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FOREWORD 

NARESA's scheme f o r  award of g r a n t s  f o r  s c i e n t i f i c  r e s e a r c h  has  

many f a c e t s .  I t s  main o b j e c t i v e  is t o  p r o v i d e  o p p o r t u n i t i e s  f o r  

young s c ~ e n t i s t s  t o  enhance r e s e a r c h  c a p a b i l i t i e s  t h r o u g h  what has  

been d e s c r i b e d  a s  c u r i o s i t y  - o r i e n t e d  r e s e a r c h .  

A s  p a r t  of t h e  t r a i n i n g  p r o c e s s  f o r  r e s e a r c h ,  NARESA's Working 

Committees '  o r g a n i z e  s e m i n a r s  a t  r e g u l a r  i n t e r v a l s  f o r  g r a n t  

recipients i n  o r d e r  t o  expose  them t o  p e e r s  and s p e c i a l i s t s .  

These  s e m i n a r s  are g e n e r a l l y  d i s c i p l i n e  - o r i e n t e d ,  a t  which g r a n t  

r e c i p i e n t s  p r e s e n t  t h e  f i n d i n g s  of r e s e a r c h  for c r i t i c a l  r ev iew.  

The Seminar on "Sampling f o r  Q u a n t i t a t i v e  A n a l y s i s "  was a d e v i a t i o n .  

T h i s  was n e c e s s a r y  t o  c r e a t e  a  b e t t e r  u n d e r s t a n d i n g  of t h e  impor tance  

of c o l l e c t i n g  r e p : r e s e n t a t i v e  samples  f o r  q u a n t i t a t i v e  s t u d i e s  

S e v e r a l  s p e c i a l i s t s  i n  t h e  f i e l d  a c c e p t e d  o u r  i n v i t a t i o n  t o  p r e s e n t  

t e c h n i c a l  p a p e r s  and  a l s o  p a r t i c i p a t e  i n  t h e  p a n e l  d i s c u s s i o n .  

I wish t o  t h a n k  t h e  o r g a n i z e r s ,  r e s o u r c e  p e r s o n s  and p a r t i c i p a n t s  

f o r  t h e i r  c o n t r i b u t i o n s  t o  t h e  s e m i n a r ,  and f o r  t h e i r  a s s i s t a n c e  

t o  b r i n g  o u t  t h i s  p u b , l i c a t i o n .  

D i r e c t o r - G e n e r a l  
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P R E F A C E  

Althougb t h e  maln f u n c t i o n  of t h e  Chemical  S c i e n c e s  Working Committee 

of N a t u r a l  Resources ,  Energy and S c i e n c e  A u t h o r i t y  of S r i  Lanka (NARESA) 

h a s  been i t s  recommendation of award of Research Gran t s  and t h e  

p e r i o d i c  m o n i t o r i n g  of p r o g r e s s  of t h e s e  p r o j e c t s ,  t h e  Committee a l s o  

s e e k s  t o  f o s t e r  r e s e a r c h  i n  t h e  Chemical  S c i e n c e s  by encourag ing  

r e s e a r c h e r s  t o  a t t a i n  s t i l l  h i g h e r  s t a n d a r d s .  

One a c t i o n  i n  a t t e m p t i n g  t o  a t t a i n  t h e  above g o a l  h a s  been t h e  

o r g a n i z a t i o n  of a n  Annual Seminar on a s e l e c t e d  t o p i c  of impor tance  where 

t h e  t a r g e t  g roup  h a s  been t h e  Research G r a n t e e s  and t h e i r  a s s i s t a n t s .  

S t u d y i n g  t h e  r e p o r t s  of t h e  Resea rch  G r a n t e e s  i t  was f e l t  t h a t  a n  

i n - d e p t h  seminar  on sampl inq  would b e  of s p e c i a l  u s e  t o  t h e  younger 

r e s e a r c h e r s .  T h e r e f o r e  a  seminar  w i t h  a n  ' o u t  of t h e  o r d i n a r y '  t o p i c  

of "Sampling f o r  Q u a n t i t a t i v e  A n a l y s i s "  was o r g a n i z e d .  

The seminar  had t h e  f o l l o w i n g  b a s i c  s t r u c t u r e  - 

( a )  E x p e r t s  i n  s t a t i s t i c s  and sampl ing  d e l i v e r e d  l e c t u r e s  on t h e  

b a s i c  p r i n c i p l e s  of s t a t i s t i c a l  sampl ing ;  

( b )  R e s e a r c h e r s  of r e p u t e  s h a r e d  t h e i r  e x p e r i e n c e s  on how t h e y  handled 

i n t r i g u i n g  sampl ing  problems t h a t  t h e y  had e n c o u n t e r e d  i n  t h e  

p r o c e s s  of t h e i r  i n v e s t i g a t i o n s .  

The seminar  produced a  number of h i g h  q u a l i t y  p r e s e n t a t i o n s  w i t h  

o u t s t a n d i n g  c a s e - s t u d i e s  t h a t  a r e  bound t o  g i v e  a  c o n s i d e r a b l e  i n s i g h t  

i n t o  t h e  t y p e  of sampl ing  problems a  r e s e a r c h e r  is  l i k e l y  t o  e n c o u n t e r  

and t h e  methods of c o u n t e r i n g  t h e s e  problems.  The q u a l i t y  of p r e s e n t a t i o n s  

was s u c h  t h a t  it was deemed i m p o r t a n t  t h a t  t h e  p r o c e e d i n g s  of t h e  seminar  

t o  be  p u b l i s h e d  i n  o r d e r  t h a t  i t s  f i n d i n g s  c o u l d  be  w i d e l y  d i s t r i b u t e d  

among t h e  s c i e n t i f i c  r e s e a r c h  community. 

E . R .  JANSZ 
C H A I  RMAN 

CHEMICAL SCIENCES WORKING COMMITTEE 
NATURAL RESOURCES, ENERGY & SCIENCE AUTHORITY OF SRI LANKA 
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' A N  OVERVIEW - SAMPLING OF BIOLOGICAL MATERIALS 

P4,A.T. de Silva 

NARESA 

One of t h e  main o b j e c t i v e s  of NARESA's r e s e a r c h  g r a n t  scheme i s  t o  

p r o v i d e  o p p o r t u n i t i e s  f o r  young s c i e n t i s t s  t o  enhance r e s e a r c h  

c a p a b i l i t y  t h r o u g h  t h e  p r o v i s i o n  of supp lementa ry  r e s o u r c e s .  I n  doing 

s o  NARESA has  a l s o  been mindfu l  of t h e  need t o  p r o v i d e  f a c i l i t i e s  f o r  

o r i e n t a t i o n ,  t r a i n i n g  and u p d a t i n g  of knowledge th rough  workshops and 

s e m i n a r s ,  where o p p o r t u n i t i e s  a r e  a v a i l a b l e  f o r  i n t e r a c t i o n  w i t h  

f e l l o w  workers  and s e n i o r  s c i e n t i s t s .  The p r e s e n t  seminar  is one such  

mee t ing  o r g a n i z e d  b y  t h e  Working Committee on Chemical S c i e n c e s .  

The Working Committee on Chemical  S c i e n c e s  has  been somewhat concerned 

abou t  t h e  l a c k  of a t t e n t i o n  p a i d  t o  sampl ing  of m a t e r i a l s ,  e s p e c i a l l y  

of b i o l o g i c a l  m a t e r i a l s ,  f o r  s c i e n t i f i c  i n v e s t i g a t i o n s .  Both j u n i o r  

and s e n i o r  r e s e a r c h e r s  have been found t o  f a l t e r ,  r e s u l t i n g  i n  d a t a  of 

d o u b t f u l  v a l i d i t y .  I t  is  f o r  t h i s  r e a s o n  t h a t  t h e  Working Committee 

d e c i d e d  t o  o r g a n i z e  t h i s  seminar  on t h e  theme "Sampling f o r  Q u a n t i t a t i v e  

Analys is :  The main o b j e c t i v e  of t h e  Seminar i s  t o  r e s u r r e c t  and review 

t h e  s u b j e c t  of sampl ing  of m a t e r i a l s  f o r  e x p e r i m e n t a l  work. I t  w i l l  d e a l  

w i t h  b o t h  b i o l o g i c a l  and n o n - b i o l o g i c a l  m a t e r i a l ,  and a l s o  deve lop  t h e  

t h e o r e t i c a l  framework f o r  sampl ing .  

B i o l o g i c a l  m a t e r i a l s  a s  w e  a l l  know, a r e  h i g h l y  complex s u b s t a n c e s ,  

e x h i b i t i n g  s p e c i f i c  p h y s i c 0  - chemica.1 p r o p e r t i e s ,  and e x i s t i n g  i n  

dynamic e q u i l i b r i u m  w i t h  t h e  env i ronment .  T h e r e f o r e  t h e  compos i t ion  of 

such  m a t e r i a l ,  a t  any g i v e n  moment a r e  de te rmined  by s e v e r a l  f a c t o r s ,  

many of which a r e  e x t e r n a l  ( e g .  d i u r n a l  and s e a s o n a l  e f f e c t s ,  m o i s t u r e  

s t r e s s ,  s u p p l y  of m i n e r a l s  e t c , ) ,  Hence i n  d e v e l o p i n g  a  sampl ing 

t e c h n i q u e  f o r  b i o l o g i c a l  s u b s t a n c e s ,  a  c a r e f u l  s t u d y  s h o u l d  be under-  

t a k e n  i n i t i a l l y ,  of t h e  e f f e c t s  of a l l  s u c h  f a c t o r s ,  on t h e  composi t ion 

of s u c h  m a t e r i a l s .  S i m i l a r  i s s u e s  a r e  a l s o  known t o  i n f l u e n c e  m a t e r i a l  

of n o n - b i o l o g i c a l  o r i g i n .  However, t h e  d e g r e e  of p r e c i s i o n  r e q u i r e d  

i n  sampl ing  w i l l  of c o u r s e ,  depend3on t h e  t y p e  of i n v e s t i g a t i o n  t h a t  is 

t o  be u n d e r t a k e n ,  and hence  h a s  t o  be  d e c i d e d  by t h e  r e s e a r c h e r s .  



I n  t h i s  o v e r v i e w ,  i t  i s  p r o p o s e d  t o  d i s c u s s  some of t h e  p i t f a l l s  and 

c o n s t r a i n t s  i n  s a m p l i n g  of  b i o l o g i c a l  m a t e r i a l  f o r  s c i e n t i f i c  r e s e a r c h ,  

t a k i n g  i l l u s t r a t i v e  examples  f rom t h e  a u t h o r s  own e x p e r i e n c e s .  The 

work d i s c u s s e d  h e r e  r e l a t e s  t o  some n u t r i t i o n a l  s t u d i e s  on t h e  c o c o n u t  

pa lm,  done  d u r i n g  t h e  p e r i o d  1955 t o  1977.  

Initially, it  h a s  t o  be  n o t e d  t h a t  t h e  c o c o n u t  palm b e i n g  a  p e r e n n i a l  

of l o n g  l i f e ,  r e s p o n d s  r e l a t i v e l y  s l o w l y  t o  e x t e r n a l  c h a n g e s ,  and 

t h e r e f o r e  e x p e r i m e n t a l  work n e e d s  c a r e f u l  p l a n n i n g ,  s i n c e  r e c t i f y i n g  

any  e r r o r s  c a n  be b o t h  t i m e  consuming and  c o s t l y .  

Dur ing  t h e  mid 1 9 5 0 . s  t h e  w i d e s p r e a d  o c c u r r e n c e  of a  y e l l o w i n g  of  l e a v e s  

of  c o c o n u t  p a l m s , l e d  t o  a n  e x t e n s i v e  s t u d y .  A l t h o u g h  i t  w a s  presumed 

t o  be  d u e  t o  a d e f i c i e n c y  of Magnesium, i t  was r e a l i z e d  t h a t  s u c h  

symptoms a p p e a r e d  o n l y  when t h e  d i s o r d e r  had r e a c h e d  a n  advanced s t a t e .  

I t  was t h e r e f o r e  n e c e s s a r y  t o  d e v e l o p  a  method t o  d i a g n o s e  t h e  d i s e a s e  

a t  t h e  o n s e t  of  t h e  d e f i c i e n c y .  The o b v i o u s  c h o i c e  was l e a f  a n a l y s i s ,  

and s i n c e  t h e  g e n e r a l  t e c h n i q u e  of l e a f  a n a l y s i s  f o r  n u t r i t i o n a l  

s t u d i e s  had a l r e a d y  been  e s t a b l i s h e d  by F r e n c h  w o r k e r s ,  i t  was d e c i d e d  

t o  a d o p t  t h e s e  me thods .  

F rench  s c i e n t i s t s  found  t h a t  t h e  m i n e r a l  c o m p o s i t i o n  o f  t h e  1 4 t h  f r o n d  

i n  o r d e r  c f  m a t u r i t y ,  p r o v i d e d  a n  i n s i g h t  i n t o  t h e  n u t r i t i o n a l  s t a t u s  

of t h e  c o c o n u t  pa lm.  Our e f f o r t s  t o  u s e  t h i s  method f o r  d i a g n o s i n g  

magnesium d e f i c i e n c y  r e s u l t e d  i n  r e p e a t e d  f a i l u r e s .  Hence when it was 

d e c i d e d  t o  r e -examine  t h e  s a m p l i n g  t e c h n i q u e ,  it was found  t h a t  i f  a 

younger  l e a f ,  e s p e c i a l l y  t h e  6 t h  f r o n d  f rom t h e  t o p  was u s e d ,  i n s t e a d  

of t h e  m a t u r e  1 4 t h  f r o n d  t h e  d e f i c i e n c y  c o u l d  be d i a g n o s e d  l o n g  b e f o r e  

t h e  v i s u a l  symptoms a p p e a r e d  ( I ) ,  Now t h i s  w a s  a  c a s e  i n  which a n  

i n c o r r e c t  s a m p l i n g  p r o c e d u r e ,  l e d  t o  a  d e l a y  of s e v e r a l  y e a r s  i n  

d e v e l o p i n g  a  q u i c k  d i a g n o s t i c  method f o r  a n u t r i t i o n a l  d i s o r d e r .  

