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1. INTRODUCTION 

Studies are intended on rural and urban populations in our part of Pakistan as there is a great 
diversity in diet, living conditions, family income etc. Anaemias are known to be very common 
especially among the urban poor, in rural areas and especially among women. In pregnancy, it is 
probably true to say that almost all of the lower income groups are anaemic. Many people from the 
northern areas, who are apparently in good health, become anaemic on settling in the Karachi area. 
Previous studies I have carried out have shown that blood lead levels [1] among the population of 
Karachi are alarmingly high and are presently due to the highly leaded petrol used in the motor 
vehicles here, Lead inhibits the activity of 7-aminolaevuIinic acid dehydratase involved in die 
biosynthesis of haem and hence can induce anaemia [2]. However, a good selenium status may 
inhibit the effects of lead [3] and also of cadmium [4], another toxic trace element. 

It is now being recognised in the West that the over-use of iron supplements can cause zinc 
deficiency. This is presumably due to the fact that zinc is transported in the blood to a certain extent 
by transferrin [5], the main transporter of iron, and the two elements seem to vie with each other for 
similar absorption sites in G.I.T. It is also known that the absorption of selenium and iron and of 
selenium and zinc [6,7] antagonize one another and that selenium levels tend to drop during 
pregnancy. However we know nothing of the selenium status of any of our populations. 

Selenium [9,10] zinc [11, 12] and magnesium deficiencies [13,14] have all been linked with 
cardiovascular disease and diabetes mellitus, two very common conditions in Pakistan. Deficiencies 
of these elements throughout the world, even in affluent societies in the West, are far more common 
than was thought until recently partly owing to difficulties of status determination and partly due to 
inadequate knowledge concerning diets. 

2. WORK PLAN 

2.1. The intention has been to identify anaemics among various sections of our population. The 
normal levels for the population of serum iron, total iron binding capacity (TIBC), transferrin 
and ferritin are required as well as the normal haemoglobin levels. Anaemics may be identified 
clinically as well as by the above tests, and from other haematological parameters. 

2.2. The bioavailability of iron in the diet and its absorption as influenced by lead content and by 
the levels of lead in the blood require investigation. 
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2.3. The establishment of zinc status is required. The means to establish this is controversial but 
information should be found from zinc levels in whole blood, serum, red blood cells and from 
the zinc copper ratio in blood or serum [5,15]. Zinc deficiency may be present even when 
levels in whole blood or serum are normal. Indications of deficiency may be obtained from 
the results of the zinc taste test 16] and from clinical evidence. Information regarding the effect 
of iron supplementation on zinc levels and vice versa are also required. 

2.4. The establishment of selenium status is required. Again this is not easy to obtain but 
information may be found from levels in whole blood, serum, plasma, red blood cells and in 
platelets [17,18]. Correlations with levels of iron and zinc will be calculated wherever 
possible. 

2.5. The chewing of pan or betel nut is common. This contains cadmium and the substance is 
purchased often wrapped in metal foil which contaminates the contents with lead. The 
cadmium content of pan is required and the effects of levels of cadmium and lead in body fluids 
amongst users would be informative. 

2.6. Levels of copper and magnesium wherever possible would be informative. 

3. SUBJECTS 

The Baqai Medical College is situated about 20 miles from Karachi in a rural area of Sindh 
Province. A number of primary health clinics are operated for the benefit of the rural communities 
as well as a large hospital in the city. Subjects were volunteers from staff, students, and employees 
of the college as well as from communities served by the primary health clinics. 

3.1. A rural population of low family incomes: 16 males and 22 females living near the college and 
from Radho Goth, a village 11 miles from the college. 

3.2. A rural industrial group (also a low income group): 23 males from Nooriabad, about 70 miles 
from the college. 

3.3. An urban population mostly of the higher income group: students, staff and employees of the 
college: 27 males and 22 females. 

3.4. The results of 16 anaemic subjects were considered separately although they appear also in the 
above subject groups, 

3.5. The zinc taste test, an aid in diagnosing zinc deficiency was carried out on 31 additional 
subjects as well as on the above. 

