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This study was conducted to highlight status and distribution of potentially toxic elements (PTEs) in Usangu 

agroecosystem-Tanzania. The study involved 198 soil samples from 10 irrigation schemes including three land 

use. The concentrations of selected PTEs (Cd, Cr, Cu, Pb, Zn, As, Hg, Co, Nie etc.) were determined to estimate 

status, distribution, and contamination hierarchy. The total and bioavailable PTEs were determined by aqua regia 

digestion and Mehlich 3 methods, respectively. We observed variable total PTEs concentration (in mg/kg) among 

land use and irrigation schemes such as Cr (15), Co (2.9), Fe (7371), Mn (263), and Zn (18.2). Also, concentration 

of other PTEs (in μg/kg) were As (1382), Cd (22), Cu (3342), Hg (3.3), Ni (4107), and Pb (5661). It was observed 

that 99.5, 87, 66 and 12% of the studied soils had total Fe, As, Se and Hg concentration above allowable threshold 

in agricultural soils, respectively. The bioavailable PTEs fraction were lower than total values from different land 

use and irrigation schemes, higher values of bioavailable PTEs were associated with agricultural intensifications. 

The status of PTEs in Usangu agroecosystem observed to be at level potentially to cause damaging effect to soil 

invertebrates, plants, animals and human if remain unregulated. This study highlights baseline information and 

evidence for site-specific environmental management planning and a scientific basis required to establish PTEs 

management in agricultural soils to ensure health food and environmental safety. 
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. Introduction 

Potentially toxic elements (PTEs) includes elements which have toxi-

ity effect on soil microbes, plants and animals especially when they are

vailable in higher concentrations. Some PTEs are carcinogenic such as

ercury (Hg), lead (Pb), chromium (Cr), cadmium (Cd), and arsenic

As) ( Abdu et al., 2011 ; Addis and Abebaw, 2017 ). Some PTEs like iron

Fe), copper (Cu), manganese (Mn), zinc (Zn), cobalt (Co), and selenium

Se) at low doses are plant micronutrients. PTEs in agricultural soils are

he potential route for PTEs to plants and food chain ( Liu et al., 2007 ;

u et al., 2017 ). Thus, PTEs accumulation in soil and plant materials

an increase PTEs levels in human body via food ( Chabukdhara and

ema, 2013 ; Phuong et al., 2010 , 2008 ). High use of agro-echemicals

n farming areas can elevate PTEs in soils and water because of high

TEs impurities associated ( Lema et al., 2014 ; Lema and Mseli, 2017 ;

atowo et al., 2020 ; Philbert et al., 2019 ). The accumulation of PTEs in

gricultural soils can contaminate crop grains leading to health risks to

sers. Countries like China reported that increased PTEs in agricultural

oils because of increased use of agrochemicals and wastewater use with

levated PTEs (e.g. Cd, Pb, Hg, Cr). About 10 million tons of rice grain
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eported to be contaminated by PTEs per year in China ( Teng et al.,

010 ). Increased use of agrochemicals increase the risk of PTEs accu-

ulation in agricultural soils and water which later can spread to other

cosystem and food chain ( Abdu et al., 2011 ; Abdullahi et al., 2014 ;

a Silva et al., 2016 ; Goncalves et al., 2014 ; Lema et al., 2014 ). 

The Usangu basin is important in agricultural sector and biodiversity

n Tanzania including irrigation farming, national parks and game re-

erves ( Fox, 2004 ; Kashaigili et al., 2006 ; Machibya and Mdemu, 2005 ).

he location of Usangu basin (USB) allows fast offload of crop produces

ue to presence of Tanzania and Zambia highway (TAZAM) and Tan-

ania and Zambia Railway (TAZARA). But also, the basin is close to

apid growing city of Mbeya and receives runoff from urban areas and

ipengere mountain range which is used for irrigation ( Katambara et al.,

016 ; Malley et al., 2017 ). Runoff water from urban cities, TAZAM

nd TAZARA lines are sought to have elevated levels of PTEs and nu-

rients. Studies by FBD (2007) and Fox (2004) on water quality from

ivers in Usangu basin in December 1999 reported elevated levels of

TEs in runoffs (i.e., Cu 10 μg/L; Cd 10 μg/L; Cr 10 μg/L; Pb 10 μg/L;

n 20 μg/L; Co 10 μg/L; and Ni 10 μg/L and plant nutrients such

s K 8900 μg/L; Na 157,000 μg/L; Ca 9700 μg/L; Mg 4500 μg/L; Fe
1 
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t  
200 μg/L; Mn 10 μg/L and pH of 6.8). Elevated levels of PTEs and

lant nutrients in rivers were reported to be influenced by urbanization

nd agricultural intensification in the nearby areas, i.e., Uyole, Chimala,

nd Igurusi ( Machibya and Mdemu, 2005 ). Usangu agroecosystem since

985 have experienced incredible intensification by involving increased

umber of crops grown per season and agrochemicals uses ( Cox, 1985 ;

achibya and Mdemu, 2005 ; Matowo et al., 2020 ; Philbert et al., 2019 ).

his practice increase land productivity but also pose ecological and en-

ironmental challenge of contamination and pollution risks. The con-

aminated downstream from Usangu basin lead to environmental im-

acts such as siltation of some rivers draining from irrigated areas and

utrophication of wetlands donwstream of the irrigation areas affecting

hole water budget of the Great Ruaha River downstream of N’Giriama

ut also the area is a hot spot for bilharzia disease ( Elisa et al., 2021 ;

ihwele et al., 2018 , 2021 ). Therefore, assessment of PTEs in water and

gricultural soils in Usangu agro-ecosystem is vital for quality assess-

ent and management since no up-to-date information on PTEs status

nd distribution in the area which limits PTEs strategic management in

groecosystem. This study was conducted characterize soil PTEs status

nd distribution in Usangu agro-ecosystem for monitoring and sustain-

ble land management. 

. Material and methods 

.1. Study area 

The study was conducted in the Usangu Basin (USB) Mbeya-Southern

ighland Tanzania, located between latitudes 7°41´and 9°25´ South and

ongitudes 33°40´ and 35°40´ East with an area of 20,800 km 

2 . The area

as average annual rainfall of 1000–1600 mm. In the north it has an

rea wide flat plain with alluvial soils supporting irrigated and dry land

arming. The basin receives rainfall from December to March and seven

ry month. The downstream from Usangu runs to Great Ruaha River,

uaha National Park to Mtera and Kidatu dams ( Fig. 1 ). 

.2. Description of the study area and farming management 

The study were conducted in ten irrigation schemes (Moto mubaya,

galako, Ihahi, Chimala, Uturo, Kapunga, Utengule-usangu, Mwa-

enga/Ilaji, Mubuyuni, Isenyela and Mabadaga). The schemes in the

rea were classified as (i) Group I:-purely agriculture (pure agricul-

ure schemes) which have farms only and no settlements. This in-

ludes A-Utengule usangu, B-Kapunga, C-Mubuyuni, Uturo, Isenyela

nd Mabadaga and F-Mwatenga ( Fig. 2 ). Group I schemes have

ell-established irrigation systems with concrete irrigation channels

rom major rivers; schemes are highly mechanized and intensified for

igh yields and increased inorganic fertilizer use ( Carvalho, 2015 ;

gailo et al., 2016 ; Nonga et al., 2011 ). (ii) Group II:-mixed agriculture

chemes where includes farming areas and scattered rural settlements

such as D -Ihahi, and-Chimala, E-Igalako and Mahongole) ( Fig. 2 ). The

roup II schemes are situated in farming areas and scattered rural/town

ettlements in between, which positively or negatively influence PTEs

oncentration and distribution in agricultural soils. The area mainly in-

olves smallholder farmers with less agrochemical utilization, organic

anure and inorganic fertilizer application. The scheme category might

nfluence the concentration and distribution of PTEs in topsoils in agri-

ultural fields ( Kibassa et al., 2013 ; Mwegoha and Kihampa, 2010 ;

hemdoe, 2010 ). The settlements around the area might influence soil

uality due to waste disposals from domestic and urban effluents. The

and tenure in this group is mainly local ownership which might in-

uence soil quality due to management. In each group, reserved areas

conserved areas) were collected to save as reference points. 

