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Instrumental neutron activation analysis technique was used for the determination of 21 
trace elements in egg-yolk and egg-white of 90 farm and domestic chicken eggs. The 
range, arithmetic mean, geometric mean and median of each element were computed 
which indicate Gaussian distribution for Se, As, Sb, C1, Fe, Zn, Na, K, Cs and In in 
each portion of the egg. The study indicates that the toxic elements are generally 
concentrated in egg-white whereas essential elements are mostly present in egg-yolk. 
The dietary intake of each element through farm egg was estimated and compared 
with daily requirement or tolerance levels. 

KEY WORDS: Trace elements, instrumental neutron activation analysis, chicken 
eggs, distribution in egg-yolk and egg-white. 

INTRODUCTION 

A balanced diet is necessary for the proper growth and maintenance 
of the human body. Besides the main components such as car- 
bohydrates, proteins, etc. the body also requires a certain amount of 
essential inorganic elements. These elements play important roles in 
various metabolic processes and their deficiency or excess may 
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adversely affect the biochemical functions. Therefore, the diet should 
also cater for the supply of an adequate amount of essential 
inorganic elements. The food due to environmental pollution, may 
also contain certain other elements which have no known deficiency 
symptoms but their presence even at very low levels are untolerable 
and are toxic to the biosystem. Thus in order to assess the adequacy 
and safety of human diet it is important to monitor the food articles 
and to establish base line levels of essential as well as toxic elements. 
This can be achieved by either preparing an integrated sample of the 
various food items of daily consumption and measuring the amount 
of trace elements in it or determining them in individual food 
articles. We have adopted the later approach and carried out studies 
on the measurement of trace elements in certain individual food 
articles. In the present investigation neutron activation analysis, 
which is one of the most suitable techniques for the analysis of 
biological materials has been used for the determination of 21 trace 
elements in 90 chicken eggs. 

EX P E R I M E NTA L 

Sampling 

Inhomogeneity of food stuffs lead to the problem in the selection of 
a representative sample and the errors associated in sampling are 
beyond the control of analytical chemists. Sampling errors can best 
be minimized by random selection. Therefore, for the present investi- 
gation five eggs each of domestic chicken as well as of farm chicken 
from nine different localities of Pakistan were collected in a random 
manner over a period of four months. Each of these were thoroughly 
washed with deionized water to remove the external contaminants 
and then boiled for five minutes to separate out the yolk from the 
white portion of the egg. The yolk was powdered and then oven 
dried along with egg-white for 72 hours at an optimum temperature 
of 40°C as the elevation in drying temperature would lead to release 
of fat content from both portions of the egg. The water contents 
were also determined by weighing the samples before and after 
drying. The average weight of farm egg-yolk and egg-white are 17.8 
- + 1.6 g and 32.7 & 1.6 g respectively whereas the corresponding water 
contents are 48% and 87%. Similarly the average weight of a farm 
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TRACE ELEMENT CONCENTRATION IN EGGS 335 

egg (without shell) is 50.5k1.5 g and its water content is 73%. The 
average water content of farm eggs do not vary by more than 1-2% 
from domestic eggs. Egg-white and egg-yolk were finally ground to 
powder and thoroughly mixed to obtain a homogeneous sample. 
Homogeneity of each sample was checked by analyzing manganese 
and potassium contents and the variation was found to be within 5% 

Irradiation 

About 250mg, each of egg-yolk and egg-white were taken in 
triplicate and heat sealed in precleaned polyethylene vials. The 
samples along with appropriate amount of NBS standard reference 
material Orchard Leaves (SRM-1571) and IAEA reference material 
Animal Muscle (H-4) were irradiated for two minutes in pneumatic 
rabbit facility of PARR-I at a thermal flux of 2 x 10'3ncm-2Sec-i. 
For longer irradiations the samples along with the standards were 
sealed in precleaned silica vials and then packed together in alu- 
minium containers. 

The irradiated samples after appropriate cooling were transferred 
into preweighed polyethylene capsules and reweighed. The gamma- 
ray spectra of the samples were measured for varying times ranging 
from 2 minutes to 16 hours employing a 4K series 85 Canberra 
multichannel analyser and a Ge(Li)detector. The system has a 
resolution of 2.0 KeV with respect to 1332.5 KeV peak of CO-60 and 
a peak to compton ratio of 40:l. The detail of the electronics have 
been described elsewhere.' 