4. METHODOLOGY 

Estimations of the trace elements magnesium, zinc, copper, lead, cadmium, selenium and iron 
in body fluids is by atomic absorption spectroscopy: Hitachi Z 8000 with Zeeman background 
correction. The methodology for the first four only of these elements in whole blood and also for 
iron (and TIBC) in serum has been worked out so far: flame aspiration for magnesium, zinc and iron 
and graphite furnace for copper and lead. No estimations on specimens have yet been carried out, 
although we are now ready. The selenium lamp purchased in U.K. in 1990 proved to be faulty but 
a replacement was recently obtained. For this reason, no work on selenium has yet been carried out. 
Nothing has yet been done on cadmium or on the effects of chewing "pan". 
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The various haematological tests on most specimens have been performed by routine 
procedures. Separation and counting of platelets was done as soon as possible as rapid leakage of 
selenium occurs. Red blood cells were also separated as soon as possible to minimise the leakage of 
zinc and magnesium. 

The zinc taste test has been performed extensively: the mouth of each subject was rinsed with 
5-10 ml of 0.1 % zinc sulphate solution. The absence of an acidic or bitter taste within 10 seconds was 
indicative of bodily zinc depletion. 

No work has been carried out on the bioavailability of iron or zinc in the diet or its absorption 
from the diet, as radioisotopes are required and are not yet available to us. 

5. RESULTS AND DISCUSSION 

5.1. Specimen Collection 

Opinions vary widely in the literature as to the best assessment of zinc status: levels in whole 
blood, serum, plasma, erythrocytes, leucocytes, hair, nails or tissues [5]; activities of serum alkaline 
phosphatase or red cell carbonic anhydrase [.], the zinc taste test [ 16] or the copper-zinc ratio in blood 
or serum have all been used [15]. It should be emphasised that normal levels in blood or serum 
cannot rule out deficiency [5]. We have decided to estimate zinc levels in whole blood, serum, red 
blood cells and to perform the zinc taste test and to find the zinc-copper ratio in whole blood and 
serum. 

Similarly, for selenium, levels in whole blood, serum, plasma, red blood cells, or platelets or 
the activity of glutathione peroxidase in platelets is given in the literature [17,18]. We have decided 
to estimate selenium levels in whole blood, serum, plasma, platelets and in red blood cells. 

Deficiencies of either of these trace elements are connected with a whole range of diseases and 
conditions [19,20] and increasing evidence of widespread deficiencies of these elements throughout 
the world, even in Western society, is appearing. Difficulties of assessing status and lack of 
information concerning dietary content are probably important factors. 

Studies are to be carried out on both rural and urban communities the former being composed 
essentially of those of very low family income and the latter of both poor and affluent. So far, our 
rural subjects include those of low income from a rural industrial area and also of communities of 
unskilled labour. Our urban subjects are of mostly the affluent section. We have also singled out 
anaemics for particular study. 

As such studies have not been carried out here before and trace elements have not been 
estimated in body fluids by atomic absorption spectroscopy using the Hitachi Z 8000, the development 
of the methodology for each trace element in each of the body fluids under investigation is necessary, 
together with the determination of the relevant normal range. 

From each subject, the following specimens are being collected: 

5.1.1. Clotted blood for the estimation of serum iron, TIBC, zinc, selenium and later, 
hopefully, of transferrin and ferritin. 

5.7.2. Unclotted blood (EDTA) for the determination of zinc, selenium, copper, lead, 
magnesium (and later cadmium) and haemoglobin and other haematological parameters 
in whole blood; selenium and zinc in red blood cells, and selenium in plasma and 
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platelets. Separation of the blood constituents is necessary as soon as possible as zinc 
and magnesium rapidly leak from red blood cells and selenium from platelets. 

5.2. Trace Element Analysis 

So far, experimental conditions for the estimation of magnesium zinc, copper and lead in whole 
blood and for iron in serum have been found. Previous work on trace elements [1,21-25] was done 
on a Pye Unicam SP 2900 flame-aspiration instrument at the University of Karachi. This was an old, 
not very precise, instrument but for purposes of this project, we entered into an agreement with the 
Pakistan Council for Scientific and Industrial Research in which we are able to use their Hitachi Z 
8000 atomic absorption spectrophotometer. This is a very precise and accurate instrument with 
Zeeman background correction for certain interfering substances and it may either be used by 
flame-aspiration or by the graphite furnace technique. The former requires 1 -2 ml of solution and 
is used for concentrations down to about 0.1 ppm (10 pg/dl) and the latter down to about 10 ppb (1 
/zg/dl) and requires only 10-20 /d. of solution. 

