
Z. Ern~ihrungswiss. 20, 119-131 (1981) 
�9 1981 Dr. Dietrich Steinkopff Verlag, Darmstadt 
ISSN 0044-264 X 

Department of Food Chemistry and Toxicology, Utrecht State University 

Determinat ion  of ca lc ium intake by help of atomic  
absorption spectrophotometry 
~I. I. EI-Shaarawy and J. F. Reith 

(Received October 22, 1980) 

Calcium is the main nutritional element forming bones and teeth. It 
thus comprises the most abundant mineral in the human body (1). An 
infant is born with a store of calcium of about 30 g and has to build up 
approximately 1200 g until he becomes an adult (2). With the dynamic 
nature of calcium turnover, it is estimated that man needs approximately 
800 mg of calcium daily. Higher amounts are recommended during 
adolescence (3, 4). However, much lower amounts may be considered 
adequate (5, 6). In besides to skeleton formation, calcium is indispensable 
for many other vital biological processes (7). Determination of calcium 
intake of a population or population group(s) is therefore important. It 
helps to assess the nutritional status of the concerned population, to 
determine adequacy of their diet, to lay down sound feeding programs, to 
provide information for more realistic overview of calcium requirements, 
and to serve in other purposes. The picture obtained in a developed 
healthy community would serve as a guide for less developed areas. 

In order to determine intake of a nutrient rather accurately, a dietary 
survey need be carried out, and samples of food consumed, invariably 
numerous, are analyzed for that nutrient. Although calcium is present in 
foods in different forms, and reaches food from different sources, fortu- 
nately this will not be of concern, and only the total calcium content is the 
desirable estimate. 

Calcium has been determined in foods by several methods, e.g. precipi- 
tation as oxalate, chelation as the ethylene diarnine tetraacetate salt, and 
emission spectroscopy. When large numbers of samples need to he ana- 
lyzed, as in case of dietary surveys, a method is required, that is likewise 
simple, rapid, accurate, needs minimum sample preparation and analyst 
expertise, and can be automated as well. The atomic absorption technique 
suggests itself. 

Literature on atomic absorption spectrophotometry (AAS), its applica- 
tion to food analysis and calcium determination by this technique has 
become extensive (8-10). The present work investigates calcium determi- 
nation in different food items by AAS, effect of salts expected in the 
sample s ,  a n d  c o n t r o l  of t he i r  i n t e r f e r e n c e .  S a m p l e s  of s ing le  food i t e m s  
a n d  of food  m i x t u r e s  are ana lyzed ,  a n d  r e su l t s  are c o m p a r e d  to those  in  
D u t c h  food  c o m p o s i t i o n  t a b l e  (DFCT).  C a l c i u m  i n t a k e  of d i f f e ren t  popu l a -  
t i o n  g r o u p s  i n  the  N e t h e r l a n d s  is t h u s  d e t e r m i n e d .  

M a t e r i a l s  and m e t h o d s  

Sampling and sample preparation 

Samples were obtained as random purchases from retail shops in the city of 
Utrecht, a central city in the Netherlands where most railways of the Kingdom 
827 



1 2 0  Zeitschrift fiir Ern~hrungswissenschaft, Band 20, Heft  2 (1981) 

meet .  T h i s  was  c o n s i d e r e d  r e a s o n a b l y  r e p r e s e n t a t i v e  of goods  o n  sale  in  t he  c o u n t r y  
s ince  foods tu f f s  t h e r e  we re  u s ua l l y  m a n u f a c t u r e d  a n d  d i s t r i b u t e d  b y  l a rge  f i rms,  
t h u s  r e a c h i n g  e v e r y  p a r t  of t h e  coun t ry .  Co l l ec t ion  of s a m p l e s  f r o m  a la rge  n u m b e r  
of c i t ies  w o u l d  b e  too  cos t ly  a n d  w o u l d  r e s u l t  i n  r e s p e c t i v e l y  too  h i g h  a n u m b e r  of 
s amp le s .  

I n  o rde r  to  f u r t h e r  r e d u c e  t h e  n u m b e r  of s a m p l e s  ana lyzed ,  foods tu f f s  w e r e  
g r o u p e d  in  c o m p o s i t e  s a m p l e s ,  e a c h  f o r m e d  of i t e m s  s imi l a r  in  na tu r e ,  a n d  in  
q u a n t i t i e s  p r o p o r t i o n a l  to  t h e  h a b i t u a l  c o n s u m p t i o n  of t h e  D u t c h .  As  a n  e x a m p l e ,  
t h e  b r e a d  s a m p l e  w as  c o m p o s e d  as fol lows:  

