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Abstract: Heavy metals in spinach pose a potential risk to human health. organic farming practices can reduce heavy metal 

accumulation in spinach. organic amendments significantly reduce levels of lead and copper in spinach compared to conventional 

fertilization methods. Heavy metals can enter agricultural soils through the use of chemical fertilizers and pesticides. The criterion for 

significance in the procedures was set at p<0.05 (significant). All data were presented as arithmetic mean with standard error attached. 

All statistical analyzes were performed using the software Excel 2016. And all figures were prepared using Origin version 8.5 software 

(Origin Lab Corporation, USA). In plants exposed to heavy metal contamination, S. Oleracea caused severe poisoning. The results 

showed that Cu and Pb treatments even at low concentrations and Zn treatments at high concentrations significantly increased all 

growth parameters (length of shoots and roots, biomass and number of leaves) as well as S. oleracea significant reduction (p < 0.05) in 

total protein, fibre, moisture and mineral (Na, K, Ca, Fe, Mg, Mn and Cu) content.  
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1. Introduction 
 

Numerous studies have investigated the impact of organic 

farming practices on heavy metal accumulation in spinach 

providing valuable insights into the potential benefits of this 

agricultural system. For instance a study conducted by Wang 

et al. (2018) investigated the effects of organic fertilization 

on heavy metal uptake in spinach and found that organic 

amendments significantly reduced the levels of lead and 

copper compared to conventional fertilization methods. The 

researchers attributed this reduction to the presence of 

organic matter in the soil which can bind heavy metals and 

reduce their availability to plants.  

 

Heavy metals such as lead (Pb) Copper (Cu) Magnesium 

(Mg) and Zinc (Zn) are naturally occurring elements found 

in the Earth's crust. However human activities such as 

Agriculture emissions mining operations and agricultural 

practices have significantly increased the release of these 

metals into the environment. Heavy metals can enter 

agricultural soils through various sources including 

atmospheric deposition contaminated irrigation water and 

the use of chemical fertilizers and pesticides. Once present 

in the soil these metals can be taken up by plants and 

accumulate in their edible parts such as spinach leaves over 

time.  

 

The accumulation of heavy metals in spinach poses a 

potential risk to human health. Consumption of 

contaminated spinach can lead to the ingestion of these 

metals which can have adverse effects on various organ 

systems. For instance lead exposure is associated with 

neurological disorders developmental delays in children and 

increased blood pressure in adults. copper ingestion can 

cause kidney damage while mercury and arsenic exposure 

can lead to neurological impairments and an increased risk 

of cancer.  

 

In contrast heavy metals such as Copper (Cu) and lead (Pb) 

are toxic metals that negatively affect plant growth and 

productivity. These metals can impair leaf and root growth 

and inhibit enzyme activities ultimately leading to reduced 

plant production (Mustafa et al.2015). Cd is particularly 

notorious for its adverse effects on plant metabolism. It 

disrupts nutrient uptake and transport systems interferes with 

enzyme activities involved in photosynthesis and respiration 

and induces oxidative stress which can lead to cellular 

damage and reduced plant growth.  

 

Copper (Cu) is considered phytotoxic due to its adverse 

effects on various plant growth parameters. It inhibits 

essential physiological processes such as respiration 

photosynthesis and the uptake of water and nutrients. 

Furthermore, Cu hinders new cell production and root 

growth resulting in decreased plant growth (Sharma et 

al.2017). Cu also interferes with the activities of antioxidant 

enzymes and induces oxidative stress in plant cells leading 

to cellular damage and reduced plant performance (Yuan 

2009). Additionally, Cu induces changes at biochemical 

physical and genetic levels in plants contributing to 

decreased plant growth leaf chlorosis and necrosis in leaves 

or roots which ultimately leads to plant death (Danish et 

al.2019).  

 

The phytotoxic effects of Cu and Pb highlight the 

importance of mitigating heavy metal contamination in 

agricultural systems particularly in the cultivation of green 

leafy vegetables like spinach. Organic farming practices 

with their emphasis on enhancing soil health and minimizing 

heavy metal bioavailability can play a crucial role in 

reducing heavy metal accumulation and its detrimental 

effects on plant growth. By promoting the use of organic 

amendments crop rotation and sustainable management 

techniques organic farming practices enhance soil structure 

nutrient availability and microbial activity thereby reducing 

the uptake of heavy metals by plants and alleviating the 

negative consequences on plant growth and productivity.  
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Human exposure to heavy metals through the oral route 

particularly via food consumption is a significant pathway of 

concern (Abbas et al.2020). Spinacia oleracea commonly 

known as spinach belongs to the order Caryophyllales which 

includes a variety of broad leafy green vegetables with large 

surface areas relatively high growth rates and notable metal 

uptake rates. These unique characteristics have drawn 

scientific attention to S. oleracea and other members of the 

Caryophyllales order as they provide an opportunity to study 

their growth and toxicity responses to heavy metal 

contamination (Das et al.2016).  

