
 

 

EFFECTS OF CITRIC ACID ON THE PHYTOEXTRACTION POTENTIAL OF(Psium sativium L) 

GROWN ON  HEAVY METALS CONTAMINATED SOIL 

 

ABSTRACT  

This study assessed the effect on citric acid on the phytoextraction of Psium sativium on heavy 

metals. The experiment was an outdoor experiment which was done using soil samples 

obtained from  auto-mechanic workshop. The soil sample was analysed for the presence of 

heavy metals and the presence of the following heavy metals were detected in this order of 

concentration: Zn>Cu>Fe>Pb>Cd>Cr>Hg. The four plastic cups labeled A, B, C and  D were 

treated with the following concentrations of citric acids: 0, 0.5, 1.0 and 1.5g/kg of citric acid. 

The plants were allowed to grow for twenty (20) days before they were harvested. The 

harvested plants were air- dried. The biomass and the length of the root and shoot of the dried 

plant sample were obtained by weighing with a chemical balance and measuring tape 

respectively. The heavy metal bioaccumulation of the root and shoot of Psium sativium 

obtained from plastic cup without citric acid was estimated and the following heavy metals 

were detected in  the root and shoot: mercury, chromium, cadmium, zinc, copper, iron, and 

lead.  There was an increase in the biomass and length of the dried root and shoot  of Psium 

sativium  that were planted on soil sample treated with 0.5 g/kg and 1.0 g/kg citric acid but an 

increase in the concentration of citric acid to 1.5 g/kg decreased the biomass and length of root 

and shoot when compared with  Psium sativium that  was planted on soil sample that was not 

treated with citric acid . The application of citric acid increased  uptake of chromium, cadmium, 

zinc, copper, iron, and lead by the root and shoot of Psium sativium in this order of increasing 



 

 

citric acid concentration: 1.5g/kg> 1.0g/kg> 0.5g/kg  while 1.5 g/kg concentration of citric acid 

reduced the heavy metal uptake by the root and the shoot. The bioconcentration factor for all 

the heavy metals that were analyzed increased with an increase in citric acid concentration 

except for mercury that had a reduced bioconcentration factor at citric acid concentration of 

1.5g/kg. The traslocation factor of Psium sativium for copper, zinc and iron increased with an 

increase in  citric acid concentration. Psium sativium had the least translocation factor for 

cadmium and highest translocation factor for chromium at varying concentration of citric acids 

when compared with other heavy metals . The result of this study shows that  Psium sativium  is 

an effective phytoremediation agent of some heavy metals. The study also shows that the 

application of citric  acid could be a useful agent in increasing the  phytoextraction of heavy 

metals from contaminated soil by Psium sativium plants. 

KEYWORDS: Phytoextraction, Psium sativium  bioaccumulation, heavy metal,citric acid, 
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Introduction  

Bioremediation is a process whereby organic wastes are biologically degraded under regulated 

conditions to levels below concentration limits established by regulatory authorities. The use of 

plants to carry out bioremediation  by  is known as phytoremediation  ( 17).  Environmental 

contamination can occur by several inorganic and organic pollutants such as heavy metals, 

petroleum products, explosives and hazardous waste materials (33).  

Heavy metals are defined as metals with specific density which is more than 5g/cm3. Heavy  

metals are non-biodegradable and have long biological half-life and accumulate in different 

organs of the body which results to health challenges (18, 28). 

Heavy metals are considered as serious contaminants in the ecosystem due to their non-

biodegradable nature and toxicity in little concentration (20).  



 

 

The accumulation of heavy metals in humans results to adverse health conditions. Some of the 

health threatening  toxic heavy metals which are usually encountered are  aluminium (Al), 

copper(Cu), mercury(Hg), nickel (Ni), iron(Fe), chromium(Cr), zinc(Zn), arsenic (As), Lead (Pb), 

and Cadmium (Cd). The processes through which the heavy metals find their way into the body 

include ingestion, absorption through the skin and inhalation (30).The problem of heavy metals 

exposure has become a global challenge. Exposure to non- toxic concentration of heavy metals 

can result to health challenge because the heavy metals have the ability to interact with  

biological processes in the cell (31).The use of plants and micro-organisms have been shown to 

be effective in reducing the exposure level as well as the environmental contamination of heavy 

metals (14).There were three main classes of plants  based on their heavy metal absorption 

capacities (21). These are low heavy metal accumulators, medium heavy metals accumulators 

and high heavy metals accumulators. The plants that belong to the family Brassicaceae are the 

most heavy metals bioaccumulators (8). Many plants mainly the plants that belong to the 