Whi te  b read ,  f o r m i n g  62 %, p r e p a r e d  f r o m  2 s l iced  a n d  1 u n s l i c e d  loaves  p lu s  1 
loaf  m i l k  b read ;  

B r o w n  b read ,  f o r m i n g  30 %, p r e p a r e d  f r o m  2 s l iced loaves ,  on ly  one  e n d  
i n c l u d e d  (3 e n d s  exc luded) ;  

L i g h t  rye  b read ,  f o r m i n g  2.5 %, p r e p a r e d  f r o m  3 s l iced  loaves ;  
D a r k  rye  b read ,  f o r m i n g  2.5 %, p r e p a r e d  f r o m  3 s l i ced  a n d  1 u n s l i c e d  loaves ;  
C u r r a n t  b read ,  f o r m i n g  3.0 %, p r e p a r e d  f r o m  1 loaf  a n d  3 b u n s .  
W h e r e v e r  neces sa ry ,  s a m p l e s  we re  p r e p a r e d  b y  pee l ing ,  t r i m m i n g ,  or  d e b o n i n g ,  

so as on ly  t h e  e d i b l e  pa r t  will  b e  u s e d  for  ana lys i s .  T h e y  were  c o r n m i n u t e d  b y  a 
s u i t a b l e  m a n n e r ,  t h o r o u g h l y  m i x e d ,  r e d u c e d ,  a n d  p r e s e r v e d  b y  dry ing ,  f reeze-  
d ry ing ,  f r eez ing  or  cool ing.  R e m i x i n g  b e f o r e  w e i g h i n g  a s a m p l e  for  ana lys i s  was  a 
c o m m o n  prac t ice .  

Ashing: T h e  s a m p l e  ( c o n t a i n i n g  2-8 m g  p h o s p h o r u s ) 1 )  was  d r y  a s h e d  u s i n g  
m a g n e s i u m  ace t a t e  as  a s h i n g  aid. T h u s  t h e  e f fec t  of m i n e r a l  ac ids  u s e d  in  w e t  
a s h i n g  on  s u p p r e s s i n g  c a l c i u m  a t o m i c  a b s o r p t i o n  was  avo ided .  The  a sh  so lu t i on  in  
h y d r o c h l o r i c  ac id  w as  e v a p o r a t e d  o n  w a t e r  ba th ,  r e s i d u e  r e d i s s o l v e d  in  t h e  ac id  a n d  
f i l tered.  T h i s  t r e a t m e n t  was  f o u n d  suf f i c ien t  to  e l i m i n a t e  a n y  s i l ica tes  (11), p r e s e n c e  
of w h i c h  w o u l d  s u p p r e s s  a b s o r p t i o n  s ignals .  

A s h  was  :made u p  to  100 m l  by  water .  A v o l u m e  c o n t a i n i n g  0.1-0.25 m g  Ca was  
t r a n s f e r r e d  to a 25 m l  v o l u m e t r i c  f l ask  for  c a l c i u m  d e t e r m i n a t i o n s .  

De ta i l ed  d e s c r i p t i o n  of s a m p l i n g ,  p r e p a r a t i o n  of s a m p l e s  a n d  s a m p l e  m i x t u r e s ,  
a s h i n g  p r o c e d u r e s  a n d  r e a g e n t s  u s e d  t h r o u g h o u t ,  h a d  b e e n  g i v e n  e l s e w h e r e  (11). 

Instnunental: M o s t  of t h e  w o r k  was  ca r r i ed  o u t  u s i n g  a " P e r k i n - E l m e r  290 B "  
i n s t r u m e n t  w i t h  a " H i t a c h i  159" r ecorde r .  A " V a r i a n  T e c h t r o n  AA-5"  w i t h  a " K i p p  
& Z o n e n "  r e c o r d e r  h a s  b e e n  e m p l o y e d  for  t h e  s t u d y  of a i r ] h y d r o g e n  f lame,  p h o s -  
p h a t e  i n t e r f e r ence ,  a n d  ana lys i s  of s o m e  sample s .  P a r a m e t e r s  w e r e  a d j u s t e d  for  
h i g h e s t  s ens i t i v i t y  as s u m m a r i z e d  h e r e u n d e r :  

P e r k i n  E l m e r  V a r i a n  T e c h t r o n  
290 B AA-5 

Wave  l e n g t h  n m  422.7 422.7 

S l i t  w i d t h  n m  0.7 0.2 

L a m p  c u r r e n t  m a  5.0 3.0 

A i r  p r e s s u r e  kg]c  2 2.4 2.4 

A c e t y l e n e  p r e s s u r e  kg /c  2 0.56 0.7 

H y d r o g e n  p r e s s u r e  L b / i n  ~ u n e m p l o y e d  10.0 

A c e t y l e n e  f low r a t e  l / ra in  n o t  m e a s u r e d  2.0 

H y d r o g e n  f low r a t e  l / ra in  u n e m p l o y e d  2.5 

B u r n e r  h e i g h t  m m  u n m e a s u r a b l e  4.0 

S a m p l e  f low r a t e  in  t h e  P E  i n s t r u m e n t  w as  f o u n d  to b e  3.2 m l / m i n .  

