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Abstract 
Aims
Lead Pollution:  Human Health risk and Effects on Growth of Amaranthus Grown in Contaminated Sandy Soil of Owerri, Nigeria was experimentally investigated. The study investigated effects of lead on growth of Amaranthus; and computed human health that could be associated with exposure to Amaranthus. 
Study Design
The study adopted a pure experimental design. Completely Randomized Design (CRD) was adopted in assigning treatments and replicates.  The experiment was mounted in a greenhouse at Alvan Ikoku Federal University of Education Owerri. 
Methodology
The study had five treatments and three replicate. 2.5kg soil was used for each treatment, and a soil -lead concentrations of 0mg/kg, 500mg/kg, 1001mg/kg, 1502mg/kg, and 2002mg/kg.  Amaranthus were allowed to grow on the contaminated soils for ten weeks. Data on health risk were computed using standard formulae. Growth variables were monitored fortnightly. Data on growth were subjected to One-way ANOVA.  
Results
Results showed that Lead significantly affected growth of plant. Health risk index (HRI) and Lifetime cancer risk (LCR) showed that plant produced from the soils were all safe. 
Conclusion
The Study concluded that Amaranthus has capacity to take up Lead from the soil, which affects its growth behaviors.  Lead pollution to a concentration of 2002mg/kg soil could still produce safe Amaranthus for human consumption. 
Keywords: Lead uptake, plant growth,  heath risk, Amaranthus, bioconcentration

INTRODUCTION
[bookmark: _Hlk117073597][bookmark: _Hlk158805853]The term heavy metal technically and scientifically could be said to be any metallic naturally occurring chemical substance that has a relatively high density and is poisonous and toxic even at low concentration (Zulfiqar et al., 2019). Various components of the earth ecosystem are prone to pollution emanating from different sources and activities. Soils which are major component of the earth ecosystem can become polluted as a result of significant but gradual effect of high concentration of  toxic heavy metals which can be attributed to various factors not limited to emissions vehicles, gaseous discharges from the growing industrial sector due to production activities, synthetic fertilizers, manures, wastewater irrigation, disposal of contaminated solid waste from industries, agricultural chemicals such as herbicides, product of coal combustion, sewage sludge, fossil fuels, paints, crude oil and petrochemical spillage, and atmospheric deposition  (Offor and Osuaku 2020; Haider et al 2021). Heavy metals will actually include elements not limited to lead, chromium, Arsenic, cadmium, aluminum (Al), beryllium (Be), copper (Cu), iron (Fe), mercury (Hg), nickel (Ni), thallium (Tl), and zinc (Zn) (Karimpour et al., 2018; Risse et al 2023). The presence and occurrence of high concentrations of heavy metals in the environment, especially soil is a potential threat to human health and the entire earth ecosystems, this is because once they are introduced, they persist and stay very long in the environment because they cannot be biodegraded easily.  
Lead (Pb) is one of the toxic heavy metals of global concern. It is characteristically very soft, dense, ductile metal with relatively low electrical conductivity than other metals. Lead is of no benefit to plant at even low concentration. When taken up by plants, lead can negatively aﬀect plant metabolic processes (Anslem et al 2021). As it is an anthropogenic environmental pollutant, the crops cultivated on Pb-contaminated soils suﬀer poor germination, root growth, and biomass production. In nature, Pb forms minerals by interacting with other elements, and therefore is rarely present in native forms (Anslem et al 2021, Offor et al 2024). Urban agriculture, which relies on crop production in the vicinity of industries often cultivates food crops on polluted soils. Food demand is strong in urban areas, so the trend towards using polluted arable soils for vegetable cultivation is rising (Anslem et al 2021, Offor et al 2024). Hence the need to establish the possibility of lead uptake by commonly grown vegetable in south east Nigeria in a controlled experimental condition. Lead uptake and transfer factor was established, associated human health risk of vegetables produced from the contaminated soils were computed and effect of lead pollution on growth of Amaranthus was also evaluated. 	Comment by hp: Not listed in the main reference
Methodology
Study Area
The research was conducted in a greenhouse at Alvan Ikoku Fedreral University of Education, Owerri Imo State. Owerri which is the capital city of Imo State is situated at latitude 5.48° North, longitude 7.03°. Owerri sits at 159 meters elevation above the sea level. The annual shows the area is a rain forest zone (rainfall between 1,500mm to 2,200mm (60 to 80 inches). Temperature is relatively high with an annual average temperature of above 20 °C (68.0 °F) which also creates an annual relative humidity of 75%, which could be as high as 90% in the rainy season (Offor et al., 2020a; 2020b).
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[bookmark: _Hlk119500041]Fig 1: Map of study area.
[bookmark: _Hlk119500118]Experimental Set Up 
[bookmark: _Hlk169593354][bookmark: _Hlk131506775]Lead (II) nitrate [Pb(NO3)2 was used for the experiment. The soil used was first analyzed for heavy metals and other parameters, then passed through 2mm sieve and air dried for 48 hours. 2.5kg of the soil was poured into the experimental bags. A separate homogenous mixture of 2g, 4g, 6g and 8g of Pb. The mixtures separately were poured into 1000cm3 volumetric flask and water added up to the mark.  The standard solutions containing mixtures of 2g, 4g, 6g and 8g of lead salt were poured into soil sample bags labeled A to E respectively, given a soil- lead concentrations of 0mg/kg, 500.4mg/kg, 1000.8mg/kg, 1501.6mg/kg, 2002mg/kg of Pb respectively. The contaminated soils were thoroughly mixed and left for four days so that the chemical-soil contact will be established.  Each treatment had three replicates. The plants were grown on the contaminated soils and allowed to grow for a period of ten weeks. 
Measurement of growth parameters
Some growth indices (plant height, number of leaves and leaf area) were monitored fortnightly for ten weeks. 
Estimation of human health risk