.3. Soil sample collection, extraction and quality assurance 

Soil samples were collected in Group I and II, where 198 soil samples

ere collected in 66 sampling points from November to December 2019
2 
t 0–30 cm depth. Collected samples were air dried and ground to pass

 mm sieve. All analyzes were conducted at University of Plymouth-

nited Kingdom where total and bioavailable PTEs were determined as

ollows; 

Total PTEs concentration (AQ); Soil samples were digested in acid

ixture of HCl and HNO 3 (aqua regia (AQ)) from Sigma-Aldrich Chemie

mbH in a ratio of 3:1 in a hot plate for at least three hours ( UoP, 2015 ).

pproximately 0.2 g of soil sample was weighed and placed in a 25 ml

eaker. One (1) ml of high purity HNO 3 were added to the beaker and

llowed to cold digest for 1 hour. After one hour, 3 ml of high purity

Cl and additional 1 ml of HNO 3 were added and allowed to hot digest

95–100 °C) for at least 3 h until the brown fumes stopped evolving.

hen sample allowed to cool and filtered into 25 ml volumetric flask

sing an acid-resistant filter (Whatman filter No.42) and made to the

ark with 2% HNO 3 and stored at 4 ∘C until analysis. 

Bioavailable PTEs (M3); The bioavailable PTEs were extracted by

ehlich 3 extraction solution (M3) ( Guo, 2009 ; Mehlich, 1984 ). Two

rams of air-dried soils were weighed and placed in 50 ml centrifuge

ubes, 20 ml of M3 solution were added and tied, shaken in a mechani-

al shaker at 180 rpm for five minutes. The mixture was centrifuged at

200 rpm for 5 min and filtered into a 10 ml volumetric flask through

n acid-resistant filter. 

Quality Assurance (QA) : To ensure reliability of data, reagent

lanks, standard reference material (SCP- S150123029 and SS2

nvironMAT-S150827031) were used to monitor the determination

uality in Mehlich 3 and acid digestion method, respectively. Milli-Q

ater were used to prepare reagents and calibration standards. The

0% HNO 3 and 10% HCl, distilled and Milli-Q water were used to

ash all glasswares to avoid contamination. All samples were extracted

nd measured in triplicate, the PTEs concentration in soil extracts

ere determined by ICP-OES and ICP-MS. The recovery of samples

piked with standards ranged from M3 (83% to 105%) and AQ (74.78%

o 98.10%). 

Soil contamination assessment : To assess PTEs soil contamina-

ion, regulatory values i.e., maximum allowable limit for PTEs in agri-

ultural soils Tanzania (TZ) and USEPA values were used ( Mclean and

ledsoe, 1992 ; URT, 2007 ). The obtained values were compared with

egulatory values for PTEs contamination analysis. Any sample with a

alue exceeding the threshold limits were considered contaminated or

ighly to be contaminated ( Table 2 ). The ratio of total PTEs concentra-

ion (AQ) with TZ and USEPA maximum limits (AQ:TZ, and AQ:USEPA)

ere computed to estimate contamination hierarchy. In addition the

atio of bioavailable PTEs (M3) and total PTEs (AQ) were computed

M3:AQ) to estimate PTEs bioavailability. 

.4. Statistical analysis 

Statistical methods were applied to analyze the data in terms of

ts distribution and correlation among the studied parameters. All col-

ected data were statistically analyzed by the Jamovi 1.2.25 and IBM

PSS Statistics 24 programs (IBM: Chicago, IL, USA). The computed

ean values were compared to the regulatory values to evaluate the

agnitude of contaminants in the environment. The statistical differ-

nce among irrigation schemes, land uses, and sampling points were

etermined by ANOVA, and Tukey posthoc tests ( P < 0.05). Pearson

orrelation analyses were performed to analyze relationship of PTEs

n soils. The study and sampling site were generated by QGIS 3.10.7

oftware. 

. Results and discussion 

.1. Total PTEs concentration 

Total PTEs concentration among land use and irrigation schemes de-

ermined by acid digestion (AQ) varied significantly ( P < 0.05) amongst
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Fig. 1. Distribution of soil sampling sites in dif- 

ferent irrigation schemes of the Usangu basin- 

Mbeya Tanzania. 

Fig. 2. Scheme classification in study area, 

where schemes A, B, C, and F are pure agri- 

culture (Group I) and D and E are mixed agri- 

culture schemes (Group II). 

3 
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Table 1 

Maximum allowable limit (mg/kg) of PTEs in 

natural habitat and agricultural soils in Tanza- 

nia ( He et al., 2015 ; URT, 2007 ; USEPA, 2014 ). 

S/N PTEs TZ (mg/kg) USEPA (mg/kg) 

1 As 1 0.2 

2 Cd 1 0.1 

3 Cr 100 1 

4 Fe 50,000 –

5 Pb 200 0.1 

6 Mn 1800 5 

7 Hg 2 0.005 

8 Ni 100 50 

9 Se 20 20 

10 Cu 200 2 

11 Zn 150 5 
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ampling sites, land uses and irrigation schemes. The determined AQ-

TEs (mg/kg) were; Al (7887.03), Cr (15.39), Co (2.92), Fe (7371.18),

n (263.14), and Zn (18.249). The other AQ-PTEs (in μg/kg) were

g (36.54), As (1381.73), Cd (21.49), Cu (3342.39), Hg (3.28), Mo

281.88), Ni (4106.92), Pb (5661.04), Sb (27.34) and Se (2695.75). The

etermined PTEs values such as Co, Ag, Fe, Mo, As, Hg and Se in were

bove Tanzania maximum allowable limit of PTEs in agricultural soils

 URT, 2007 ). PTEs such as Cr, Cd, Cr, Mn, Co, Zn, Mn, and Pb had val-

es below the limit ( Table 1 ). Among 198 collected soil samples, about

9.48%, 86.53%, 66.32% and 11.92%, of samples had Fe, As, Se, and

g concentration above the threshold, respectively. This indicates that

he system is somehow invaded by soil contamination which affect envi-

onmental quality and food safety. The comparison of determined PTEs

alues with USEPA maximum allowable limit most of the soils had AQ-

TEs concentration above USEPA maximum allowable limits. Therefore,

anagement strategies have to be in place to avoid further PTEs increase

n agricultural soils. The total AQ-PTEs determined for Pb, and Zn were

ower than values reported elsewhere in the world. For example, the

alue for Pb (5.66 mg/kg) and Zn (18.249 mg/kg) was lower than val-

es reported by Abdullahi et al. (2014) in soils in Birnin Gwari in Nigeria

Pb = 20.83 mg/kg and Zn = 61.82 mg/kg) and the AQ of Cu, Ni, Cd, Pb

ere observed to be lower than that reported by Shah et al. (2013) in

akistan. However, the situation might change in the near future

ue to agricultural intensification and urbanization happening in

he area. 