I n  t h e  e a r l y  1 9 7 0 s s ,  we e n t e r e d  t h e  r e l a t i v e l y  new f i e l d  of m i c r o n u t r i e n t s .  

L e a r n i n g  f rom p a s t  e x p e r i e n c e s ,  i t  was d e c i d e d  t h a t  b e f o r e . a n y  n u t r i t i o n a l  

s t u d i e s  c o u l d  commence, t h e  s u i t a b i l i t y  o f  d i f f e r e n t  m a t e r i a l s ,  t e c h n i q u e s  

f o r  s a m p l i n g  and a n a l y t i c a l  methods  s h o u l d  b e  c a r e f u l l y  s t u d i e d  and 

e v a l u a t e d .  A s  w a s  d o n e  i n  t h e  ear l ie r  o c c a s s i o n ,  t h e  m i n e r a l  compos i t i on  

of t h e  l e a f  w a s  examined i n  d e t a i l  d u r i n g  t h e  i n i t i a l  p h a s e .  I t  was 

known by t h i s  t i m e  t h a t  t h e  n u t r i e n t  c o n t e n t s  of t h e  c o c o n u t  f r o n d  v a r i e d  



n o t  o n l y  f rom t h e  p r o x i m a l  t o  t h e  d i s t a l  e n d ,  b u t  a l s o  f rom t h e  r a c h l s  

t o  t h e  t i p s  of l e a f l e t s .  More s u r p r i s i n g  were  t h e  d i f f e r e n c e s  and 

g r a d i e n t s  i n  t h e  m i n e r a l  c o n i p o s i t i o n  of l a m i n a e  i n  t h e  s a m e  l e a f l e t .  

Hence a c a r e f u l  r e - e x a m i n a t i o n  had t o  b e  done  on l e a f  c o m p o s i t i o n  i n  
. . 

o r d e r  t o  d e v e l o p  a  r e l i a b l e  method f o r  s a m p l i n g .  

I n  one  s u c h  I n v e s t i g a t i o n .  t r i a n g u l a r  p i e c e s  c u t  o u t f r o m  t h e  l a m i n a e  

a t  r e g u l a r  i n t e r v a l s  were  compared w i t h  who le  l e a f  s a m p l e s ( S e e  F i g . 1 ) .  

D i f f e r e n c e s  were  o b s e r v e d  be tween  t h e s e  two l e a f  s a m p l i n g  t e c h n i q u e s ,  

p r o v i d e d  s u f f i c i e n t l y  r e p r e s e n t a t i v e  c o m p o s i t e  s a m p l e s  w e r e  p r e p a r e d  (2). 

Midrib Lamina Trieng$s ~ e m i n a  

F i g u r e  1 - D i a g r a m a t i c  r e p r e s e n t a t i o n  of t h e  s a m p l i n g  p r o c e d u r e  

f o r  Lamina " t r i a n g l e "  

A l though  it w a s  known t h a t  d i u r n a l  c h a n g e s  o c c u r e d  i n  t h e  m i n e r a l  

c o m p o s i t i o n  of  l e a v e s ,  t h i s  e r r o r  f a c t o r  was e l e m i n a t e d  by d e t e r m i n i n g  

a  s p e c i f i c  t i m e  i n t e r v a l  f o r  c o l l e c t i o n  of s a m p l e s .  

I n  t h e  n e x t  p h a s e  of t h e  s t u d y  t h e  e f f e c t  of l e a f  m a t u r i t y  on t h e  

m i n e r a l  c o m p o s i t i o n  was s t u d i e d  (2)., I t  was o b s e r v e d  t h a t  t h e  

d i s t r i b u t i o n  of  e a c h  of t h e  m i c r o n u t r i e n t s  u n d e r  investigation behaved 



d i f f e r e n t l y  w i t h  r e s p e c t  t o  l e a f  m a t u r i t y  ( 2 ) .  O b v i o u s l y  i t  meant  

t h a t  2 i f f e r e n t  s a m p l i n g  methods  would have  t o  b e  f o r m u l a t e d  f o r  

e a c h  of t h e  n u t r i e n t s  ~ l n d e r  i n v e s t i g a t i o n  ( F i g  2 ) .  

I n  t h e  t h i r d  p h a s e  of t h i s  s t u d y  it was d e c i d e d  t o  examine  o t h e r  

componants  of t h e  c o c o n u t  palm f o r  n u t r i t i o n a l  s t u d i e s .  One s u c h  

m a t e r i a l  was t h e  s a p  ( c o c o n u t  t o d d y ) ,  which  had p r o v e d  u s e f u l  f o r  

c e r t a i n  o t h e r  i n v e s t i g e t i o n s .  The d a t a  summar ized  i n  f i g u r e s  3 

and  4 show t h e  d i u r n a l  and  s e a s o n a l  c h a n g e s  i n  t h e  m i c r o n u t r i e n t  

c o m p o s i t i o n  s a p  o v e r  a  p e r i o d  of s i x  mon ths .  The s h a r p  f l u c t u a t i o n s  

o b s e r v e d  c l e a r l y  showed t h a t  t h i s  m a t e r i a l  was n o t  s u i t a b l e  f o r  

~ l u t r i t i o i l a l  s t u d i e s .  

Sampl ing  c f  b i o l o g i c a l  m a t e r i a l  f o r  n u t r i t i o n a l  s t u d i e s  c a n  b e  

even  more c o m p l i c a t e d  when t h e  p l a n t s  a r e  b e i n g  s u b j e c t e d  t o  

d i f f e r e n t i a l  t r e a t m e n t s ,  a s  f o r  example  i n  a  f a c t o r i a l  e x p e r i m e n t .  

Here one  h a s  t o  b e  c a r e f u l  j.n i d e n t i f y i n g  t h e  r o l e  of o t h e r  e l e m e n t s ,  

i n  d e t e r m i n i n g  a  s a m p l i n g  t e c h n i q u e  f o r  one  e l e m e n t .  Such  a  problem 

was w i t n e s s e d  when a  s a m p l i n g  t e c h n i q u e  was b e i n g  d e v i s e d  t o  s t u d y  

t h e  s u l p h u r  n u t r i t i o n  of  t h e  c o c o n u t  pa lm.  The d a t a  p r e s e n t e d  

i n  t a b l e  1 shows t h e  " t "  v a l u e s  f o r  s i g n i f i c a n c e  of r e g r e s s i o n  

f o r  e f f e c t s  of a p p l i e d  s u l p h u r  on t h e  s u l p h u r  c o n c e n t r a t i o n  of 

l e a v e s  of d i f f e r e n t  d e g r e e s  of m a t u r i t y  ( 3 ) .  

Leaf  p o s i t i o n  

B 

Z n 

2 
B 

2 
Zn 
s 2  
Bx Zn 
Bx S 
ZnxS 

Mu1 t i p l e  
c o r r e l a t i o n  
coe f  f  i c  iel-,t 

* ,  *", "*" s i g n i f i c a n t  a t  P = 0 , 0 5 ,  0 . 0 1  and  0 . 0 0 1  

TABLE 1 : t v a l u e s  f o r  s i g n i f i c a ~ ~ c e  of r e g r e s s i o n  f o r  e f f e c t s  of 
a p p l i e d  S  on t h e  S c o n c e n t r a t i o n  of  d i f f e r e n t  l e a v e s  * 

* A f t e r  P4,A.T. d e  S i l v a  e t a 1  ( 3 )  



Here t h e  d i m e n s i o n s  of t h e  m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t s  were  

u sed  t o  e v a l u a t e  t h e  s e n s i t i v i t y  of t r e a t m e n t s  i n v o l v i n g  s u l p h u r ,  

and by t h i s  means i t  was p o s s i b l e  t o  i d e n t i f y  t h e  l e a f  ( 6 t h  i n  o r d e r  

of m a t u r i t y ) ,  mos t  s u i t a b l e  f o r  n u t r i t i o n a l  s t u d i e s  on s u l p h u r .  

The examples  d i s c u s s e d  i n  t h i s  p r e s e n t a t i o n  c l e a r l y  show t h e  

c o m p l e x i t i e s  l n v o l v e d  I n  d e v i s i n g  g o ~ d  s a m p l i n g  p r o c e d u r e s  f o r  

b i o l o g i c a l  m a t e r i a l s .  I t  i s  o b v i o u s  t h a t  i n  a n y  i n v e s t i g a t i o n ,  i f  

r e l i a b l e  d a t a  a r e  t o  b e  c o l l e c t e d ,  a  c a r e f u l l y  d e v i s e d  s a m p l i n g  

p r o c e d u r e  mus t  b e  e v o l v e d  f o r  t h e  m a t e r i a l  t h a t  i s  t o  b e  s t u d i e d .  

R E F E R E N C E S  - - - - - - - - - -  

1. N e t h s i n g h e ,  D.A., D e  S i l v a ,  M.A.T. and  Ned ima la ,  D . G .  ( 1 9 6 2 ) .  

D i a g n o s i s  and  c o r r e c t i o n  of Magnesium D e f i c i e n c y  i n  Coconut  Pa lms .  

P r o c .  Cey lon  Assoc i .  Adv. S c i  ( 1 9 6 2 ) ,  P a r t  I ,  16-17 .  

2 .  D e  S i l v a ,  M.A.T. ( 1 9 7 4 ) .  M i c r o n u t r i e n t s  i n  t h e  N u t r i t i o n  of  

Coconu t .  I Methods and  P r e l i m i n a r y  I n v e s t i g a t i o n .  Ceylon  Cocon. Q., 

24,  116 - 127 .  

3 .  D e  S i l v a ,  M.A.T., A n t h o n y p i l l a i ,  G r e t a  M .  and  Ma thes ,  D.T. ( 1 9 7 7 ) .  

The S u l p h u r  N u t r i t i o n  of Coconut  E x p l .  A g r i c .  1 3 ,  265 - 271.  



"\ C O P P E R  

- 
g 50 

BORON 

POS!TiON OF LEAF i i N  DESCENDiNC. O R D E R 1  

CONTEId'E OF Fe,Mn,Cu, AND 8, IN CGCONUT - 
LEAF SAMPLES WITH RESPECT T O  5 L E G  POSlTION a: 

1 RON 

/ 

/ 

' \  
I \ 

0 1  . 
1 6 10 1 L 
POSITION OF LEAF ( I N  DESCENDING ORDER) 

I \ 
\ 

LOCATION S O I L  T Y P E  SOIL p H \ 

-. BAhDIRIPPUWA ESTATE SANDY LOAM 
5 60 k- 

LUNUWILA 

F---"; HOREKELLE ESTATE CINNAMONSAND 0 
5 79 

KUDAWEWA Z 
0 

.-a BELIGAMA ESTATE 'JMESTONE DERIVE:, 6 08 
GALEWELA 6ROLVN SOILS K /E - KIRRWETIYANA ESTATE CLAY LOAM 5 2 8  
L U N W I L A  LL 

W 
a s - - '  MARANDAWILA ESTATE - - - - - - - - _ x - - -  - - - - - x G  

SANDY LOAM T 70 -'lo . P 
t"VE 

BIblGIRIYA 
1 6 10 10 e--..a W A P I T I Y A  ESTATE 

L A T E R I T I C  LOX4 5 5 0  
HAXANDIYA (GRAVEL 1 POSiTiON OF L E A F  ( IN DESCENDING ORDER1 

Z I N C  

101 1 

1 6 10 I L 

PCS1TIOi.j OF LEAF ( IN DE';CENCING'3;G~.CP' 

0 1 
1 b 10 1 L 

POSITIOf\ I  OF L E A F  I I N  DE SCENDlNG ORDER 1 

( A f t e r  M.A.T. de S i l v a  et a 1  ( 3 ) )  



Fig. 3 \hkJ). vrrlrrtrou ot I c i n ~ i  > i i i  i i i  llis y-rp  ( t ~ d < l ! , )  01 l ~ ~ l m l  

a l u r l a ~  A psrit.~l of six mont l l e .  

( A f t e r  M.A.T. d e  Silva e t  a 1  ( 3 ) )  



I RON 

ZINC 

" 0 l  . -. 

Octm Idov70 k c 7 0  Jan: :  FeS7! Mar71 

- 
z 

' '37b .morn 

v i . 2 G  BORON 

/ ' 

(After M.A.T. de S i l v a  et a1 ( 3 ) )  



STATISTICAL CONSIDERATIONS IN SAMPLING 

FOR QUANTITATIVE ANALYSIS 

V. Abeywardena, 

Agroskills Ltd ; , 

Introduction 

C e r t a i n  d e f i n i t i o n s  of s t a t i s t i c s  n o t  commonly h e a r d  of a r e  t h a t  

" s t a t i s t i c s  i s  t h e  m a t h e m a t i c s  of t h e  random s a m p l e "  o r  t h a t  

" s t a t i s t i c s  is  t h e  m a t h e m a t i c a l a p p r o a c h  f rom t h e  s a m p l e  t o  t h e  

p o p u l a t i o n  e n a b l i n g  one  t o  g e n e r a l i s e  f rom l i m i t e d  e x p e r i e n c e s " .  

Such  d e f i n i t i o n s  a r e  of  immed ia t e  r e l e v a n c e  t o  t h e  t o p i c  u n d e r  

d i s c u s s i o n  i n  t h i s  s e m i n a r .  Given  t h a t  t h e s e  d e f i n i t i o n s  a r e  t r u e  

and m e a n i n g f u l ,  it is o n l y  a p p r o p r i a t e  t h a t  some t i m e  h a s  been  

a l l o c a t e d  d u r i n g  t h i s  s e m i n a r  t o  d i s c u s s  t h e  r o l e  of s t a t i s t i c s  i n  

i n v e s t i g a t i o n s  b a s e d  on s a m p l e s .  