Estimated daily intake (EDI) was used to estimate human exposure to lead through direct ingestion according to equation adopted from USEPA methods (1992) Cited in Osae et al (2023). Estimations were made for two groups: children (as a sensitive group) and adults (as the general population). 
EDI	=		CM ×IR×EF ×ED 	Comment by hp: Use equation creator
SBW × TD                      …………………… Equation 2

Where EDI (mg/kg/day) is the estimated daily dose intake through ingestion, CM is the concentration of metal (mg/kg) in the food, IR is the ingestion rate (kg/day), EF is the Exposure frequency, ED is the exposure duration, BW (Kg) is the Standard body weight and TD is the time duration of human exposure. The parameters for calculating the estimated daily intake are presented in table 1.
Table 1: Parameters for assessment of estimated daily intake.  
Parameter 		Value 			 
IR			 0.2g/day for children and 0.1g/day for adults  
EF 			180 days/year 
ED 			6years for children and 24 years for adults 
BW 			70 kg for adults and 15 kg for children  
AT 			365 x ED
Source: USEPA 2012 in Osae et al 2023   
Health Risk Index (HRI)
HRI was calculated with the formula: 
HRI     =        MEDI	Comment by hp: Same as above
                      RfD             …………………………… Equation 3
Where:
MEDI = Metal estimated daily intake in mg/kg/day
RfD = Referenced Oral Dose for each Metal in   mg/kg/day.
HRI < 1 means the exposed person is safe.
Carcinogenic Risk Assessment
Carcinogenic risks are estimated by calculating the probability of adult or children populations developing cancer over a lifetime as a result of exposure to the potential carcinogen. The carcinogenic health risk is calculated using a cancer slope factor. The cancer slope factor is an estimate of the probability that an individual will develop cancer if exposed to a chemical substance for a lifetime of 70 years , Cancer slope factor for lead is 0.0085 (Osae et al 2023).   
LCR=EDI× CSF                   ……………………………….   Equation 4
Where, LCR is the lifetime cancer risk and CSF is the cancer slope factor (mg/kg/day). LCR above 1 ×10− 4 is viewed as unacceptable, risks below 1 ×10− 6 is not considered to have significant health effects, and risk lying between 1 ×10− 4 and 1 ×10− 6 is considered an acceptable range.
[bookmark: _Hlk161309771]Results 
The characteristics of experimental soil was presented in table 2. The soil used was a sandy soil, slightly acidic. Percentage composition of organic matter and minerals in the soil were not far below what is needed for good agricultural soil.  Table 3 showed the lead uptake in leaves, lead concentration in experimental soil, and transfer factor across treatments. Lead concentration in leaves were used to compute human health risk for lead in Amaranthus.  Table 4 showed the human health risk projection for the vegetable produced from the treatments. HRI for both adult and children were less than 1, indicating that the populations are safe if exposed to Amaranthus from the treatments. LCR for both adult and children’s populations were also below the safe limit.  Table 5 reported the growth parameters measured as affected by lead pollution. The data was collected for plant height, number of leaves and leaf area. All growth parameters were not significantly different at 2 weeks after planting (WAP). However, from the fourth week, differences started showing in some parameters. The trend showed that the higher the lead concentration, the poorer the growth variables. 


