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Abstract—Baseline elemental concentrations in blood samples 

from healthy Jamaicans were determined using total reflection x-

ray fluorescence (TXRF) spectroscopy. The mean concentrations 

of Cu, Fe, P, Rb, S, Se and Zn of the cohort were found to be 92, 

36045, 21930, 199, 147106, 10, 1211 µg/dL respectively.  Except 

for Rb (lower) and Zn (higher) these are similar to values 

observed worldwide. The mean concentrations of P, S, Fe, Se and 

Rb in males were significantly different from those in females 

with males having higher concentrations of all elements 

determined except Rb.  TXRF has demonstrated its ability to 

measure trace concentrations with accuracy and precision high 

enough to identify differences within a seemingly similar 

population of men and women and to identify sub populations 

within each of these. This technique promises possible studies 

into the effect of trace elements on various medical disorders 

such as cancer, diabetes, hypertension and heart diseases among 

others in Jamaica and other countries. 

Index Terms— whole blood, trace elements, TXRF, gender. 

I. INTRODUCTION 

People are exposed to trace elements in the environment in 

many different ways but primarily from foods we eat. These 

elements can be considered as essential, non-essential or toxic. 

The symptoms of mild to severe toxicity of trace elements are 

readily recognizable in humans. However, milder deficiencies 

and imbalances often times go un-noticed until they become 

irreversible or life threatening. Trace element information on 

soils [1] and foods [2] in Jamaica have led to an interest in 

elemental transfers to humans and possible links with diseases 

such as hypertension, cancers, renal maladies, diabetes and 

cardiac related illnesses which are of high incidence in Jamaica 

[3-6]. There have also been noted gender differences within the 

population. From 2004 to 2007 female death rate from 

cardiovascular diseases, diabetes mellitus and hypertension 

were on average 12%, 68% and 35% respectively higher than 

that of males [7]. The effects of trace elements, especially 

copper, selenium and zinc, on Jamaican children suffering 

from kwashiorkor and marasmus received some attention in the 

1980’s [8]. Since then with exception of lead [9,10] and to a 

lesser extent cadmium [11], very little is known about the 

levels of trace elements in the Jamaican population.   

This study was undertaken to investigate the concentration 

of trace elements in whole blood samples of male and female 

blood donors in Jamaica and to determine the relationship, if 

any, between these elements and gender. The technique utilized 

was total reflection x-ray fluorescence (TXRF) spectroscopy 

[12], a sophisticated analytical technique with capabilities of 

multi-elemental analysis, low limits of detection, high accuracy 

and relatively high throughput rates. TXRF is an ideal 

technique for the large scale analysis of blood and other 

biological samples such as biopsy or autopsy tissue samples 

that are often available in minute quantities since only a few 

µL of sample is required per analysis.  

II. MATERIALS AND METHODS 

This study was approved by the Ethics Committee of the 

University Hospital of the West Indies and The University of 

the West Indies Faculty of Medical Sciences. The cohort 

consisted of 100 adults –  50 males and 50 females –  ranging 

in age from 18-51 yrs for males with a mean of 31.67 yrs and 

18-70 yrs for females with a mean of 33.24 yrs. Blood samples 

were collected by venipuncture into 5 ml tubes, containing 9 

mg of K3-EDTA, from blood donors at the University Hospital 

of the West Indies (UHWI) and the Jamaica National Blood 

Transfusion Service (Blood Bank). The samples were stored at 

4ºC prior to preparation and analysis. 

III. SAMPLE PREPARATION AND ANALYSIS 

All reagents used were analytical grade purity; the distilled 

de-ionized water was obtained using a Barnstead E-pure 

system. The calibration standards were prepared by serial 

dilutions of 10,000µg/mL CertiPrep single element solutions in 

5% HNO3.  

A 200 µL aliquot of whole blood sample was added to 400 

µL of concentrated, ultra-pure HNO3 and digested in a water 

bath for 20 minutes as were the reagent blanks. The samples 

and blanks were made up to 2 mL with distilled de-ionized 

water, after which a known volume of Co internal standard was 

added to achieve a final concentration of 10 µg/mL of Co in 

the sample and blank solutions. The samples were then 

homogenized with a vortex mixer and 10 μL of the solution 

was then pipetted onto a quartz sample carrier. Each sample 

carrier was then placed on a hot plate at low power to 

evaporate the solvent.  Blanks were treated identically to the 

samples. The samples were irradiated under vacuum for 1000 

seconds at 50 kV and 40 mA in a Wobistrax© TXRF 

spectrometer [13]. The accuracy of the results was assessed by 
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the analysis of the certified reference material IAEA A-13, 

Trace Elements in Freeze Dried Animal Blood. 

