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Abstract. The objective of the present study was to assess hair and 

urinary levels of cobalt (Co) and manganese (Mn) in foreign students of 

RUDN University in comparison to the Russian counterparts. A total of 

272 first-year students of the RUDN University originating from Russia, 

Asia, Middle East, Africa, and Latin America were enrolled in the study. 

Evaluation of Mn and Co levels in urine and hair was performed using 

inductively-coupled plasma mass-spectrometry. The obtained data 

demonstrate that hair cobalt levels were found to be the highest in students 

originating from Russia and Africa. Similarly, urinary Co levels in subjects 

from Asia, Middle East, and Latin America were significantly lower than 

those in the Russian students. The patterns of manganese status were 

generally similar to those observed for cobalt. Particularly, the lowest hair 

Mn content was detected in subjects originating from Middle East. 

Manganese level in urine of students from Africa was significantly higher 

than that in subjects from Asia, Middle East, and Latin America, but not 

Russia. It is proposed that specific national dietary patterns as well as 

geochemistry of Mn and Co may underlie the observed differences. 

1 Introduction  
Essential trace elements participate in a plethora of metabolic processes thus being required 

for organism functioning [1]. Micronutrient deficiency is considered a significant public 

health concern due to both high medio-social outcome and wide prevalence exceeding 2 

billion of people worldwide [2]. However, data on micronutrient deficiency are insufficient 

and highly contradictory for different regions. Systematic data exist on only certain 

micronutrients including vitamins, as well as iron, zinc, iodine, selenium [2], whereas the 

prevalence of inadequate intake of other essential elements is underestimated. 

Manganese [3] and cobalt [4] are also considered as essential metals, the particular clinical 

features of their deficiency are not estimated. At the same time, both Mn [3] and Co [5] 

overload may exert toxic effects. Particularly, the health effects of manganese are explained 

by U-shaped relationship, when both deficiency and toxicity are associated with adverse 

health effects [6]. At the same time, data on geographic variability of cobalt and manganese 

status are absent.  
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RUDN University is characterized by the highest number of foreign students from 

various regions including Middle East, Asia, Africa, and Latin America. Therefore, the 

objective of the present study was to assess hair and urinary levels of cobalt and manganese 

in foreign students of RUDN University in comparison to the Russian counterparts. 

2 Materials and methods  
A total of 272 first-year students (40% males, 60% females) of the RUDN University 

originating from Russia (n = 65), Asia (n = 57), Middle East (n = 84), Africa (n = 40), and 

Latin America (n = 28). Anthropometric examination as well as sample collection was 

performed during the first medical examination. The overall mean age of the examinees 

was 22.4±4.3 years. Due to group variability all comparisons were adjusted for age and 

gender values. The protocol of the current study was approved by the Institutional Ethics 

Committee (RUDN University, Moscow, Russia). All procedures were performed in 

agreement with the principles set in the Declaration of Helsinki and its later amendments 

(2013). 

Evaluation of manganese (Mn) and cobalt (Co) levels in urine and hair after microwave 

digestion was performed using inductively-coupled plasma mass-spectrometry (ICP-MS) at 

NexION 300D (PerkinElmer Inc., USA). Laboratory quality control was performed using 

certified reference materials of human hair and urine. 

The obtained data were processed using Statistica 10.0 (Statsoft, OK, USA) software. 

Due to skewed distribution as assessed by Shapiro-Wilk test, median and interquartile range 

(IQR) boundaries were used as descriptive statistics for hair and urinary metal levels. In 

order to account for variability in age and gender, assessment of the group difference was 

performed using analysis of covariance (ANCOVA) with Fisher’s LSD post-hoc test at the 

level of significance of p < 0.05. Multiple regression analysis with adjustment for age and 

gender was performed in order to evaluate the association between hair Mn and Co levels 

(dependent variables) and urinary metal levels, as well as the region of origin (independent 

variables). 

3 Results 
The obtained data demonstrate that hair cobalt levels were found to be the highest in 

students originating from Russia and Africa. Particularly, hair Co content in students from 

Asia, Middle East, and Latin America were 53%, 79%, and 42% lower as compared to the 

respective values in Russian examinees. In turn, the African student values exceeded the 

respective ones in examinees from Asia by a factor of more than four. No significant group 

difference in Co levels in hair between Russian and African students was observed. 

Generally, the difference in urinary cobalt levels followed similar patterns. Particularly, 

urinary Co levels in subjects from Asia, Middle East, and Latin America were 40%, 34%, 

and 26% lower than those in the Russian students. Urinary Co concentration in African 

students exceeded the respective values in subjects originating from Asia and Latin 

America by 60% and 31%. It is notable that the values of urinary Co levels were nearly 

similar in African and Russian students. 

