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❖ Cadmium is one of the most dangerous heavy metals due to its high mobility in living organisms and the small concentration at which its effects 

manifests (Benavides et al. 2005). 

❖It is considered a major factor in yield limitation due to its high bioaccumulation and toxicity to crop plants (Rizwan et al. 2017).

❖There is also the apprehension of its high potential to gain entry into food chain through soil contamination (Chang et al., 2012; Xu et al., 2012).

❖Nanoremediation using nanoparticles such as TiO2-NPs is an environmentally-friendly and cost-effective remediation of metal-contaminated soils (Abass

et al. 2017).

❖ Cowpea (Vigna unguiculata (L.) Walp.) is a legume grown extensively in the sub-Saharan Africa, and also comprise major sources of proteineous diets of

Southern Nigerian people.

❖Cowpea seeds provide valuable dietary protein of about 25% to humans and animals (Bresanni, 1985) while leaves are important nutritious vegetable to

humans (IPM CRSP 2000)

❖ This study investigated the effects of foliar-intervention of nano-TiO2 on Cd bioaccumulation in cowpea plant and its potential dietary risks to Nigerians

Nano-TiO2 powders utilized in this study was characterized by Field emission scanning electron microscopy (FESEM- Carl Zeiss, SUPRA® 55 with 

GEMINI® Technology) coupled with energy dispersive X-ray spectroscopy (OXFORD-X Act), and images taken at 20 KeV.

Nine containers of soil mass (1.7 kg) was spiked with Cd (CdCl2 salt) at 10 mg/kg with 3 other containers serving as control

At 14-day agglomeration of soil-Cd mixture, cowpea seedling were introduced into the spiked and control soils. 

At 21 days of seedling growth, seedlings in spiked soils were divided into 3 groups (3 pot each) and the groups were subjected to foliar application of 100 

mg/l, 200 mg/l 0 mg/l of nano-TiO2 (nTiO2) respectively.

❖ The foliar application (400 ml) of nTiO2 involved 3 cycles per week for two consecutive weeks.

❖At 49th day, plant parts were harvested analysed for Cd and selected mineral contents.

❖Dietary health risk assessment of cowpea was determined for seeds and leaves for typical Nigerian adult population, vis-à-vis:

Estimated daily intake (EDI) (mg/kg body weight/day) =
𝑪𝒑 ∗ 𝑭𝒄 ∗ 𝑫−𝒇𝒐𝒐𝒅

𝑩𝑾
(Cao et al. 2010)

Hazard quotient (HQ) =
𝑬𝑫𝑰

𝑹𝒇𝑫
(USEPA, 2002)

❖Statistical Package for Social Sciences (SPSS) version 20.0 software was employed for statistical analysis.Ni

Table 1. Effect of nTiO2 intervention on chlorophylls under Cd toxicity

Mean values with same letter along the column are statistically the same at P<0.05 using DMRT; * value for Kruskal-Wallis H and 

significance level

Fig. 1. FESEM (inset: XRD micrograph) of

nTiO2

❑ FESEM revealed near-spherical shapes of nTiO2 (50.60 - 82.0 nm)

(Fig. 1), and XRD indicated crystallinity and anatase structure

❑ Ameliorative effects of foliar-applied nTiO2 on Cd toxicity

observed in Chl-b and T-Chl of tomato plant (Table 1).

❑ Root Cd in sole Cd was ~5-fold higher than control whereas,

Cd10+100 mg nTiO2/l and Cd10+200 mg nTiO2/l presented reduced

Cd uptake compared to sole Cd (Fig. 2).

❑ Similarly, significant amount of Cd (~5.5 fold) was translocated to

leaf tissues in sole Cd compared to control.

❑ However, translocation in Cd10+100 mg/l and Cd10+200 mg/l was

significantly reduced by ~2.0- and 2.5-fold compared to sole Cd.