Cucurbitaceae family can bioaccumulate significant quantity of heavy metals from 

contaminated soil. Study carried out on summer squash showed that  it is a potential agent of 

phytoremediation  for the removal of  cobalt, chromium, lead and nickel from polluted soil (10) 

and the following heavy metals:  cobalt, chromium, lead, zinc and nickel could be accumulated 

into the leaves and root(6). The poor bioavailability and mobility  of heavy metals within the 

rhizosphere hinders phytoextraction that occurs naturally (11). The ability of heavy metals to 

dissolve in the soil is greatly influenced by PH (7).This has led to the use of chemicals to 

facilitate heavy metal solubility and bioavailability(11). Citric acid is one of the chemicals used 

as chelating agents to enhance phytoextraction of heavy metals(1).  

Psium sativium L.(pea) is one of the world`s oldest cultivated legume. It has been used in 

several genetic research and it has undergone numerous selections and breeding for 

characteristics desirable for cultivation, consumption and other uses . Psium sativium has a tap 

root but most of the secondary roots are within the top soil layers (13). It is among the most 

efficient nitrogen fixation crops. Psium sativium  survives in heavy metals contaminated soil 

which shows its bioremediation potential, hence its selection for this study. 

The objective of this study is to ascertain the phytoextraction potential of Psium sativium in a 

soil sample that is contaminated with multi- heavy metals along with the help of citric acid as a 

phytoextraction enhancer.  

MATERIALS AND METHODS 

Study area: This research was an out-door  experiment which was done between July  and 
august 2023 at Elelenwo, Port Harcourt, Rivers state,  Nigeria.  
 



 

 

SAMPLE COLLECTION AND PREPARATION 

The soil that was used for this study was collected from the top layer (0-15cm) at auto-

mechanic workshop in Elelenwo, Port Harcourt, Rivers State, Nigeria. The soil was exposed to 

air for air-drying. The heavy metal composition of the soil was determined using the atomic 

spectrometry method. 

Psium sativium seeds were obtained from University of Agriculture Umudike Research Institute, 

Umudike, Abia State, Nigeria. Psium sativium. The seeds were sown in small plastic cups filled 

with soil sample obtained from a mechanic workshop. The plastic cups were labeled A, B, C, and 

D and the following concentrations of citric acid: 0, 0.5, 1.0 and 1.5 g/kg were introduced into 

A, B, C, and D respectively. The plants were allowed to grow for 20 days, after which, they were 

harvested. The roots were treated with deionized water. The roots were excised, blotted with 

filter paper and then weighed with a chemical balance.  The samples were subjected to drying 

with an oven at a temperature of 85◦C. The digestion of the samples was done with the use of 

sulphuric  acid and hydrogen peroxide. The concentrations of the heavy metals in the soil and 

plant samples were analyzed   at the University of Agriculture, Umudike  Research Institute 

using atomic absorption spectrophotometer by adopting the method described by(8). 

Bioconcentration Factor(BCF) = metal content in mg/g dry plant tissue       

             metal content in mg/g soil sample  

Translocation Factor (TF): This was determined using the formula according to Anamika, et al., 

2009; Liao and Chang, 2004 maize citric acid).  

 Translocation Factor (TC) = Shoot metal content in mg/g        

                                                  Root metal content in mg/g  

  

STATISTICAL ANALYSIS 

The data were analyzed for statistical differences between treatment groups by means of One 

Way Analysis Of Variance (ANOVA). In all, p<0.05 was considered significant. Data are 

presented as mean ± standard deviation.  

RESULTS  



 

 

Table 1:  Concentration of heavy metals in soil sample before planting and after harvesting of 

Psium sativium plant. Result showed that before planting, zinc had the highest concentration 

followed by copper while lead had the least concentration. After harvesting, the heavy metal 

with the highest concentration was zinc while mercury had the least concentration.  

