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ABSTRACT 

evels of iodine in soils are related 

to organic content and pH 

therein. Soils with low iodine are 

one of the major factors leading to Iodine 

Deficiency Disorder (IDD). This study was 

designed to determine the iodine level, 

organic matter and pH of soil samples 

from three zones of Sokoto State Nigeria. 

Soil iodine level was measured using 

cerium IV reduction method. Organic 

matter was determined by wet digestion 

method, pH of the soil samples were 

assessed using pH Meter, while fresh soil 

to grain iodine transfer factor was 

ascertained by conversion to dry weight 

method. Results were revealed. Soil iodine 

revealed was  2.4±0.01 to 2.9±0.01 μg/g, 
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Introduction: 
Iodine Deficiency Disorder 

(IDD) is found to characterize 

areas with low of iodine in 

soils; utilization of   soils rich 

in iodine is an avenue for 

combating and preventing 

IDD. Despite this, most 

intervention programs focus 

on fortification initiatives, 

specifically in the form of 

iodized salt. Regardless of 

food preference, lifestyle and 

consumption patterns, 

micronutrients come from the 

same source: the Earth 

(UNICEF, 2008; Paz et al., 

2018).   
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Organic matter was 3.8±0.03 to 4.5±0.05, pH was  5.82±0.05 to 6.55 

±0.08; while soil to grain iodine transfer factor was 0.038 to 0.077. The 

result differed among all the three zones of the state and the difference is 

not statistically significant. Soils iodine levels across the three zones of 

Sokoto State are lower compared to the worldwide soil iodine level for 

inland regions at distances greater than 50 km from the coast. Therefore 

improving the soils capacity to retain iodine should go hand-in-hand with 

introductions of iodine through fertilizer or irrigation water, which will 

vary from region to region and even crop-to-crop as this might reduce the 

impact of IDD.  

 

Keywords: Organic matter, soil iodine, pH, Iodine Deficiency Disorder, 

Sokoto, zones 

 

inerals are naturally occurring substances in the Earth’s crust 

and vitamins are chemical substances found in food that is grown 

in the Earth or raised on plants. It is well understood that plant 

growth and crop yield depends on the nutrients present in the soil and as 

such, these nutrients can be modified to optimize both growth and yield 

(Fuge, 2013). While some food plants and meat are richer sources of 

micronutrients, the soil is the predetermining factor of micronutrient 

levels in any plant. Crops grown in low-quality or deficient soils have lower 

nutrient content in both shoot and seed. Furthermore, soil type is an 

identifier of micronutrient deficient populations. For example, soils with 

low organic matter and highly weathered parent materials are prone to 

zinc deficiencies. Sedimentary rock, especially shale, is rich in iodine while 

igneous rock has very low levels of iodine (UNICEF, 2008; Fuge, 2013). 

Though iodine was among the first nutrients recognized as vital to humans 

today, deficiency affects 780 million people worldwide (Fuge, 2013). 

Inadequate intake of iodine can spur a number of disorders including: 

miscarriage, stillbirths, cretinism, goiters, impaired mental function, 

retarded physical development and hypothyroidism. Iodine deficiency 

disorder is the leading cause of preventable brain damage in children 

M 

http://escholarship.org/uc/item/7g5667d9#page-1
http://escholarship.org/uc/item/7g5667d9#page-1
http://www.wfp.org/hunger/faqs
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worldwide and deficiency alone can lead to IQ levels 10 to 15 points lower 

than those with adequate levels of iodine consumption (Andersen, et al., 

2009; Zimmermann, 2010). In 1990, it was found that nearly 30% of the 

world population was iodine deficient and 11 million people were affected 

by cretinism. When taking a closer look at Iodine Deficiency Disorder 

(IDD), it is found to characterize areas with low bioavailability of iodine in 

soils (Fuge, 2013). 

The majority of iodine in soils is derived from the atmosphere and 

ultimately, the oceans. But the organic content, texture, oxidation and pH 

condition of the soil (which parent material does have a role in) determines 

retention and concentration of iodine. Sandy soils and low clay soils report 

very low levels of iodine while clay-rich soils, organic rich soils and alkaline 

soils report much higher levels of iodine (Ashworth, 2009). Despite the 

high concentrations of iodine in organic-rich soils, the iodine is strongly 

fixed and in the form of iodate, which is insoluble to plants or the food 

supply. So, iodine deficient soils and iodine rich soils alike present 

problems for raising healthy, nutritionally robust citizens (Shetaya, et al., 

2012). This study was designed with the objective to determine the iodine 

level, organic matter and pH of soil samples from three zones of Sokoto 

State Nigeria. 