5.2.1. Analytical Steps. 

The flame aspiration technique is simple but the graphite furnace mode is more complex. After 
injection of the sample into the graphite furnace, the sample is dried, then ashed to remove 
carbonaceous material and volatile interfering substances, and finally the element for analysis is 
atomised. The temperature at each of these steps, and the heating rate from one step to another and 
also the time of duration at each step has to be found by experimentation for each element to give 
good recoveries and reproducibility of results. Once this has been found, the instrument is 
programmed for future estimations of that element. For example for lead drying [26] at 80 - 120° 
followed by ashing at 400 - 850° and atomization at 1800° and cleaning of the furnace at 3000°C 
gave the best results. The temperature rises for each of the first two steps take place over 30 seconds 
(see Table I). 

5.2.2. Sample Preparation. (Table 1). 

Whole or diluted blood or serum was not aspirated or injected into the instrument, although this 
is commonly done, because of the build-up of carbonaceous material. For copper, zinc and 
magnesium, blood was digested with an equal volume of cone, nitric acid at 100 - 110°C on a sand 
bath, until a clear yellow solution was obtained. This usually required about 12-18 hrs. The resulting 
solution was diluted to 25 times the original blood volume for copper and zinc and to 400 times for 
magnesium, with doubly distilled deionised water. 

Various procedures were tried for lead, the most satisfactory one being to deproteinise 100 /tl. 
of blood with 75 /xl of 4N nitric acid after adding 100 /tl of modifier (see below) and 125 fi\ of water. 
Thus, in effect, the blood has been diluted four times. 

Serum iron: serum way deproteinised with an equal volume of 10% trichloroacetic acid and 
ultimately to a final dilution of 1:10. 

Estimations of copper and lead (and also of cadmium) are by the graphite furnace technique, 
and addition of a modifier to each solution is necessary to prevent loss of the element under 
investigation during the ashing stage. For copper, after digestion and dilution.the modifier was an 
equal volume of a mixture of 9 ml of 1 % ammonium dihydrogen phosphate 27 solution and 4.22 ml 
of 1000 ppm magnesium nitrate solution [27J. A palladium chloride-inagnesium nitrate modifier will 
most likely be used for selenium [28]. As zinc, magnesium and iron are determined by flame-aspira
tion, no modifier was required for these elements. 
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5.2.3. Standards 

Results are very dependent on viscosity, pH and on interfering substances. For these reasons, 
if trace elements in whole blood are being estimated, whole blood standards are required or if urine 
is being studied, urine standards are required; standards in water or dilute acid are not generally 
suitable. In the absence of suitable blood standards, we made our own. Pooled blood was taken and 
the trace element level was estimated by standard additions. In this known amounts of the element 
are added to 3 to 5 portions of die blood (spiking) and after treatment of both the spiked and unspiked 
portions as described above, the absorbances are recorded using the appropriate technique, after the 
values of the standard additions have been fed into the spectrophotometer computer. 

5.2.4. Results. 

After obtaining the optimum experimental conditions recoveries for each of the elements in 
whole blood were good. Further work is necessary to determine the reproducibility, mean, C.V. and 
S.D. for the levels in the standards. Good straight line graphs were obtained and the level of each 
trace element in each subject sample may now be found by the simple proportion of its absorbance 
to that of the standard. 

5.2.5. Viscosity Effects. 

The usual aqueous standards in 1 % nitric acid used in atomic absorption spectroscopy were run 
as samples. Examination of the results shows that only in cases where the blood has been highly 
diluted, would it have been possible to use one of these (Table II). Standards in dilute acid rather 
than in pure water are used as absorption of the metal by the walls of the containing vessel and the 
growth of mould are minimised. A further exercise demonstrated the variation of results at different 
acid concentrations (Table III). 