Soil 
sample 

Hg 
(mg/g) 

Cr(mg/g) Cd 
(mg/g) 

Fe(mg/g/) Pb(mg/g) Zn 
(mg/g) 

Cu 
(mg/g) 

     

Before 
planting 

2.98+ 
0.02a 

3.14 + 
0.21a 

3.45 
+0.01a 

4.21+ 
0.11a 

3.98 
+0.12a 

5.05 + 
0.03a 

4.38 + 
0.01a 

     

After 
harvesting 

0.69+ 
0.13b 

1.03 + 
0.04b 

0.32 +  
0.11b 

0.89+ 
0.04b 

3.50 + 
0.05 a  

4.85+  
0.01 a  

4.12 + 
0.08b 

     

*Values are shown in means of triplicate analysis + Standard Deviation. Values bearing different 

alphabetical superscript are significantly different (p<0.05) from each other down the same 

column.  

LEGEND: Hg = Mercury, Cr = Chromium, Cd = Cadmuim, Pb = Lead, Zn = Zinc, Cu = Copper 

Treatment of the soil sample with different concentrations of citric acid increased the biomass 

of the root and shoot of Psium sativium  at citric acid concentration of 0.5 and 1.0mg/g 

compared to the non-citric acid treated soil but an increase in the concentration of the citric 

acid to 1.5g/kg reduced the biomass of the root and shoot. 

 

Table 2: Effect of treatment of different concentrations of citric  acid on the biomass of root and 

shoot of  Psium sativium. 

 

Mass of Dry 
Plant plant(g) 

0.0 g/kg citric 
acid 

0.5 g/kg citric 
acid 

1.0 g/kg citric 
acid 

1.5 g/kg citric 
acid 

Root (g) 3.54 + 0.11 a 3.67 + 0.07 a 4.89 + 0.02 b 3.02+  0.01 a 

Shoot(g) 16.12 +  0.08 a 26.88 + 0.03b 30.12 + 0.04b 20.68 + 0.11a 
*Values are shown in means of triplicate analysis + Standard Deviation. Values bearing different 

alphabetical superscript are significantly different (p<0.05) from each other down the same row. 

 LEGEND: g/kg =gram per kilogram, g = gram 



 

 

Treatment of the soil sample with different concentrations of citric acid increased the lengths of 

the root and shoot of Psium sativium  at citric acid concentration of 0.5 g/kg and 1.0 g/kg 

compared to the non-citric acid treated soil but an increase in the concentration of the citric 

acid to 1.5 g/kg reduced the lengths of the root and shoot.   

 

Table 3: Effect of treatment with different concentrations of citric acid on the lengths of the 

root and shoot of  Psium sativium.  

 

Length  of dry 
plant part(cm) 

0.0 g/kg citric 
acid 

0.5 g/kg citric 
acid 

1.0 g/kg citric 
acid 

1.5 g/kg citric 
acid 

Root (cm) 4.50  +0.21a 5.67  +0.31b 7.89  +0.11c 4.32   +0.22a 

Shoot(cm) 21.97  +0.04a 28.88  +0.22b 30.12  +0.11b 24.68  +0.22a 
*Values are shown in means of triplicate analysis + Standard Deviation. Values bearing different 

alphabetical superscript are significantly different (p<0.05) from each other down the same row. 

 LEGEND: g/kg = gram per kilogram, cm= centimeter 

Bioaccumulation of heavy metals at the root and shoot increased with an increasing citric acid 

concentration .The concentration of the heavy metal in the root and shoot increased in plants 

cultivated in soil sample treated with 0.5 and 1.0 g/kg concentration of citric acid but an  

increase in the citric acid concentration of the soil to 1.5 g/kg reduced the bioaccumulation of 

mercury in the root and shoot of Psium sativium.   