Sampling Method 

A s a m p l i n g  method i s  a  method of s e l e c t i n g  a f r a c t i o n  of t h e  p o p u l a t i o n  

( o r  t h e  w h o l e )  i n  a  way t h a t  t h e  s e l e c t e d  s a m p l e  r e p r e s e n t s  t h e  

p o p u l a t i o n .  The reby  w h a t e v e r  measurement  o r  c o u n t  t h a t  i s  made on t h e  

s a m p l i n g  u n i t s  w i l l  e v e n t u a l l y  l e a d  t o  t h e  c a l c u l a t i o n  of a  s t a t i s t i c  

s u c h  a s  t h e  mean o r  a p e r c e n t a g e  wh ich  would b e  a n  u n b i a s e d  e s t i m a t e  

of t h e  c o r r e s p o n d i n g  p o p u l a t i o n  p a r a m e t e r .  

I f  i t  i s  a  measurement  X .  on n  s a m p l i n g  u n i t s ,  t h e n  
1 

- 
X Xi / n  p ( t h e  p o p u l a t i o n  mean) 



O r  i f  i t  is  a  c o u n t  ( n  ) of u n i t s  p o s s e s s i n g  a  s p e c i f i e d  c h a r a c t e r i s t i c  
k  

o u t  of t h e  t o t a l  o f  n  s a m p l i n g  u n i t s ,  t h e n  

n  I n  k 
P ( t h e  p o p u l a t i o n  p r o p o r t i o n )  

By way of g e n e r a l i s a t i o n ,  i t  c a n  b e  s t a t e d  t h a t  p r o v i d e d  t h e  s ample  i s  

drawn a c c o r d i n g  t o  c e r t a i n  r u l e s ,  t h e  s a m p l e  s t a t i s t i c  would t e n d  t o  

t h e  p o p u l a t i o n  p a r a m e t e r  a s  t h e  s a m p l e  s i z e  t e n d s  t o  t h e  c o m p l e t e  

e n u m e r a t i o n .  

T h i s  s a m p l i n g  a p p r o a c h  t o  u n d e r s t a n d i n g  t h e  p o p u l a t i o n  is  a s  o l d  a s  

s o c i e t y  i t s e l f .  I t  h a s  been  a l m o s t  i n s t i n c t i v e  f o r  a  p e r s o n  t o  examine  

a  few a r t i c l e s  i n  o r d e r  t o  u n d e r s t a n d  t h e  who le .  With t h e  p a s s a g e  of 

t i m e ,  s c i e n t i s t s  began  t o  i d e n t i f y  t h e i r  s o u r c e s  of v a r i a t i o n  and  

s i m u l t a n e o u s l y  t h e y  became more i n t e l l i g e n t  t o  making t h e i r  s a m p l e s  

more and  more c l o s e l y  r e p r e s e n t a t i v e  of t h e  p o p u l a t i o n s  t h e y  a r e  

c o n f r o n t e d  w i t h .  Wi th  s u c h  a  r a p i d  d e v e l o p m e n t  of t h e  s a m p l i n g  

t e c h n i q u e s ,  meaning  t h e  p h y s i c a l  a s p e c t s  of s a m p l i n g ,  s c i e n t i s t s  

worked q u i t e  c o n f i d e n t l y  on a  t a c i t  a s s u m p t i o n  t h a t  t h e i r  s a m p l e  

e s t i m a t e s  a p p r o x i m a t e  v e r y  c l o s e l y  t o  t h e  p o p u l a t i o n  v a l u e s .  However, 

w i t h  t h e  deve lopmen t  of  s t a t i s t i c a l  methods  and  s a m p l i n g  t h e o r y  d u r i n g  

t h e  f i r s t  h a l f  o f  t h i s  c e n t u r y ,  s c i e n t i s t s  began  t o  t h i n k  i n  t e r m s  of 

a  m e a s u r a b l e  s a m p l i n g  e r r o r .  T h i s  deve lopmen t  v i r t u a l l y  r e v o l u t i o n i z e d  

t h e  s a m p l i n g  a p p r o a c h  t o  r e s e a r c h .  

Sampling error 

What i s  meant  by t h e  s a m p l i n g  e r r o r ?  The s a m p l i n g  e r r o r  d o e s  n o t  

s i g n i f y  any  f l a w  i n  t h e  method of s a m p l i n g ,  i t  i s  s o m e t h i n g  i n h e r e n t  i n  

s a m p l e s .  I m m e d i a t e l y  a  s a m p l e  is  d r a w n ,  t h e r e  i s  a n  e r r o r  t a g  a t t a c h e d  

t o  i t .  Whatever  t h e  method a d o p t e d  t o  s e l e c t  t h e  s a m p l e ,  however 

c l o s e l y  r e p r e s e n t a t i v e  of  t h e  p o p u l a t i o n  t h e  s a m p l e  b e ,  t h e  s a m p l e  

e s t i m a t e  w i l l  i n e v i t a b l y  d i f f e r  f r o m  t h e  o n e  t h a t  would b e  o b t a i n e d  

f rom e n u m e r a t i n g  t h e  who le  p o p u l a t i o n  w i t h  e q u a l  c a r e .  Even e s t i m a t e s  

f rom two s a m p l e s  of  i d e n t i c a l  s i z e  drawn f rom t h e  s a m e  p o p u l a t i o n  w i l l  

d i f f e r  one  f r o m  t h e  o t h e r .  The amount  by wh ich  a  s a m p l e  s t a t i s t i c  w i l l  



on t h e  a v e r a g e  d l f f e r  f rom t h e  p o p u l a t i o n  p a r a m e t e r  is  te rmed t h e  

s a m p l i n g  e r r o r .  

The measurement of sampling error 

I n  s p i t e  of t h e  s u c c e s s i v e  refinements t o  t h e  p h y s i c a l  a s p e c t s  of s a m p l i n g  

i n t r o d u c e d  by s c i e n t i s t s  o v e r  t h e  y e a r s ,  s a m p l e  e s t i m a t e s  c o u l d  n o t  

command u n e q u i v o c a l  s c i e n t i f i c  a c c e p t a n c e .  The f a c t  t h a t  t h e r e  was no 

quantification of  t h e  r e l i a b i l i t y  of s u c h  e s t i m a t e s  o r  o u r  i n a b i l i t y  t o  

g i v e  a  q u a n t i f i e d  a s s e s s m e n t  of t h e  c l o s e n e s s  of t h e  s ample  e s t i m a t e  t o  

t h e  p o p u l a t i o n  p a r a m e t e r ,  m i l i t a t e d  a g a i n s t  s u c h  a c c e p t a n c e .  

Suppose  a  s o i l  s c i e n t i s t  w a n t s  t o  a s s e s s  t h e  p o t a s s i u m  s t a t u s  of t h e  

s o i l  i n  a  c o c o n u t  e s t a t e .  H e  wou ld ,  i n  t h e  f i r s t  i n s t a n c e ,  t h i n k  of 

e v e r y  c o n c e i v a b l e  domain of v a r i a t i o n  of t h e  s o i l  p o t a s s i u m  c o n t e n t  

s u c h  a s  ( s a y )  d i f f e r e n t  s o i l  d e p t h s ,  d i f f e r e n t  d i s t a n c e s  f rom t h e  

b a s e  of t h e  p a l m s ,  d . i f f e r e n t  e l e v a t i o n s  e t c .  Having i d e n t i f i e d  t h e  

domains  of v a r i a t i o n ,  h e  would o b t a i n  s o i l  s a m p l e s  t o  r e p r e s e n t  e a c h  

s u c h  domain of v a r i a t i o n  - t h e  number of s a m p l e s  t o  r e p r e s e n t  e a c h  

s u c h  domain b e i n g  made r o u g h l y  p r o p o r t i o n a l  t o  t h e  a r e a  u n d e r  e a c h  

domain .  T h e s e  s o i l  s a m p l e s  a r e  mixed w e l l  and  sub - samples  removed 

f o r  l a b o r a t o r y  a n a l y s e s .  T h e s e  a n a l y s e s  would i n v a r i a b l y  r e v e a l  t h a t  

e a c h  sub - sample  y i e l d s  d i f f e r i n g  v a l u e s .  Now i n  o r d e r  t o  g e t  o v e r  

t h i s  d i . s c b m f o r t i n g  s i t u a t i o n ,  h e  would a v e r a g e  o u t  t h e  v a l u e s  of e a c h  

sub - sample  a n a  t h e n  c o n c l u d e  tha . t  t h i s  o v e r a l l  a v e r a g e  i s  t h e  b e s t  

e s t i m a t e  of t h e  p o p u l a t i o n  v a l u e .  

We may c o n c e d e  t h a t  t h i s  i s  a  good e s t i m a t e .  But we a r e  n o t  i n  a  

p o s i t i o n  t o  make a  q u a n t i t a t i v e  a s s e s s m e n t  a s  t o  how good t h e  e s t i m a t e  

i s .  With  t h e  d e v e l o p m e n t  of t h e  s a m p l i n g  t h e o r y  howeve r ,  w e  a r e  e n a b l e d  

t o  c a l c u l a t e  t h e  s a m p l i n g  e r r o r  of t h e  e s t i m a t e  and  t h e r e b y  m a i n t a i n  

some c o n t r o l  o v e r  t h e  c a p r i c i o u s  s a m p l e .  Even t h o u g h  t h e  p o p u l a t i o n  

v a l u e  i t s e l f  i s  n o t  known i n  a b s o l u t e  t e r m s ,  one  c o u l d  c a l c u l a t e  

t h e  r a n g e  w i t h i n  wh ich  t h e  p o p u l a t i o n  v a l u e  w i l l  l i e  f o r  any  s p e c i f i e d  

l e v e l  of p r o b a b i l i t y .  Fo r  i n s t a n c e  w e a r e  now i n  a  p o s i t i o n  t o  make 

s t a t e m e n t s  s u c h  a s  " I  a m  9 5 %  c e r t a i n  t h a t  t h e  p o p u l a t i o n  mean l i e s  

w i t h i n  t h i s  i n t e r v a l "  o r  " I  am 90% c e r t a i n  t h a t  t h e  e r r o r  of t h e  

e s t i m a t e  w i l l  n o t  e x c e e d  1 0 % .  w i t h  t h i s  a b i l i t y  t o  make s u c h  f i r m  

s t a t e m e n t s ,  w e  know how r e l i a b l e  o u r  s a m p l e  estimates a r e .  



PPathernafics of the sampling error 

T n e  a a t h e m a t i c s  of t h e  s a m p l i n g  e r r o r  w l l i  h e r e i n  be d e v e l o p e d  o n l y  f o r  

t h e  c a s e  of t h e  s i m p l e s t  form of s a m p l i n g  t e rmed  "S imple  Random S a m p l i n g " .  

C H A R T -  1 - - - - -  - 

L e t  x l ,  x2 . . . . . . . . . . (xi) . . . . . . . . . . x x r e p r e s e n t  some , 
n-1 '  n  

measurement  on t h e  n  s a m p l i n g  u n i t s  i n  a  s a m p l e  of s i z e  n .  . .' 

( 1 )  E s t .  o f  t h e  p o p u l a t i o n  mean is  g i v e n  by : 

( 2 )  E s t .  o f  t h e  p o p u l a t i o n  v a r i a n c e  g i v e n  by : 

( 3 )  V a r i a n c e  of t h e  mean i s  g i v e n  by : 

(4) S t a n d a r d  e r r o r  of t h e  mean i s  g i v e n  by : 

( 5 )  Sampl ing  e r r o r  i s  g i v e n  by : 

( 6 )  E r r o r  p e r c e n t a g e  i s  g i v e n -  by : 



( 7 )  C o n f i d e n c e  i n t e r v a l  i s  g i v e n  by : 

n o t e  : I n d i c e s  5 , 6  and  7  a l w a y s  have  a  p r o b a b i l i t y  t a g  , 

a t t a c h e d  t o  them.  T h e r e f o r e  t h e  " t "  v a l u e  s h o u l d  

r e p r e s e n t  t h e  d e s i r e d  p r o b a b i l i t y  l e v e l  and n-1  d e g r e e s  

of f r e e d o m .  

I t  i s  now s e e n  t h a t  w i t h  t h e  a i d  of t h e  s t a n d a r d  e r r o r  c a l c u l a t e d  from 

t h e  s ample  v a l u e ,  one  c a n  s e t  l i m i t s  w i t h i n  which  t h e  p o p u l a t i o n  v a l u e  

w i l l  l i e  t o  any  s p e c i f i e d  d e g r e e  of p r o b a b i l i t y  o r  c a l c u l a t e  t h e  

p e r c e n t a g e  e r r o r  i n  t h e  e s t i m a t e  a t  any  s p e c i f i e d  l e v e l  of p r o b a b i l i t y .  

Other uses of the standard error 

A P ~  

U s i  

r t  f rom t h i s ,  t h e r e  i s  y e t  a  more i m p o r t a n t  u s e  of t h e  s t a n d a r d  e r r o r .  
C 

ng t h e  s t a n d a r d  e r r o r  one  c o u l d  d e t e r m i n e  what  s a m p l e  s i z e  s h o u l d  be  

employed i n  f u t u r e  c o m p a r a b l e  s i t u a t i o n s  i n  o r d e r  t o  o b t a i n  e s t i m a t e s  t o  

any s p e c i f i e d  d e g r e e  of p r e c i s i o n .  A q u e s t i o n  v e r y  o f t e n  posed  t o  a  

s t a t i s t i c i a n  by s c i e n t i s t s  i n  o t h e r  d i s c i p l i n e s  is a b o u t  s a m p l e  s i z e .  

What s h o u l d  be  my s a m p l e  s i z e ?  To t h i s  q u e s t i o n  m o s t ; s t a t i s t i c i a n s  may 

g i v e  a n  e v a s i v e  r e p l y  s u c h  a s  " t h e  l a r g e r  t h e  s a m p l e  s i z e - t h e  more 

r e l i a b l e  t h e  e s t i m a t e " .  T h i s  answer  of c o u r s e  s t e m s  f rom h i s  knowledge 
\ 

t h a t  t h e  s t a n d a r d  e r r o r  v a r i e s  i n v e r s e l y  a s  t h e  s q u a r e  r o o t  of t h e  

s ample  s i z e .  T h i s  answer  however ,  d o e s  n o t  t a k e  t h e  r e s e a r c h e r  anywhere  

and t h e  s t a t i s t i c i a n  c o u l d  n o t  h a v e  done  b e t t e r  e i t h e r .  Anyway t h i s  

q u e s t i o n  s h o u l d  h a v e  been  posed  d i f f e r e n t l y  s u c h  a s  " I f  I want  t o  keep  

my e r r o r  marg in  ( s a y )  w i t h i n  1 0 %  w i t h  a  p r o b a b i l i t y  of 95%, what s h o u l d  

b e  my sample  s i z e ? "  Such  a  q u e s t i o n  would b e  more t o  t h e  p o i n t .  