IV. RESULTS 

The comparison in Table I of the observed and 

recommended results for the reference material IAEA A-13, 

are in good agreement with certified values. 

A total of 3% of the Cu results and 2% of Se results for the 

cohort were at or below the detection limit of the technique.  

For these samples the concentrations were set to half the 

detection limit [14], all other elements were above the 

detection limits.  

Both normal and log-normal distributions were observed 

and because of this, median concentrations were used for 

comparisons within the datasets as shown in Table II. 

However, the majority of published data reported mean 

concentrations, therefore mean elemental concentrations for the 

cohort were used for inter-country comparisons. 

Fe and P in both males and females were normally 

distributed along with Rb in females and S in males. S in 

females along with Rb and Zn in males were log-normally 

distributed.  Cu in both males and females and Zn in females 

had discontinuous/bimodal distributions; however the 

continuous portions of the populations followed log-normal 

distributions.  Se in both males and females appeared to be 

bimodal.  

V. DISCUSSION 

A. Comparison with other work 

The mean trace elements concentrations obtained in this 

study are compared with the reported means in an extensive 

literature review [15] of 55 countries and more recent data 

reported from six countries, Table III.   

The blood Cu levels in Jamaicans were within the literature 

range and similar to those of Sweden, Pakistan and Brazil and 

less than those found in Spain, Germany and Mexico. Se levels 

were comparable with other reported values. Jamaicans had the 

lowest Rb concentrations but was still within the literature 

review range; The Jamaican Zn levels were on average 42% 

higher in Jamaicans than in Swedes, Pakistanis and Spaniards, 

20% higher than Brazilians, comparable to the Mexican 

population and approximately 21% higher than the upper limit 

of the literature range reported in a review article [15].  

TABLE I.  IAEA A-13, TRACE ELEMENTS IN FREEZE DRIED ANIMAL 

BLOOD (µg/kg) 

Element Recommended value  

± Stdev 

Measured value  

± Stdev (n=10)  

Cu 4.3 ± 0.60 5.07 ± 0.30 

Fe 2400 ± 300 2323 ± 17 

P 940 ± 250 988 ± 38 

Rb 2.3 ± 0.60 2.29 ± 0.12 

S 6500 ± 500 7474 ± 269 

Se 0.24 ± 0.09 0.22 ± 0.07 

Zn 13 ± 1 13.06 ± 0.23 

This high concentration of Zn in Jamaicans was also observed 

in a previous study where the mean Zn content of the red blood 

cells was 17.6 % higher than that found in the literature for 

healthy adults [22]. 

B. Observed differences by gender 

Males were found to have higher concentrations of trace 

elements than females with the exception of Rb. Males on 

average were 14% higher in trace element concentrations than 

females. A study conducted in Mexico [18] reported the 

opposite with females having on average 27% higher 

concentrations of the elements reported with lower 

concentrations of Rb than males. The mean concentrations of 

P, S, Fe, Se and Rb in males are significantly different 

statically at the 95% confidence interval from those in females 

which suggest that Jamaican males and females constitute two 

different populations. 

C. Elemental Distributions 

Both male and female distributions of Cu were 

discontinuous and log-normal. Separation of the male 

population based on the two identified sub-groups (Figs. 1 & 2) 

of the Cu distribution yielded some significant differences in 

elemental concentrations between the high and low blood Cu 

concentration males shown in Table IV. Most males with low 

blood Cu concentrations had low concentrations of P, S. All 

males with low Cu concentrations had low Se concentrations 

ranging from 2 – 7 µg/dL. These males also had higher 

concentrations of Rb and Zn highlighting the negative 

correlations between Cu and Zn. The differences in the mean 

male elemental concentrations of groups A and B for all 

measured elements were significantly different based on the 

two-sample t-test at the 95% confidence interval. 

Zn was distributed log-normally in both males and females 

and also appeared to be bimodal in females, Fig. 1f, sub groups 

C & D. Table V shows the separated female population into 

low and high Zn concentrations, groups C and D respectively. 