 

MATERIALS AND METHODS 

Adaptive multi cluster sampling technique was used for the selection of 

sites in the study area. About  200 grams of soil were collected from the top 

20-cm layer of soil each from selected communities in Sokoto Central Zone 

(SCZ), Sokoto Western Zone (SWZ) and Sokoto Eastern Zone (SEZ). 

Samples were air-dried, crushed and sieved to 2mm and further ground to 

<40 μm in a blender. Samples were stored at room temperature until 

analysis by the method of Sill, (1975). 

  

Iodine estimation in soils of the three zones of Sokoto  

One gram (1g) of soil sample each was weighed and then followed by 

mineralization. Samples were collected in 10 test tubes, 1ml of each sample 

http://link.springer.com/chapter/10.1007%2F978-94-007-4375-5_17#page-1
http://link.springer.com/chapter/10.1007%2F978-94-007-4375-5_17#page-1
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was pipetted into the 10 test tubes, 1ml of H3ASO3 was dispensed into the 

test tubes, and was incubated for 10mins, then 1ml of Ce+4 was dispensed 

into the sample test tubes, and incubated for 20mins and absorbance was 

measured using spectrophotometer at the wavelength of 430nm. Standard 

curve on graph paper was used by plotting iodine concentration of each 

standard on the abscissa against its absorbance at the ordinate; the 

absorbance was used to extrapolate corresponding concentration from the 

curve. 

 

Organic matter estimation in soil samples of the three zones 

Organic Carbon content of the soil was determined by Wet digestion.  One 

gram dried soil (2 mm) was taken in a conical flask (500 ml) and 10 ml 

K2Cr2O7 and 20 ml conc. H2SO4were added to it and the solution was kept 

on a shaker for 10 min. Then the solution was kept undisturbed for 30 min. 

The solution was diluted with 200 ml distilled water and 10 ml conc. 

phosphoric acid (H3PO4) was also added to it and the mixture was allowed 

to cool. Drops (10-15) of diphenylamine indicator (C6H5)2NH were added 

and solution was titrated with ferrous ammonium sulphate (FAS) until 

green color appeared. Two blanks (without soil) were also prepared 

containing all the reagents and were treated in the same manner as that of 

soil suspension. 

Percent organic matter was calculated as follows: 

% oxidizable organic matter (w/w) = (Vblank - Vsample) × 0.3 × M 

      Wt 

% Total organic carbon (TOC) (w/w) = 1.334 % oxidizable organic 

carbon 

% Organic matter (w/w) = 1.724 % TOC 

M = Molarity of FAS solution (0.5 M) 

Vblank = Volume of FAS solution required to titrate the blank (ml) 

Vsample= Volume of FAS solution required to titrate the sample (ml). 

Wt= Weight of air dried soil (g) 

0.3 = 310-3×100, where 3 is the equivalent weight of C. 
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Soil-to-grain iodine transfer factors (TF). 

Soil-to-grain transfer factors (TF) for iodine were calculated as follows:  

Fresh weight TFs from soil to edible parts of the grains ranged from around 

0.1 to 10. These can be approximately converted to dry weight, so as to 

compare with other values that are usually expressed on a dry weight basis 

by dividing by 10 but plant material is generally around 90% moisture to 

give a range from 0.01 to 1. 

TF (unitless)   =   Dry grain iodine concentration (μg/ kg) 

                              Dry soil iodine concentration (μg/g) 

Where dry plant iodine concentration (mg/kg) in grains is on dry weight 

basis and dry soil iodine concentration (mg/kg) are also on dry weight 

basis in the corresponding soil sample 

 

pH determination in soils of three zone. 

Five gram (5g) of soil sample were weighed into 10 test tubes, 50mls of 

distilled water were used to dilute the samples. The samples were stirred 

and allowed to stand for a minimum of one hour to allow the temperature 

to stabilize. Electrode(s) of the pH meter were immersed into the samples 

for 30 seconds to obtain good contact between the samples and the 

electrodes and the pH readings were taken. 

Difference between the mean obtained from the ANOVA were ascertained 

using Duncan's post hoc multiple range test. Results were expressed as 

means ± SD. Significant level was set at P < 0.05.  

 

RESULTS 
Table 1:  Iodine Levels, pH and Organic Matter in Soil Samples of Three 
Zones of Sokoto State 
 Sokoto Central 

Zone (SCZ) 
Sokoto Western 
Zone (SWZ) 

Sokoto Eastern 
Zone (SEZ) 

Iodine 
(μg/g) 

2.6±0.01a 2.9±0.01a 2.4±0.01a 

pH 5.82±0.05b  6.17±0.06 ab 6.55±0.08 ab 

Organic 
matter (%) 

3.9±0.01 b 3.8±0.03 b 4.5±0.05 ab 
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Values are mean ± SD of triplicate determinations 

Values with different superscripts across the row are statistically 

significantly (p<0.05) 

 Values with same superscripts across the row are NOT statistically 

significantly 

 

 

 
Figure 1:  Soil to Grain Iodine Transfer Factor in Three Senatorial Zones of 

Sokoto State. 