❑ Seeds Cd bioaccumulation in sole Cd was ~7.4-fold greater than

control. Bioaccumulation was significantly reduced to 4.4- and

5.0-fold, respectively for in Cd10+100 mg/l and Cd10+200 mg/l.

❑ Cd toxicity imposed significant reduction to Zn, Mn and Co

contents in cowpea seeds. However, both 100 and 200 mg/l

increased contents by ~75.1%, ~28.7% and ~110.1%, respectively

(Table 2).

❑ Estimated daily intake (EDI) of Cd via dietary seed and leaf intake

from control plants were below the WHO recommended daily

intake (RDI) limit (0.050 mg/person/day; WHO 1996) (Table 3).

❑ EDI of Cd via seeds and leaves from sole Cd plants were high

and exceeded the RDI limit as expected.

❑ Interestingly, nTiO2-interventions only reduced the EDI values in

leaves below RDI limit (~2.3-fold) whereas EDI values in seeds

still exceeded RDI limit by ~3-fold.

❑ Continuous dietary intake of Cd via cowpea leaves posed no

health risk, whereas regular consumption of seeds despite

interventions still posed health risk to adult subpopulations

❑ In fact, the recommended Cd level in grains and seeds (< 0.2 mg

Cd/kg dw) by FAO (2014) was several-fold lower than Cd levels of

seeds after nTiO2 intervention

❑ Nano-TiO2 intervention did not reduce dietary health risk of Cd in

seeds (HQ>1) but reduced that of leaves (HQ<1.0).

The proposed foliar nTiO2-intervention could serve as an

effective option to reduce Cd bioaccumulation in cowpea and

dietary health risk to Nigerian adult subpopulation.

Treatment Chl-a Chl-b T-Chl.

(mg/g fw)

Control 0.028±0.004a 0.037±0.001b 0.067±0.001a

Cd10 0.031±0.000a 0.028±0.005c 0.059±0.005c

Cd10+ 100 mg nTiO2/l 0.030±0.001a 0.033±0.080b 0.063±0.010b

Cd10+ 200 mg nTiO2/l 0.029±0.000a 0.048±0.002a 0.077±0.003a

F-value; p-value *4.898; p=0.179 5.292; p=0.027 5.025; p=0.030

Fig 2. Cd accumulation as influenced by nTiO2 

intervention under Cd toxicity

Zn Mn Co Cu

mg/kg dw

Control 54.02c±3.08 89.27a±6.54 10.83a±1.25 6.33c±0.62

Cd10 47.12c±2.80 52.23c±4.69 1.48c±0.02 21.25b±1.02

C10+100 mg nTiO2/l 76.17b±3.45 66.25b±0.61 2.75b±0.20 19.67b±1.25

Cd10+200 mg nTiO2/l 89.14a±0.20 68.23b±0.61 3.47b±0.05 36.75a±1.43

F-value; p-value 48.26; p<0.001 28.50; p<0.001 327.82; p<0.001 200.18; p<0.001

Table 2. Effect of nTiO2 intervention on micro-nutrient in cowpea seeds under Cd toxicity.

Mean values with the same letter on bars are statistically the same at P<0.05 using DMRT; n=3

EDI 

(mg/kg BW/day)

EDI 

(mg/person/day)

Hazard Quotient 

(HQ)

Seeds Leaves Seeds Leaves Seeds Leaves

Control 4.8 x10-4 2.8 x10-4 0.034 0.020 0.48 0.28

Cd10 2.6 x10-3 8.6 x10-4 0.183 0.060 2.63 0.86

Cd10+100 mg nTiO2/l 1.7 x10-3 2.8 x10-4 0.119 0.020 1.75 0.28

Cd10+200 mg nTiO2/l 1.9 x10-3 3.5 x10-4 0.133 0.024 1.96 0.35

Note: Recommended daily intake limit (mg/person/day) =0.050 (WHO 1996)

Table 3. Estimated daily intake and health risk through dietary consumption of cowpea seeds
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