Materials and Method:  

 

Sample Collection:  

Spinach was cultivated in organic and inorganic soil in 

selected field in the month of September - October and after 

two months spinach leaf samples were collected.  

 

Digestion 

The cooled samples were then washed thoroughly and air 

dried. In this process, 0.5% of the pure powder sample was 

purified by adding 2 grams of pure catalyst 20% 1 (hot 

solution of K₂SO₄: CuSO4) to 10 ml of pure water. Its main 

digestion tube was loaded into the digester unit and heated at 

the prescribed temperature. When the sample is colorless 

and does not change, the resulting colorless sample is 

subjected to 50°C reaction.  

 

Heavy metal concentrations in plant leaves were determined 

using ICP - MS 100 Godel (as described above).  

 

In the next phase, in the laboratory located at Nehru Nagar, 

spinach were grown in pots with different concentrations of 

these heavy metals: Zn, Cu, Mg and Pb) in ordinary soil, 

5ppm, 10ppm, 15ppm, 20ppm. 

 

Table 3.2: Experimental layout of spinach plants and various parts of the plant containing different concentrations of heavy 

metals planted in pots 
  Conc. Zn Cu Mg Pb 

Spinach 
Control 

(No Chemical) 

5ppm ZnS - 5 CuS - 5 MgS - 5 PbS - 5 

10ppm ZnS - 10 CuS - 10 MgS - 10 PbS - 10 

15ppm ZnS - 15 CuS - 15 MgS - 15 PbS - 15 

20ppm ZnS - 20 CuS - 20 MgS - 20 PbS - 20 

 

After 1 month, samples were taken from all the pots. The 

leaves, stem and roots of each plant were dried and ground 

in the same way as we used to do before. And finally the 

heavy metal concentrations in different samples were 

determined (ICP - MS)  

 

2. Results and Discussion 

 

 
Graph 1: Magnesium concentrations in spinach and ordinary soil 

 

Magnesium results are shown in various concentrations and controls. Magnesium is simply absorbed by plants from the soil. 

Maximum Mg in spinach stem was found to be 21.86±0.14 with 1.2 control at 20 ppm while nickel in soil was found to be 

34.85±0.14 with 15.2 control at 20 ppm as shown in Graph - 1.  
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Graph 2: Copper concentrations in spinach and common soil 

 

Copper results are shown in various concentrations and controls. Copper content, from ordinary soil to plants is absorbed.  

 

Maximum Copper spinach leaf was found to be 28.0 at 20 ppm with lowercontrol limit while chromium in soil was found to 

be 31.09 at 20 ppm with 6.24control as shown in graph 2.  

 

 
Graph 3: Zinc concentration in spinach and ordinary soil 

 

Zinc – results shown in various concentrations and controls. Zinc is easily absorbed from normal soil to plants. The 

maximum Zinc found in spinach root was 4.470 with lower control limit at 20 ppm while in soil 17.1 was found at 10.22 ppm 

with lower control limit at 1.98, as shown in graph 3.  
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Graph 4: Lead concentrations in spinach and ordinary soil 

 

Lead results are shown in various concentrations and controls. Lead is simply absorbed by plants from the soil. Maximum 

lead found in spinach root is 6.380 with lower control limit at 20 ppm while Lead in soil is 17.15 Found at lower control limit 

at 20 ppm, as Shown in Graph - 4.  

 

 
Graph 5: Average concentrations of heavy metals in ordinary soil and spinach samples of the study 

 

The relative abundance of heavy metals in the analyzed 

spinach samples followed the sequence in ordinary soil 

samples.  

Does it.  

 

Cu > Mg > Pb > Zn Maximum absorption in spinach from 

normal soil occurred in the plant leaf, which was at 20 ppm.  

 

Statistical analysis 

One - way ANOVA was used to evaluate differences 

between the outcomes data found. The data obtained by the 

Bude Black method and ICP - MS method were used to 

detect significant differences between the means of 

classification of different soils and the metals detected or 

absorbed in the soil and vegetable leaves. The criterion for 

significance in the procedures was set at p<0.05 

(significant). All data were presented as arithmetic mean 

with standard error attached. All statistical analyzes were 

performed using the software Excel 2016. And all figures 

were prepared using Origin version 8.5 software (OriginLab 

Corporation, USA).  
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3. Conclusion 
 

In plants exposed to heavy metal contamination, S. Oleracea 

caused severe poisoning. The results showed that Zn and Pb 

treatments even at low concentrations and Cu treatments at 

high concentrations significantly increased all growth 

parameters (length of shoots and roots, biomass and number 

of leaves) as well as S. oleracea significant reduction (p < 

0.05) in total protein, fibre, moisture and mineral (Na, K, Ca, 

Fe, Mg, Mn and Cu) content.  
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