Discussion
For lead effect on growth of plants, growth was negatively affected by lead in  Amaranthus. The trend showed decreased growth performance with increase in soil -lead concentration.  Leaf area was also affected negatively. Mensah et al (2008) reported decrease in yield of lettuce and other plants as a result of lead pollution. Aslam et al (2021) reported that lead affect several physiological processes in plant. These accounts for the impact noticed in the present study. High lead toxicity results to chlorosis in leaves, this was observed in the present study. For heavy metals such as Pb, Cd, Hg, and As which do not play any known beneficial role in plant growth, adverse effects have been recorded at very low concentrations of these metals in the growth medium.  For other metals which are beneficial to plants, low concentrations (micro) of these heavy metals in the soil could actually improve plant growth and development (Offor et al 2024). However, at higher concentrations of these metals, reductions in plant growth have been recorded.
Due to the rising cancer incidence, the carcinogenic risk connected with heavy metals is a concern globally. This is because the risk of cancer development can be enhanced by heavy metals. Zhou et al (2016) reported high health risk for exposure to vegetables grown on heavy metals contaminated soils. Panqing et al, (2023) asserted need for caution in growing plants in soils contaminated by these metals due to the health risk involved. The association between heavy metals and some cancer types has been shown in numerous recent research. For instance, Adimalla et al. (2020), examined the relationship between heavy metals in soil and their health risks for adults and children in India and observed that high concentrations of arsenic and chromium may be linked to an increased risk of cancer in both adults and children; Fei et al (2018) assessed the relationship between food contaminated with heavy metals and the incidence and spatial distribution of stomach cancer in Hangzhou, China and found a significant association. According to a cross-sectional investigation of the tissue levels of trace elements carried out in Tehran; Sohrabi, et al (2018) and Jafarzadeh, et al, (2022) discovered evidence for the involvement of heavy metals in the development of colon cancer. Chronic Heavy metal exposure or exposure over an extended period is not advisable because of the adverse effects on health. It is advised that LCR exceeding 1 × 10− 4 is detrimental and increases the risk of cancer (Osae  et al 2023). In the present study, there were no health risk connected with the Amaranthus produced from the treatments. This suggest that at 2000mg of lead /kg soil, Amaranthus fit for consumption can still be grown.   At higher concentrations, uptake may exceed safe limit for human consumption. 
Conclusion
The study has established possibility of lead uptake by Amaranthus from soil lead pollution. Beyond 1000mg of lead/kg soil, growth showed sharp decline. This indicated that soil-lead pollution above this concentration will affect growth of Amaranthus negatively. However, uptake level and health risk considerations were still within the safe limit at the highest concentration 2002mg/kg used in this study. The study concludes that there is need for soil testing to ascertain lead concentration in soil before growing vegetables due to uptake possibility. 
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Table 2: Physicochemical Properties of Experimental Soil
Parameters                                                              Values/Units      
PH				                                      5.06
Electrical conductivity            			 12 us/cm                                        
Sand                                                                              95.34%
Silt                                                                                1.75%
Clay                                       			             2.91%
Nitrogen                                 				 0.624 Mg/Kg                                         
Phosphorus                              			 0.108Mg/Kg                                         
Organic matter                                                             2.37%all table should be done with excel
Calcium                                   		             22.466mg/kg
Potassium                                                       		 1.769mg/kg
Magnessium                                                       	 5.934mg/kg
Lead                                                          	             0.064mg/kg

















Table 3: Lead in experimental soil, Amaranthus leaves, Bioconcentration Factor [BCF] 
    Treatment                BCF    Conc. in leaves (mg/kg)     Conc. in soil (mg/kg)               
Pb0mg/kg                      0.28                 0.02     		0.09    
Pb500mg/kg                  0.01                 0.09                          6.34
Pb1001mg/kg             	  2.51                 0.10 			0.04
Pb1502mg/kg             	  0.05                 0.29                           6.42
Pb2002mg/kg          	  0.27                 0.03  			0.12