Rationing the PTEs concentration in the study area with maxi-

um TZ and USEPA allowable limits computed to estimate contami-

ation or pollution hierarchy ( Table 3 ) which observed to vary signif-

cantly ( P < 0.05) among land uses and irrigation schemes. Compar-

ng the concentration of PTEs determined with values determined by

BD (2007) and Fox (2004) in 1999 in the area, it was observed increase

f PTEs in the area over time signifying the of anthropogenic activities

n and nearby areas. 

.2. Land use and distribution of AQ-PTEs 

The analysis of soil samples from maize farming, paddy farming, and

onserved areas determined PTEs distribution in different land uses. It

as observed that significantly higher PTEs concentrations ( P < 0.05)

ere in farming areas than conserved areas ( Table 2 ), which might be

nfluenced by the farming practices and intensifications. The general

rend of soil PTEs based on land use were higher in paddy farming (in

roup II) ( P < 0.05) than in maize farming areas. This is because of

addy farming intensification in the area involves ,high use of fertil-

zer and other agrochemicals ( Ngailo et al., 2016 ). Generally, the con-

erved areas were observed to have a statistically significant lower PTEs

oncentration ( P < 0.05) than the other two land use. Mean values (in

g/kg) of some PTEs were; Al in paddy (8018.24), maize (6540.72)

nd conserved area (7520.81); Cr in paddy (15.31), maize (13.34) and
4 
onserved area (17.89); Cd in paddy (21.06), maize (31.86), and con-

erved area (17.98); Pb in paddy farming (5.578 mg/kg), maize farming

6.324 mg/kg), and conserved area (6.039 mg/kg). When PTEs concen-

ration in different land uses compared based on scheme classification

Group I and II), PTEs concentrations were statistically significantly dif-

erent among groups, where in conserved areas Group II had higher

TEs, in maize growing areas Group I and in paddy farming Group II

ad higher PTEs concentrations ( Table 2 ). Over the entire land use in

he area, Group I had statistically higher values of Ag, As, Co, Cu, Ni

nd Cr while Group II had higher concentration of Se, Pb, Mo, Hg, and

d ( Table 3 ). The observed trend indicates that farming and related

ctivities conducted in farming areas and in vicinity are largely respon-

ible for increased PTEs in agricultural soils. This scenario supported by

oss (2008) and Tutic et al. (2015) who reported agricultural activities

o contribute PTEs accumulation and pollution in an agro-ecosystem.

he general trend of high PTEs concentration in farming areas than in

onserved areas is an indication that agrochemicals, irrigation water and

achines used or working in farming areas could be associated with in-

reased PTEs. 

Conserved areas recorded higher values in some parameters than

hose in maize farming areas ( Table 2 ). For example, As in paddy farm-

ng (1261.23 and 1568.92 μg/kg for Group I and II), maize farming

1560.89 and 1404.61 μg/kg for Group I and II), and conserved area

1712.54 and 1671.79 μg/kg for Group I and II); and Cr in paddy farm-

ng recorded (16.43 and 12.58 mg/kg for Group I and II), maize farm-

ng (15.17 and 13.34 mg/kg for Group I and II), and conserved area

18.46 and 15.61 mg/kg for Group I and II) ( Table 2 ), this indicates

hat higher PTEs values could be from wind deposition and runoffs from

earby towns which ends up in conserved areas. The same scenario

as reported in Luanda Angola ( Ferreira-Baptista and De Miguel, 2005 )

nd Spain ( Ordóñez et al., 2003 ; Ramos-Miras et al., 2011 ) where a

igh PTEs concentration were observed in reserved areas indicating that

TEs might be originated from different sources and transported as dust,

erosols and runoffs to the area. Natural sources are also a possible

eason for higher PTEs in reserved areas; however, geological materi-

ls in the Usangu basin are not enriched with the elements detected

 Delvaux and Hanon, 1993 ). 

To estimate the contamination or pollution hierarchy, the ratio was

omputed between total PTEs and regulatory values (TZ and USEPA)

 Tables 1 and 3 ). The computed pollution hierarchy ratio indicates that

otal concentration of Cr, Co, Fe, Mn, Zn, As, Ag, Mo, Cu and Pb were

bove USEPA maximum allowable limits ( Table 3 ) which means the

Q:USEPA ratio was significantly greater than 1 ( p < 0.05). Among

98 collected soil samples, 99.48%, 99.48%, 99.48%, 96.67%, 96.97%

nd 67.68%, and of Cr, Mn, Zn, As, Pb and Cu respectively were above

SEPA maximum permissible limit for PTEs in agricultural soils. The

Q:TZ ratio as a pollution hierarchy computed observed that only con-

entration of Co, As, Ag, Mo and Fe ( Table 3 ) were above the Tanzania

aximum allowable limit for PTEs in agricultural soils and natural habi-

ats. The higher PTEs concentration than the acceptable limits indicates

hat there is a risk of detrimental health effects to human and environ-

ent as some PTEs are carcinogenic ( Defarge et al., 2018 ; Hu et al.,

021 ). Based on the pollution hierarchy, farming areas were more pol-

uted or at risk compared to reserved areas. Therefore agricultural activ-

ties like fertilizer, pesticides, herbicides, and other agrochemicals ap-

lication are likely to contribute to PTEs accumulation in agricultural

oils. But also emission from machines and vehicles operating in farming

reas, washing and bathing in irrigation canals is probable cause for an

levated PTEs levels in agricultural soils. Hence immediate action and

onitoring program has to be in place to avoid a further increase in

TEs in agroecosystem. The significance difference in regulatory values

mong authorities prevent international cooperation in PTEs environ-

ental conservation and managements of agro-ecosystems because an

rea can be classified contaminated by one country regulatory value but

ncontaminated by other authority value thus delaying the immediate

emediation actions. 
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Table 2 

The AQ mean values for PTEs concentrations in soils in different land use in Usangu agro-ecoystem. 

Land Use Group Al (mg/kg) Cr (mg/kg) Co (mg/kg) Fe (mg/kg) Mn (mg/kg) Zn (mg/kg) Pb (μg/kg) 

Conserved Area I 6867.23 18.46 3.41 8183.00 269.40 19.12 5540.79 

II 10,135.16 15.61 4.13 8223.37 631.60 21.40 8036.51 

Maize farming I – – – – – – –

II 6540.73 13.34 2.78 7137.44 459.24 19.25 6324.39 

Paddy farming I 7817.65 16.43 3.07 7350.80 190.96 17.30 5244.73 

II 8507.17 12.58 2.39 7223.08 365.48 19.89 6391.57 

Land Use Group Ag (μg/kg) As (μg/kg) Cd (μg/kg) Ni (μg/kg) Cu (μg/kg) Hg (μg/kg) Mo (μg/kg) 

Conserved Area I 38.58 1712.54 14.10 5497.25 4570.16 2.78 306.90 

II 69.99 1671.79 33.48 1965.92 1845.19 2.81 522.66 

Maize farming I – – – – – – –

II 18.81 1404.61 31.86 1577.48 1522.10 3.43 474.45 

Paddy farming I 37.18 1261.23 18.43 5160.29 4061.77 3.17 223.77 

II 36.82 1568.91 27.46 1957.94 1830.59 3.66 354.08 

Note: in maize farming areas there was no group I type of schemes. 

Table 3 

The ratio of total PTEs with Tanzania and USEPA maximum allowable limit as an estimate of pollution hierarchy in land-use 

groups in Usangu basin-Tanzania. 