It is observed that the mean Zn concentration in group C is 

64% lower than that of group D. Females with low blood Zn 

concentrations had lower concentrations of other elements but 

based on the two-sampled t-test the difference was not 

statistically significant with exception of Zn. 

 

Fig. 1. Cu distribution in males 

Group A Group B 
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TABLE II.  MEAN AND MEDIAN TRACE ELEMENT CONCENTRATION IN JAMAICAN PEOPLE (µg/dL)
 

Elements All Males Females 

 Mean ± StDev  Median Mean ± StDev Median Mean ± StDev  Median 

Cu 92 ± 39 100 97 ± 36 106 82 ± 36 73 

Fe 36045 ± 5582 36279 39790 ± 4392 39256 32126 ± 24790 31605 

P 21930 ± 7730 22520 25146 ± 5797 25194 18817 ± 8017 17190 

Rb 199 ± 65 183 171 ± 41 163 229 ± 72 235 

S 147106 ± 31454 149746 161239 ± 22905 158143 132020 ± 32604 124889 

Se 10 ± 5 10 11 ± 5 11 9 ± 4 8 

Zn 1121 ± 301 1149 1167 ± 217 1152 1074 ± 364 1145 

 

TABLE III.  COMPARISON OF MEAN CONCENTRATIONS OF TRACE ELEMENTS IN WHOLE BLOOD FROM DIFFERENT COUNTRIES (µg/dL)

Element Reference Values[15] Jamaica  

 (this study) 

Brazil[16] Germany[17] Mexico[18] Pakistan[19] Spain[20] Sweden[21] 

Cu 80 - 130 92 92 104 158 93 118 95 

Fe 30900 - 52100 36045 - - - 44310 - - 

P 35000 - 45000 21930 - - - - - - 

Rb 117 - 598 199 664 241 471 - - 290 

S 168000 - 193000 147106 - - 147895 - - - 

Se 5.8 - 23.4 10 - 13 - - 11 11 

Zn 480 - 930 1121 895 - 1090 641 691 610 

TABLE IV.  SEPARATED MALE POPULATION BASED ON BLOOD Cu 

CONCENTRATION (µg/dL) 

Males Group A Group B All data 

Cu 23.6 ± 18.1 115.1 ± 17.9 97.2 ± 40.8 

Fe 37692 ± 5085 40302 ± 4114 39790 ± 4392 

P 18021 ± 3554 26883 ± 4835 25146 ± 5797 

Rb 206.1 ± 62.0 162.3 ± 3.6 170.9 ± 40.8 

S 144660 ± 19601 165282 ± 21998 161239 ± 22905 

Se 3.6 ± 1.7 12.6 ± 3.6 10.8 ± 4.9 

Zn 1389.7 ± 265.7 1112.5 ± 165.3 1166.8 ± 216.7 

 

 

 

Fig. 2. Zn distribution in females 

 

 

TABLE V.  SEPARATED FEMALE POPULATION BASED ON BLOOD Zn 

CONCENTRATION (µg/dL) 

 

D. Element ratios 

Though the absolute concentrations of trace elements in the 

human body are of great importance to health status, the ratios 

or balance in which these elements exist is also of great 

significance. The most commonly examined element ratio is 

the Cu/Zn ratio. Many studies have been conducted to 

determine relationships between this ratio and illnesses such as 

cancers [23, 24] and coronary heart diseases (CHD) [25]. In 

cancer cases the Cu/Zn ratios are generally higher than that of 

healthy people while for CHD the Cu/Zn ratios are lower than 

in healthy people. In this study it was observed that the mean 

and median Cu/Zn ratio for all male and female Jamaicans 

were lower than literature values from other countries as 

illustrated in Fig. 3. 

Female Group C Group D All data 

Cu 83 ± 31 83  ±  38 83 ± 36 

Fe 30938 ± 3055 32416 ± 3876 32108 ± 3740 

P 17592 ± 7540 19092 ± 8282 18780 ± 8079 

Rb 266 ± 73 217 ± 68 227 ± 71 

S 127643 ±  23776 134522 ± 34616 133089 ± 32551 

Se 7.1 ±  5.1 9.4 ± 4.0 9.0 ± 4.3 

Zn 440  ± 49 1234 ± 190 1069± 368 
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Fig. 3. Jamaican and Literature Cu/Zn ratios 

The literature Cu/Zn ratios were obtained using mean Cu 

and Zn concentrations reported in other studies. Group A, 

males with low Cu and Group D, females with high Zn, 

represented 25% and 26% of the male female populations 

respectively. Only group C, females with lower Zn had Cu/Zn 

ratios consistently above those observed in the literature. In the 

Annual Vital Statistics Report of the Registrar General’s 

Department of Jamaica it was reported that heart diseases, 

excluding hypertensive diseases, was the second leading cause 

of death, accounting for 19% of deaths in Jamaica in 2003. 