It is notable that the patterns of manganese status were generally similar to those 

observed for cobalt. Specifically, the lowest hair Mn content was detected in subjects 

originating from Middle East, being lower than that in students from Russia, Asia, Africa, 

and Latin America by 76%, 44%, 78%, and 69%, respectively. Hair Mn content in subjects 

originating from Africa and Latin America also exceeded the respective values found in the 
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group of Asian students by 161% and 84%. No significant group difference was observed 

in hair Mn content in students from Russia, Africa, and Latin America was observed. 

Manganese level in urine of students from Africa was significantly higher than that in 

subjects from Asia, Middle East, and Latin America by 43%, 29%, and 25%, but did not 

differ significantly from the Russian values. At the same time, the values of urinary Co 

concentrations in Russian students exceeded those in subjects from Asia by 26%.  

Table 1. Hair (µg/g) and urinary (ng/ml) Co and Mn levels  

of Russian and foreign students of RUDN University 

Region Hair Co Urine Co Hair Mn Urine Mn 

Russia 

0.019  

(0.009 - 0.049) 

1.16  

(0.728 - 2.057) 

0.843  

(0.335 - 1.179) 

0.891  

(0.603 - 1.309) 

Asia 

0.009 1 

(0.004 - 0.017) 

0.705 1 

(0.53 - 1.017) 

0.353  

(0.238 - 1.037) 

0.706 1 

(0.542 - 1.011) 

East 

0.004 1 

(0.003 - 0.007) 

0.768 1 

(0.54 - 0.973) 

0.200 1,2  

(0.155 - 0.354) 

0.784  

(0.564 - 1.162) 

Africa 

0.018 3 

(0.012 - 0.031) 

1.127 2 

(0.767 - 1.717) 

0.923 2,3 

(0.604 - 1.411) 

1.01 2,3 

(0.723 - 1.343) 

Latin America 

0.011 1 

(0.005 - 0.022) 

0.859 1,4 

(0.475 - 1.414) 

0.651 2,3 

(0.271 - 1.176) 

0.809 4 

(0.604 - 1.023) 

Data are expressed as median (IQR); 1,2,3,4 – significant group difference as compared to the 

respective values in students from Russia (1), Asia (2), Middle East (3), and Africa (4) at p < 0.05, 

respectively (ANCOVA Fisher’s LSD post-hoc) 

Multiple regression analysis demonstrated that hair Co level was inversely associated 

with male gender (β = -0.374; p < 0.001) and urinary metal excretion (β = -0.131; p 0.032). 

At the same time, no significant relationship between the country of origin and hair Co 

content was revealed. The overall model incorporating age, gender, geographic region, as 

well as urinary Co concentrations accounted for 15% of hair Co variability (p < 0.001).  

In contrast, no significant relationship between hair and urinary Mn levels was observed 

(β = 0.032; p = 0.545). As in the case of cobalt, male gender was found to be a negative 

predictor of hair Mn content (β = -0.435; p < 0.001 *). It is also notable that African origin 

was significantly associated with higher hair Mn levels (β = 0.207; p = 0.046). Generally, 

the overall model was significantly associated with up to 24% of hair Mn variability (p < 

0.001). 

4 Conclusion 
The obtained data demonstrate that the lowest levels of cobalt and manganese in RUDN 

University students were found in subjects originating from Asia and especially Middle 

East. In turn, the highest levels were observed in the Russian and African examinees. At the 

same time, the obtained values of hair Co content in Russian students also indicate 

suboptimal Co status, being lower than the reference ranges for Co estimated as 0.07-0.50 

µg/g [7]. The obtained data on hair Mn levels in Russian students corresponds to the 

reference limit of 0.29-1.76 µg/g [7]. Lower levels of hair Co and Mn in newcomers from 

Middle East are in agreement with the earlier data [8]. 

Reduced hair Co content may be hypothetically indicative of suboptimal intake of 

vitamin B12, being a biologically active form of cobalt [9]. In this view, low hair Co levels 

correspond to high prevalence of vitamin B12 deficiency in subjects living in Middle East 

and Asia [10]. Reduced dietary intake of cobalt [11] and vitamin B12 [12] with low-meat 

diets may underlie the observed deficiencies. 
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At the same time, the particular causes of the observed low Mn status in students from 

Middle East are unclear. Cereals and leafy vegetables are considered as prior sources of 

manganese [13], although consumption of these foods increased significantly in Middle 

East populations in the last decades [14]. Hypothetically, the observed differences may 

occur due to geochemical aspects of manganese deposition. Particularly, manganese 

deposits and production are located in Africa, Asia, Russia, as well as Latin America, but 

not Middle East [15].  

Although the particular causes of the observed differences are unclear, reduced levels of 

Co and Mn may significantly contribute to health and education performance. Particularly, 

it has been demonstrated that children with low Co status are characterized by lower 

adaptive reserves [16]. In turn, both high and low Mn status (U-shaped) were shown to be 

associated with impaired intelligence [6]. These findings indirectly corroborate the earlier 

observed higher rate of impaired adaptive responses in foreign students [17]. Therefore, 

monitoring and nutritional improvement of trace element status in foreign students may be 

considered as a useful tool for increasing health and performance in foreign students.  
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