 

 

Table 4: Effect of  different concentrations of citric acid on the bioaccumulation   of heavy 

metals by the  root and shoot of  Psium sativium 

 

Pla
nt 
par
ts 

Citric 
acid 
concent
ration 
g/kg 

Hg 
mg/g 

Cr 
mg/g 

Cd 
mg/g 

Fe 
mg/g 

Pb 
mg/g 

Zn 
mg/g 

Cu 
mg/g 

      



 

 

Ro
ot 
 
Sh
oot 

0.0 
 
 
0.0 

0.98+ 
0.02a 
 
1.64+0
.22ab 

0.89 
+0.21a 
 
1.66+0
.01ab 

2.08 
+0.08a 
 
1.03+0.
06ab 

1.08+0
.04a 
 
1.45+0
.01ab 

1.04+0
.04a 
 
1.23+0
.43ab 

1.09+0
.06a 
 
1.35+0
.01ab 

1.07+0
.06a 
 
1.33+0
.01ab 

      

Ro
ot 
 
Sh
oot 

0.5 
 
 
0.5 

1.06+ 
0.01a 
 
1.72+0
.05ac 

0.97 
+0.08b 
 
1.71+0
.10ab 

2.28+ 
0.07b 
 
1.21+0.
03ac 

1.17+ 
0.61b 
 
1.62+0
.01ac 

1.27 
+0.04c 
 
1.42+0
.03ac 

1.18+ 
0.61b 
 
1.64+0
.02ac 

1.15+ 
0.61b 
 
1.60+0
.01ac 

      

Ro
ot 
 
Sh
oot 

1.0 
 
 
1.0 

1.23 
+0.06b 
 
1.98+0
.01ad 

1.03 
+0.11b 
 
1.85+0
.01ac 

2.43 
+0.01c 
 
1.30+0.
11ad 

1.21 
+0.04b 
 
1.89+0
.06ad 

1.38 
+0.02c 
 
1.66+0
.02ad 

1.23 
+0.04b 
 
1.90+0
.07ad 

1.21 
+0.04b 
 
1.86+0
.06ad 

      

Ro
ot 
 
Sh
oot 

1.5 
 
 
1.5 

0.86 
+0.04a 
 
1.68+0
.03ab 

1.22 
+0.12c 
 
1.88+0
.01ac 

2.49 
+0.12d 
 
1.3;5+0
.05ad 

1.28 
+0.08c 
 
2.24+0
.05ae 

1.40 
+0.07c 
 
2.28+0
.04ab 

1.26 
+0.07c 
 
2.22+0
.05ae 

1.22 
+0.08c 
 
2.20+0
.05ae 

      

 

*Values are shown in means of triplicate analysis + Standard Deviation. Values bearing different 

alphabetical superscript are significantly different (p<0.05) from each other down the same 

column. 

LEGEND: Hg= Mercury, Cr= Chromium, Cd= Cadmuim, Pb= Lead, Zn= Zinc, Cu= Copper 

 

 

The bioconcentration factor for all the heavy metals that were analyzed increased significantly 

with an increase in citric acid concentration except for mercury that had a reduced 

bioconcentration factor at citric acid concentration of 1.5g/kg. Psium sativium had the highest 

Bioconcentration factor (BCF) for cadmium and least translocation  factor for zinc at varying 

concentration of citric acids when compared with other heavy metals . 

 



 

 

Table 5: Effect of different concentrations of citric acid on the bioconcentration factor(BCF)   of  

Psium sativium.  

 

CITRI
C 
ACID 
g/kg 

Hg  Cr  Cd  Fe  Pb  Zn  Cu        

0.0 0.89+ 
0.01a 
 
 

0.81 
+0.11
a 
 
 

0.9 
+0.03
a 
 
 

0.60+0.01
a 
 

0.57+0.02
a 
 

0.48 
+0.04a 

0.55+0.03
a 
 
 

      

0.5 0.93+ 
0.03a 
 
 

0.85 
+0.02
b 
 
 

1.01+ 
0.02b 
 
 

0.66+ 
0.11a 

0.68 
+0.05b 
 
 

0.55+ 
0.11b 

0.62+ 
0.31b 
 
 

      

1.0 1.08 
+0.11
b 
 
 

0.92 
+0.21
b 
 
 

1.08 
+0.01
c 
 
 

0.74 
+0.02b 
 
 

0.76 
+0.02c 
 
 

0.62+0.01
c 
 
 

0.70 
+0.04c 
 
 

      

1.5 0.85 
+0.04
a 
 

0.98 
+0.11
c 
 
 

1.11 
+0.11
d 
 
 

0.84+0.05
c 
 

0.92 
+0.06d 
 

0.68 
+0.05c 
 
 

0.78 
+0.02c 
 
 

      

*Values are shown in means of triplicate analysis + Standard Deviation. Values bearing different 

alphabetical superscript are significantly different (p<0.05) from each other down the same 

column. 