Values are mean ± SD of triplicate determinations 

Bars with different superscripts among the zones are statistically 

significant (p<0.05) 
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DISCUSSION 

Results for soil iodine in Sokoto was presented in table 1 and figure 1. Soils 

iodine levels across the three zones of Sokoto State are lower (2.4 to 

2.9μg/g) compared to the worldwide soil iodine level of 3.0 μg/g for inland 

regions at distances greater than 50 km from the coast (Johnson, 2003) and 

lower than Pakistani soil iodine of 0.4 to 9 μg/g (Zia et al., 2015).  The soil 

iodine level found in the present work is lower than the soil iodine level of 

South Eastern Ethiopia (1.56 to 6μg/g) reported by Tamene et al., (2014). 

Retention of iodine in the soil is influenced by a number of  factors, such as 

soil pH, composition of organic and inorganic components (e.g., aluminum 

and iron oxides) components (Tamene et al., 2014).  

Low concentration of iodine in the soil samples from the three zones of 

Sokoto State might be due to acidic pH.  Zia et al., (2015) observed that 

when there is an increased in soil pH, iodine sorption decreases. Acidic pH 

in soil is associated with decreased solubility of iodine (Tamene et al., 

2014). Fuge (1996) reported that highly acidic soils tend to be low in 

iodine due to the I- ion being easily oxidized to I2 which is then easily 

volatilized. Decreases in pH can reduce the proportion of iodide to iodate 

in both soil and water by protonating iodide to form volatile hydrogen 

iodide (Fuge, 1996). Dissanayake and Chandrajith (1996) observed that 

soil pH also influences the soil anion exchange capacity, which directly 

affects the iodine content. 

Moreover, the low soil iodine level could also be due to low organic matter 

as observed in the study present study. Shetaya et al., (2012) suggested 

that iodide sorption was much more influenced by organic matter content 

than pH and that iodide is mostly retained in soils by chemical 

incorporation in to soil organic matter. Organic matter plays a significant 

role in the retention of soil-iodine, particularly in surface soils (Johnson, 

2003). It is probably the single most important determinant in 

contributing to the total iodine levels in soils as sorption of iodine in soils 

is directly related to the organic matter content (Sheppard and Thibault, 

1992). Additionally, the low iodine content in soils might be due to 

interaction of soil constituents and organic matter which reduces iodine 
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availability in the soil. Fordyce et al., (2000) reported that interaction 

between soil constituents and organic matter, appeared to make iodine 

unavailable in some grains. 

Humic substance in soil matter might also decrease iodine dissipation in 
the soil. Shetaya et al., (2012) identified a humic substance in soil matter 
as an important reservoir that decreases the iodine dissipation rate in soil. 
The low iodine level of soil samples in this study might be due to seasonal 
fluctuation of iodine concentration in the soil. Yuita et al., (2006) 
determined the concentrations of iodine naturally present in soil solutions 
of forest, upland, and paddy field soils of Japan and found seasonal 
variation in soil solution. 
Furthermore, low iodine in soil of the study area might be probably due to 
lack of wet weather – circumstances that might be favorable to the 
deposition of iodine in the soil. Yuita (1994) reported that most Japanese 
soils (except paddy soils) are rich in iodine due to the wet, mild climate – 
conditions that are conducive to the deposition of iodine derived from the 
surrounding ocean. 
Overall, TFs for iodine were low, indicating that the element is not readily 
transferred from the soil to the grains. Therefore, the contribution of iodine 
to the human diet among the grains grown in the study area is likely to be 
limited. 
 

CONCLUSION 

Soils iodine levels across the three zones of Sokoto State are lower 
compared to the worldwide soil iodine level for inland regions at distances 
greater than 50 km from the coast. Therefore improving the soils capacity 
to retain iodine should go hand-in-hand with introductions of iodine 
through fertilizer or irrigation water, which will vary from region to region 
and crop-to-crop. Additional research could provide more context-specific 
insight on the use of soil interventions to improve human nutrition 
outcomes. 
 

REFERENCES 
Andersen, S., Guan, H., and Teng, W.(2009). Speciation of iodine in high iodine ground 

water in China Associated with goiter and hypothyroidism. Biological trace Elements 

Research,128:95-103. 