Anyway t h i s  q u e s t i o n  c a n n o t  b e  answered  u n l e s s  a h  e s t i m a t e  of t h e  

s t a n d a r d  e r r o r  ( f r o m  a  p r e v i o u s  s t u d y )  i n  r e s p e c t  of t h e  v a r i a b l e  

i n  q u e s t i o n  o r  a  r e l a t e d  v a r i a b l e  i s  a v a i l a b l e .  I n  t h e  a b s e n c e  of t h i s  

background i n f o r m a t i o n  a n d  i f  one  is  s t i l l  keen  on o b t a i n i n g  an  e s t i m a t e  

w l t h  t h e  d e s i r e d  p r e c i s i o n ,  i t  would b e  n e c e s s a r y  t o  c o n d u c t  a  s m a l l  
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p i l o t  t r i a l  t o  g e t  a n  e s t l m a t e  of t h e  s t a n d a r d  e r r o r .  

Control of sampling error 

( a )  Ad;us tment  of s a m p l e  s i z e  

~t 1s a l r e a d y  n o t e d  t h a t  t h e  sanpL1qg e r r o r  c a n  b e  c o n t r o l l e d  by v a r y l n g  t h e  

s a m p l e  s l z e .  I f  t h e  s a m p l e  s l z e  1s increased t h e  s a m p l l n g  e r r o r  IS 

r e d u c e d  a n d  v l c e  v e r s a  ~ f  r h e  s a m p l e  s i z e  i s  r e d u c e d  t h e  s a m p l i n g  e r r o r  

1s I n c r e a s e d .  However c o n t r o l l i n g  t h e  s a m p l i n g  e r r o r  by t h e  a d j u s t m e n t  

of s a m p l e  s l z e  1s a  v e r y  c o s t l y  a p p r o a c h .  To r e d u c e  t h e  s a m p l l n g  e r r o r  

by h a l f ,  o n e  would  h a v e  t o  i n c r e a s e  t h e  &ample  s l z e  f o u r f o l d  and  t o  

r e d u c e  t h e  s a m p l l n g  e r r o r  t o  a  t h l r d ,  o n e  would h a v e  t o  i n c r e a s e  t h e  

s a m p l e  s l z e  n l n e f  o l d .  

( b )  S t r a t i f i e d  s a m p l i n g  

A more  e f f i c i e n t  me thod  of r e d u c i n g  t h e  s a m p l i n g  e r r o r  is  t h r o u g h  t h e  

method  of " s t r a t i f i e d  s a m p l i n g " .  

I n  t h i s  m e t h o d ,  t h e  a r e a  t o  b e  s a m p l e d  o r  t h e  p o p u l a t i o n  t o  b e  s amp led  

is d i v i d e d  i n t o  a  number o f  s t r a t a  s u c h  t h a t  t h e  c h a r a c t e r  u n d e r  

i n v e s t i g a t i o n  ( o r  some o t h e r  c h a r a c t e r  c l o s e l y  r e l a t e d  t o  i t )  c a n  b e  

e x p e c t e d  t o  b e  homogeneous w i t h i n  e a c h  s t r a t u m .  I n  s h o r t  t h e  

s t r a t i f i c a t i o n  s h o u l d  a i m  a t  m a x i m i s i n g  " i n t r a  s t r a t u m  homogene i t y  

and  i n t e r  s t r a t u m  h e t e r o g e n e i t y " .  

S e c u r i n g  i n t r a  s t a r t u m  h o m o g e n e i t y  c a n  b e  e f f e c t e d  i n  two ways .  One 

c a n  e l t h e r  i d e n t i f y  n a t u r a l l y  o c c u r i n g  homogeneous s t r a t a  o r  o n e  c a n  

i n d u c e  homogene i t y  a r t i f i c i a l l y  by g r o u p i n g  t h e  s a m p l i n g  u n i t s  on  t h e  

b a s i s  of some c r i t e r i o n  r e l a t e d  t o  t h e  c h a r a c t e r ,  o n e  is  r e s e a r c h i n g  o n .  

The f o l l o w i n g  a r e  a  f e w  i l l u s t r a t i o n s  of  t h e  f i r s t  me thod ;  t h a t  i s ,  

t h e  i d e n t i f i c a t i o n  of  n a t u r a l l y  o c c u r i n g  homogeneous s t r a t a .  

i .  I f  t h e  s t u d y  i s  c o n d u c t e d  i n  a  h i l l y  t e r r a i n  and i f  t h e  

c h a r a c t e r  u n d e r  i n v e s t i g a t i o n  i s  r e l a t e d  t o  s o i l  f e r t i l i t y  

o r  a t m o s p h e r i c  t e m p e r a t u r e  o r  h u m i d i t y ,  ( s u c h  a s ,  f o r  i n s t a n c e ,  

s o i l  n u t r i e n t s ,  f o l i a r  n u t r i e n t s  o r  s o i l  m i c r o  f l o r a  and m i c r o  

f a u n a ) ,  s t r a t i f i c a t i o n  a l o n g  t h e  c o n t o u r s  s h o u l d  h e l p .  



i i .  I f  one  i s  s t u d y i n g  some m a t t e r  o r  m i c r o  o rgan i sm i n  

s u s p e n s i o n  i n  a  f l o w i n g  r i v e r ,  one  c o u l d  t h i n k  of s a m p l i n g  

f rom a  series of i m a g i n a r y  s t r a t a  ( s t r e t c h i n g  p a r a l l e l  t o  

t h e  f l o w )  f rom t h e  r i v e r  bank t o  mids t r eam.  

iii. I n  i r r i g a t e d  s u g a r c a n e ,  w a t e r  is  l e t  o u t  t o  t h e  p l a n t a t i o n  

t h r o u g h  f u r r o w s  r u n n i n g  a l m o s t  a t  r i g h t  a n g l e s  t o  t h e  

d i r e c t i o n  of t h e  w a t e r  c h a n n e l .  The reby  a  s o i l  m o i s t u r e  

g r a d i e n t  i s  c r e a t e d  f rom t h e  p r o x i m a l  e n d s  t o  t h e  d i s t a l  

e n d s  of t h e  f u r r o w s .  I n  s u c h  a  c o n t e x t ,  i f  one  i s  s t u d y i n g  

some c h a r a c t e r  r e l a t e d  t o  s o i l  m o i s t u r e  ( e g .  l e a f  n u t r i e n t s  

o r  s u g a r  c o n t e n t )  t h e  s t r a t a  s h o u l d  be  s t r i p s  p a r a l l e l  t o  

t h e  c h a n n e l  and  a c r o s s  t h e  f u r r o w s .  

As examples  of f o r m i n g  s t r a t a  a r t i f i c i a l l y ,  one  c o u l d  c o n s i d e r  t h e  

f o l l o w i n g  : 

i .  Suppose  one  is  i n t e r e s t e d  i n  e s t i m a t i n g  t h e  o i l  c o n t e n t  i n  

r u b b e r  s e e d s ,  t h e  heap  of  s e e d s  c a n  b e  d i v i d e d  i n t o  d i f f e r e n t  

g r o u p s  on t h e  b a s i s  of  s i z e  by u s i n g  a  series of t r a y s  w i t h  

a  b a s e  of w i r e  n e t t i n g  of p r o g r e s s i v e l y  i n c r e a s i n g  s i z e s .  

Each s u c h  g r o u p  would c o n s t i t u t e  a  s t r a t u m .  

ii. I f  o n e  i s  s t u d y i n g  t h e  b l o o d  haemoglobin  c o n t e n t  i n  a  h e r d  

of c a t t l e  f e d  on a  newly i n t r o d u c e d  p a s t u r e  and  i f  one  f e e l s  

t h a t  t h e  a g e  of c a t t l e  h a s  a b e a r i n g  on t h e  Hb $ o n t e n t ,  t h e  

s t r a t a  c a n  b e  formed by g r o u p i n g  t h e  a n i m a l s  a c c o r d i n g  t o  

a g e  g r o u p s .  

Having s t r a t i f i e d  t h u s ,  o n e  c o u l d  t a k e  random s a m p l e s  f rom e a c h  s t r a t u m  

t o  make up t h e  whole  s a m p l e .  For  i n s t a n c e  i f  one  h a s  p l a n n e d  f o r  a 

t o t a l  s a m p l e  s i z e  of  ( s a y )  3 0 ,  and  i f  t h e  number of s t r a t a  happens  t o  

be  6 ,  t h e n  f r o m  e a c h  s t r a t u m  o n e  h a s  t o  s e l e c t  5 s a m p l e s ,  assuming t h e  

s t r a t a  a r e  of e q u a l  s i z e .  I n  t h e  e v e n t  of  t h e  s t r a t a  b e i n g  of unequa l  

s i z e ,  t h e  t o t a l  s a m p l e  c a n  b e  a l l o c a t e d  p r o p o r t i o n a l  t o  t h e  s i z e  of 

t h e  s t r a t a .  

I t  may n o t  b e  a n  e x a g g e r a t i o n  t o  s a y  t h a t  t h r o u g h  t h i s  s t r a t i f i e d  

a p p r o a c h  one  c a n  improve  t h e  p r e c i s i o n  of t h e  est imate more t h a n  f o u r f o l d  



w h i l e  keep ing  t h e  s a m p l e  s i z e  unchanged o r  one  c a n  o b t a i n  a  v e r y  p r e c i s e  

e s t ' ima te  w i t h  a  s m a l l e r  s a m p l e .  

( c )  U s e  of c o n c o m i t a n t  v a r i a b l e s  

Yet a n o t h e r  e f f i c i e n t  a p p r o a c h  t o  r e d u c e  s a m p l i n g  e r r o r  i s  by r e g r e s s i n g  

on some r e l a t e d  c o n c o m i t a n t  v a r i a b l e .  T f ,  f o r  i n s t a n c e ,  one  is  i n t e r e s t e d  

i n  a s s e s s i n g  t h e  N c o n t e n t  i n  Hevea l e a v e s ,  o n e  s h o u l d  t h i n k  of some 

o t h e r  m e a s u r a b l e  v a r i a b l e  which  c o u l d  be  r e l a t e d  t o  l e a f  N .  Pe rhaps  such  

a  v a r i a b l e  may be  t ree v i g o u r  which c a n  be  i n d i c a t e d  by t ree  g i r t h .  Thus 

i n  e a c h  l e a f  s a m p l e  i n  a  g i v e n  t r e e ,  w h i l e  w e  o b t a i n  t h e  N c o n t e n t  ( y )  

t h r o u g h  c h e m i c a l  a n a l y s i s ,  w e  a l s o  g e t  a  measu re  of  t h e  t ree g i r t h  ( x )  

t o  s e r v e  as t h e  c o n c o m i t a n t  v a r i a b l e .  Then by a  s t a t i s t i c a l  t e c h n i q u e  

te rmed " c o v a r i a n c e  a n a l y s i s "  w h e r e i n  one  a d j u s t s  y  f o r  x ,  t h e  sampl ing  

e r r o r  of t h e  mean l e a f  N ( ie -7)  c a n  be  r e d u c e d  a p p r e c i a b l y .  T h i s  

method c a n  b e  e x t e n d e d  t o  i n c l u d e  more t h a n  one  c o n c o m i t a n t  v a r i a b l e  

and m u l t i p l e  c o v a r i a n c e  t e c h n i q u e s  c a n  b e  a d o p t e d  f o r  t h e  c o n t r o l  of 

t h e  s a m p l i n g  e r r o r .  For  i n s t a n c e  i n  t h e  problem of l e a f  N e s t i m a t i o n  

one  c o u l d  u s e  i n  a d d i t i o n  t o  t ree  g i r t h ,  a  v a r i a b l e  s u c h  a s  s o i l  N 

n e a r  t h e  b a s e  of t h e  t ree.  

A f a s c i n a t i n g  f e a t u r e  i n  t h i s  a p p r o a c h  i s  t h a t  t h e r e  i s  p r o v i s i o n  i n  t h e  

s t a t i s t i c a l  a n a l y s i s  t o  v e r i f y  w h e t h e r  t h e  c o n c o m i t a n t  v a r i a b l e s  one  

s e l e c t s  on h y p o t h e t i c a l  g r o u n d s ,  a r e  a c t u a l l y  r e l a t e d  t o  t h e  v a r i a b l e  

unde r  i n v e s t i g a t i o n .  A d j u s t m e n t s  a r e  e f f e c t e d  o n l y  i f  t h e  r e l a t i o n s h i p  

i s  s i g n i f i c a n t  . 

Multi-stage sampling 

( d )  Methodology 

M u l t i - s t a g e  s a m p l i n g  h a s  been  r e s o r t e d  t o  by b i o l o g i s t s  f o r  q u i t e  some 

t i m e  now. But a p a r t  f rom c a l c u l a t i n g  a  mean v a l u e  and a  f ew i n s t a n c e s  

of c a l c u l a t i n g  a  s a m p l i n g  e r r o r ,  r e s e a r c h e r s , h a v e  n o t  p u t  s u c h  s t u d i e s  

t o  optimum u s e  f o r  t h e  b e n e f i t  of f u t u r e  r e s e a r c h  p r o g r e s s .  I t  i s  my 

c o n s i d e r e d  o p i n i o n  t h a t  t h i s  e x p o s i t i o n  w i l l  n o t  b e c o m p l e t e u n l e s s  t h e  

u s e s  of m u l t i - s t a g e  s a m p l i n g  a r e  i n c i u d e d .  