Method of  determination: B a s e d  o n  t h e  u n d e r g o i n g  s tudy ,  a m e t h o d  for  c a l c i u m  
d e t e r m i n a t i o n  was  w o r k e d  out.  S t a n d a r d  s o l u t i o n s  we re  p r e p a r e d  to c o n t a i n  

l) P h o s p h o r u s  w as  l i kewise  d e t e r m i n e d  in  t h e  s a m e  sample s .  
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0-10 mg Ca %. Lanthanum was added both to standard and sample solutions to 
inhibit  ionic interference, particularly from phosphate. Air acetylene flame was 
used throughout. Calcium content  of the sample was computed from the formula: 

mg Ca % = 125A/S.V.W. 

where A stood for absorption signal of the ash solution, S stood for slope of the 
standard graph, V stood for volume taken of the 100 ml ash solution and further 
diluted to 25 ml  before spraying, and W was sample weight in grams. 

R e s u l t s  a n d  d i s c u s s i o n  

Sensi t iv i ty:  C a l c i u m  a b s o r p t i o n  s h o w e d  good  l i ne a r i t y  w i th  i ts  con-  
c e n t r a t i o n  a b o v e  t he  2 p p m  level  (fig. 1). T h e  s l igh t  c u r v a t u r e  at  t he  lower  
c o n c e n t r a t i o n s  m i g h t  b e  d u e  to  a m a t r i x  effect ,  s ince  i t  was  n o t  e n c o u n -  
t e r ed  w i t h  s o l u t i o n s  of h i g h e r  ma t r i ces ,  e.g. c o n t a i n i n g  s o d i u m  chlor ide .  
S e n s i t i v i t y  in  a i r / a c e t y l e n e  (A/A) f l ame  wa s  f o u n d  to be  0.1 p p m  ca /1% 
a b s o r p t i o n ,  i n  good  a g r e e m e n t  w i t h  ear l ie r  r epo r t s  (13, 14). Sens i t i v i t y  in  
a i r / h y d r o g e n  (A/H) f l ame  was  f o u n d  m u c h  h i g h e r  (fig. 2). However ,  A/A 
f l ame  was  u s e d  t h r o u g h o u t  d u e  to w e a k e r  i n t e r f e r e n c e s  t h a n  in  A/H f l ame  
as s h o w n  be low.  

Fig. 1. Relation between calcium content 
and its atomic absorption. 

Fig. 2. Calcium atomic absorption in 
�9 �9 air/acetylene flame, 
O O air/hydrogen flame 
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Fig. 3. Effect of sodium and potassium on 
absorption of 10 ppm calcium. 

I n t e r f e r e n c e s  a n d  the ir  con t ro l  

Cat ion ic  in ter f e rence:  L o w  c o n c e n t r a t i o n s  of s o d i u m  or p o t a s s i u m  (as 
ch lor ides )  s l i gh t ly  e n h a n c e d  a b s o r p t i o n  s ignals ,  w h e r e a s  h i g h e r  c o n c e n -  
t r a t i ons  t e n d e d  to l ower  t h e m  (fig. 3). T h e  e n h a n c i n g  effect  w o u l d  n o t  b e  
a t t r i b u t e d  to r a d i a t i o n  s c a t t e r i n g  (14) s ince  at  t he se  ve ry  l ow  c o n c e n t r a -  
t i ons  t he  sal t  wi l l  eas i ly  be  d i s soc i a t ed ,  a n d  n o  r e f r ac t ive  c rys ta l s  wi l l  b e  
p re sen t .  I t  w o u l d  be  r a t h e r  d u e  to effect  of the  eas i ly  i o n i z a b l e  m o n o v a l e n t  
c a t i o n s  o n  s a v i n g  m o r e  c a l c i u m  a t o m s  f r o m  i o n i z a t i o n  i n to  t he  f lame.  T h e  
d e c r e a s e d  a b s o r p t i o n  at t he  h i g h  ca t ion ic  c o n c e n t r a t i o n s  m i g h t  be  
e x p l a i n e d  b y  a m a t r i x  effect  (15). 

C o n t r a r y  to f i n d i n g s  b y  Wil l is  (14) m a g n e s i u m  s h o w e d  a n  ef fec t  s imi l a r  
to t h a t  of s o d i u m ,  i n  a c c o r d a n c e  w i t h  ear l ie r  r e su l t s  (10). 