Land Use Group AQ-Cr/TZ AQ-Co/TZ AQ-Fe/TZ AQ-Mn/TZ AQ-Zn/TZ AQ-As/TZ 

Conserved 

Area 

I 0.18 3.41 1636.60 0.15 0.13 1.71 

II 0.15 4.13 1644.67 0.35 0.14 1.67 

Maize 

farming 

I – – – – – –

II 0.14 2.99 1461.81 0.26 0.13 1.45 

Paddy 

farming 

I 0.16 3.07 1470.16 0.11 0.12 1.26 

II 0.126 2.39 1444.62 0.20 0.13 1.5 

Land Use Group AQ-Cd/TZ AQ-Cu/TZ AQ-Hg/TZ AQ-Ni/TZ AQ-Pb/TZ AQ-Se/TZ 

Conserved 

Area 

I 0.01 0.02 0.001 0.06 0.03 0.09 

II 0.03 0.01 0.001 0.02 0.04 0.19 

Maize 

farming 

I – – – – – –

II 0.04 0.01 0.001 0.02 0.04 0.18 

Paddy 

farming 

I 0.02 0.02 0.002 0.05 0.03 0.11 

II 0.03 0.01 0.002 0.02 0.03 0.20 

Land Use Group AQ-Cr/USEPA AQ-Co/USEPA AQ-Fe/USEPA AQ-Mn/USEPA AQ-Zn/USEPA AQ-As/USEPA 

Conserved 

Area 

I 18.46 3.41 1636.59 53.88 3.82 8.56 

II 15.61 4.13 1644.67 126.32 4.28 8.35 

Maize 

farming 

I – – – – – –

II 13.95 2.99 1461.81 91.70 3.91 7.28 

Paddy 

farming 

I 16.43 3.07 1470.16 38.19 3.46 6.31 

II 12.58 2.39 1444.62 73.09 3.98 7.85 

Land Use Group AQ-Cd/USEPA AQ-Cu/USEPA AQ-Hg/USEPA AQ-Ni/USEPA AQ-Pb/USEPA AQ-Se/USEPA 

Conserved 

Area 

I 0.14 2.29 0.56 0.11 55.41 0.09 

II 0.34 0.92 0.56 0.04 80.31 0.19 

Maize 

farming 

I – – – – – –

II 0.36 0.77 0.57 0.03 71.29 0.18 

Paddy 

farming 

I 0.18 2.03 0.63 0.10 52.45 0.11 

II 0.28 0.96 0.73 0.04 63.92 0.20 
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.3. The total PTEs spatial distribution in Usangu agro-ecosystem 

The spatial distribution of total PTEs in different irrigation schemes

Group I and II) of Usangu agro-ecosystem, significantly varied

 P < 0.001) among schemes and groups, where schemes located in the

owland areas (such as B and C in Fig. 2 ) had a significantly higher PTEs

oncentration ( P < 0.001) such as Pb, Co, Cr, Fe, Cu, Ni, and Al than

heir counterparts ( Table 4 ). This might be influenced by downstream

unoffs from upland areas and soil erosion, but also the level of intensi-

cation which was observed to be high in these schemes ( Ngailo et al.,

016 ). But also schemes located closer to urban or peri ‑urban areas or

ettlement areas (D and E in Group II of Fig. 2 ) were observed to have

ignificantly higher mean PTEs values (such as Mn, Zn, Ag, As, Cd, Hg,

o and Se) ( Table 4 ). This can be due to runoffs, effluents and emission

rom urban areas and domestic wastes as supported by Shemdoe (2010) .

urthermore, intensified and commercialized irrigation schemes were

bserved to have a higher PTEs concentration, which might increase

roduction cost due to the unresponsive effect of fertilizer added due to

utrient fixation by PTEs ( Wang et al., 2008 ) due to high agrochemicals

se with reported high PTEs impurities. 
5 
Comparing irrigation scheme observed that areas in Group I such

s Ilaji, Mabadaga, Kapunga, Mubuyuni and Uturo had a significantly

igher concentration of Al, Cr, Fe, Co, Cu, Ni and Pb whilst scheme in

roup II such as Chimala, Igalako, Ihahi and Mahongole had a high con-

entration of Mn, Zn, Ag, As, Cd, Hg, Mo and Se ( Table 4 ). Based on Tan-

ania maximum allowable limit of PTEs in agricultural soils ( Table 1 );

ll irrigation schemes had a concentration of PTEs below Tanzania

aximum allowable limit except for As, Ag, Mo, Co, and Fe which were

bove the TZ limits.Comparison of PTEs concentration with USEPA val-

es observed that all ten irrigation schemes studied (Group I and II) had

 concentration of Cr, Co, Fe, Mn, Zn, Ag, As, Cd, Cu, Mo and Pb above

aximum allowable limit. Estimated AQ:TZ pollution hierarchy order

mong irrigation schemes in Usangu basin ( Table 5 ) were Mabadaga > ,

himala > Uturo > Mubuyuni > Mahongole > Ilaji > Kapunga > Igalako > Ihahi

 Isenyela ( Table 5 ). The same trend was observed for AQ:USEPA.

ased AQ:TZ computed ratio most schemes were less polluted with

TEs, however, in other hands when AQ:USEPA compared most

chemes were observed to be polluted by many PTEs, this differ-

nce is due to regulatory values by these two authorities. This calls

or special attention on the management of anthropogenic activ-
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Table 4 

The AQ mean values for PTEs concentrations in soils in paddy irrigation scheme in Usangu basin-Tanzania. 

Scheme Group Al (mg/kg) Cr (mg/kg) Co (mg/kg) Fe (mg/kg) Mn (mg/kg) Zn (mg/kg) 

Ilaji I 8400.236 16.908 2.756 8355.306 331.282 17.914 

Isenyela I 3414.048 5.801 1.034 4608.645 317.179 7.142 

Kapunga I 9152.268 14.737 2.589 7050.136 178.997 18.642 

Mabadaga I 13,793.938 34.236 6.432 10,523.858 236.902 20.956 

Mubuyuni I 5426.666 18.246 3.661 7581.626 184.985 16.089 

Uturo I 6375.796 19.55 3.869 8297.489 230.083 16.835 

Scheme Group Al (mg/kg) Cr (mg/kg) Co (mg/kg) Fe (mg/kg) Mn (mg/kg) Zn (mg/kg) 

Chimala II 7084.678 20.589 4.112 9073.318 238.692 20.624 

Igalako II 7066.779 12.788 2.979 6808.079 348.424 17.729 

Ihahi II 7354.573 11.302 1.83 6710.396 376.093 19.858 

Mahongole II 10,201.698 14.718 3.29 8204.164 498.366 21.291 

Scheme Group Ag (μg/kg) As (μg/kg) Cd (μg/kg) Cu (μg/kg) Hg (μg/kg) Mo (μg/kg) Ni (μg/kg) Pb (μg/kg) Se (μg/kg) 

Ilaji I 65.426 1790.712 22.514 2772.961 1.082 331.278 3209.214 6094.816 2343.267 

Isenyela I 15.954 1061.84 17.786 392.694 2.258 392.264 380.515 4127.705 2038.427 

Kapunga I 42.39 1279.236 18.547 3487.318 3.1 260.851 4225.698 5469.322 2467.957 

Mabadaga I 9.861 869.284 35.548 7838.971 4.965 47.183 14,776.835 3888.987 1955.794 

Mubuyuni I 30.862 1259.914 16.774 5007.635 3.507 162.26 6513.476 5152.029 1475.085 

Uturo I 28.905 1452.661 13.488 5219.876 3.019 233.335 6107.45 4870.341 1695.849 

Chimala II 52.218 1606.015 16.707 5654.76 4.745 262.137 6821.882 5841.088 2143.628 

Igalako II 22.434 1327.771 35.244 1712.955 2.834 332.662 1750.769 6840.955 3028.077 

Ihahi II 31.304 1536.314 25.828 1591.123 3.652 417.295 1642.048 5959.581 4418.568 

Mahongole II 42.075 1700.945 34.068 1458.896 3.305 417.34 1521.588 7633.72 4123.352 

Table 5 

The ratio of total PTEs with Tanzania and USEPA maximum allowable limit of PTEs in agricultural soils as an estimate of pollution hierarchy in different irrigation 

schemes in Usangu basin-Tanzania. 