VI. CONCLUSION 

The trace element concentrations in blood are comparable 

in most cases to those of other populations. Zn concentrations  

were however significantly elevated and the relationship if any, 

with the relatively low level of impact of Cd in Jamaicans with 

elevated concentrations of Cd would seem worthy of further 

study [3]. Males generally had higher concentrations of 

traceelements than females and statistically could be 

considered to be a different population. There was no effect of 

age on elemental concentrations for most of the elements but 

Fe and Rb concentrations varied with age in both males and 

females albeit with contrary trends.  

The implication of the relationship between CHD and the 

low Cu/Zn ratios have on the population where health is 

concerned is currently unknown but studies of this nature are of 

immense value to the population and is the type of study 

among others that will be undertaken in future work. If there is 

however a relationship between the Cu/Zn ratio and CHD then 

the Jamaican males with low Cu concentrations would be at 

very high risk of developing/having heart related diseases. 

TXRF has demonstrated its ability to measure trace 

concentrations with accuracy and precision high enough to 

identify differences within a seemingly similar population of 

men and women and to identify sub populations within each of 

these. This technique promises possible studies into the effect 

of trace elements on various medical disorders such as cancer, 

diabetes, hypertension and heart diseases among others in 

Jamaica and other Caribbean countries. 

 

REFERENCES 

[1] A. Johnson, G.C. Lalor, J. Preston, H. Robotham, C. Thompson, 

et al., “Heavy metals in Jamaican surface soil,” Environ. 

Geochem. Health; vol. 18, pp. 113-121, 1996. 

[2] A. Howe, L. Hoo Fung, G.C. Lalor, R. Rattray, M.K. 

Voutchkov, “Elemental composition of Jamaican foods: A 

survey of the food crop categories,” Environ. Geochem. Health; 

vol. 27 (1), pp 19-30, 2005. 

[3] E.N. Barton, L.A. Sargeant, D. Samuels, R. Smith,J. James, R. 

Wilson, et al, “A survey of chronic renal failure in Jamaica,” W. 

Indian Med. J.; vol. 53 (2), pp. 81-84, 2004. 

[4] R. Ragoobirsingh, D. McGrowder, E.Y. Morrison, P. Johnson, 

E. Lewis-Fuller, et al., “The Jamaica hypertension prevalence 

study,” J. Natl. Med. Assoc. vol 94 (7), pp. 561-565, 2002. 

[5]  F.E. Glover Jr, D.S. Coffey, L.L. Douglas, M. Cadogan, H. 

Russell, T. Tulloch, “The epidemiology of prostate cancer in 

Jamaica,” J. Urol. Vol. 159 (6), pp.1984-1987, 1998. 

[6] A. Barceló, S. Rajpathak, “Incidence and prevalence of diabetes 

mellitus in the Americas,” Pan Am. J. Public Health, vol. 10 (5), 

pp. 300-308, 2001. 

[7] Registrar General’s Department of Jamaica, vital statistics 

2003–2007; Retrieved from http://www.rgd.gov.jm/?q=civil-

registration-statistics (December 12, 2010). 

[8] M. Golden, D. Ramdath, “Free Radicals in the pathogenesis of 

kwashiorkor,” Proceedings of the Nutrition Society, vol. 46, pp. 

53-68, 1987. 

[9] S. Bryan S, G.C. Lalor, M.K. Voutchkov, “Blood lead levels in 

children in Jamaican basic schools,” W. Indian Med. J., vol 53 

(2), pp. 71-75, 2004. 

[10] J. Meeks-Gardner, S.P. Walker, S.M. Chang, G.C. Lalor, M.K. 

Voutchkov, “Under-nutrition and elevated blood lead levels: 

effects on psychomotor development among Jamaican children,” 

Public Health Nutr., vol 1 (3), pp. 177-179, 1998. 