L a n t h a n u m ,  in  a 1% c o n c e n t r a t i o n ,  was  f o u n d  su f f i c i en t  to c o n t r o l  
i n t e r f e r e n c e  of 1000 p p m  of t he  s t u d i e d  c a t i o n  ( tab le  1). 

Table 1. Control of cationic interferenc by lanthanum. 

p . p . m .  
Calcium % absorption in absence and presence of 1000 p.p.m, of the cation 

No cation Sodium Potassium Magnesium 

0.0 00 00 00 00 
3.2 20 20 20 20 
8.0 50 49 50 49 

11.2 68 67 67 68 
16.0 92 92 91 92 

Table 2. Effect of sulphate on absorption of 10 p.p.m, calcium. 

p.p.m. SO 4 % absorption 

0 80 
4 78 

10 75 
20 68 
40 68 
80 67 

120 66 
200 65 



EI-Shaarawj, and Reith, Determination of calcium intake 123 

8 0 ,  

70 .  

60 .  

r 
~- 50. 

,~ go .  

3 0  

lO p.p.m. Ca 

2 p.p.m. Ca 

Fig. 4. Effect of high phos- 
phate content on absorption 
of calcium 
Q - - - O  2 ppm Ca, 
0 0 10 ppm Ca 

2 0  

10 %% 

2~ sb 7~ I~o 12~ 
Plea  ratio 

A n l o n l c  i n t e r f e r e n c e :  Anions  suppress  calcium absorpt ion (14). No 
serious concent ra t ions  of the vanadates  or a luminates  were to be expected 
in foods. Silicates were el iminated dur ing  ash prepara t ion (see Materials 
and methods) .  At  least in sulfated foods (e.g. dehydra ted  fruits), sulfates 
would  be present  in high concentrat ions .  Most of the suppress ing  effect on 
absorp t ion  of 10 p p m  Ca was found  to be b rough t  about  by the first 
20 p p m  of sulfate. Higher  concent ra t ions  of this anion showed  a decreased 
effect (table 2). 

High concent ra t ions  of phospha te  showed strong suppress ing effect on 
absorp t ion  of calc ium (fig. 4). In ter ference  in A/H flame exceeded  that  in 
A/A flame (fig. 2) due to lower tempera ture  of the former  one and its 
insuff ic iency to dissociate the fo rmed calc ium salt(s) (15). Ex ten t  of phos- 
phate  interference not  only depended  on phosphorus  concentrat ion,  but  

Fig. 5. Effect of P/Ca ratio on suppression 
of calcium atomic absorption. 
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Table 3. Effect of lanthanum and strontium on controlling phosphate interference 
(500 p.p.m.) with absorption of calcium (5 p.p.m.). 

p.p.rn.  % a b s o r p t i o n  in  p r e s e n c e  of 
L a  or  S r  L a  Sr  

4,000 60 44 
6,000 79 61 
8,000 83 72 

10,000 85 80 
12,000 85 80 

T a b l e  4. Ef fec t  of l a n t h a n u m  o n  a n i o n i c  i n t e r f e r ence .  

p .p .m,  a n i o n  % a b s o r p t i o n  of 
5 p .p .m.  Ca 10 p .p .m.  Ca 

Sulphate 

0 
700 

1750 
3500 

Nitrate 
0 

4000 

Phosphate (P) 

0 
25O 
5OO 
750 

1000 

% hydrochloric acid 

0 
0.6 
1.8 
3.0 

54 
54 
54 
48 

54 
54 

48 
48 
47 
46 

80 
80 
80 
74 
67 

Table 5. Control of combined interferences by lanthanum. 

Ion concentration (p.p.m.) Absorption 

P O  4 H2SO r M g  HNO3 of 5 p .p .m.  Ca 

0 0 0 0 54 
0 0 I000 1350 54 
0 1750 1000 0 53 

100 1750 0 0 54 
I00 1750 1000 0 53 
200 0 0 0 54 
200 0 1000 0 54 
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T a b l e  6. R e c o v e r y  of c a l c i u m  a d d e d  to a s h  so lu t ions .  

S a m p l e  P / C a  % r e c o v e r y  of a d d e d  p .p .m,  c a l c i u m  
ra t io  0 2 4 6 10 

S u g a r  - 0 103 - 101 98 
7-~p - 0 1O0 110 - - 
P a p r i k a  0.2 0 103 103 - - 
C h e e s e  0.6 0 106 103 - - 
'Milk 0.75 O 100 100 - - 
Veal  25.00 00 106 103 - - 

Tab l e  7. R e p r o d u c i b i l i t y  of c a l c i u m  d e t e r m i n a t i o n .  