S u p p o s e  a  r e s e a r c h  o f f i c e r  n e e d s  t o  s t u d y  t h e  f o l i a r  n u t r i e n t  s t a t u s  of  

some p l a n t  c r o p .  H e  knows that t h e r e  a r e  d i f f e r e n c e s  b e t w e e n  t r e e s ,  

s o  h e  t a k e s  a  number of trees a t  random;  h e  knows t h a t  t h e r e  a r e  

d i f f e r e n c e s  b e t w e e n  l e a v e s  o f  t h e  same t r e e ,  s o  h e  t a k e s  a  number of  

l e a v e s  a t  random f r o m  e a c h  s e l e c t e d  t r e e ;  h e  knows t h a t  t h e r e  a r e  

d i f f e r e n c e s  i n  r e p e a t  d e t e r m i n a t i o n s  on t h e  same l e a f ,  s o  h e  d o e s  two 

o r  more  d e t e r m i n a t i o n s  on e a c h  l e a f .  The  f a c t  t h a t  t h e r e  i s  a n  a t t e m p t  

t o  c o v e r  e v e r y  d o m a i n  o f  v a r i a t i o n  a n d  t h e r e b y  o b t a i n  a  g o o d  o v e r a l l  

e s t i m a t e  i s  v e r y  c l e a r .  B u t  d o e s  h e  know how good  h i s  e s t i m a t e  i s ?  Or 

d o e s  h e  know t h e  v a r i a b i l i t y  b e t w e e n  t r e e s ,  o r  b e t w e e n  l e a v e s  w i t h i n  

a  t ree  o r  b e t w e e n  d e t e r m i n a t i o n s  w i t h i n  a  l e a f .  O b v i o u s l y  h e  would  n o t  

h a v e  t h e  h a z i e s t  i d e a .  T h e r e f o r e  f a c e d  w i t h  d a t a  of t h i s  t y p e  w e  

s h o u l d  n o t  res t  c o n t e n t  w i t h  a n  a v e r a g e  c a l c u l a t e d  f r o m  t h e  d a t a  a s  

i s  t h e  common p r a c t i c e .  W e  s h o u l d  a n a l y s e  t h e  d a t a  f u r t h e r ,  w i t h  a  

v i e w  t o  ( 1 )  g e t t i n g  some m e a s u r e  of  t h e  p r o b a b l e  e r r o r  of t h i s  a v e r a g e  

a n d  ( 2 )  p l a n n i n g  opt imum s a m p l i n g  s c h e m e s  f o r  f u t u r e  u s e  on s i m i l a r  

p r o b l e m s .  I n  e s s e n c e  t h e  f i r s t  i n v e s t i g a t i o n ,  w h i l e  it is  h e l p f u l  

p e r  se s h o u l d  a l s o  s e r v e  a s  a  p i l o t  t r i a l  f o r  f u t u r e  i n v e s t i g a t i o n s .  

S u p p o s e  a  s a m p l i n g  s c h e m e  f o r  t h e  e s t i m a t i o n  of  some l e a f  n u t r i e n t  l e v e l  

f o r  Hevea c o n s i s t e d  o f  a  = 4  t r e e s ,  b  = 3  l e a v e s  f r o m  e a c h  t ree  and 

n = 2 d e t e r m i n a t i o n s  o n  e a c h  l e a f  ( c o n s t i t u t i n g  i n  a l l  24 d e t e r m i n a t i o n s ) .  

The  f o l l o w i n g  v a l u e s  may h a v e  b e e n  o b t a i n e d .  

Grand 
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f 
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( e )  S t a t i s t i c a l  a n a l y s i s  

T h l s  t y p e  of s a m p l i n g  involving subsampl ing  a t  d i f f e r e n t  s t a g e s ,  g i v e s  

r i s e  t o  a  h l e r a c h i a l  c l a s s i f i c a t i o n  and t h e  a n a l y s i s  of v a r i a n c e  t a k e s  

a d i f f e r e n t  form f rom t h a t  a p p l i c a b l e  t o  o r t h o g o n a l  c l a s s i f i c a t i o n s .  

The d e t a i l s  of t h e a n a l y s i s  of v a r i a n c e  a r e  n o t  shown h e r e b u t t h e  f i n a l  

Anova i s  r e p r o d u c e d  be low.  

Analysis of Variance 

1 > 
I S o u r c e  of i 
I D,F S  .S M.S I F  

) P l a n t s  
I 

Leaves  wn p l a n t  

From t h e  above  it c a n  be c o n c l u d e d  t h a t  t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  

be tween t r e e s  and  be tween l e a v e s  w i t h i n  t rees.  

i 
, wn Leaf 1 1 2  1 0 .26  0 . 0 2 1 7  1 I 

( f )  Sample e s t i m a t e  

I I 

( 1 )  The mean l e a f  n u t r i e n t  c o n t e n t  of Hevea l e a f  i s  g i v e n  by : 

I 

( 2 )  The v a r i a n c e  of  t h e  mean i s  g i v e n  by : 

I 

( 3 )  The s t a n d a r d  e r r o r  of t h e  mean i s  g i v e n  by : 

( 4 )  95% p r o b a b l e  e r r o r  i s  g i v e n  by : 



( 5 )  P e r c e n t a g e  s a m p l i n g  e r r o r  ( 9 5 %  p r o b a b i l i t y )  i s  g i v e n  by : 

( 6 )  9 5 %  c o n f i d e n c e  i n t e r v a l  i s  g l v e n  by : 

( g )  V a r i a n c e  components  

Through t h e  a b o v e  s t a t i s t i c a l  a n a l y s i s ,  w e  h a v e  f o r  a l l  i n t e n t s  and  

p u r p o s e s  f u l f i l l e d  t h e  o b j e c t i v e s  of t h e  s t u d y .  W e  have  a n  e s t i m a t e  

of t h e  f o l i a r  n u t r i e n t  c o n t e n t ,  w e  know t h e  p r o b a b l e  e r r o r  of t h e  

e s t i m a t e  and  w e  e v e n  know t h e  l i m i t s  w i t h i n  wh ich  t h e  p o p u l a t i o n  v a l u e  

w i l l  mos t  p r o b a b l y  l i e .  

But t h e r e  is  a  l o t  more i n f o r m a t i o n  t o  b e  t a p p e d  f rom t h e  d a t a  c o l l e c t e d .  

A t  t h e  v e r y  o u t s e t  o f  t h i s  i n v e s t i g a t i o n ,  t h e  r e s e a r c h e r  had s u f f i c i e n t  

i n g e n u i t y  t o  i d e n t i f y  t h r e e  s o u r c e s  of v a r i a t i o n  t h a t  t h e  o v e r a l l  

s ample  would b e  s u b j e c t  t o .  H e  e x p e c t e d  v a r i a t i o n  be tween trees; h e  

e x p e c t e d  v a r i a t i o n  be tween l e a v e s  w i t h i n  a  t r e e  and  h e  e x p e c t e d  v a r i a t i o n  

be tween d e t e r m i n a t i o n s  w i t h i n  a  l e a f .  T h e r e f o r e  i t  makes s e n s e  t h a t  

t h i s  d a t a  b e  made u s e  of i n  t h e  f i r s t  i n s t a n c e  t o  e s t i m a t e  t h e  d i m e n s i o n s  

of t h e s e  t h r e e  s o u r c e s  of v a r i a t i o n  s o  t h a t  i f  a  p a r t i c u l a r  s o u r c e  of 

v a r i a t i o n  i s  n e g l i g i b l e ,  h e  c a n  i g n o r e  it i n  f u t u r e  s t u d i e s  o r  i f  a  

p a r t i c u l a r  s o u r c e  of v a r i a t i o n  i s  v e r y  l a r g e  h e  c a n  g i v e  more w e i g h t a g e  

t o  i t .  

The d i m e n s i o n s  of  t h e s e  s o u r c e s  of  v a r i a t i o n  c a n  b e  e s t i m a t e d  t h r o u g h  

c e r t a i n  s t a t i s t i c s  t e rmed  " V a r i a n c e  Components" .  

Suppose  t h e  number of trees i s  " a " ,  t h e  number of l e a v e s  w i t h i n  a  tree 

1s " b "  and  t h e  number of d e t e r m i n a t i o n s  w i t h i n  a  l e a f  i s  " n " .  The 

a n a l y s i s  of v a r i a n c e  and  t h e  s t r u c t u r e  of t h e  "mean s q u a r e "  i n  t e rms  

of t h e  v a r i a n c e  components  a re  shown be low.  



S o u r c e  of V a r i a t i o n  

P l a n t s  

' Leaves  wn P l a n t  

D e t e r m i n a t i o n  wn l e a f  

V a r i a n c e  Components 

Thus t h e  v a r i a n c e  components  f o r  t h e  example  g i v e n  would b e  a s  f o l l o w s :  

I 

I t  is s e e n  t h a t  be tween p l a n t s  v a r i a t i o n  i s  v e r y  l a r g e  and  be tween 

d e t e r m i n a t i o n s  v a r i a t i o n  i s  n e g l i g i b l e .  T h i s  i n f o r m a t i o n  c a n  b e  made 

u s e  of i n  f u t u r e  investigations. 

/ S o u r c e  of V a r i a t i o n  

1 Bn d e t e r m l n a t l o n s  
I 
1 

1 Bn l e a v e s  wn t ree 

1 

Bn p l a n t s  
1 

I 

( h )  P l a n n i n g  f u t u r e  s a m p l i n g  schemes  

V a r i a n c e  component  \ 
i 

= M = 0.0217 
d  

I 

G2 = ( M ~  - ~ ~ ) / n  = 0.1466 
I 
I 

6 = 0.9108 
P e = ( M p  - ) / n b  i 

I 
I 

One c a n  make u s e  of t h e  v a r i a n c e  components  c a l c u l a t e d  f rom t h i s  s t u d y  

t o  d e v e l o p  e f f i c i e n t  s a m p l i n g  schemes  f o r  t h e  f u t u r e ,  a s suming  of 

c o u r s e  t h a t  s i t u a t i o n s  a r e  f a i r l y  c o m p a r a b l e .  

The v a r i a n c e  of  t h e  o v e r a l l  mean i s  g i v e n  by : 

a b n  



s u b s t i t u t i n g  t h e  v a r i a n c e  components  s t r u c t u r e  f o r  M , t h e  v a r i a n c e  
P 

of t h e  o v e r a l l  mean would be : 

L -- 
abn abn  abn 

6 - 2  
nb 
-P 

abn 

= 6 d 2  + 6 1  + dP 
abn a b  a  

Thus t h e  v a r i a n c e  of t h e  mean,  which  we c a l c u l a t e d  e a r l i e r  a s  t h e  r a t i o  

of t h e  "be tween  p l a n t  mean s q u a r e "  t o  t h e  t o t a l  s a m p l e  s i z e ,  c a n  a l s o  

be  e x p r e s s e d  a s  a  f u n c t i o n  of che v a r l a n c e  components  a s  shown above .  

T h e r e f o r e  making u s e  of t h e s e  v a r i a n c e  componen t s ,  w e  c a n  e s t i m a t e  

what  t h e  p r o b a b l e  e r r o r  would be  f o r  d i f f e r e n t  s a m p l i n g  schemes t o  b e  

a d o p t e d  i n  t h e  f u t u r e  and  t h e r e b y  p l a n  t o  o b t a i n  e s t i m a t e s  t o  any  

d e s i r e d  l e v e l  of  p r e c i s i o n .  

The s t a n d a r d  e r r o r s  a p p l i c a b l e  t o  some t e n t a t i v e  s a m p l i n g  scheme have  

been c a l c u l a t e d  be low : 

I j 1 Sampl ing  1 T o t a l  I V a r i a n c e  of E s t i m a t e  1 I 

I 1 Scheme 

The components  of v a r l a n c e  c a l c u l a t e d  e a r l l e r  show t h a t  t h e  components  f o r  

"be tween p l a n t s "  i s  relatively v e r y  l a r g e .  Thus  any  a t t e m p t  t o  r e d u c e  

t h e  e r r o r  of  t h e  est lmate s h o u l d  be  by t a k l n g  more u n l t s  from t h a t  s o u r c e  

namely p l a i l t s  and  less s o  on d e t e r m l n a t l o n s  whlch  h a s  t h e  l o w e s t v a r i a n c e  

component , 



I n  t h e  wbrked o u t  example  a b o v e ,  w h l l e  when w e  t o o k  4 p l a n t s ,  3  l e a v e s  

f rom e a c h  p l a n t  and  two d e t e r m l n a t l o n s  f rom e a c h  l e a f ,  c o n s t l t u t l n g  a n  

o v e r a l l  s ample  of 24 d e t e r m l n a t l o n s ,  t h e  s t a n d a r d  e r r o r  was a s  much a s  

0 .4907,  by d o i n g  o n l y  20 d e t e r m l n a t l o n s  c o n s l s t l n g  of 10 p l a n t s ,  2  l e a v e s  

f rom e a c h  p l a n t s  and  o n e  d e t e r m l n a t l o n  f rom e a c h  l e a f ,  t h e  s t a n d a r d  e r r o r  

was l o w e r e d  t o  0 . 3 1 5 4 .  Then a g a l n  by t a k l n g  20 p l a n t s ,  one  l e a f  f rom 

e a c h  p l a n t  and  a l s o  one  d e t e r m l n a t l o n  f rom e a c h  l e a f ,  t h e  s t a n d a r d  e r r o r  

was f u r t h e r  r e d u c e d  t o  0 .2323.  I t  1s s e e n  t h a t  w h l l e  e a r l l e r  w l t h  a  

s a m p l e  s l z e  of 2 4 ,  t h e  s t a n d a r d  e r r o r  was 0.4907 g i v l n g  r l se  t o  a  s ampl lng  

e r r o r  of  2 9 % ,  now w l t h  a  s a m p l e  of o n l y  2 0 ,  by a  m e r e  reallocation of t h e  

t o t a l  s a m p l e ,  t h e  s t a n d a r d  e r r o r  h a s  been  r e d u c e d  t o  0 .2323 resulting 

I n  a  s a m p l e  e r r o r  of o n l y  1 4 % .  