RESULTS AND DISCUSSION 

Concentration of 21 elements in chicken egg-white and egg-yolk 
were determined on dry weight basis using instrumental neutron 
activation analysis technique by varying the irradiation and cooling 
times. Under the optimized conditions as shown in Table I, the 
elements were divided into three groups. The first group containing 
C1, Mn, Na and K was irradiated for two minutes and radioassayed 
after one hour cooling period, whereas the second group containing 
Br, As, Sb and U was irradiated for three hours and measured after 
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TABLE I 
Optimum conditions for analysis determined by INAA 

Isotope used Half-life y-ray used KeV 

38c1 

56Mn 
24Na 
42K 
76As 
"Br 
U( 39Np) 
lz2Sb 
'03Hg 
75Se 

37.3 m 2167.5 (1642.4) 
2.58h 846.6 

15.0 h 1368.5 
12.4 h 1524.7 
26.3 h 559.1 (657.1) 
35.4 h 554.3 (776.5) 
2.35 d 277.6 (228.2) 
2.70d 564.1 

46.6 d 279.2 

400,7) 
42.5 d 482.1 
44.6 d 1099.3 (1291.6) 

243.8 d 1115.5 
27.8 d 320.1 

11.5 d 496.3 
18.6 d 1078.8 
50 d 189.9 
83.9 d 889.3 (1120.5) 
31.8 d 307.5 (110,177,197) 
2.04 y 795.8 (801.9) 

120.0 d 264.5(135.9), 

5.26 y 1173.2 (1332.5) 

Irradiation Cooling 
time time 

2m Nil 
2m 2 h  
2m 2 h  
2m 2 h  
3h  4d  
3 h  4d  
3 h  4 d  
3 h  4 d  

24h 2w 

24h 2w 
24h 2w 
24h 2w 
24h 2w 
24h 2w 
24h 2w 
24h 2w 
24h 2w 
24h 2w 
24h 2w 
24h 2w 
24h 2w 

Counting 
time 

2 min 
10 min 
10 min 
10 min 

l h  
l h  
1 h  
l h  

16h 

16h 
16h 
16h 
16h 
16h 
16h 
16h 
16h 
16h 
16h 
16h 
16h 

four days cooling period. For the rest of the elements, the samples 
were irradiated for 24 hours and radioassayed after two weeks. No 
interference was observed in the analyses of Se, Hf, Fe, Co, Cr, Rb, 
Cs, Ba, Sc, Yb and In. The photopeaks of Zn-65 and Sc-46 at 
11 15.5 KeV and 1120 KeV respectively were not clearly resolved due 
to relatively higher amounts of zinc. This problem was solved by 
graphical resolution of the doublet. Similarly the photopeaks of Hg- 
203 and Se-75 which have a difference of only 0.3KeV cannot be 
resolved. Therefore, the contribution of 279.5 KeV peak of Se-75 to 
279.2 KeV peak of Hg-203 was calculated and the necessary correc- 
tion was applied in determining the amount of mercury from this 
peak. 
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TRACE ELEMENT CONCENTRATION IN EGGS 337 

TABLE I1 
Analysis of IAEA and NBS reference materials 

Orchard leaves 
(SRM-1571) 

Animal muscle 
(H-4) 

Elements Our values NBS values Our values IAEA values 

Hg 
Se 
As 
Sb 
Br 
c1 
U 
Hf 
Fe 
Zn 
Mn 
c o  
Cr 
Na 
K 
Rb 
cs  
Ba 
In 
sc  
Yb 

0.165 fO.025 
0.078 f 0.01 

11 f2  
2.7 f 0.2 

11.5f1.5 
720 1 25 

0.027 kO.010 
28+2 

297k6 
24f2  
91 f2  

0.21 k0.03 
2.4f0.1 
80 f3  

1.46f0.02" 
1 4 1 2  

0.05 f 0.01 
43+3 
2.0 f 0.2 
75 + 7b 
34f3b 

0.155 f 0.015 
0.08 f 0.01 

1 0 f 2  
2.9 0.3 

(10) 
(690) 