S a m p l e  m g  Ca  % of 4 d e t e r m i n a t i o n s  
1 2 3 4 

A p p l e  2.6 2.6 2.8 2.9 
Cod f i sh  17.5 17.7 18.4 19.2 
A p r i c o t  j a m  12.8 12.6 13.2 13.2 
" G o u d a "  c h e e s e  748 452 755 762 
P e a n u t s  58:2 59.8 60.0 60.4 
Cola  d r i n k  1.6 1.7 1.8 - 

T a b l e  8a. C a l c i u m  c o n t e n t  of  s o m e  D u t c h  foods tu f f s .  

F o o d s t u f f  
m g C a / 1 0 0  g 

by  AAS I) Calculated from DFCT 2) 

S u g a r  3 - 
A p p l e  t r eac l e  29 11 
S t r a w b e r r y  j a m  11 20 
Apr i co t  j a m  13 20 
Milk 119 120 
Evaporated milk 260, 275, 2903) 300 
Gouda cheese, young 754 560 
Cod fish 18 20 
G r e e n  p a p r i k a  12 25 
P e a n u t s  60 60 
7~p 6 6 
O r a n g e  ju ice  11, 16, 33 10 

1) A t o m i c  a b s o r p t i o n  s p e c t r o m e t r y .  
~) D u t c h  food  c o m p o s i t i o n  tab les .  
3) More  t h a n  o n e  f i gu re  i n d i c a t e s  a n a l y s i s  of  m o r e  t h a n  o n e  t r ade  m a r k .  
4) R a n g e  of m o r e  t h a n  t h r e e  d i f f e r en t  t r a d e m a r k s .  
- a n a l y s i s  n o t  s h o w n  in  DFCT.  
S. F r o m :  N~ihrwer t -Tabel len ,  Souc i ,  S. W., e t  al. Die  Z u s a m m e n s e t z u n g  de r  

L e b e n s m i t t e l ,  S t u t t g a r t  1969. 
V. F r o m :  W e i n c h e m i e  u n d  W e i n a n a l y s e ,  in: H a n d b u c h  de r  K e l l e rw i r t s c ha f t  by  

Vogt ,  E., ed.  E u g e n  Ulrner ,  S t u t t g a r t  1953. 
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T a b l e  8b. Ca l c iu m  c o n t e n t  of s o m e  D u t c h  foods tu f f s  o f t en  t r e a t e d  w i t h  p h o s p h a t e s .  

m g  Ca/100 g 
F o o d s t u f f  

B y  A A S  F r o m  D F C T  

G i n g e r  b r e a d  11, 12, 16 65 
Kn~ickerb rod  45, 142 50 
R u s k s  " b i s c h u i t "  28 - 
S m a l l  c akes  22, 36 i0 
P a n  cakes  83, 232 - 
P a n  cake  f lour  90 - 
C r e a m  c r a c k e r s  16 - 
Sa l t ed  c r a c k e r s  12, 36, 38 15 
C h e e s e  c r a c k e r s  270 - 
Se l f - ra i s ing  f lour  10, 12 - 
B a k i n g  p o w d e r  1 - 
Cake  m i x  4, 5 - 
P u d d i n g  p o w d e r  140-3084) - 
I n f a n t  food  14, 22 - 
C h i l d  food  183 
Ice  c r e a m  62-172 160 
M o l t e n  c h e e s e  449-6354 ) 450, 675 

one  s a m p l e  1274 
H a m  5, 7, 9 10 
Sausage ,  fu~med 10, 12, 22 10 
Sausage ,  f r a n k f u r t e r  9, 10 (8) s 
F i s h s t i c k s  11, 13, 14 (11) s 
T u n a  f ish,  c a n n e d  14 (7)Sraw 
H e r r i n g  fi l lets  

in  t o m a t o  s a u c e  32 150 r aw  
Mackere l ,  c a n n e d  168 175 
S a r d i n e s ,  c a n n e d  216 20 
M a y o n n a i s e  12 10 
S a l a d  s a u c e  5 4 
Choco la te ,  b i t t e r  10, 41 50 
Mi lk  c h o c o l a t e  202 200 
O r a n g e  ju ice  11, 16 10 
O r a n g e  juice ,  c o n c e n t r a t e d  33 - 
Cola  d r i n k s  2-6 5 
C o n d e n s e d  m i l k  260-290 300 
I n s t a n t  cocoa  p o w d e r  15 140 

a l s o  o n  P / C a ,  i .e. ,  a t  a c o n s t a n t  c a l c i u m  l e v e l ,  e x t e n t  o f  i n t e r f e r e n c e  
d e c r e a s e d  w i t h  i n c r e a s i n g  P / C a  r a t i o  (f ig.  5). 