06.30.2021  Pg.09 

   
         Vol. 16, No. 3 
 
 

BERKELEY RESEARCH & PUBLICATIONS INTERNATIONAL  
Bayero University, Kano, PMB 3011, Kano State, Nigeria. +234 (0) 802 881 6063,  

  
 
 
 

ISSN: 1211-4401 

International Journal of Medical, Biological and Pharmaceutical Science 

Ashworth, D.J.(2009). Transfers of iodine in the soil-plant-air- system: Solid-liquid 

partitioning, migration, plant uptake and volatilization. In: Victor R. Preedy, Gerard 

N. Burrow and Ronald Watson, editors, Comprehensive handbook of iodine. Oxford: 

Academic Press, 2009, pp.107-118. 

Dissanayake, C. B.  and Chandrajith, R. L. R. (1996). Iodine in the environment and 

endemic goiter in Sri Lanka. Geological Society, London, Special Publications, 

113:213-221 

Fordyce, F.M., Johnson, C.C., Navaratna, U.R., Appleton, J.D and Dissanayake, C.B. (2000) 

Selenium and iodine in soil, rice and drinking water in relation to endemic goiter in 

Sri Lanka. Science of the Total Environment (263):127-141. 

Fuge, R. (2013). Soils and iodine deficiency. In Essentials of Medical Geology (pp. 417-

432). Springer, Dordrecht. 

Fuge. R. (1996). Geochemistry of iodine in relation to iodine deficiency diseases. Geology 

Society, 113: 201–211. doi: 10.1144/GSL.SP.1996.113.01.16 

Johanson, K.J.(2000). Iodine in soil. Technical Report TR-00-21.Www.iaea.org. 

Johnson, C.C. (2003). The geochemistry of iodine and its application to environmental 

strategies for reducing risks from iodine deficiency disorders. British Geological 

Survey Commissioned Report, CR/03/057N, 54pp. 

http://nora.nerc.ac.uk/10724/1/CR03057N.pdf Accessed 10 July 2014.  

Paz, S., Rubio, C., Guetierrez, A.J., and Hardisson, A. (2018). Iodine: An essential trace 

element. Medical Journal of clinical Trials and case Studies,2(8):1-5. 

Sheppard, M.I and Thibault, D.H. (1992) Chemical behaviour of iodine in organic and 

mineral soils. Applied Geochemistry, (7): 265-272. 

Shetaya, W. H., Young, S. D., Watts, M. J., Ander, E. L., and Bailey, E. H. (2012). Iodine 

dynamics in soils. Geochimica et Cosmochimica Acta,77:457-473. 

Sill, C.W. (1975). Some Problems in Measuring Plutonium. Environmental Health 

Physics,29:619-626. 

Tamene, L., Le, Q. B., & Vlek, P. L. (2014). A landscape planning and management tool for 

land and water resources management: an example application in northern Ethiopia. 

Water resources management, 28(2), 407-424. 

UNICEF(2008). Sustainable elimination of iodine deficiency: Progress since 1990 world 

Summit for Children. 3 United nations Plaza, New York, NY 

10017,USA.Www,unicef.org. 

Yuita, K. (1994). Overview and dynamics of iodine and bromine in the environment, 2: 

iodine and bromine toxicity and environmental hazards. JARQ (Japan). 

Yuita, K., Kihou, N., Ichihashi, H., Yabusaki, S., Fujiwara, H., Kurishima, K. and Noda, T. 

(2006). Behavior of iodine in a forest plot, an upland field and a paddy field in the 

upland area of Tsukuba, Japan: Seasonal variations in iodine concentration in 

http://nora.nerc.ac.uk/10724/1/CR03057N.pdf%20Accessed%2010%20July%202014


06.30.2021  Pg.10 

   
         Vol. 16, No. 3 
 
 

BERKELEY RESEARCH & PUBLICATIONS INTERNATIONAL  
Bayero University, Kano, PMB 3011, Kano State, Nigeria. +234 (0) 802 881 6063,  

  
 
 
 

ISSN: 1211-4401 

International Journal of Medical, Biological and Pharmaceutical Science 

precipitation and soil water and estimation of the annual iodine accumulative 

amount in soil horizons. Soil Science and Plant Nutrition, (52): pp 122–132.  

Zia, M. H., Watts, M. J., Gardner, A. and Chenery, S. R. (2015). Iodine status of soils, grain 

crops, and irrigation waters in Pakistan. Environmental and Earth Sciences, 73(12), 

7995-8008. 

Zimmermann, M.B. (2010). Iodine deficiency in industrialized countries. Proceedings of 

the Nutrition Society,(2010),69,133-143. 

  