5.3. Haematological Studies 

Subject details and results are summarised in tables IV - VI, for the rural, rural industrial and 
affluent urban sections. Although anaemias are very common in Pakistan, we have singled out only 
five males and eleven females for separate study. Studies on such subjects will be considerably 
broadened soon. 

As expected, males had higher haemoglobin (Hb) levels than females but surprisingly die levels 
for the urbanites (males) and industrial rurals (all were males) were similar, as were the red blood 
cell counts (RBC). Females had higher platelets but lower PCV (packed cell volume) man males but 
the industrial rurals had the highest platelet counts and PC VS. Anaemics had the lowest PCVI, RBC 
and Hb levels but the platelet counts were in between those for rural and urban males MCV (mean 
corpuscular volume) and MCHO (mean corpuscular haemoglobin count) for all males and anaemics 
were similar. There was little variation in MCH (mean corpuscular haemoglobin). 

Please note that the means and ranges only have been quoted. Statistical results have not yet 
been calculated as we have not yet had the time and the study is still on-going. We do not yet know 
if the distributions in each case are Gaussian or non-Gaussian of whether to apply the student's test 
or non-parametric methods to search for significantly different results between males and females or 
between subject groups. 

5.4. Zinc Taste Test. 

The zinc taste test is a simple indicator of zinc deficiency: the subject swills his/her mouth with 
0.1% zinc sulphate solution. No taste or a somewhat salty taste within 10 seconds indicates 
deficiency. Zinc replete subjects usually grimace immediately. 
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The test was carried out on the above subjects plus 30 other volunteers: members or employees 
of the college. As can be seen from Table VII, depletion among the Pathans (from the north-west 
of the country) was less than 50% whereas amongst a combination of other ethnic groups it was about 
90%. The Pathans had been resident in Sindh Province for several years and the results are as yet 
unexplainable. There are no obvious differences in dietary habit or in the use of cooking utensils. 
Many Pathans however, do chew the bark of a tree similar to that of the walnut tree in order to clean 
their teeth. 
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TABLE I 

EXPERIMENTAL CONDITIONS AND RECOVERY RATES FOR THE 
ESTIMATION OF TRACE ELEMENTS 

Element Treatment Technique Modifier Ashing 
°C 

Atomization 
°C 

Recovery 
% 

Blood Mg Dig. F.A. _ . _ 99.4 
Blood Zn Dig. FA. - - - 101.1 
Blood Cu Dig. F.A. A 1000 2300 99.6 
Blood Pb Dep. F.A. A 850 1800 100.5 
Blood Cd F.A. A 900 1600 
Blood Se F.A. B 900 2100 
Serum Fc Dep. F.A. - - 101.4 

Dig. = acid digestion A = ammonium dihydrogen phosphate and 
magnesium nitrate 

Dep. = deproteinisation 

F.A. = flame aspiration B = palladium chloride and magnesium 
nitrate 

G.F = graphite furnace 

TABLE II 

ERRORS USING STANDARDS IN 1% HN03 AS AGAINST 
STANDARDS IN BLOOD AND SERUM 

Element Dilution of Std. in 1 % Apparent cone against % error 
sample HNO, blood serum 

Blood Mg 1 :400 0.300 ppm 0.301 ppm +0.3 
Blood Zn 1 :25 0.500 ppm 0.512 ppm + 2.4 
Blood Cu 1 : 25 50.00 ppb 48.80 ppb -2.4 
Blood Pb 1 : 4 100.0 ppb 93.81 ppb -6.2 
Serum Fe 1 : 10 0.300 ppm 0.295 ppm + 1.7 

TABLE III 

VARIATION OF APPARENT CONCENTRATION WITH 
STRENGTH OF NITRIC ACID 

% Mg Zn Cu 
HNO, tppm) (ppm) (ppb) 

0 0.305 0.499 100.0 
0.01 0.310 0.513 98.0 
0.1 0.321 0.517 99.3 
1 0.304 0.513 100.8 
2 0.310 0.511 97.7 
5 0.310 0.506 89.3 
10 0.308 0.491 91.6 



TABLE: IV 

HAEMATOLOGICAL RESULTS FOR OUR SUBJECT GROUPS 

Rural Industrial Urban Anaemias 

No: 

M F M M F M& F 

No: 16 22 23 27 22 16 

Age 
(yr) 

Range 
Mean ± SD 

12 -45 
31.9 ± 9.4 

14-60 
39 ± 11.7 

15 -34 
23.0 ± 4.2 

18 - 82 
35.9 ± 17.7 

16-28 
21.5 ± 3.5 

12-50 
28.9 ± 13.0 

Income 
($p.m.) 