L a n t h a n u m  s h o w e d  b e t t e r  c a p a c i t y  i n  c o n t r o l l i n g  i o n i c  i n t e r f e r e n c e  
t h a n  d i d  s t r o n t i u m  ( t a b l e  3). I t  s u c c e s s f u l l y  c o n t r o l l e d ,  i n  a 1 %  c o n c e n t r a -  
t i o n ,  i n t e r f e r e n c e s  o f  o n e  k i n d  o r  c o m b i n a t i o n s  o f  d i f f e r e n t  i o n s  ( t a b l e s  4, 
5). 

A c c u r a c y  a n d  r e p r o d u c i b i l i t y :  U s i n g  t h e  s t a n d a r d  a d d i t i o n  m e t h o d  
(16), c a l c i u m  d e t e r m i n a t i o n  b y  A A S  s h o w e d  r e a s o n a b l e  a c c u r a c y  w h e n  
a p p l i e d  t o  f o o d s  o f  v a r i a b l e  P / C a  r a t i o s  ( t a b l e  6). R e p r o d u c i b i l i t y  w a s  a l s o  
a c c e p t a b l e  ( t a b l e  7). 
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Table Be. Calcium content of some Dutch food mixtures. 

mg Ca/100 g 
Foodstuff  

By AAS From DFCT 

Bread mixture  29 15 
Grains 20 18 
Potatoes: new 11 - 

old 9 10 
Glucose and sugar treacle 9 50 
Apple treacle 29 11 
Whole milk 111 120 
Standardized milk 106 120 
Cheese 833 610 
Meat 7 10 
Offals, edible 15 10 
Hen eggs 54 60 
Herring 35 - 
Plaice 33 - 
Haddock 54 - 
Pulses 99 80 
Fats 5 10 
Cream 73 70 
Vegetables 38 50 
Fruits 19 23 
Fruits, subtropical 29 30 
Fruits, dried 119 50 
Nuts 110 130 
Coffee, whole 120 (146) s 
Coffee, extr. 45 - 
Tea, whole 377 (302) s 
Tea, extr. 15 - 
Wine 6 (2) v 
Beer 4 2 
Soft drinks 4 6 

Calcium c o n t e n t  o f  s o m e  D u t c h  f oods tu f f s  

T a b l e  8 s u m m a r i z e s  r e s u l t s  of  c a l c i u m  c o n t e n t  of  s o m e  foods  as 
o b t a i n e d  b y  ana lys i s ,  a n d  f r o m  D F C T  (4). 

On  t h e  o v e r  all, v a l u e s  o b t a i n e d  b y  a n a l y s i s  d i d  n o t  d i f fe r  m u c h  f r o m  
t h o s e  g i v e n  in  t h e  D F C T .  H o w e v e r ,  s i g n i f i c a n t  d i f f e r e n c e s  d id  exis t ,  in  e.g. 
g i n g e r  b r e a d ,  i ce  c r e a m ,  c a n n e d  s a r d i n e s  a n d  i n s t a n t  cocoa .  T h e s e  differ-  
e n c e s  w o u l d  be  d u e  to  d i f f e r e n c e s  in  t h e  c o m m e r c i a l  b r a n d  of t h e  food  
a n a l y z e d  (see  e.g. i c e  c ream) .  T h u s  D F C T  c o u l d  b e  sa t i s f ac to r i ly  u s e d  for  
gene ra l  p u r p o s e s ,  a n d  w h e n e v e r  s a m p l e s  of f o o d  c o n s u m e d  in  a d i e t a ry  
s u r v e y  w e r e  n o t  ava i l ab le .  H o w e v e r ,  fo r  m o r e  a c c u r a t e  resu l t s ,  s a m p l e s  of  
the  d i e t  c o n s u m e d  m u s t  be  ana lyzed .  

The p e r  caput  ca lc ium i n t a k e  o f  the  D u t c h  popula t ion  

T h e  p e r  c a p u t  c a l c i u m  i n t a k e  of  t h e  D u t c h  p o p u l a t i o n  ( table  9) de te r -  
m i n e d  f r o m  a n a l y s i s  of t h e  f o o d  m i x t u r e s  a n d  f o o d  c o n s u m p t i o n  in  t h e  
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N e t h e r l a n d s  as ca l cu la t ed  b y  M u l d e r  (18) d id  no t  differ  m u c h  f rom tha t  
p u b l i s h e d  by  the  las t  author ,  be ing  980 mg, nor  f rom the  Dutch  recom-  
m e n d a t i o n s  (0.8 g). I t  is h ighe r  t han  r e c o m m e n d a t i o n s  of m a n y  o the r  
count r ies  (e.g. 0.5 for  Canada  and  France ,  0.6 for Japan ,  0.7 g for Sou th  
Africa,  0.8 g for  G e r m a n y ,  N o r w a y  and  USA) (19). The  fact  t ha t  da i ry  
p r o d u c t s  sha red  wi th  m o s t  (=- 72 %) of the  to ta l  ca l c ium in t ake  shou ld  be  a 
hea l thy  one, s ince  mi lk  ca lc ium is k n o w n  to be  more  easi ly  a b s o r b e d  than  
e.g. b r e a d  ca l c ium (17). 

