into black 

polythene bags and were brought in to the laboratory for 

further analysis. Sand and soil samples were also collected 

into black polythene bags separately to analyze nitrosamine 

and heavy metal contents. 

 

2.2 Determination of the availability of nitrosamine 

contaminants 

 

Rhizo-remediation abilities of different treatments on 

nitrosamine were evaluated by analyzing the tuber and sand 

samples separately. Briefly, peels of the tubers were 

removed carefully up to 5 mm depth from the peripheral 

surface after washing thoroughly with clean water to remove 

the direct nitrosamine contaminations. Twenty grams of 

tuber mass obtained from the peripheral region of the tubers 

was used to extract nitrosamine with dichloromethane at 55 

°C using soxhlet apparatus. Subsequently, the extracts were 

evaporated using rotary evaporator to concentrate the 

available nitrosamines. The resulting extracts were analyzed 

by Fourier transform infrared (FTIR) spectroscopy(Nicolet 

6700 FTIR, available at National Institute of Fundamental 

Studies, Kandy, Sri Lanka) for the availability of 

nitrosamine. Peak resembles to 1440 cm
-1

- 1460 cm
-1

 (NNO 

bond) wavelengths was considered as the responsible peak 

for nitrosamine detection [18]. Nitrosamine availability of 

the sand medium was evaluated using the same method as 

explained above.Statistical data analysiswas performed 

using one-way Analysis of Variance (ANOVA) Model in 

MINITAB 16 Statistical Software. The mean values of the 

absorbance obtained from the FTIR spectroscopy for 

nitrosamine availability in sand and tuber biomass were 

compared separately on treatment basis using the Tukey’s 

simultaneous test at 5% probability level. 

 

2.3 Determination of the availability of Pb and Cd as 

heavy metals 

 

Rhizo-remediation abilities of different treatments on heavy 

metals were evaluated by analyzing the availability of Pb 

and Cd in the soil samples and by analyzing the heavy metal 

uptake in the tuber biomass.Briefly, peels of the tubers were 

removed carefully up to 5 mm depth from the peripheral 

surface of the tuber after washing thoroughly with clean 

water to remove the direct contaminations at the tuber 

surface. Subsequently, 10 g of chopped tuber samples were 

measured and air-dried for a day separately, to reduce the 

water content, followed by oven-drying at 70 °C for 48 

hours to constant weight. Preparation of soil samples was 

performed as explained above. 

 

The dried samples (both tuber and soil samples separately) 

were ground manually with ceramic mortar and pestle to 

pass through a 2mm non-metal sieve to ensure uniform 

particle size. To 1 g of each dry sample, 10 ml of 

concentrated acid solution (1 perchloric acid: 4 nitric acid) 

was added and the mixture was allowed to stand overnight, 

and then heated for 4 hours at 125
o
C on a hot plate. The 

hydrolyzed samples were transferred to a centrifuge tube for 

centrifugation at the rate of 3000 rpm to remove solid 

particles. The presence of Pb (detection limit, 0.5 ppm) and 

Cd (detection limit, 0.1 ppm) were analyzed using the 

Atomic absorption spectrophotometer (AAS Model No. 

GBC 933AA, Australia) at 217.0 nm and 228.8 nm 

wavelengths, respectively (standards were Pb(NO3)2 and 

Cd(NO3)2). Samples were analyzed in triplicates.Based on 

the absorbance data, heavy metal concentrations in the tuber 

and soil samples were determined. Mean concentrations of 

the treated soils were compared with the concentration of 

initial soil [13].Statistical data analyses were performed as 

explained above. 