Scheme Group AQ-Cr/TZ AQ-Co/TZ AQ-Fe/TZ AQ-Mn/TZ AQ-Zn/TZ AQ-As/TZ AQ-Cd/TZ AQ-Cu/TZ AQ-Hg/TZ AQ-Ni/TZ AQ-Pb/TZ AQ-Se/TZ 

Chimala I 0.206 4.112 1814.664 0.133 0.137 1.61 0.017 0.028 0.002 0.068 0.029 0.107 

Igalako I 0.128 2.979 1361.616 0.194 0.118 1.32 0.035 0.009 0.001 0.018 0.034 0.151 

Ihahi I 0.113 1.83 1342.079 0.209 0.132 1.54 0.026 0.008 0.002 0.016 0.03 0.221 

Ilaji I 0.169 2.756 1671.061 0.184 0.119 1.79 0.023 0.014 0.001 0.032 0.03 0.117 

Isenyela I 0.058 1.034 921.729 0.176 0.048 1.06 0.018 0.002 0.001 0.004 0.021 0.102 

Kapunga I 0.147 2.589 1410.027 0.099 0.124 1.28 0.019 0.017 0.002 0.042 0.027 0.123 

Mabadaga II 0.342 6.432 2104.772 0.132 0.14 0.87 0.036 0.039 0.002 0.148 0.019 0.098 

Mahongole II 0.147 3.29 1640.833 0.277 0.142 1.70 0.034 0.007 0.002 0.015 0.038 0.206 

Mubuyuni II 0.182 3.661 1516.325 0.103 0.107 1.26 0.017 0.025 0.002 0.065 0.026 0.074 

Uturo II 0.195 3.869 1659.498 0.128 0.112 1.45 0.013 0.026 0.002 0.061 0.024 0.085 

Scheme Group AQ- 

Cr/USEPA 

AQ- 

Co/USEPA 

AQ- 

Fe/USEPA 

AQ- 

Mn/USEPA 

AQ- 

Zn/USEPA 

AQ- 

As/USEPA 

AQ- 

Cd/USEPA 

AQ- 

Cu/USEPA 

AQ- 

Hg/USEPA 

AQ- 

Ni/USEPA 

AQ- 

Pb/USEPA 

AQ- 

Se/USEPA 

Chimala I 20.589 4.112 1814.664 47.738 4.125 8.03 0.167 2.827 0.949 0.136 58.411 0.107 

Igalako I 12.788 2.979 1361.616 69.685 3.546 6.639 0.352 0.856 0.567 0.035 68.41 0.151 

Ihahi I 11.302 1.83 1342.079 75.219 3.972 7.682 0.258 0.796 0.73 0.033 59.596 0.221 

Ilaji I 16.908 2.756 1671.061 66.256 3.583 8.954 0.225 1.386 0.216 0.064 60.948 0.117 

Isenyela I 5.801 1.034 921.729 63.436 1.428 5.309 0.178 0.196 0.452 0.008 41.277 0.102 

Kapunga I 14.737 2.589 1410.027 35.799 3.728 6.396 0.185 1.744 0.62 0.085 54.693 0.123 

Mabadaga II 34.236 6.432 2104.772 47.38 4.191 4.346 0.355 3.919 0.993 0.296 38.89 0.098 

Mahongole II 14.718 3.29 1640.833 99.673 4.258 8.505 0.341 0.729 0.661 0.03 76.337 0.206 

Mubuyuni II 18.246 3.661 1516.325 36.997 3.218 6.3 0.168 2.504 0.701 0.13 51.52 0.074 

Uturo II 19.55 3.869 1659.498 46.017 3.367 7.263 0.135 2.61 0.604 0.122 48.703 0.085 

i  

s

3

 

i  

m  

F  

a  

r

2  

b  

c  

d  

p  

(  

m  

t  

a  

t  

t  

a  

2  

g  

a  

o  

t  

a  

h  

a  

i  

T  

c  

p  

a

ties which could contribute to higher PTEs levels in agricultural

oils. 

.4. Bioavailable PTEs accumulation 

The concentration of PTEs which are easily available for plant uptake

n agro-ecosystem was determined by Mehlich 3 method (M3). The M3

ean values (mg/kg) for PTEs ranged Al (93.2–792.9), Cu (0.03–7.2),

e (81.1–470.6), Mn (12.8503.1), Pb (0.03–4.8), and Zn (0.4–7.5). In

ddition, the concentration of other PTEs in agricultural soils (in μg/kg)

anged As (26.2–712.4), Cd (3.8–54.5), Co (45.2–2684.3), Cr (0.001–

22.9), Hg (0.001–11.2), Ni (25.2–4497.3), and Se (97.2–4840.5). The

ioavailable PTEs concentration determined were observed to be low

ompared to total PTEs determined by acid digestion. However, the

etermined values were enough to affect availability and uptake of

lant nutrients such as phosphorus and environmental contamination

 Malidareh et al., 2014 ). Rationing the M3 and AQ (M3:AQ) to esti-

ate the percentage of total PTEs available for plant uptakes observed
6 
o range from 0.3 to 100% among studied PTEs. The high PTEs avail-

bility presents a risk since increased PTEs uptake by plants likely con-

aminate food chain or can easily be taken up by surface water runoffs

o water resources posing health risks to soil invertebrates, animals

nd human ( Fergusson and Ryan, 1984 ; Nriagu, 1992 ; Ordóñez et al.,

003 ). The overall trend for bioavailable PTEs distribution across irri-

ation schemes and land uses was observed to be significantly different

mong land uses groups and irrigation schemes, indicating the influence

f natural and anthropogenic activities such as agrochemicals applica-

ion and runoffs from semi-urbanized settlement available in farming

reas. Many regulatory values for PTEs in agricultural soils and natural

abitats are based on total metal concentrations. Therefore, consider-

tion of bioavailable concentration can lower regulatory values allow-

ng management action to be taken more early than the current values.

herefore, this study compared total and bioavailable PTEs to raise the

oncern to consider bioavailable PTEs concentration when establishing

ollution and associated effects on soil invertebrates, plants, animals

nd human. 
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.5. Land use and bioavailable PTEs (M3) distribution 