0.029 2 0.005 
23b 

300 + 20 
25f3  
9 1 f 4  

2.6 f 0.3 
82+6 

1.47 0.03" 
12f 1 
(0.04) 
(44) 

(30Ib 

(0.2) 

90 60b 

12f lb 
0.29 f 0.15 

9 f l b  
8 f 2 b  

3.9f0.3 
17101 125 
- 

__ 
48k2  
90+4 

0.71 f0.05 
10, lb 
77+5" 

0.204 f 0.005" 
1.56 k0.03" 

1 8 f 1  
0.14f0.02 
- 

~ 

- 

- 

14b 
0.28 
(7Ib 
- 

4.1 
1890 
- 

- 

49 
86 
0.52 
Wb 
(Wb 
0.206" 
1.58" 
19 
0.12 
- 

- 

- 

- 

"Values in percentage. 
bValues in ppb. 
Values in parentheses are uncertified. 

Employing the above mentioned experimental conditions, the NBS 
Orchard Leaves (SRM-1571) and the IAEA Animal Muscle (H-4) 
were analysed to check the accuracy of the procedure. The results 
are tabulated in Table 11 which are in fairly good agreement with 
the NBS and IAEA values. 

The range, arithmetic mean, geometric mean and median of 21 
elements analysed in 90 eggs of farm and domestic chickens were 
computed and presented in Table 111. The arithmetic mean of 
yetterbium, hafnium and manganese were not computed due to large 
scatter in the data. The range arithmetic mean, geometric mean and 
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TABLE I11 
Trace element concentration in egg-white and yolk of farm and domestic chickens on 

dry weight basis 

Egg-yolk Egg-white Egg-yolk Egg-white 
Elements (poultry) (poultry) (domestic) (domestic) 

2-13 
6 5 4  

4 
2 

0.55-0.93 
0.74 kO.11 

0.73 
0.76 

0.07-0.15 
0.12k0.03 

0.11 
0.12 

11-20 
1 7 5 3  

17 
19 

5.6-14 
9.8 f 2.6 

9.4 
9.8 

146-176 
162f 10 

161 
163 

0.13-0.37 
0.25 f 0.07 

0.24 
0.24 

0.9-5.2 
- 

1.5 
1.3 

44-101 
79f21 

76 
81 

29-85 
57 f 21 

53 
55 

1.2-2.5 

1.9 
1.8 

- 

9-70 
31 f4  

22 
13 

0.85-1.7 
1.3 f 1.14 

1.26 
1.3 

0.66-1.2 
0.9 50.16 

0.92 
0.91 

39-60 
4857  

47 
46 

26-51 
38 f 7.6 

37 
35.8 

460-826 
650f 123 

637 
649 

0.76-2.9 
1.8 f 0.9 

1.5 
1.5 

4.2-20 

10 
12.1 

1-5 
4f 1 

3 
4 

1-3 

- 

2 f 0.7 
1.6 

2 
- 

__ 
- 

- 

338 

7-14 
1 0 k 2  

10 
10 

0.6-1.5 
0.94 f 0.2 

0.9 
0.87 

0.5-1 
0.84f0.18 

0.80 
0.86 

1-7 
4+2  

3 
2 

2-16 
5+4  

4 
3 

103-155 
132* 18 

130 
138 

0.2-6.0 
2 + 2  
1.05 
1.53 

1.4-95 

7.5 
5.7 

85-156 

- 

109+21 
107 

100.5 

62-121 
82 f 20 

80 
78.7 

1-14 

2 
1.5 

- 

31-52 
39 f6  

39 
37 

1-2.3 
1.8 f 0.3 

1.7 
1.7 

0.79-1.5 
1.04k0.26 

1.01 
1.00 

4 3  7 
14f11 

10 
10.8 

10-67 
38k20 

32 
36.7 

498-759 
610 k 83 

604 
602 

0.2-6.5 
2k2.1 
1.07 
1.5 

13-368 
- 

31.9 
15.9 

1.9-6.7 
4.4f 1.3 

4.0 
4.8 

1-5 
3 1.2 
2.8 

3 
- 
- 
- 
- 
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TABLE I11 (continued) 