 

3. Results and Discussion 
 

3.1 The effect of CF and BFBF treatments on 

nitrosamine contaminations 
 

Significantly the lowest (p < 0.05) sand nitrosamine content 

(0.0112AU (Absorbance Unit per milliliter) ± 0.001) was 
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observed in the treatment 50CB(a combination of Bacillus 

pumilus, Bradyrhizobium japonicum, Bacillus subtilis and 

Trichoderma harzianum with 50% CF), except no 

nitrosamine treatment,0NCB (Figure 1). It is noteworthy that 

50CB reduced the nitrosamine content of the sand medium 

by approximately 77% compared to 100C. It was observed 

that 100C enhanced nitrosamine content of sand medium by 

approximately 36% compared to N0CB. Also in tuber 

biomass, significantlythe lowest (p < 0.05) nitrosamine 

content was detected from the treatment 50CB (0.0015AU± 

0.0004). The treatment 50CB reduced the tuber nitrosamine 

content as much as 95% compared to 100C, and 93% 

compared to 50C. Further, treatment B (0.0154 AU ± 0.003) 

also reduced the tuber nitrosamine content compared to 

100C and 50C.This experiment further shows that the 

beneficial microbial community in the biofilm combination 

BFBF along with or without 50% CF effectively remediate 

nitrosamine contamination in sand medium. Further, the 

microbial biomass of the biofilm combination BFBF reduces 

the penetration of nitrosamine into the tuber mass.  

 

 

 
Figure 1: The effect of different CF and BFBFs treatments on nitrosamine content in sand and tuber tissues analyzed by 

FTIR spectroscopy. Treatments 100C, 50C, 50CB, B, N0CB and 0NCB are 100% CF, 50% CF, 50% CF+ BFBF, BFBF 

alone, no amendments (including nitrosamine) and no amendments (excluding nitrosamine) treatments, respectively. a, b c, d 

and cd are letters which indicates the differences in categories. Columns with the same letter are not significantly different at 

5% probability level. Vertical bars show standard deviations 

 

Nitrosamine availability in the natural soil is very low 

[17]and the detection and the quantification are highly 

impossible using FTIR spectroscopy. Further, soil is a 

complex medium containing different nitrogenous 

compounds, which can interfere with FTIR spectroscopic 

measurements. Therefore, purified sand was used as the 

medium to avoid the major interferences from other N 

containing compounds and to obtain clear FTIR spectrum. It 

has been reported that there is an accumulation of 

nitrosamines in the soil due to presence of precursor 

compounds derived from agrochemicals [33] and also excess 

use of N fertilizers [8]. Natural degradation of nitrosamine 

contaminants accumulated in the soil is very slow and can 

persist for extended time periods [31]. However, some soil 

microorganisms have been reported to degrade nitrosamines 

to simple compounds in co-metabolic processes, and then 

use them as nutrients [3]. The data presented herein suggest 

that the bacterium oxidizes the nitrosamine primarily to N-

nitrodimethylamine (NTDMA), which is then metabolized 

further to produce less toxic compounds like N-

nitromethylamine (NTMA) and formaldehyde [9]. The 

results of the current study also clearly showed a reduction 

of sand and tuber nitrosamine content with the application of 

the biofilm. Bacterial strains Pseudomonas mendocina and 

Bacillus sp. have also recently been reported to be capable 

of metabolizing dimethylnitrosamine [29, 20]. Another 

study has reported that a variety of monooxygenase 

expressing bacterial strains are capable of degrading most of 

the nitrso compound available in the soil [29]. 

 

3.2 The effect of CF and BFBF treatments on heavy 

metal contamination 

 
It was clearly observed that the biofilm treated soil reduced 

the availability of both Cd and Pb in the soil compared to no 

biofilm treatment (table 1). The treatment 50CB showed 

significantly (P < 0.05) the lowest soil Cd availability (74% 

reduction compared to 100C) and the lowest soil Pb 

availability (34% reduction compared to 100C). 