Among the studied land use, the bioavailable PTEs were revealed

o be significantly higher in farming areas (in paddy and maize farm-

ng areas) ( P < 0.05) than in conserved areas (S1). This influenced by

arming practices including the use of agrochemicals uses and storm

unoff water for irrigation. The M3 PTEs distribution in different land

ses was observed to vary among land uses and groups, where in each

and use Group I had high concentration of bioavailable Al, Cu, Fe, Co,

r, and Ni; while Group II reported high values of Mn, Pb, Zn, Ag, As,

d, Hg, Mo and Se (S5). The M3 concentration of some PTEs in different

and uses were: Pb in paddy farming (1.87 and 1.65 mg/kg for Group

 and II), maize farming (1.87 mg/kg in Group II), and conserved area

1.82 and 2.02 mg/kg for Group I and II); As in paddy farming (190 and

70 μg/kg for Group I and II), maize farming (170 μg/kg for Group II),

nd conserved area (187 and 161 μg/kg for Group I and II); Cd in paddy

arming (19 and 38 μg/kg for Group I and II), maize farming (33 μg/kg

or Group II), and conserved area (17 and 36 μg/kg for Group I and II);

nd Co paddy farming recorded (844 and 474 μg/kg for Group I and

I), Maize farming (532 μg/kg for Group II), and conserved area (685

nd 634 μg/kg for Group I and II), these values were observed to be

ignificantly different among land uses and groups ( P < 0.05). The same

rend of higher concentration of PTEs in paddy farming than other land

se were observed in Mo, Ni and Se (S5), indicating the influence of

nthropogenic activities as paddy farming in the study area is highly

ntensified. The comparison of available and total PTEs concentration

M3:AQ) in different land uses observed that there was a significant dif-

erence in availability among elements; elements with higher M3:AQ

ere Ag 11–100%, Cd 0–100%, Se 43–74%, Cu 48–64%, Mn 33–61.3%,

b 25–38%, and other elements had percent availability (M3:AQ ratio)

f less than 25% (S2). This indicates that the available PTEs high and

ikely to be taken up by plants and accumulate in food grains and fod-

ers affecting human, animals and soil invertebrates. 

.6. Bioavailable PTEs spatial distribution in Usangu agroecosystem 

The bioavailable PTEs distribution was observed to significantly to

ary across schemes and groups (S3 and S5). For example; schemes

n group I which composed of Ilaji, Isenyela, Kapunga, Mabadaga,

ubuyuni and Uturo had higher concentration of Al (199–346 mg/kg),

u (0.3–4.2 mg/kg), As (86–468 μg/kg), Pb (0.64–2.74 mg/kg), Ag

0.2–33.12 μg/kg), Co (291–1619 μg/kg) and Ni (93.281–1770 μg/kg)

hile schemes in Group II (Chimala, Igalako, Ihahi, and Mahongole)

ad higher concentration of Se (0–2470.7 μg/kg), Hg (0–0.35 μg/kg),

r (13.5–101.5 μg/kg), Cd (18.3–39.3 μg/kg), Zn (2.5–3.4 mg/kg), Fe

154–324 mg/kg) and Mn (118–227 mg/kg) (S3). The higher Al and

e concentration has a toxicity effect on plants and reduce plant nu-

rients availability such as phosphorus due to fixation leading to poor

ertilizer returns ( Ndakidemi and Semoka, 2006 ). Higher PTEs concen-

ration in Group I are likely to be influenced by intensive agricultural

arming conducted in those areas which involved excessive use of fertil-

zer, pesticides and herbicides, and emission for machines and vehicles

perating in agricultural fields. Group I schemes location favor it as a

ink as it is located in the lower basin compared to Group II schemes;

herefore, all storm surface runoffs from the upper Usangu basin flow

o these schemes where they are utilized as irrigation water. Group II

chemes being located in or near residential areas have an additional

ource of PTEs in agricultural soils from industrial and domestic waste,

ffecting PTEs concentration and distribution. Also, schemes in group

I schemes are located closer to TAZAM highway and TAZARA diesel-

owered railway line which might have influenced PTEs levels. Based

n M3:AQ ratio estimated observed that the PTEs with high availability

ere Mn (27–81% in Group I and 42–67% in Group II), As (7–45% in

roup I and 2–18% in Group II), Cd (4–100% in Group I and II), and Cu

12–44% in Group I and 40–54% in Group II) (S4). The variation of PTEs

n schemes indicates that they are influenced by anthropogenic activities
7 
n farming areas and in proximity which are not uniformly distributed

S6). Therefore, PTEs management in agro-ecosystem needs integrated

fforts to regulate agrochemicals and wastewater uses in agricultural

elds but also waste disposal and storm runoffs management strategies

as to be in place especially in urban and peri ‑urban areas. 

. Conclusion and way forward 

Agricultural soils from the study area especially in farming areas for

maize and paddy in the Usangu basin showed possible signs of Cd,

Pb, Hg, As, Fe, Cu, Zn, and Hg contamination to a level, which

can affect the soil invertebrates, animals, and human. The PTEs

levels in agricultural soils in the study area were above Tanzania

maximum allowable limits leading to possible health risks to the

environment. The study found that Cd, Hg, and Pb in soils are

related to land use activity and were negatively correlated with

the altitude of the farming areas. Increased settlement and towns

in farming areas were found to be associated with increased PTEs

concentrations in soils because schemes located near residential

areas had higher PTEs concentration. The study found that PTEs

concentration increases with time and it is important to set man-

agement plans to monitor and control PTEs in agricultural soils

to ensure environmental safety and sustainability. 

eclarations 

Funding: The present study was supported by the Germany Aca-

emic Exchange Service (DAAD)-Germany through Regional Forum for

niversities for Capacity Building in Agriculture (RUFORUM)-Uganda

nd Commonwealth Scholarship Secretariate (CSC)-United Kingdom. 

Availability of data and materials: The datasets used and/or an-

lyzed during the current study are available from the corresponding

uthor on reasonable request. 

Author contributions: M.M, P.A.N, and L.K.M; Conceptualization

nd Methodology, M.M, P.A.N, L.K.M, S.C, and T.H.H; Data curation

nd Formal analysis, M.M, P.A.N, L.K.M, S.C, and T.H.H Writing-original

raft, M.M, P.A.N, L.K.M, S.C, W.B, and T.H.H Writing-review and edit-

ng, P.A.N, L.K.M, S.C, W.B, and T.H.H supervision. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial

nterests or personal relationships that could have appeared to influence

he work reported in this paper. 

cknowledgements 

The authors would wish to thank all laboratory technicians and tech-

ical staffs at the Plymouth University-UK and Nelson Mandela African

nstitution of Science and Technology (NM-AIST), Arusha, Tanzania. 

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi: 10.1016/j.envc.2021.100200 . 

eferences 

bdu, N., Agbenin, J.O., Buerkert, A., 2011. Geochemical assessment, distribution, and

dynamics of trace elements in urban agricultural soils under long-term wastew-

ater irrigation in Kano, northern Nigeria. J. Plant Nutr. Soil Sci. 174, 447–458.

doi: 10.1002/jpln.201000333 . 

bdullahi, M. , Mohammed, S. , Aliu, S. , 2014. Analysis of Zr, Pb and Zn in soil and cereal

grown around birnin gwari artisanal goldmine, Kaduna State-Nigeria. Am. J. Eng. Res.

03, 134–138 . 

ddis, W., Abebaw, A., 2017. Determination of heavy metal concentration in soils used

for cultivation of Allium sativum L. (garlic) in East Gojjam Zone, Amhara Region.

Ethiopia. Cogent Chem. 3, 1419422. doi: 10.1080/23312009.2017.1419422 . 

https://doi.org/10.1016/j.envc.2021.100200
https://doi.org/10.1002/jpln.201000333
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0002
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0002
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0002
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0002
https://doi.org/10.1080/23312009.2017.1419422


M. Mng’ong’o, S. Comber, L.K. Munishi et al. Environmental Challenges 4 (2021) 100200 

C  

C  

 

C

d  

 

D  

 

D  

E  

F  

F  

F  

 

F  

G  

 

G  

H  

H  

 

K  

 

K  

 

K  

 

K  

 

 

K  

 

 

L  

 

 

L  

L  

 

M  

 

M  

 

 

M  

 

 

M  

 

 

M  

M  

M  

M  

 

N  

 

N  

 

N  

 

N  

O  

 

P  

 

 

P  

 

 

P  

 

R  

 

 

S  

 

S  

 

T  

 

T  

 

U

U  

U  

W  

 

 

X  

 

arvalho, F.P., 2015. Agriculture, pesticides, food security and food safety. Environ. Sci.