Range 
Mean ± SD 

32 - 120 
57.8 ± 24.8 

14 - 120 
51.3 ± 30.3 

48 -96 
57.1 ± 10.3 

U P P E R 48 - 120 
64.7 ± 27.5 

Hb Range 
Mean ± SD 

7.0- 16.2 
13.5 ± 3.8 

4.4- 16.2 
12.2 ± 3.4 

11.9- 18.0 
15.3 ± 1.5 

14.2- 17.6 
15.5 ± 1.3 

4 .5 - 16.2 
11.9 ± 3.6 

4 .4- 13.8 
9.95 ± 3.2 



TABLE V 

HAEMATOLOGICAL RESULTS FOR OUR SUBJECT GROUPS 

Rural Industrial Urban Anaemics 

M F M M F M & F 

|RBC 
1 x 10'-7L 

Range 
Mean ± SD 

2.1 -5.6 
4.7 ± 1.1 

4.25-5.1 
4.8 ± 0.3 

4.1 -6.5 
5.1 ± 0.5 

4.8-5.5 
5.2 ± 0.2 

4.5-5.8 
5.1 ± 0.5 

2.1 -5.0 
4.4 ± 0.8 

Platelets 
x la 1 

Range 
Mean ± SD 

175 - 245 
193 ± 27 

135 - 260 
207 ± 36 

150 - 340 
240 ± 47 

150 - 220 
180 ± 26 

175-310 
214 ± 33 

135-260 
215 ± 36 

PCV 
% 

Range 
Mean ± SD 

23 -53 
42.7 ± 9.6 

32 -46 
41.1 ± 5.0 

38-53 
46.4 ± 4.5 

39-50 
45.6 ± 3.5 

39-52 
41.3 ± 5.2 

23 -45 
37.4 ± 6.6 

Normal Ranges: RBC M 4.5 - 6.5 x 10I}/L 
F 3.8 - 5.8 x lO'VL 

Platelets 150 - 400 x 105 

PCV M 40 - 52 % 
F 35 - 47 % 



TABLE VI 

HAEMATOLOGICAL RESULTS FOR OUR SUBJECT GROUPS 

Rural Industrial Urban Anaemics 

M F M M F M & F 

MCV 
ft. 

Range 
Mean ± SD 

5 9 - 109 
88.9 ± 13.0 

66-97 
84.5 ± 10.2 

79 - 120 
91.4 ± 5.8 

81 -96 
88.6 ± 5.8 

76- 121 
92.0 ± 17.0 

59 - 121 
88.5 ± 17.1 

MCH 
PS 

Range 
Mean ± SD 

2 0 - 3 3 
29.0 ± 4.0 

23 -35 
29.5 ± 3.4 

27 -35 
30.2 ± 2.0 

27-32 
30.3 ± 2.0 

27-37 
29.5 ± 4.1 

20-37 
28.8 ± 4.5 

MCHC 
% 

Range 
Mean ± SD 

32.7 - 36.0 
33.4 ± 1.8 

31.2-41 
34.7 ± 3.2 

27- 35 
33.0 ± 2.0 

31 -40 
35.3 ± 3.2 

31 -36 
32.7 ± 2.9 

30-38 
32.6 ± 2.4 

Normal Ranges: MCV 76 - 96 fL 

MCH 27 - 32 pg 

MCHC 30 - 35 % 
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TABLE VII 

TASTE TEST FOR ZINC DEFICIENCY 

No. % 

No. of subjects tested 141 

Pathans 
Non-Pathans 

22 
119 

(15.6%) 
(84.4%) 

Zinc depleted: Total 
Pathans 
Non-Pathans 

118 
10 
108 

(83.7%) 
(45.5%) 
(90.8%) 

Not Zinc depleted: Total 
Pathans 
Non-Pathans 

23 
12 
II 

(I6J%) 
(54.5%) 
(9.2%) 