Conclusion 

S t a t i s t i c a l  methods  a n d  s t a t i s t i c a l  s a m p l i n g  p r o c e d u r e s  a r e  h e l p f u l  n o t  

m e r e l y  i n  t h e  measu remen t  and  c o n t r o l  of t h e  e r r o r  i n h e r e n t  i n  

s a m p l i n g  b u t  a l s o  i n  t h e  i d e n t i f i c a t i o n  a n d  e v a l u a t i o n  of t h e  s o u r c e s  of 

v a r i a t i o n ,  wh ich  l a t t e r  would e n a b l e  r e s e a r c h e r s  t o  p l a n  f o r  s ample  

e s t i m a t e s  c a r r y i n g  p r e - d e t e r m i n e d  p r e c i s i o n  l e v e l s .  



PRACTICAL DIFFICULTIES I3 SELECTING k REPRESENTATIVE SAMPLE 

M O D ,  Pahanavitana 

Sri Lanka Standardasds Ins t i tu t ion  

Ob j ect ives of Sampling 

A c l e a r  i d e a  of t h e  o b j e c t i v e  of  s a m p l i n g  s h o u l d  b e  known b e f o r e  

samples  a r e  c o l l e c t e d .  O b j e c t i v e s  c o u l d  b e  b r o a d l y  c a t e g o r i s e d  i n t o  

t h r e e  a r e a s .  

( a )  Fo r  a n a l y s i s ,  r e s e a r c h  and d e c i s i o n  making , 

( b )  For c o n t r o l  p u r p o s e s ( p r o c e s s  c o n t r o l )  

( c )  For i n s p e c t i o n  ( A c c e p t a n c e  S a m p l i n g )  

I t  h a s  o f t e n  been  o b s e r v e d  t h a t  t h o s e  engaged i n  t e s t i n g  and a n a l y s i s  

is less i n t e r e s t e d  i n  s a m p l i n g  and  p r e p a r a t i o n  of s a m p l e s ,  t hough  t h e y  

a r e  v e r y  e n t h u s i a s t i c  of t h e  r e s u l t s  and  t h e  a c t i o n  t h e y  hope t o  

i n i t i a t e  b a s e d  on t h e s e  r e s u l t s .  

Those  i n v o l v e d  i n  m a n u f a c t u r i n g  t e c h n o l o g i e s  a r e  keen  on improv ing  

s u c h  t e c h n o l o g i e s ,  b u t  t h e y  a r e  a p t  t o  draw i n c o r r e c t  c o n c l u s i o n s  

if t h e y  a r e  n o t  aware  of t h e  s a m p l i n g  e r r o r s  i n v o l v e d .  

Hence a d e q u a t e  s e r i o u s n e s s  s h o u l d  be  g i v e n  t o  t h e  c o l l e c t i o n  of s a m p l e s .  

Selection of Sample 

The main a c t i v i t y  i n  s a m p l i n g  i s  t o  o b t a i n  a  r e p r e s e n t a t i v e  Sample 

from a  l o t  o r  b a t c h .  When s e l e c t i n g  a r e p r e s e n t a t i v e  s a m p l e  t h e  

f o l l o w i n g  p rob lems  w i l l  h a v e  t o  b e  e n v i s a g e d .  

1. Hqnoqegity, of the lot - - - 

T h i s  i s  of c r u c i a l  i m p o r t a n c e  e s p e c i a l l y  i n  a c c e p t a n c e  s a m p l i n g .  

The l o t  s h o u l d  b e  homogeneous w i t h  r e s p e c t  t o  t h e  p r o p e r t y  t h a t  

is  a s s e s s e d .  e g .  I n  a PVC p i p e  m a n u f a c t u r i n g  p l a n t  which h a s  

many e x t r u d e r s  which  c o u l d  p r o d u c e  t h e  same s i z e  of p i p e  w i t h  



t h e  same b a t c h  of raw m a t e r i a l ,  a l l  t h e  p i p e s  w i l l  be homogeneous 

w i t h  r e s p e c t  t o  t h e  t o x i c i t y  l e v e l s  s i n c e  t h e  same raw m a t e r i a l s  

a r e  u s e d  b u t w i l l  n o t  be  homogeneous w i t h  r e s p e c t  t o  s i z e  ( d i a m e t e r )  

a s  d i f f e r e n t  e x t r u d e r s  have  been  u s e d  a l t h o u g h  t h e  same s i z e  h a s  

been m a n u f a c t u r e d .  Hence i f  a  l o t  i s  t r u l y  homogeneous even one  

sample  i s  enough f o r  d e c i s i o n  making.. But i n v a r i a b l y  t h i s  is  n o t  s o .  

I n  c a s e  of i n d u s t r i a l  p r o d u c t s ,  a  l o t  may c o n s i s t  of a  number of b a t c h e s  

m a n u f a c t u r e d  i n  d i f f e r e n t  s h i f t s ,  numbers of mach ines  e t c . ,  I n  c a s e  of 

A g r i c u l t u r a l  p r o d u c t s  a  l o t  may c o n s i s t  of p r o d u c t s  f rom d i f f e r e n t  

growing a r e a s  h a r v e s t e d  a t  v a r y i n g  c o n d i t i o n s  and p r o b a b l y  d r i e d  t o o  

unde r  d i f f e r e n t  c o n d i t i o n s .  

Because  of  t h e  above  r e a s o n s ,  a  d e c i s i o n  c a n n o t  b e  made o n l y  by t a k i n g  

one  s a m p l e  and  h e n c e  t h e  s a m p l e  s i z e  h a s  t o  be  i n c r e a s e d .  E s p e c i a l l y  

i n  a c c e p t a n c e  s a m p l i n g ,  i f  t h e  l o t  i s  n o t  homogeneous a  m a n u f a c t u r e r ' s  

r i s k  of r e j e c t i o n  i s  i n c r e a s e d .  

2. Sample s i z e  

A l a r g e r  s a m p l e  is more r e p r e s e n t a t i v e  t h a n  a  s m a l l e r  s ample .  But t h e  

f o l l o w i n g a s p e c t s  h a v e  t o  be  c a r e f u l l y  s t u d i e d  i n  s e l e c t i n g  a  l a r g e r  

s a m p l e .  

a .  C o s t  of Sample 

I f  t h e  p r o d u c t  i s  t o  b e  d e s t r u c t i v e l y  t e s t e d  t h e  c o s t  of t h e  

p r o d u c t  h a s  t o  b e  c o n s i d e r e d  a s  no m a n u f a c t u r e r  w i l l  l i k e  t o  

b e a r  t h i s  c o s t  o r  e lse  t h i s  w i l l  b e  p a s s e d  on t o  t h e  consumer .  

b .  C o s t  of t e s t i n g  

I n  t e s t i n g  where  " l i f e "  of  a  p r o d u c t  is  i n v o l v e d ,  i n v a r i a b l y  

t h e  c o s t  of  t e s t i n g  i s  h i g h .  

c .  Time f o r  T e s t i n g  

I n  t e s t i n g  p r o d u c t s  which  a r e  i m p o r t e d  o r  e x p o r t e d  t i m e  t a k e n  

f o r  t e s t i n g  p l a y s  a n  i m p o r t a n t  p a r t .  I f  a  test  r e p o r t  i s  

r e q u i r e d  f o r  c l e a r a n c e  of goods  f rom t h e  h a r b o u r ,  t e s t i n g  h a s  t o  

b e  q u i c k  a s  o t h e r w i s e  demur rage  h a s  t o  b e  p a i d  and t h i s  c o s t  w i l l  

b e  p a s s e d  o n t o  t h e  consumer  a s  t h e  i m p o r t e r  w i l l  n o t  l i k e  t o  b e a r  

it d u e  t o  t h e  d e l a y  on t h e  p a r t  of  t h e  i n s p e c t i o n  agency .  



S i m i l a r l y  f o r  p r o d u c t s  t o  be  e x p o r t e d ,  u n l e s s  t h e  t e s t  r e p o r t  

is  a v a i l a b l e  q u i c k l y ,  t h e r e  w i l l  b e  4 d e l a y  i n  p r o c e s s i n g  t h e  

e x p o r t  documents  and t h u s  t h e  e x p o r t e r  w i l l  n o t  be  a b l e  t o  s h i p  

on s c h e d u l e c  

I n c r e a s e  of non - s a m p l i n g  c r o s s  

T h e s e  a r e  e r r o r s  d u e  t o  human i n v o l v e m e n t ;  c h i e f  of which a r e  

human f a t i g u e  and t e s t i n g  f a t i g u e .  I f  s a m p l e s  a r e  t o  be  t a k e n  

I n  a d v e r s e  c o n d i t i o n  s u c h  a s  i n  c o l d  rooms where t h e  t e m p e r a t u r e  

i s  - 2 0 ° C  o r  i n  warehouses  where  t h e r e  i s  h a r d l y  any v e n t i l a t i o n  

t h e s e  c o n t r i b u t e  t o  human f a t i g u e .  I f  a l a r g e  number of samples  

a r e  t o  be t e s t e d  by o n e  o f f i c e r ,  i t  w i l l  c o n t r i b u t e  t o  t e s t i n g  

f a t i g u e .  

3. Sample Selection and Preparation 

a .  S e l e c t i o n  

I n  s e l e c t i n g  s a m p l e s  i t  is of v i t a l  and  paramount  i m p o r t a n c e  

t h a t  b i a s n e s s  s h o u l d  b e  a v o i d e d  and randomness  s h o u l d  be  e n s u r e d .  

I t  is  common p i a c t i c e  t h a t  when p r o d u c t i o n  s t a f f  i s  i n v o l v e d  i n  

s e l e c t i o n  t h e y  t e n d  t o  s e l e c t  "good" p r o d u c t s  w h i l e  i f  b u y e r s  

s e l e c t  s a m p l e s  t h e y  t e n d  t o  s e l e c t  "bad"  p r o d u c t s ,  i f  v i s u a l l y  

t h e r e  c o u l d  be  a  d i s t i n c t i o n .  

Randomness c o u l d  b e  e n s u r e d  by t h e  u s e  of random number t a b l e s .  

For t h i s  it i s  n e c e s s a r y  t h a t  c o n d i t i o n s  f o r  s e l e c t i n g  random 

s a m p l e s  s h o u l d  be  c r e a t e d .  I n  w a r e h o u s e s ,  package  s h o u l d  be  

packed  i n  a  manner which  c o u l d  e n s u r e  e a s y  r e t r i e v a l .  However, 

t h e  most  e a s y  and s u r e  way of s e l e c t i n g  a  random sample  i s  

s e l e c t i n g  w h i l e  t h e  l o t  i s  " m o v i n g " , i . e .  w h i l e  l o a d i n g  o r  

u n l o a d i n g .  I f  t h e  u n i t  p r o d u c t  i s  packed  i n  c a r t o n s ,  c a r t o n s  

c o u l d  be  s e l e c t e d  a t  random and f rom e a c h  c a r t o n  t h e  r e q u i r e d  

number of  p r o d u c t s  c o u l d  b e  s e l e c t e d .  

Whenever p o s s i b l e  and p r a c t i c a l ,  s a m p l i n g  i n s t r u m e n t s  s h o u l d  

b e  u s e d  t o  select  s a m p l e s .  I f  s a m p l e s  a r e  t o  b e  s e l e c t e d  

from a  b u l k ,  d e p e n d i n g  on t h e  q u a n t i t y  t h e  number of s e l e c t i n g  

p o i n t s  c o u l d  b e  d e c i d e d .  



b .  P r e p a r a t i o n  

I n  t h e  p r e p a r a t i o n  of s a m p l e s  a l l  t h e  i n s t r u c t i o n s  s p e c i f i e d  

s h o u l d  b e  c a r e f u l l y  f o l l o w e d  b e c a u s e  i n v a r i a b l y  o n l y  a  s m a l l  

q u a n t i t y  w i l l  b e  t e s t e d  and  t h i s  s h o u l d  t r u l y  r e p r e s e n t  t h e  

l o t .  

i .  I n  F e r t i l i z e r ,  f rom a  cons ignmen t  of 1 5 , 0 0 0  MT t h e  amount 

u l t i m a t e l y  t e s t e d  f o r  n u t r i e n t  c o n t e n t  i s  a s  l i t t l e  a s  5 g .  

i i .  I n  some p r o d u c t s  d u e  t o  damage i n  h a n d l i n g  t h e  o u t e r  

l a y e r s  a r e  d i s c a r d e d  e . g .  

1. o u t e r  y a r n  i n  a  t e x t i l e  cone  

2 .  o u t e r  l a y e r s  i n  a  p a p e r  ream 

iii. I n  c e r t a i n  p r o d u c t s  t h e  t e s t  p i e c e s  a r e  c u t  f rom s p e c i f i e d  

a r e a s  e . g .  

1. i n  l e a t h e r  s k i n  and  h i d e s ,  c e r t a i n  a r e a s  a r e  s p e c i f i e d  

f o r  c e r t a i n  tes ts  

2 .  I n  t e c h n i c a l l y  s p e c i f i e d  r u b b e r  (TSR), p i e c e s  a r e  c u t  

f rom d i a g n o l l y  o p p o s i t e  s i d e s  i n  a  b l o c k .  

i v .  I n  c e r t a i n  r u b b e r  p r o d u c t s  i t  i s  n o t  p o s s i b l e  t o  o b t a i n  

f rom t h e  p r o d u c t  i t s e l f ,  t h e  r e q u i r e d  t e s t  p i e c e s .  I n  

s u c h  i n s t a n c e s  a  t e s t  p i e c e  is  made f rom t h e  same raw 

m a t e r i a l ,  v u l c a n i z e d  u n d e r  same c o n d i t i o n s  of p r e s s u r e ,  

t e m p e r a t u r e  a n d  t i m e .  H e r e  one  draw back  may b e  t h a t  

i n  t h e  l a b o r a t o r y  when t h e  t e s t  p i e c e  i s  made i t  may 

h a v e  i d e a l  c o n d i t i o n s ,  w h i l e  i n  commerc i a l  p r o d u c t i o n  i t  

may n o t  b e  s o .  

v .  P r o d u c t s  whe re  a  c o m p o s i t e  s a m p l e  is  made f rom p r i m a r y  

s a m p l e s ,  i t  s h o u l d  b e  e n s u r e d  t h a t  p r o p e r  c o n i n g  and  

q u a r t e r i n g  is  done  t o  e n s u r e  t h a t  a  r e p r e s e n t a t i v e  s ample  

i s  o b t a i n e d .  