1 6 5 2  
27+15 

24 
18 

0.33-0.52 
0.40-0.06 

0.39 
0.38 

0.08-0.14 
0.1 18 f 0.021 

0.116 
0.115 

0.13-0.30 
0.216f0.054 

0.209 
0.21 

0.7-2.0 
1.2f0.4 

1.1 
1.2 

2.@16 
8+5  

6 
6.0 

2-90 
45 f 35 

21 
61 

0.3-1.5 
0.56k0.4 

0.5 
0.5 

0.2-1.4 
0.8 & 0.4 

0.7 
1 

2.@30 

9 
8 

- 

3-25 
10k9.3 

12 
7 

0 . 2 4  
0.3 & 0.06 

0.27 
0.29 

1-1.5 
1.2 f 0.1 

1.16 
1.2 

0.75-1.5 
1.03 f 0.2 

1.0 
1.02 

6.6-12 
10 * 2.2 

9 
10.7 

5-12 
7.7 + 2.6 

7 
7 

2-50 
27k 17 

16 
34 

0.3-1.7 
0.6 + 0.4 

0.5 
0.5 

0 . 6 1  
1f0.2 
0.9 

1 

4-17 

7 
6 

- 

Egg-yolk 
(domestic) 

2-27 
18 k 6.7 

16 
17 

0.2-1.35 
0.5 k 0.4 

0.4 
0.33 

0.1-0.2 
0.14 f 0.02 

0.14 
0.14 

0.1-0.27 
0.2 f 0.04 

0.17 
0.19 

0.6-2.3 
1.2 f 0.6 

1.0 
1.04 

1.1-3 
2 k 0.7 
1.9 
2.3 

3-14 
7 f 4  

6 
5.4 

0.2-1.6 
0.75 f 0.4 

0.6 
0.7 

0.2-1.5 
0.8L0.5 

0.6 
0.94 

1-27 
- 

6 
13 

Egg-white 
(domestic) 

7-14 
10*2 

9.6 
9 

0.13-0.6 
0.3 f0.16 

0.2 
0.2 

0.9-1.7 
1.2 k0.19 

1.16 
1.2 

0.66-1.9 
1.06k0.3 

1.01 
1.01 

1.5-14 
6.3 * 4.2 

5 
2.2 

2-13 
8 f 4  

7 
6.5 

1.2-17 
7.45 5.6 

5.2 
4.6 

0.16-1.4 
0.7 f 0.4 

0.56 
0.55 

0.3 f 1.7 
0.9 f 0.5 

0.7 
0.99 

0.9-27 

4.3 
2.8 

- 

"R=Range of values. 
A.M=Arithmetic mean. 
G.M=Geometric mean. 
M = Median. 
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340 S. WAHEED ET AL. 

median are similar for selenium, arsenic, antimony, chlorine, iron, 
zinc, sodium, potassium, cesium and indium in both the portions of 
farm and domestic chicken eggs indicating gaussian distribution. 
Mercury, cobalt and rubedium also have gaussian distribution in 
both the portions of domestic egg whereas these elements have 
irregular distribution pattern in farm egg-yolk and egg-white. 
Regular distribution patterns of bromine, chromium and scandium 
are only observed in farm egg-yolk and egg-white. Uranium and 
manganese exhibit regular distributions only in farm egg-yolk while 
the rest of the elements have irregular distribution pattern in both 
the type of eggs. 

The geometric mean of concentration of each element in both the 
portions of farm and domestic chicken eggs are depicted by bar 
graphs in Figure 1. The bars 1 and 2 represent farm egg-yolk and 
egg-white whereas bars 3 and 4 represent domestic egg-yolk and egg- 
white. It can be seen from Figure 1 that egg-white have higher 
concentrations of mercury, selenium, arsenic, bromine, chlorine, 
hafnium, sodium, potassium and rubedium than egg-yolk in both the 
type of chicken eggs. The comparison of data between both types of 
egg-yolk as well as egg-white in Table I11 show that, except for 
antimony, the concentration of most of the elements do not vary 
significantly. However, mercury, selenium iron and zinc are slightly 
higher in domestic egg-yolk and egg-white which may be due to 
different food habits of farm and domestic chickens. It is difficult to 
find a possible explanation for higher amount of toxic elements in 
egg-white, however, the higher value of antimony in both the 
portions of farm eggs could be due to feed contamination. 