Policy doi: 10.1016/j.envsci.2006.08.002 . 

habukdhara, M., Nema, A.K., 2013. Heavy metals assessment in urban soil around in-

dustrial clusters in Ghaziabad, India: probabilistic health risk approach. Ecotoxicol.

Environ. Saf. 87, 57–64. doi: 10.1016/j.ecoenv.2012.08.032 . 

ox, P., 1985. Pesticide use in Tanzania 68. 

a Silva, F.B.V., do Nascimento, C.W.A., Araújo, P.R.M., da Silva, L.H.V., da Silva, R.F.,

2016. Assessing heavy metal sources in sugarcane Brazilian soils: an approach using

multivariate analysis. Environ. Monit. Assess. 188. doi: 10.1007/s10661-016-5409-x . 

efarge, N., Spiroux de Vendômois, J., Séralini, G.E., 2018. Toxicity of formulants and

heavy metals in glyphosate-based herbicides and other pesticides. Toxicol. Reports 5,

156–163. doi: 10.1016/j.toxrep.2017.12.025 . 

elvaux, D.F. , Hanon, M. , 1993. Neotectonics of the Mbeya Area. Sw Tanzania. Mus. Roy.

Afr. Centr. 97, 87–97 . 

lisa, M., Kihwele, E., Wolanski, E., Birkett, C., 2021. Managing wetlands to solve the

water crisis in the Katuma River ecosystem. Tanzania. Ecohydrol. Hydrobiol. 21, 211–

222. doi: 10.1016/j.ecohyd.2021.02.001 . 

BD, 2007. Eastern Arc Mountains Strategy Thematic Strategy: Mechanism for Payments

for Water Environmental Services. Rufiji River Basin, Tanzania . 

ergusson, J. , Ryan, D. , 1984. the Elemental composition of street dust from large. Sci.

Total Environ. 34, 101–116 . 

erreira-Baptista, L., De Miguel, E., 2005. Geochemistry and risk assessment of street dust

in Luanda, Angola: a tropical urban environment. Atmos. Environ. 39, 4501–4512.

doi: 10.1016/j.atmosenv.2005.03.026 . 

ox, B., 2004. An Overview of the Usangu Catchment, Ihefu Wetland, & Great Ruaha River

Ecosystem Environmental Disaster. pp.1–15. 

oncalves, A.C., Nacke, H., Schwantes, D., Coelho, G.F., 2014. Heavy metal contamination

in Brazilian Agricultural Soils due to application of fertilizers. Environ. Risk Assess.

Soil Contam. doi: 10.5772/57268 . 

uo, M., 2009. Soil sampling and methods of analysis. J. Environ. Qual. 38.

doi: 10.2134/jeq2008.0018br , 375–375 . 

e, Z. , Shentu, Yang , X., Baligar , Zhang, T. , Stoffella, &. , 2015. Heavy metal contamination

of soils: sources, indicators, and assessment. J. Environ. Indic. 9, 17–18 . 

u, J., Lesseur, C., Miao, Y., Manservisi, F., Panzacchi, S., 2021. Low ‑ dose exposure of

glyphosate ‑ based herbicides disrupt the urine metabolome and its interaction with

gut microbiota. Sci. Rep. 1–10. doi: 10.1038/s41598-021-82552-2 . 

ashaigili, J. , Matthew, P. , Henry, M. , Mahoo, F. , A, B. , Mbilinyi, B. , Tumbo, S. , 2006. Use

of a Hydrological Model For Environmental Management of the Usangu Wetlands.

IWMI Research Report, Tanzania . 

atambara, Z. , Mng’ong’o, M. , Chambi, C. , Malley, Z. , 2016. Characteristics of rice pro-

duced under direct and indirect SRI practices in Chimala Area in Mbarali District

Tanzania. J. Agric. Sustain. 9, 15–30 . 

ibassa, D., Kimaro, A., Shemdoe, R., 2013. Heavy metals concentrations in selected areas

used for urban agriculture in Dar es Salaam, Tanzania. Sci. Res. Essays 8, 1296–1303.

doi: 10.5897/SRE2013.5404 . 

ihwele, E., Muse, E., Magomba, E., Mnaya, B., Nassoro, A., Banga, P., Murashani, E.,

Irmamasita, D., Kiwango, H., Birkett, C., Wolanski, E., 2018. Restoring the peren-

nial Great Ruaha River using ecohydrology, engineering and governance methods in

Tanzania. Ecohydrol. Hydrobiol. 18, 120–129. doi: 10.1016/j.ecohyd.2017.10.008 . 

ihwele, E.S., Veldhuis, M.P., Loishooki, A., Hongoa, J.R., Hopcraft, J.G.C.,

Olff, H., Wolanski, E., 2021. Upstream land-use negatively affects river flow

dynamics in the Serengeti National Park. Ecohydrol. Hydrobiol. 21, 1–12.

doi: 10.1016/j.ecohyd.2020.12.004 . 

ema, M.W. , Ijumba, J.N. , Njau, K.N. , Ndakidemi, P.A. , 2014. Environmental contamina-

tion by radionuclides and heavy metals through the application of phosphate rocks-

during farming and mathematical modeling of their impacts to the ecosystem. Int. J.

Eng. Res. Gen. Sci. 2, 852–863 . 

ema, M.W., Mseli, Z.H., 2017. Assessment of Soil Pollution (Heavy Metal) from Small

Scale Gold Mining Activities : a Case of 4, 1–5. 

iu, J., Qian, M., Cai, G., Yang, J., Zhu, Q., 2007. Uptake and translocation of Cd in

different rice cultivars and the relation with Cd accumulation in rice grain. J. Hazard.

Mater. 143, 443–447. doi: 10.1016/j.jhazmat.2006.09.057 . 

achibya, M., Mdemu, M., 2005. Comparison assessment of water use and damage be-

tween modern and traditional rice irrigation schemes: case of Usangu basin, Tanzania.

Int. J. Environ. Res. Public Health 2, 335–342. doi: 10.3390/ijerph2005020020 . 

alidareh, H.B., Mahvi, A.H., Yunesian, M., Alimohammadi, M., Nazmara, S., 2014.

Admium, lead and arsenic content in polished white rice (Oryza sativa L.) In

Ghaemshahr city (North of Iran). Middle - East J. Sci. Res. 20, 1709–1714.

doi: 10.5829/idosi.mejsr.2014.20.12.13632 . 
8 
alley, Z.J., Hart, A., Buck, L., Mwambene, P.L., Katambara, Z., Mng’ong’o, M.,

Chambi, C., 2017. Integrated agricultural landscape management: case study on inclu-

sive innovation processes, monitoring and evaluation in the Mbeya Region, Tanzania.

Outlook Agric. 46, 146–153. doi: 10.1177/0030727017709393 . 

atowo, N.S., Tanner, M., Munhenga, G., Mapua, S.A., Finda, M., Utzinger, J., Ngowi, V.,

Okumu, F.O., 2020. Patterns of pesticide usage in agriculture in rural Tanzania call for

integrating agricultural and public health practices in managing insecticide-resistance

in malaria vectors. Malar. J. 19, 1–16. doi: 10.1186/s12936-020-03331-4 . 

clean, J.E., Bledsoe, B.E., 1992. Ground water issue behavior of metals in soils. Director

1–25. doi: 10.1056/NEJMoa030660 . 

ehlich, A., 1984. Mehlich 3 soil test extractant : a modification of Mehlich 2 extractant.