-is ion C r i t e r i a  

The d e c i s i o n  s h o u l d  be  made on t h e  b a s i s  of t h e  sample  t e s t e d .  The 

d e c i s i o n  on t h e  a c c e p t a b i l i t y  of t h e  l o t  i s  b a s e d  on t h e  sampl ing  

p l a n  u s e d .  However i t  s h o u l d  be b o r n e  i n  mind t h a t  t h e  f i g u r e  o b t a i n e d  

by t h e  t e s t  i s  t h e  sum t o t a l  of t h e  Mean of t h e  l o t  t s ampl ing  e r r o r  + 

r e d u c t i o n  e r r o r  + a n a l y t i c a l  e r r o r .  T h e s e  t o g e t h e r  w i t h  a n  i d e a  of 

p r o c e s s i n g  of  t h e  p r o d u c t  h e l p s  i n  t h e  f i n a l  d e c i s i o n .  

C o n c l u s i o n  

To o b t a i n  a  r e p r e s e n t a t i v e  s a m p l e  a  g r e a t  d e a l  i s  d e p e n d e n t  on t h e  

I n s p e c t o r ,  h i s  h o n e s t y  and h i s  a b i l i t y  t o  o b t a i n a  r e p r e s e n t a t i v e  

sample .  

I n  l o t  a c c e p t a n c e ,  it i s  worthwhile t o  d e v e l o p  a  r a p p o r t  w i t h  t h e  s u p p l i e r  

and  t o  e n s u r e  t h a t  h e  h a s  a sound q u a l i t y  c o n t r o l  s y s t e m  t h u s  e n s u r i n g  

t h a t  p r o d u c t s  a re  m a n u f a c t u r e d  t o  a c c e p t a b l e  s t a n d a r d  as t h i s  t o  a  g r e a t  

e x t e n t  d i m i n i s h e s  t h e  need  f o r  i n s p e c t i o n  and t h u s  e l i m i n a t i n g  t h e  

p rob lems  e n c o u n t e r e d  i n  s e l e c t i n g  a  r e p r e s e n t a t i v e  s a m p l e .  
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In ~ t s  b r o a d e s t  s e n s e  a  s a m p l e  r e f e r s  t o  a n y  s p e c d l c  collection of 

o b s e r v a t l o n s  d r a w n  f rom a  p a r e n t  p o p u l a t l o n .  W e  may t a k e  a s a m p l e  

of p a r ~ e n t s ,  3 s a m p l e  of b lood  p r e s s u r e  r e a d l n g s  and s o  on.  A t  one 

e;it.re!iie t h e  s a m p l e  may l n c l u d e  a l l  t h e  u n l t s  In t h e  p a r e n t  p o p u l a t i o n .  

4t t h e  o t h e r  ex t reme  a sample  may c o n s l s t  of o n l y  one u n i t  s e l e c t e d  

from t h e  p o p u l a t i o n .  I n  a na r rower  s e n s e  a sample  1s a  c 0 ~ 1 e ~ t l o r - 1  of 

o b s e r v a t l o n s  whlch have been s e l e c t e d  from t h e  p o p u l a t l o n  i n  a 

particular way. 

1 . Object ives  of Sampling 

T h e r e  a r e  two main o b 2 e c t i v e s  of sampl ing .  They a r e  

a ,  e s t i m a t i o n  

b .  t e s t i n g  of h y p o t h e s e s  

I n  g e n e r a l  t h e  main o b j e c t i v e  i n  s e l e c t i n g  a sample  is  t o  o b t a i n  

a  r e p r e s e n t a t i v e  s e l e c t i o n  of o b s e r v a t i o n s  from t h e  p a r e n t  

p o p u l a t i o n .  A s t u d y  of such  a  sample  a l l o w s  i n f e r e n c e s  t o  be made 

a b o u t  t h e  p o p u l a t i o n  from which i t  i s  drawn. I n f o r m a t i o n  on 

d i s e a s e  r a t e s  and d i s t r i b u t i o n  of d i s e h s e  i n  a sarngle i s  an 

i n d i r e c t  e s t i m a t i o n  of t h e  amount of G i s e a s e  and d i s t r i b u t i o n  of 

d i s e a s e  w i t h i n  a p o p u l a t i o n .  A s t u d y  of a ' h e a l t h y '  sample  of 

p e o p l e  drawn from t h e  popu la - t ion  may p r o v i d e  basic d e s c r j . p t i o n s  of 

human b i o l o g y  o r  may a l l o w  'Normal1 v a l u e s  t o  be es t ima ted . ,  

Formulation and t e s t i n g  of hypo theses  1s one of t h e  most lmpor ,ant  

and a t  t h e  s a n e  t l m e  t h e  most  colilplex a l m s  of sampl ing .  For 

example t h e  o b s e r v a t i o n s  of l c c r e a s e d  r a t e s  of a  a i s e a s e  i n  

c e r t a l n  g roups  of p e o p l e  l n  a s t u d y  s a m p l s  may s u g g e s t  p e r s o n a l  

o r  envlronmentdl  f a c t o r s  af  p o s s i b l e  e ~ l o l o g l c a l  lmpoztance.  This 

e t l o l o g l c a l  h y p o t h e s a s  n a y  t h e n  be  t e s t e d  by f u r t h e r  s t u d l a s .  



Sampling is done in such a way so as to investigate whether the 

frequency of disease increases in proportion to the levei of 

exposure to the factor in question. 

Hethods of sampling 

In clinical studies it 1.5 often satisfactory to gather a serles 

of cases without regard to the source from which they were 

obtained; the need is simply to collect cases as quickly as 

possible. However, if on the basis of examination of a sample, 

inferences are to be made about the population from which the 

sample is drawn a representative sample will have to be selected 

from the parent population. Various methods of sampling are 

available but only the principles and a few techniques will be 

described here. 

2.1 Preparing a nominal roll 

The first requirement is a nominal roll or sampling frame 

enumerating each individual or each unit of the population from 

which the sample is drawn. Sometimes existing official lists may 

be used. For eg., population census lists, electoral registers, 

school registers and list of employees could provide a satisfactory 

sampling frame. Where no satisfactory census exists, it may be 

necessary to take one specially for the study. This is generally 

a costly, time consuming and a technically difficult undertaking 

and is likely to be possible only in a very restricted area or 

on a cluster-sample basis. 

2.2 Sampling tshniques 

The sampling techniques that are commonly used in biology and 

medicine are 

2 . 2 . 1  simple random sampling 

2 . 2 . 2  stratified and weighted sampling 

2 . 2 . 3  systematic sampling 

2 . 2 . 4  cluster sampling 

2 . 2 . 5  two stage sampling 

2 . 2 . 6  control sampling 



A sample  may be s e l e c t e d  i n  s u c h  a  way t h a t  e a c h  u n i t  o r  

o b s e r v a t i o n  i n  t h e  p o p u l a t i o n  h a s  a n  e q u a l  c h a n c e  of s e l e c t i o n  

T h i s  i y p e  of s a m p l e  i s  known a s  a  s i m p l e  random sample .  T h i s  

is t h e  p r i n c i p l e  u s e d  i n  t h e  s e l e c t i o n  of w inn ing  t i c k e t s  i n  

a l o t t e r y .  I t  i s  unwise  t o  s e l e c t  t h e  f i r s t  i n d i v i d u a l s  who 

m e e t  t h e  n e c e s s a r y  c r i t e r i a .  For  example  t h e  o r d e r  i n  which 

names a p p e a r  on t h e  c e n s u s  may h a v e  some r e l a t i o n  t o  t h e  r i s k  

of d i s e a s e  even  i t  t h i s  seems i m p r o b a b l e .  

Two s a m p l e  t e c h n i q u e s  f o r  drawing a  random s a m p l e  i s  a v a i l a b l e .  

I n  one  t e c h ~ l i q u e  e a c h  p e r s o n  on t h e  c e n s u s  is  a s s i g n e d  a  

number,  Thus u s i n g  a  t a b l e  of random numbers ,  i n d i v i d u a l  

numbers a r e  p i c k e d  u n t i l  a  s a m p l e  of t h e  r e q u i r e d  s i z e  h a s  

been  o b t a i n e d ,  I n  t h e  o t h e r  t e c h n i q u e  i f  n  = t h e  r e q u i r e d  

s a m p l e  s i z e .  and  iq = t h e  number of p e r s o n s  i n  t h e  enumera t ed  

popu la : ion ,  t h e n  t h e  s e l e c t i o n  of e v e r y  ( n / N )  t h  p e r s o n  on 

t h e  l i . s t  i.:ill proxride a n  e f f e c t i v e l y  random s a m p l e ,  p r o v i d e d  

t h a t  t h e  s t a r t i n g  p o i n t  i s  randomly s e l e c t e d .  The f i r s t  

t e c h n i q u e  is  p r e f e r r e d  b e c a u s e  of  p o s s i b l e  e f f e c t s  of o r d e r  . 

on t h e  c e n s u s  l l s t  a s  men t ioned  a b o v e .  

T a b l e s  of  rando,a numbers a r e  t a b l e s  of t h e  d i g i t s  0 , 1 , 2 ,  . . - 9 ,  

e a c h  d i g i t  h a v i n g  a n  e q u a l  c h a n c e  of s e l e c t i o n  a t  any  draw. 

Among t h e  l a r g e r  t a b l e s  a r e  t h o s e  p u b l i s h e d  by t h e  Rand 

C o r p o r a t i o n  ( 1 9 5 5 )  -1 m i l l i o n  d i g i t s  - and  by K e n d a l l  and  Smith  

( 1 9 3 8 )  - 100 ,000  d i g i t s .  Numerous t a b l e s  are a v a i l a b l e  i n  

s t a n d a r d  s t a t i s t i c a l  t e x t s .  

2.2.2 Stratified aaad weighted samples 

A refinement of t h e  s l m p l e  random s a m p l e  1s t h e  s t r a t l f l e d  

random s a m p l e ,  I f  t h e  p o p o l a t l o n  1s uneven ly  d l s t r l b u t e d  

w l t h  r e g a r d  T O  some r e l e v a n t  known v a r l a b l e  s u c h  a s  a g e  o r  

s e x ,  l t  mly b e  u s e f u l  t o  draw s u c h  a  s a m p l e .  The population 

1s f l r s ~  d l v l d e d  l n t o  c l a s s e s  according t o  a  known v a r i a b l e  

and  a  random s x f l p i e  s e l e c t e d  f rom e a c h  c l a s s .  T h l s  s a m p l i n g  

r a t l o  may thel. be a d j u s t e d  s o  a s  t o  p r o v ~ d e  s a m p l e s  of 



a p p r o p r i a t e  s i z e  f rom w i t h i n  e a c h  c l a s s .  

The i m p o r t a n t  f e a t u r e  of s t r a t i f i e d  random s a m p l i n g  is t h a t  

t h e  s a m p l e  p r o p o r t i o n s  a re  p r e d e t e r m i n e d .  The s a m p l i n g  

e r r o r  i n  a  s t r a t i f i e d  random sample  i s  u s u a l l y  less t h a n  t h e  

s a m p l i n g  e r r o r  i n  a  s i m p l e  random s a m p l e  of t h e  same s i z e .  

I f  t h e  N u n i t s  i n  t h e  p o p u l a t i o n  are  numbered 1 - N  i n  some o r d e r ,  

t o  s e l e c t  a  s a m p l e  of n  u n i t s ,  w e  t a k e  a  u n i t  a t  random f rom 

t h e  f i r s t  k  u n i t s  and  e v e r y  K~~ u n i t  t h e r e a f t e r  . For i n s t a n c e  

i f  K i s  15 and i f  t h e  f i r s t  u n i t  drawn i s  number 1 3  t h e  

s u b s e q u e n t  u n i t s  a r e  numbers 2 8 ,  4 3 ,  58 and s o  on .  T h i s  t y p e  
t h  

i s  c a l l e d  a n  e v e r y  k s y s t e m a t i c  s ample .  

T h e r e  a r e  s e v e r a l  a d v a n t a g e s  of t h i s  method o v e r  s i m p l e  random 

s a m p l i n g .  I t  i s  easier t o  draw a  s y s t e m a t i c  s ample  and o f t e n  

e a s i e r  t o  e x e c u t e  w i t h o u t  m i s t a k e s  s p e c i a l l y  i n  f i e l d  s t u d i e s .  

The s y s t e m a t i c  s a m p l e  i s  s p r e a d  more e v e n l y  o v e r  t h e  p o p u l a t i o n  

t h a n  a  s t r a t i f i e d  s a m p l e  and  t h e r e f o r e  is  c o n s i d e r a b l y  more 

p r e c i s e  t h a n  s t r a t i f e d  random s a m p l i n g .  

2 . 2 . 4  Cluster sampling 

I f  t h e  s a m p l l n g  u n l t s  c o n s i s t s  of a g r o u p  of smaller u n i t s ,  

s a m p l i n g  is  known as c l u s t e r  s a m p l i n g .  T h e r e  a r e  two main 

r e a s o n s  f o r  t h e  w i d e s p r e a d  application of c l u s t e r  c a m p l i n g .  

I n  many f i e l d  s u r v e y s  it is  f o u n d  t h a t  no  r e l i a b l e  l i s t s  of 

t h e  s u b - u n i t s  of  p o p u l a t i o n  a r e  a v a i l a b l e  and  t h a t  i t  would 

be p r o b a b l y  e x p e n s i v e  t o  c o n s t r u c t  s u c h  l i s t s .  From maps 

of t h e  r e g i o n  however t h e  a r e a  c a n  be d i v i d e d  i n t o  u n i t s  s u c h  

as b l o c k s  i n  t h e  c i t i e s .  

C l u s t e r  s a m p l i n g  i n t r o d u c e s  some a d d i t i o n a l  s a m p l i n g  e r r o r  

and t h e  method of c a l c u l a t i n g  s a m p l i n g  e r r o r s  i s  d i f f e r e n t  

(see Snedecor  and Cochran  1967). 