I t  is need l e s s  to say tha t  the  pe r  capu t  in t ake  of any  nu t r i en t  does  not  
give a de t a i l ed  p i c tu r e  of i n t ake  of th is  nut r ien t .  S o m e  ind iv idua l s  m i g h t  
c o n s u m e  m u c h  h ighe r  or m u c h  lower  a m o u n t s  t han  the ca lcu la ted  aver- 
age. I n t a k e  cou ld  be  a f fec ted  b y  fac tors  such  as age, sex, social  s tanding,  
economic  s ta tus  or job.  This  ca l led  for  s t u d y  of in takes  of di f ferent  
p o p u l a t i o n  groups .  Never the less ,  it  m u s t  be  b o r n e  in  m i n d  tha t  i nd iv idua l  
va r ia t ion  wi th in  one g roup  could  stil l  be ve ry  large  as was  shown by den  
Har tog  (20) and  W i g b o u t  (21). 

Calcium i n t a k e  o f  s o m e  D u t c h  popula t ion  g roups  

Calc ium in takes  of the  D u t c h  p o p u l a t i o n  g roups  were  c o m p u t e d  f rom 
p rev ious ly  p u b l i s h e d  da ta  on food i n t ake  of some  g roups  (11, 22, 23, 24, 25). 
In  genera l ,  c a l c ium in t akes  of these  g roups  were  found  at  leas t  c lose to or 
h igher  t han  the  r e c o m m e n d a t i o n s  ( table 9). 

I t  was  n o t e d  tha t  v i l lage  m e n  en joyed  h i g h e s t  ca l c ium in t ake  wi th in  the  
groups  s tud ied ,  no t  only  due  to h igh  food in take ,  b u t  pa r t i cu la r ly  to h igh  
c o n s u m p t i o n  of m i l k  and  da i ry  p r o d u c t s  sha r ing  wi th  80 % versus  74 % in 
the case  of t o w n  men.  Town m e n  e x c e e d e d  v i l lagers  only  in frui t  and  
vege tab le  c o n s u m p t i o n .  

Cl imate  s h o w e d  s t rong  effect  on ca lc ium intake .  F o o d  in take ,  excep t  
for f rui ts  and  vege tab les ,  was  h ighe r  in s u m m e r  t h a n  in  winter .  However ,  
share of each  food g roup  in the  to ta l  i n t ake  of ca l c ium r e m a i n e d  a lmos t  
constant .  

The  case  of the  girl  s t u d e n t  w i th  an in t ake  two  ti~mes the  r e c o m m e n d a -  
t ions for  he r  age, cou ld  be  a good  e x a m p l e  of i nd i v i dua l  var ia t ions .  

C o m p a r e d  to the  b o y  s tudent ,  or to the  average  Dutch,  her  consump-  
t ion of b r e a d  was  ve ry  low, bu t  he r  c o n s u m p t i o n  of f rui ts  and  vege tab les ,  
of fat-r ich foods,  and  pa r t i cu l a r ly  of mi lk  and  da i ry  p r o d u c t s  was espe- 
cial ly high,  even  e x c e e d i n g  tha t  of l ac ta t ing  mother s .  

L a c t a t i n g  m o t h e r s  en joyed  an in t ake  of ca lc ium,  on the average,  close 
to D u t c h  r e c o m m e n d a t i o n s  (1.5 g). The  w o r r y  w o u l d  be for  mo the r s  wi th  
too low in t ake  due  to i nd iv idua l  var ia t ions .  To be no ted  was tha t  mi lk  and 
da i ry  p r o d u c t s  sha red  wi th  more  t h a n  80 % of m o t h e r s '  i n t ake  of ca lc ium 
versus  3.6 % for the  b r e a d  group.  High  d ie t a ry  f iber  (e.g. in bread)  was 
shown to i nh ib i t  a b s o r p t i o n  of c a l c ium (26). 