Fig 2: Chart showing BCF, Pb concentration in Leaves and Soil


Table 4: Health Risk Assessment of metals for Amaranthus 
    Treatments                               Adult                                                   Children
                                     EDI                  HRI              LCR              EDI              HRI             LCR
                                           mg/kg/day                                         mg/kg/day
               Pb0mg/kg            0.000069     0.0196      5.9x10-7        0.00016         0.0457       1.4x10-6
               Pb500mg/kg        0.00025       0.0714      2.1x10-6            0.0006           0.166        5.1x10-6
               Pb1001mg/kg      0.00028       0.080        2.4x10-6        0.00065         0.187        5.5x10-6
               Pb1502mg/kg      0.00082       0.234         6.9x10-6       0.00192         0.549        1.6x10-5   
               Pb2002mg/kg      0.000089     0.252        7.6x10-7         0.00021        0.592        1.8x10-6




Table 5:   Effects of Lead on growth of Amaranthus 
                                  Plant Height [cm]          Number of Leaves       Leaf Area [Cm2]
             Treatment        Mean          SD              Mean       SD           Mean      SD 
2 WAT     0mg/kg        14.98a       5.980           7.00 a      1.000        13.43 a    4.446
                 500mg/kg    7.70a             1.389           6.33 a          2.082        7.74 a         3.123
                 1001mg/kg   10.47a          1.834           7.00 a       1.000       12.12 a    4.451
                 1502mg/kg   8.20a            4.521           5.00 a          1.732        9.98 a     1.144
                 2002mg/kg   5.43a            0.666           4.33 a          0.577        7.47 a        2.732
          P-Value		   .07			   .13                          .21
4WAT      0mg/kg        20.10a          6.255           10.00a       3.606        15.50 a      4.796 
                500mg/kg     12.07 b         4.347           9.00a       1.000        9.78 a      4.854
                1001mg/kg   15.13a       1.401          10.67a         1.572        12.51 a     3.023
                1502mg/kg   10.43 b        5.654           8.33a          2.081        8.02 a      3.481
                2002mg/k      6.17c           0.907           6.33a          0.577        11.68 a       3.717
	P-value	   .03	.17	.27
6WAT      0mg/kg        25.67a          4.163          13.00b         4.359      17.26a       7.093
                 500mg/kg    16.17 b         4.537              12.00b         1.000      10.73a       2.194
                 1001mg/kg  20.17a       0.763          15.00a      1.732      12.12a      2.669
                 1502mg/kg  13.00 b         6.245          11.00b         1.732      12.61a       3.866
                 2002mg/kg   7.83c          0.289          7.67c           0.577      7.68a      5.273
	P-value	   .00	.03	.22
8WAT     0mg/kg          31.67 a       4.932           17.00a      4.582       16.69a     4.892
                500mg/kg      21.17b         5.619           15.00b       3.000       11.93a      4.652
                1001mg/kg    24.27b         2.831           18.00 a         2.646       13.82a      1.244
                1502mg/kg    15.80c         5.524           12.33b         3.055        12.88a     3.236
                2002mg/kg     8.63c        0.635            9.00c        0.000        7.19a         2.336
	P-value	    .00	   .03	.08
10WAT 0mg/kg            40.67a           4.252          21.00a       2.645       19.02a      5.000
              500mg/kg        30.50b           7.566          20.33a       2.887       10.53c       2.122
              1001mg/kg      31.67b           4.072          21.00a       3.464       14.20b       2.835
              1502mg/kg      20.00 c          7.549          17.67b         4.932      14.30b      2.961
              2002mg/kg      11.17c            0.764          10.67c      1.155      6.20c         2.022
	P-value	.00	.01	.01
Note: abcMeans with same superscript are not significantly different
WAP=weeks after planting
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BCF, Pb in Leaves and Soil

BCF	Pb0mg/kg	Pb500mg/kg	Pb100mg/kg	Pb1500mg/kg	Pb200mg/kg	0.28000000000000003	0.01	2.5099999999999998	0.05	0.27	Pb in Leaf	Pb0mg/kg	Pb500mg/kg	Pb100mg/kg	Pb1500mg/kg	Pb200mg/kg	0.02	0.09	0.1	0.28999999999999998	0.03	Pb in Soil	Pb0mg/kg	Pb500mg/kg	Pb100mg/kg	Pb1500mg/kg	Pb200mg/kg	0.09	6.34	0.04	6.42	0.12	
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