 LEGEND: g/kg = gram per kilogram 

The traslocation factor of Psium sativium for copper, zinc and iron increased with an increase in  

citric acid concentration. Psium sativium had the least translocation factor for cadmium and 

highest translocation factor for chromium at varying concentration of citric acids when 

compared with other heavy metals . 

 



 

 

Table 6: Effect of  different concentrations of citric acid on the translocation  factor(TF)   of  

Psium sativium. 

 

CITRI
C 
ACID 
g/kg 

Hg  Cr  Cd  Fe  Pb  Zn  Cu        

0.0 1.67+ 
0.02a 
 
 

1.86 
+0.13
a 
 
 

0.49 
+0.13a 
 
 

1.34+0.0
2a 
 

1.18+0.0
3a 
 

1.24+0.0
3a 

1.24+0.0
2a 
 
 

      

0.5 1.62+ 
0.05a 
 
 

1.76 
+0.02
b 
 
 

0.53+ 
0.02b 
 
 

1.38+ 
0.21a 

1.12 
+0.05b 
 
 

1.38+ 
0.01b 

1.39+ 
0.11b 
 
 

      

1.0 1.61 
+0.21
a 
 
 

1.80 
+0.11
b 
 
 

0.53+0.0
2b 
 
 

1.56 
+0.12b 
 
 

1.20 
+0.05a 
 
 

1.55+0.1
1c 
 
 

1.54+0.0
2c 
 
 

      

1.5 1.95 
+0.08
a 
 

2. 04 
+0.21
c 
 
 

0.54 
+0.01b 
 
 

1.75+0.0
4c 
 

0.90 
+0.06c 
 

1.76 
+0.15d 
 
 

1.80 
+0.02d 
 
 

      

 

*Values are shown in means of triplicate analysis + Standard Deviation. Values bearing different 

alphabetical superscript are significantly different (p<0.05) from each other down the same row.  

LEGEND: g/kg =gram per kilogram,  

,  

DISCUSSION 

The result obtained from atomic absorption spectrometry experiments showed the presence of 

heavy metals in the contaminated soil sample (obtained from auto-mechanic workshop) in 



 

 

variable concentration in the order as shown : Zn>Cu>Fe>Pb>Cd>Cr>Hg. Auto-mechanic 

workshop is usually polluted with engine oil as well as metal scraps which is rich in heavy 

metals and hence make the mechanic workshop site to be rich with these heavy metals (3).  

Treatment of the soil sample with different concentrations of citric acid increased the biomass 

of the root and shoot of the plant samples at citric acid concentration of 0.5 g/kg and 1.0 g/kg 

compared to the non-citric acid treated soil but an increase in the concentration of the citric 

acid to 1.5 g/kg reduced the biomass of the root and shoot. This is in agreement with the report 

of Mohammed et al., (24) who also reported an increase in root dry weight at citric acid 

concentration of 2.5 and 5mM. Low concentration of citric acid increased plant biomass by 

mobilizing the slightly soluble plant vital nutrients (29). While 0.5g/kg and 1.0g/kg 

concentration of citric acid increased the root and shoot biomass production whereas 1.5 g/ kg 

of citric acid concentration decreased  root and shoot biomass, there may be critical 

concentration between 1.0g/kg and 1.5g/kg which initiates suppression of root and shoot 

biomass production. This critical concentration can be obtained through graphical or statistical 

method. 

Treatment of the soil sample with different concentrations of citric acid increased the length of 

the root and shoot of the plant samples at citric acid concentration of 0.5 g/kg , and 1.0 g/kg 

when compared with the  plants from non- citric acid treated soil  and increase in the 

concentration of the citric acid to 1.5 g/kg reduced the length of the root and shoot.  