Unfo r tuna te ly ,  the re  were  no d i e t a ry  surveys  for ado lescen t s  avai lable  
so tha t  to c o m p u t e  the i r  ca l c ium in t ake  and  c o m p a r e  it to the i r  h igh  
r e c o m m e n d e d  a l lowances  (1.2 g acco rd ing  to Dutch  recommendat ions) .  
Daily c a l c i u m  i n t a k e  of ch i ld r en  was  found  more  or less  lower  than  the  
Dutch  r e c o m m e n d a t i o n s  of 800 mg. The case would  be more  ser ious  when  
ind iv idua l  va r i a t ions  in  the  i n t ake  cou ld  be  t a k e n  into  account .  The case 
was more  e v i d e n t  wi th  the  2-year-old child,  where  the  infant  migh t  no 
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m o r e  be  b reas t -  or  bo t t l e - f ed  w i t h  m i l k  a n d  b e c a m e  m o r e  i n t e r e s t e d  i n  
p l a y i n g  t h a n  i n  b e i n g  fed. As a Imatter  of fact, i r r e gu l a r  c o n s u m p t i o n  h a b i t s  
h a d  b e e n  r e p o r t e d  for  th i s  age  (25). 

I t  is c o n c l u d e d  t h a t  loca l  r e l i ab le  a n d  u p d a t e d  food  c o m p o s i t i o n  t ab l e s  
c o u l d  be  safe  e n o u g h  for  u se  i n  c o m p u t i n g  n u t r i e n t  i n t a k e  for  g e n e r a l  
p u r p o s e s ,  s a v i n g  lo t s  of t ime ,  effort  a n d  cos ts  c o n s u m e d  i n  food  co l l ec t i on  
a n d  ana lys i s .  F o r  m o r e  speci f ic  p u r p o s e s  w h e r e  la rge  n u m b e r  of s a m p l e s  
wi l l  be  ava i l ab l e  for  ana lys i s ,  p r e p a r a t i o n  of we l l  d e s i g n e d  food m i x t u r e s  
c a n  l o w e r  th i s  n u m b e r  a p p r e c i a b l y .  T h e  a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y  
as a s i m p l e  a n d  r a p i d  t e c h n i q u e  p r o v i d e s  a s u i t a b l e  m e t h o d  for  Tnetals '  
d e t e r m i n a t i o n  in  food,  p a r t i c u l a r l y  w h e n  s u c h  la rge  n u m b e r  of s a m p l e s  i n  
a d i e t a ry  s u r v e y  m u s t  be  ana lyzed .  

S t u d y  of c a l c i u m  i n t a k e  i n  the  N e t h e r l a n d s  s h o w e d  t h a t  r e c o m m e n d a -  
t i ons  of m o s t  p o p u l a t i o n  g r o u p s  were  covered ,  t h a t  we l l  d ive r s i f i ed  d ie t s  
w e r e  c o n s u m e d ,  a n d  t h a t  m i l k  a n d  da i ry  p r o d u c t s  p r e s e n t e d  t h e  m a i n  
sou rce  for d i e t a r y  c a l c i u m  in  th i s  c o u n t r y .  Th i s  w o u l d  re f lec t  a s t a tu s  of a 
w e l l - i n f o r m e d  p o p u l a t i o n  i n  a d e v e l o p e d  c o u n t r y ,  a n d  f ru i t fu l  effor ts  of 
c o n c e r n e d  o r g a n i z a t i o n s  s u c h  as <,het v o o r l i c h t i n g s b u r e a u  voo r  de Voe- 
ding, ,  (The i n f o r m a t i o n  office for  Nu t r i t ion ) .  I t  is b e l i e v e d  t h a t  f o u n d a t i o n  
of s u c h  an  o r g a n i z a t i o n  in  d e v e l o p i n g  c o u n t r i e s  w o u l d  h a v e  v e r y  r e m a r k -  
ab l e  r e su l t s .  

Summary" 

In  a dietary survey, large numbers  of a wide variety of food samples have to be 
analyzed. The atomic absorption spectroscopy (A_AS), with its simplicity, accuracy 
and rapidity, suggests itself for determination of many elements in such a case. 

In this investigation, calcium determination by AAS is reviewed. Analytical 
parameters, interferences and their control are studied. Food samples are dry ashed 
and treated so as to eliminate silicates. Most serious interference comes from 
phosphates and is successfully controlled by addition of lanthanum. Calcium is 
determined in the range 2-10 ppm with a sensitivity of 0.1 ppm. Single food samples 
and samples representing food mixtures are analyzed, and calcium intake of diffe- 
rent population groups is computed. In  most cases, results compare favourably well 
with those obtained from food composition tables. 

Calcium intake in the Netherlands both of the average per caput and of chosen 
populat ion groups is found to cover the recommendations except for infants. 
Differences do exist between intakes of different groups and in different seasons. 
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