[11] G.C. Lalor, R. Rattray, N. Williams, P. Wright, “Cadmium 

levels in liver and kidney of Jamaicans at autopsy,” W. Indian 

Med. J., vol. 53 (2), pp. 76-80, 2004. 

[12] H. Aiginer, P. Wobrauschek, C. Streli, “Principles and 

development of total reflection x-ray fluorescence analysis,” 

Anal. Sci., vol. 11, pp. 471-475, 1995. 

[13] C. Streli, P. Wobrauschek, G. Pepponi, N. Zoeger, “A new total 

reflection x-ray fluorescence vacuum chamber with sample 

changer analysis using a silicon drift detector for chemical 

analysis,” Spectrochim. Acta B, vol. 59, pp. 1199-1203, 2004. 

[14] R.L. Smith, “EPA region 3 guidance on handling chemical 

concentration data near the detection limit in risk assessments,” 

Technical Guidance Manual, 1991; Retrieved from 

http://www.epa.gov/reg3hwmd/risk/human/info/guide3.htm 

(March 7, 2011). 

[15] V. Iyengar, J. Woittiez, “Trace elements in human clinical 

specimens: Evaluation of literature data to identify reference 

values,” Clin. Chem., vol. 34 (3), pp. 474-481, 1988. 

[16] J.L. Rodrigues, B.L. Batista, M. Fillion, C.J.C. Passos, D. 

Mergler, F. Barbosa Jr., “Trace element levels in whole blood of 

riparian villagers of the Brazilian Amazon,” Sci. Total Environ.; 

vol. 407, pp. 4168–4173, 2009. 

[17] P. Heitland, H.D. Koster, “Biomonitoring of 37 trace elements 

in blood samples from inhabitants of northern Germany by ICP–

MS,” J. Trace Elem. Med. Bio., vol. 20, pp. 253–262, 2006. 

28

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barton%20EN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sargeant%20LA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Samuels%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smith%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22James%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wilson%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Glover%20FE%20Jr%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coffey%20DS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Douglas%20LL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cadogan%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Russell%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tulloch%20T%22%5BAuthor%5D
http://www.rgd.gov.jm/?q=civil-registration-statistics
http://www.rgd.gov.jm/?q=civil-registration-statistics
http://www.epa.gov/reg3hwmd/risk/human/info/guide3.htm


[18] T. Martinez, J. Lartigue, P. Avila-Perez, G. Zarazua, M. 

Navaratte, S. Tejeda, et al., “Determination of trace elements in 

blood samples by TXRF analysis,” J. Radioanal. Nucl. Chem., 

vol. 29, pp. 511-513, 2004. 

[19] M. Mumtaz,A. Siddique, N. Mukhtar, T. Mehboob, “Status of 

trace element levels in blood samples of different age population 

of Karachi (Pakistan),” Tr. J. of Medical Sciences, vol. 29, pp. 

697-699, 1999. 

[20] M.A. Moreno, C. Mari, F. Vinagre, P. Ostapczuk, “Trace 

element levels in whole blood samples from residents of the city 

Badajoz, Spain,” Sci. Total Environ., vol. 229, pp. 209-215, 

1999. 

[21] E. Barany, I.A. Bergdahl, L.E. Bratteby, T. Lundh, G. 

Samuelson, S. Andrejs, et al., “Trace element levels in whole 

blood and serum of Swedish adolescents,’ Sci. Total Environ., 

vol.  286, pp. 129-141, 2002. 

[22] Personal Communication. 

[23] L. Hua-Dong, W. Zhi-Qiang, P. Yu-Rong, Z. Tian-Shu, X. Xi-

Zhu, W. Tian-Wang, “Comparison of serum Zn, Cu and Se 

content between healthy people and patients in high, middle and 

low incidence areas of gastric cancer of Fujian Province,” World 

J. Gastroentero., vol. 5 (1), pp. 84-86, 1999. 

[24] S.K. Gupta, V.K. Shukla, M.P. Vaidya, S.K. Roy, S. Gupta,  

“Serum trace elements and Cu/Zn ratio in breast cancer 

patients,” J. Surg. Oncol., vol. 46 (3), pp. 178-181, 2006. 

[25] L.M. Klevay, “Coronary heart disease: the zinc/copper 

hypothesis,” Am. J. Clin. Nutr., vol. 28, pp. 764-774, 1975. 

 
 

 

 

29

javascript:AL_get(this,%20'jour',%20'J%20Surg%20Oncol.');
http://www.ajcn.org/