Commun. Soil Sci. Plant Anal. 37–41. doi: 10.1167/iovs.11-7364 . 

oss, B., 2008. Water pollution by agriculture. Philos. Trans. R. Soc. B Biol. Sci. 363,

659–666. doi: 10.1098/rstb.2007.2176 . 

wegoha, W.J.S. , Kihampa, C. , 2010. Heavy metal contamination in agricultural

soils and water in Dar es Salaam city, Tanzania. Afr. J. Environ. Sci. Technol. 4,

763–769 . 

dakidemi, P.A., Semoka, J.M.R., 2006. Soil fertility survey in Western

Usambara Mountains, Northern Tanzania. Pedosphere 16, 237–244.

doi: 10.1016/S1002-0160(06)60049-0 . 

gailo, J.A. , Mwakasendo, J.A. , Kisandu, D.B. , Tippe, D.E. , 2016. Rice farming in the

Southern Highlands of Tanzania: management practices, socio-economic roles and

production constraints. Eur. J. Res. Soc. Sci. 4 . 

onga, H.E., Mdegela, R.H., Lie, E., Sandvik, M., Skaare, J.U.J., 2011. Assessment of farm-

ing practices and uses of agrochemicals in Lake Manyara basin. Tanzania. African J.

Agric. Res. 6, 2216–2230. doi: 10.5897/AJAR11.271 . 

riagu, J.O., 1992. Toxic metal pollution in Africa. Sci. Total Environ. 121, 1–37.

doi: 10.1016/0048-9697(92)90304-B . 

rdóñez, A., Loredo, J., De Miguel, E., Charlesworth, S., 2003. Distribution of heavy metals

in the street dusts and soils of an industrial city in Northern Spain. Arch. Environ.

Contam. Toxicol. 44, 160–170. doi: 10.1007/s00244-002-2005-6 . 

hilbert, A., Lyantagaye, S.L., Nkwengulila, G., 2019. Farmers’ pesticide usage practices

in the malaria endemic region of North-Western Tanzania: implications to the

control of malaria vectors. BMC Public Health 19, 1–11.

doi: 10.1186/s12889-019-7767-0 . 

huong, N.M., Kang, Y., Sakurai, K., Iwasaki, K., Kien, C.N., Noi, N.Van, Son, L.T.,

2008. Arsenic contents and physicochemical properties of agricultural soils

from the Red River Delta, Vietnam. Soil Sci. Plant Nutr. 54, 846–855.

doi: 10.1111/j.1747-0765.2008.00312.x . 

huong, N.M., Kang, Y., Sakurai, K., Iwasaki, K., Kien, C.N., Van Noi, N., Son, L.T., 2010.

Levels and chemical forms of heavy metals in soils from red river delta, Vietnam.

Water. Air. Soil Pollut. 207, 319–332. doi: 10.1007/s11270-009-0139-0 . 

amos-Miras, J.J., Roca-Perez, L., Guzmán-Palomino, M., Boluda, R., Gil, C.,

2011. Background levels and baseline values of available heavy metals in

Mediterranean greenhouse soils (Spain). J. Geochemical Explor. 110, 186–192.

doi: 10.1016/j.gexplo.2011.05.009 . 

hah, A. , Niaz, A. , Ullah, N. , Rehman, A. , Akhlaq, M. , Zakir, M. , Muhammad, S.K. , 2013.

Comparative study of heavy metals in soil and selected medicinal plants. J. Chem. 17,

507–513 . 

hemdoe, R.S. , 2010. Heavy metal concentrations in soils and leachetes of Mtoni dumpsite

bordering the Indian Ocean in Dar es salaam, Tanzania. Sci. Res. Essays 5, 2143–2147 .

eng, Y., Ni, S., Wang, J., Zuo, R., Yang, J., 2010. A geochemical survey of trace elements

in agricultural and non-agricultural topsoil in Dexing area, China. J. Geochemical

Explor. 104, 118–127. doi: 10.1016/j.gexplo.2010.01.006 . 

utic, A., Novakovic, S., Lutovac, M., Biocanin, R., Ketin, S., Omerovic, N., 2015. The

heavy metals in agrosystems and impact on health and quality of life. Maced. J. Med.

Sci. 3, 345–355. doi: 10.3889/oamjms.2015.048 . 

oP, 2015. Hotplate Digestion for Soils /Sediments: ISO900 9001. 

RT, 2007. The environmental management (Soil quality standards) regulation,2007.

United Republic of Tanzania. 

SEPA, 2014. Human health evaluation manuel supplementary guidance: update of stan-

dard default exposure factor. U.S. Environ. Prot. Agency 2004 6 . 

ang, B., Xie, Z., Chen, J., Jiang, J., Su, Q., 2008. Effects of field application of phosphate

fertilizers on the availability and uptake of lead, zinc and cadmium by cabbage (Bras-

sica chinensis L.) in a mining tailing contaminated soil. J. Environ. Sci. 20, 1109–1117.

doi: 10.1016/S1001-0742(08)62157-9 . 

u, Y., Wu, Y., Han, J., Li, P., 2017. The current status of heavy metal in lake sedi-

ments from China: pollution and ecological risk assessment. Ecol. Evol. 7, 5454–5466.

doi: 10.1002/ece3.3124 . 

https://doi.org/10.1016/j.envsci.2006.08.002
https://doi.org/10.1016/j.ecoenv.2012.08.032
https://doi.org/10.1007/s10661-016-5409-x
https://doi.org/10.1016/j.toxrep.2017.12.025
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0009
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0009
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0009
https://doi.org/10.1016/j.ecohyd.2021.02.001
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0011
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0012
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0012
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0012
https://doi.org/10.1016/j.atmosenv.2005.03.026
https://doi.org/10.5772/57268
https://doi.org/10.2134/jeq2008.0018br
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0017
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0017
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0017
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0017
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0017
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0017
https://doi.org/10.1038/s41598-021-82552-2
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0020
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0021
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0021
https://doi.org/10.5897/SRE2013.5404
https://doi.org/10.1016/j.ecohyd.2017.10.008
https://doi.org/10.1016/j.ecohyd.2020.12.004
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0025
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0025
https://doi.org/10.1016/j.jhazmat.2006.09.057
https://doi.org/10.3390/ijerph2005020020
https://doi.org/10.5829/idosi.mejsr.2014.20.12.13632
https://doi.org/10.1177/0030727017709393
https://doi.org/10.1186/s12936-020-03331-4
https://doi.org/10.1056/NEJMoa030660
https://doi.org/10.1167/iovs.11-7364
https://doi.org/10.1098/rstb.2007.2176
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0035
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0035
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0035
https://doi.org/10.1016/S1002-0160(06)60049-0
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0037
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0037
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0037
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0037
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0037
https://doi.org/10.5897/AJAR11.271
https://doi.org/10.1016/0048-9697(92)90304-B
https://doi.org/10.1007/s00244-002-2005-6
https://doi.org/10.1186/s12889-019-7767-0
https://doi.org/10.1111/j.1747-0765.2008.00312.x
https://doi.org/10.1007/s11270-009-0139-0
https://doi.org/10.1016/j.gexplo.2011.05.009
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0045
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0046
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0046
https://doi.org/10.1016/j.gexplo.2010.01.006
https://doi.org/10.3889/oamjms.2015.048
http://refhub.elsevier.com/S2667-0100(21)00179-7/sbref0051
https://doi.org/10.1016/S1001-0742(08)62157-9
https://doi.org/10.1002/ece3.3124