The ratio of elemental concentration of egg-white to egg-yolk was 
also computed which indicate that except for mercury, arsenic, 
bromine, uranium, hafnium, manganese, chromium and cesium, the 
rest of the elements have similar values in farm and domestic eggs. 

The screening of data in Table I11 show that the essential elements 
such as iron, zinc, manganese, cobalt and chromium are concen- 
trated in egg-yolk. The comparison of farm egg-yolk and domestic 
egg-yolk show that their concentration do not vary appreciably. The 
rest of the elements are distributed uniformly in both portions of 
farm and domestic eggs. 

In order to estimate the daily intake of toxic and essential 
elements through eggs, the elemental concentration in farm whole- 
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-Toxic Elements + 1 t- Essential Elements __c 

B r  I U I C r  I 

Zn 

co * 

1 2  3 L  1 2  3 L  I 2  3 L  I 2  3 1  

1. Egg yo lk  poul t ry .  

+ Values in  p p b  

2.  Egg w h i t e  p o u l t r y .  3 .  Egg yo lk  domestic I 4. Egg whi te  domestic.  

FIGURE 1 
white of poultry and domestic chickens. 

Distribution pattern of toxic and essential elements in egg yolk and egg 
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342 S. WAHEED ET AL. 

TABLE IV 
Comparison of daily intake of trace elements through egg with daily 

requirements 

Elements Daily (2,3) requirement Daily intakeb through eggs 

Hg 
Se 
As 
Sb 
Br 
c1 
Fe 
Zn 
Mn 
c o  
Cr 
Na 
K 

40 ma 
130-150 pg 

400 pga 

1 mg 
275-5100mg 

8-18mg 
8-15 mg 

0.5-5 mg 
0.14-1.77mg 
0.01-0.2 mg 
115-3300mg 
35G5625 mg 

0.261 pg 
24 Pg 
10 pg 

0.71 pg 
487 pg 
8.37mg 
1.39 mg 
964 Pg 

34 Pg 
0.49 p g  
9 . 3 2 ~ 8  

120.6mg 
123.5mg 

“Daily tolerance. 
bDry weight basis. 

egg was calculated by adding its geometric mean value in both the 
portion of egg on dry weight basis. The dietary intake was estimated 
on the basis of two eggs per person per day and tabulated with the 
daily requirement or tolerance  value^^^^ in Table IV. The estimated 
daily intake of mercury, selenium and arsenic are 0.26pg, 24pg and 
1Opg respectively which are quite low as compared to the re- 
commended daily tolerance level of 10-40 pg, 130-1 50 pg and 400 pg 
for human.”-ll. For other toxic elements such as antimony and 
bromine the estimated daily intake values for a person are 0.71pg 
and 487 pg respectively. Bromine intake value contributes to about 
49% of the daily requirement.” 

In order to check the adequacy of some trace metals in human 
biosystem through eggs, daily intakes were also estimated for these 
essential elements. The estimated daily intake of iron and zinc are 
1.39 mg and 964pg respectively which would contribute to only 
17.4% and 12.1% of their daily requirements.13-14 Manganese con- 
centration in white part of egg is too low to be determined non- 
destructively. The range of its values in poultry and domestic egg- 
yolk are 1.2-2.5 and 1-14ppm. The daily intake are estimated to be 
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TRACE ELEMENT CONCENTRATION IN EGGS 343 

34pg indicating egg to be a poor source of this element. Cobalt and 
chromium are estimated to be 0.5pg and 9.32pg in two eggs and 
these are quite low as compared to the daily requirement range of 
0.141.77mg and 0 . 0 1 4 1 . 2 m g . ~ . ~ ~ - ~ ~  

CON C LUSlO N 

In the present investigation, farm and domestic chicken eggs were 
analysed using instrumental neutron activation analysis to establish 
the base line levels of trace elements. Such data will be helpful to 
monitor the degree of contamination from external sources in the 
future. The measurement of elemental distributions in farm and 
domestic egg-white and egg-yolk indicates that generally toxic ele- 
ments such as mercury, selenium, arsenic, antimony and bromine are 
relatively higher in egg-white whereas essential elements like iron, 
zinc, manganese, chromium and cobalt are higher in egg-yolk. The 
elemental concentration in farm whole-egg was also calculated to 
estimate their daily intake which indicate that the level of intake of 
toxic elements are low as compared to their tolerance limit. 
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