Interestingly, treatment B reduced the availability of soil Cd 

by 60% and soil Pb availability by 33% compared to 

100C.Similar trends were observed in the tuber tissues 

(50CB reduced the tuber Cd availability by 89% and tuber 

Pb availability by 73% compared to 100C). Therefore, it is 

clear that all the biofilm treatments significantly reduced the 

penetration of both soil Cd and Pb content into the tuber 

tissues. 
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Table 1: The effect of different CF and BFBFs treatments 

on heavy metal contaminants in soil and tuber tissues 

analyzed by AAS 

Treatments 

Soil Cd 

(µg/g) 

Mean±SD 

Tuber Cd 

(µg/g) 

Mean±SD 

Soil Pb 

(µg/g) 

Mean±SD 

Tuber Pb 

(µg/g) 

Mean±SD 

100C 5.53a±0.30 0.92ab±0.07 21.96b±1.31 3.93a±0.60 

50C 4.95ab±0.21 0.85b±0.06 18.96c±0.74 3.54a±0.81 

50CB 1.43d±0.34 0.10d±0.01 14.36d±0.67 1.06c±0.69 

B 2.21c±0.73 0.23c±0.02 14.68d±0.51 2.33b±0.39 

0CB 4.41b±0.09 0.96a±0.06 20.81bc±1.42 4.00a±0.81 

Initial 5.21a±0.11 
 

28.39a±2.31  

 

Treatments 100C, 50C, 50CB, B and 0CB are 100% CF, 

50% CF, 50% CF+ BFBF, BFBF alone and No 

amendmentstreatments respectively. Initial- soil just after 

artificial spiking of heavy metals. Values in the same 

columns with the same letter are not significantly different at 

5% probability level.  

 

Generally, heavy metals are impossible to be degraded 

biologically and persist in the environment for extended 

periods [11]. Addition of phosphate fertilizers is one of the 

pathways to accumulate heavy metal contaminants like Cd 

in the soil [25]. However, soil beneficial microorganisms are 

able to detoxify soil pollutants that include heavy metals 

such as Pb [10] and Cd [6, 34]. For instance, a strain of 

Pseudomonas maltophiliahas been shown to minimize 

environmental mobility of toxic ions such as Hg
2+

, Pb
2+

, and 

Cd
2+

[4,23,11]. Inoculation effects of plant growth promoting 

rhizo-bacteria Methylobacteriumoryzae and Burkholderia 

sp. isolated from rice (Oryza sativa) tissues on potato grown 

in Ni and Cd treated soil has been studied [14]. These 

bacterial strains have significantly reduced the toxicity of 

both metals under pot culture conditions [11]. Moreover, 

bioremediation using microbial biofilms has been 

considered as one of the promising approaches to reduce the 

soil heavy metal contaminants[27]. In a study, Cd, Cu, Se 

and Zn were reported to be biosorbed by Streptococcus 

aureus, Bacillus subtilis, Bacillus licheniformis, 

Pseudomonas aeruginosa and Serratia marscecens in 

mixtures of Gram positive and negative bacteria [11]. In the 

current study, it was obvious that the biofilm combinations 

reduced the level of heavy metals (Cd and Pb) in soil and 

thereby reducing toxicities accumulating in tuber tissues. 

There are reports on the application of biofilms for the 

removal of heavy metals. Recently, bio removal of Cr (III) 

using bacterial biofilm in a continuous flow reactor has been 

reported [30]. The ability of a biofilm of Escherichia coli 

supported on Na zeolite for the removal of Cr(VI), Cd(II), 

Fe(III), Ni(II) from wastewater was also reported [7]. 

Moreover, rhizo-remediation of certain heavy metals has 

been studied with the use of E. coli biofilms[27].  

 

4. Conclusions 
 

All biofilm treatments reduced the level of nitrosamine and 

targeted heavy metals (Cd and Pb) availability in the soil 

and the tuber tissues. Biofilm treatment (a combination 

ofBacillus pumilus, Bradyrhizobium japonicum, Bacillus 

subtilis and Trichoderma harzianum)along with 50% CF 

was the best treatment in reducing nitrosamine and heavy 

metal contaminations in tuber tissues. Therefore, it can be 

concluded that the biofilm treatment has the ability to 

remediate nitrosamine, Cd and Pb contaminants in the soil 

and tuber tissues.  
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