Bioaccumulation of heavy metals at the root and shoot increased with an increasing citric acid 

concentration . The bio-concentration of lead, iron cadmium, zinc, copper and chromium in the 

root and shoot increased in plants cultivated in soil sample with citric acid in this order of citric 

acid concentration: 1.5 g/kg > 1.0 g/kg > 0.5 g/kg. This demonstrates the effectiveness of citric 

acid in increasing the bioremediation of metals under conditions of heavy metals contaminated 

soil (25). Moreover, citric acid can decrease the phytotoxicity of heavy metals by increasing the 

activities of antioxidant enzymes (25). This could be due to the ability of citric acid to convert 

toxic metals into forms that are less toxic. Studies have also shown that citric acid enhances the 

soil nutrient availability and uptake by plants by the formation of complexes with nutrients 

especially in calcareous soils(4). The growth - promoting role of citric acid under conditions of 

heavy metals contaminated soil is due to the ability of citric acid to improve chlorophyll content 

and photosynthesis efficiency in plant leaves (5, 12). Moreover, the chelating ability of citric 

acid helps in the transfer of these metals from the root to the aerial plant parts (28). Ma, (22) 

also reported that citric acid detoxifies salinity stress by chelation by plant root. Citric acid 

reduces the toxicity level of manganese, cadmium and lead(9). The heavy metals were more 

concentrated in the shoot than in the root. This trend is common in most plants due to the 

ability of the plants to take metal - contaminated fluids and nutrients(23). An increase in the 



 

 

citric acid concentration of the soil to 1.5 g/kg reduced the bioaccumulation of mercury in the 

root and shoot of Psium sativium.  

The Bioconcentration factor(BCF) and translocation  factor(TF)  were estimated to check 

whether the plants were suitable for phytoremediation. Bioconcentration factor( BCF) 

expresses the capacity of plant to take up metals to the root. Translocation factor expresses the 

capacity of the plant to transfer those metals from the root to the shoot of the plant(34). The 

highest bioaccumulation factor among heavy metals that were analyzed was cadmium, while 

zinc had the lowest bioconcentration factor(BCF)value. A low BCF shows that the metals  

cannot be readily absorbed by plants while a high BCF value shows that the metals are both 

relatively poorly retained by the soil and more mobile in the soil and therefore effectively 

absorbed by plant root. The relatively decreased transfer of zinc from soil to plant root shown 

by lower BCF value is in agreement with the result of Hasan et al., (15) and Acuna et al.,(2) The 

high BCF value for cadmium is in agreement with the findings of  Hedavatzadeh et al., (16) and 

Bortoloti and Baron (8). This shows that the root of Psium sativium is more effective in the 

extraction of cadmium .Chromium had the highest Translocation factor while cadmium had the 

least translocation factor.The low concentration of cadmium in the shoot shows that Psium 

sativium has cadmium tolerance level. This is in agreement with the findings of Jadia and Fuleka 

2000(19), Xiao, et.al (32). 

From the findings of this research, all the heavy metals except cadmium had high transcloaction 

factor values for all treatments. This indicates that large  amount of the heavy metal was 

transported from the root to the shoot tissues. This result is  in agreement with the previous 

findings (16). The low traslocation factor value of cadmium  may be due to the ability of the 

metal bioaccumulator plants for the extraction of metals from the soil occurring up to a certain 

level of concentration, hence an increase in the amount of the metal leads to an increase in the 

phytoextraction of the metal or an increase in the bioaccumulation coefficient of the plant . 

The findings of this research showed that Psium sativium is an effective phytoremediator of 

heavy metals from the soils . The phytoremediating capacity of Psium savitium is enhanced by 

the application of citric acid. The contamination of plants occur through phytoremediation 

hence making the plants to be toxic. Therefore phytoremediating plants need to be treated to 

prevent further damage to the environment and living things in the environment. 

CONCLUSION 

The current result shows that Psium sativium is very effective in the extraction of Fe, Pb, Cd, Cr,  

and Hg from heavy metal contaminated soil . The result also shows that the application of citric 

acid to heavy metal contaminated soil enhances the heavy metal bioextraction by Psium 

sativium and also reduces heavy metal toxicity and an increase in biomass production. The 



 

 

phytoextraction potential of Psium sativium is significant in the bioremediation process more 

importantly as a low cost technology in cleaning contaminated environment. Further studies 

need to be carried out over longer period of time and under different environmental conditions 

and in real field condition.  There should be further studies to determine factors that enhance 

plant phytoremediation process such as changes in soil PH, concentration of heavy metals and 

addition of other chelating agents. 
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