I n  c o u n t r i e s  r r i thou t  any a d e q u a t e  n a t i o n a l  census  t h e  b e s t  

sys tem i s  general1.y one of sub-sampl ing i n  c l u s t e r s .  A 

comple te  l i s t  of a d m i n i s t r a t i v e  a r e a s  is f i r s t  o b t a i n e d .  A 

random ( o r  s t r a i - i f i e d )  sample  of c l u s t e r s  is drawn; w i t h i n  

each  s e l e c t e d  a r e a  a  l i s t  of r e s i d e n t s  must t h e n  be o b t a i n e d .  

Examinat ion i s  performed on a  random sample  o r  on a l l  p e r s o n s  

i n  t h e  s e l e c t e d  c l u s t e r s .  ~ c o n o m i c  c o n s i d e r a t i o n s  may p o i n t  

t o  t h e  c h o i c e  of a  l a r g e r  c l u s t e r  u n i t .  For example g r e a t e r  

f i e l d  c o s t s  a r e  i n c u r r e d  i n  l o c a t i n g  600  house  h o l d s  

randomly s e l e c t e d  i n  a town t h a n  i n  l o c a t i n g  2 0  b l o c k s  and 

v i s i t i n g  a l l  househo lds  i n  t h e s e  b l o c k s .  

For some s p e c i a l  p u r p o s e s  it may be u s e f u l  t o  examine t h e  whole 

p o p u l a t i o n  o r  a sample  of i t  i n  a  s i m p l e  way and then  t o  u s e  

t h i s  i n i t i a l  d a t a  a s  a  b a s i s  f o r  drawing a p p r o p r i a t e l y  weighted 

subsamples  f o r  more d e t a i l e d  s t u d y .  For example i f  t h e  

o b j e c t i v e  of a  s t u d y  is  t o  measure  d i s e a s e  r a t e s  i n  smokers and 

non-smokers i n  a p o p u l t i o n  i n  which t h e  p r o p o r t i o n  of non- 

smokers i s  low, a  v e r y  l a r g e  random sample  would have t o  be  

examined i n  o r d e r  t o  p r o v i d e  a  s u f f i c i e n t  number of non- 

smokers .  I t  might  c h e r e f o r e  be d e c i d e d  t o  s e n d  o u t  a  smoking 

q u e s t i o n n a i r e  t o  t h e  whole enumerated p o p u l a t i o n  and t h u s  t o  

c a l l  f o r  e x a m i n a t i o n  randomly chosen  samples  of e q u a l  numbers 

of smokers and non-smokers.  

Whenever any p r o c e s s  l n v o l v e s  chemical, p h y s l c a l  o r  biological 

t e s t s  t h a t  can  b e  performed on a  s m a l l  amount of m a t e r l a l  ~t 

1s drawn a s  a  sub-sample  from a  l a r g e  amount t h a t  1s l t s e l f  

a sample ,  T h l s  technique is c a l l e d  sub-sampl lng o r  two-s tage  

s a m p l l n s  b e c a u s e  t h e  sample  1s t a k e n  I n  two s t e p s .  The f l r s t  

1 s  t o  s e l e c t  a  sample  of u n l t s  o f t e n  c a l l e d  t h e  p r lmary  

u n l t s  and t h e  second 1s t o  s e l e c t  a  sample  of second s t a g e  

u n l t s  o r  s u b - u n l t s  from e a c h  chosen  p r lmary  u n l t .  



2 . 2 . 6 .  Control samples 

I n  medica l  r e s e a r c h  s t u d i e s  t h e  u s e  of what a r e  c a l l e d  c o n t r o l  

samples  i s  a  common and i m p o r t a n t  t e c h n i q u e .  I f  r i s k  f a c t o r s  

of c o r o n a r y  h e a r t  d i s e a s e  s u c h  a s  smoking,  h y p e r t e n s i o n  and 

h y p e r c h o l e s t e r o l a e m i a  a r e  s t u d i e d  i n  a  g roup  of p a t i e n t s  w i t h  

coronary  h e a r t  d i s e a s e  and i E  one wishes  t o  d e t e r m i n e  

whether  o r  n o t  any of t h e s e  r i s k  f a c t o r s  a r e  s i g n i f i c a n t  i n  

r e l a t i o n  t o  c o r o n a r y  h e a r t  d i s e a s e ,  i t  w i l l  be n e c e s s a r y  t o  

compare t h e s e  f a c t o r s  w i t h  a n o t h e r  g roup  who do n o t  s u f f e r  

from c o r o n a r y  h e a r t  d i s e a s e .  The group who do n o t  s u f f e r  

from c o r o n a r y  h e a r t  d i s e a s e b u t w h o  i n  o t h e r  r e s p e c t s  may be 

assumed t o  b e  comparable  w i t h  t h e  g roup  of p a t i e n t s  i s  known 

a s  t h e  c o n t r o l  g roup .  A commonly used t y p e  of c o n t r o l  

g roup  i s  t h e  'matched s a m p l e ' .  The c o n t r o l  group and t h e  

g roup  of p a t i e n t s  a r e  i d e n t i c a l  w i t h  r e s p e c t  t o  c e r t a i n  

c h a r a c t e r i s t i c s  s u c h  a s  a g e .  s e x ,  o c c u p a t i o n  and s o  on. 

When a p a t i e n t  e n t e r s  t h e  s t u d y  he is  matched w i t h  a  c o n t r o l  

i n d i v i d u a l  w i t h  t h e  same c h a r a c t e r i s t i c s .  

I n  p r i n c i p l e  t h e  c o n t r o l  g r e u p  i s  randomly s e l e c t e d  from 

t h e  p o p u l a t i o n  and is  t a k e n  t o  be  r e p r e s e n t a t i v e  of t h e  

p o p u l a t i o n .  I n  p r a c t i c e  t h e  c o n t r o l s  may have t o  be used 

which a r e  n o t  i n  f a c t  randomly s e l e c t e d  from t h e  p o p u l a t i o n .  

3 .  Size of Sample 

3.1 Pixed s i z e  and sequential saarapl-es 

What was d e s c r i b e d  u p t o  now r e f e r s  t o  " f i x e d  s i z e "  sampl ing 

p r o c e d u r e s .  D e t e r m i n a t i o n  of sample  s i z e  is one of t h e  most 

i m p o r t a n t  m a t t e r s  t o  be d e c i d e d  i n  d e s i g n i n g  a n  exper iment .  

The e x p e r i m e n t o r  can  d e c i d e  how l a r g e  t h e  sample  s i z e  s h o u l d  

be  by u s i n g  c e r t s i n  w e l l  known t e c h n i q u e s ,  A sample  of a 

p r e d e t e r m i n e d  minimum s i z e  is  s e l e c t e d  and t h e  exper iment  i s  

c a r r i e d  on u n t i l  a 1 1  t h e  sample  r e s u l t s  become a v a i l a b l e .  



I n  m e d i c a l  r e s e a r c h  i t  i s  somet imes  i n c o n v e n i e n t  and 

u n d e s i r a b l e  on e t h i c a l  g rounds  t o  c o n d u c t  a n  e x p e r i m e n t  u s i n g  

a  f i x e d - s i z e  s a m p l e .  Ano the r  t y p e  of s a m p l i n g  p r o c e d u r e  

which  i s  v e r y  u s e f u l  i n  m e d i c a l  r e s e a r c h  is known a s  s e q u e n t i a l  

s a m p l i n g .  I n  a s e q u e n t i a l  s a m p l i n g  scheme s a m p l e  i t e m s  a r e  

c o l l e c t e d  and a n a l y s i s  of t h e  d a t a  c o n t i n u e s  t h r o u g h o u t  t h e  

p e r i o d  of t h e  e x p e r i m e n t  i n s t e a d  of b e i n g  d e p e n d a n t  on t h e  

c o m p l e t i o n  of a  "fixed s i z e '  s a m p l e .  The e x p e r i m e n t  is  

t e r m i n a t e d  a s  s o o n  a s  s u f f i c i e n t  r e s u l t s  a re  a v a i l a b l e  t o  

a c c e p t  o r  r e j e c t  t h e  h y p o t h e s i s  of t h e  e x p e r i m e n t .  

Suppose  a  ne.w d r u g  is b e i n g  t e s t e d  f o r  t r e a t m e n t  of  a  

p a r t i c u l a r  d i s e a s e .  The new d r u g  i s  g i v e n  t o  a  s ample  of 

p a t i e n t s  and  f o r  c o m p a r a t i v e  p u r p o s e s  s u i t a b l y  matched c o n t r o l  

g r o u p  i s  t r e a t e d  w i t h  a  d r u g  a l r e a d y  b e i n g  u s e d  f o r  t r e a t m e n t  

of t h e  d i s e a s e  o r  a  p l a c e b o .  The t r i a l  is  t e r m i n a t e d  a s  

s o o n  a s  s u f f i c i e n t  r e s u l t s  have  been  o b t a i n e d  t o  make a  

d e c i s i o n  on t h e  e f f i c i e n c y  of t h e  new d r u g .  The s t a t i s t i c a l  

t e c h n i q u e s  i n v o l v e d  i n  s e q u e n t i a l  s a m p l i n g  a r e  d i f f e r e n t  from 

t h o s e  u s e d  f o r  ' f i x e d  s i z e '  s a m p l e  and w i l l  n o t  be  d i s c u s s e d  

h e r e .  

3.2 Statistical consideration of sample size 

I n  t h e  c a s e  of q u a n t i t a t i v e  v a r i a b l e s  a n y  random measurement 

e r r o r  n a t u r a l l y  a f f e c t s  t h e  a c c u r a c y  of r e s u l t s  and  may 

n e c e s s i t a t e  a n  i n c r e a s e  i n  t h e  sample  s i z e .  The c h o i c e  of 

s a m p l e  s i z e  is  a l s o  a f f e c t e d  by many p r a c t i c a l  c o n s i d e r a t i o n s  

b e s i d e s  t h e  s t a t i s t i c a l  e s t i m a t e s .  Too l a r g e  a  s t u d y  i s  t i m e  

consuming and e x p e n s i v e  and t h e  o v e r s t r e t c h i n g  of r e s o u r c e s  

may i m p a i r  t h e  q u a l i t y  of r e s u l t s .  However b e f o r e  commencing 

a  s t u d y  t h e  b e s t  p o s s i b l e  c a l c u l a t i o n s  of s a m p l e  s i z e  s h o u l d  

b e  made i n  o r d e r  t o  a r r i v e  a t  r e a s o n a b l e  a n s w e r s  t o  s t u d y  

q u e s t i o n s ,  



- 3 . 2 . 1  P r e v a l e n c e  and i n c i d e n c e  s t u d i e s  

I f  t h e  aim of the s t u d y  i s  t o  e s t i m a t e  t h e  p r e v a l e n c e  

of a c o n d i t i o n ,  t h e n  i n  o r d 2 r  t o  d e t e r m i n e  an a p p r o p r i a t e  

sample  s i z e :  t h e  i n v e s t i g a t o r  needs  t o  know of 

( a )  t h e  approx imate  o r d e r  of f r e q u e n c y  of t h e  c o n d i t i o n  

( b )  t h e  d e g r e e  of p r e c i s i o n  r e q u i r e d  

T a b l e  1 g i v e s  e x a c t  9 5 %  confidence l i m i t s  f o r  v a r l o u s  

r a t e s  and s i z e s  of random samples  based on t h e  e f f e c t s  

of sarnpllng variability t h e  e r r o r  ic i n v e r s e l y  

p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  of sample  s i z e r  

An a p p r o p r i a t e  fo rmula  f o r  t h e  c a l c u l a t i o n  i s  g i v e n  as 

f o l l o w s  : 

S .E. = \jz when S .E. = S t a n d a r d  e r r o r  

p = p r o p o r t i o n  a f f e c t e d ,  q = ( 1 - p )  and n=nurnber i n  sample  

I n  compar ison between two s t u d i e s  t h e  significance of t h e  

d i f f e r e n c e s  between e s t i m a t e s  is  g i v e n  by t h e  f o r m u l a .  

S L E .  d i f f e r e n c e  

When PI = p r o p o r t i o n  a f f e c t e d  i n  f i r s t  sample ,  

P  = p r o p o r t i o n  a f f e c t e d  i n  second sample .  The S-E. 
2 

d i f f e r e n c e  is  g i v e n  by t h e  e x p r e s s i o n  

d i f f e r e n c e  



I n  o r d e r  t o  c a l c u l a t e  t h e  s a m p l e  s i z e s  ( n  n  ) a  s econd  1' 2 
t y p e  of e r r o r  must  b e  c o n s i d e r e d ;  namely ,  t h a t  of 

f a i l i n g  t o  d e m o n s t r a t e  a  d i f f e r e n c e  t h a t  r e a l l y  e x i s t s .  

Some of  t h e  r e q u i r e d  sample  s i z e s  which  g i v e s  an  8 5 %  

c h a n c e  of r e c o g n i z i n g  a r e a l  d i f f e r e n c e  be tween two 

p o p u l a t i o n s  i s  g i v e n  i n  T a b l e  2 .  

3 . 2 . 2 .  S t u d i e s  of q u a n t i t a t i v e  v a r i a b l e s  

The e r r o r  i n  e s t i m a t i n g  t h e  mean v a l u e  of  q u a n t i t a t i v e  

v a r i a b l e s  depend on t h e  s a m p l e  s i z e  a s  w e l l  a s  t h e  amount 

of v a r i a t i o n  of i n d i v i d u a l  v a l u e s  be tween s u b j e c t s .  

S t a n d a r d  e r r o r  = S.D . / n  

When S.D. = S t a n d a r d  d e v i a t i o n  of i n d i v i d u a l  v a l u e s  f o r  

e a c h  s u b j e c t ,  n  = number of s u b j e c t s .  

I f  t h i s  v a r i a b i l i t y  is  known a p p r o x i m a t e l y  f rom a  p i l o t  

s t u d y  t h e n  t h e  s a m p l e  s i z e  t h a t  w i l l  y i e l d  a  s p e c i f i e d  

c o n f i d e n c e  r a n g e  c a n  b e  e s t i m a t e d .  

The v a r i a n c e  of  i n d i v i d u a l  v a l u e s  be tween s u b j e c t s  h a s  

t h r e e  components  ; 

( a )  t r u e  be tween  - s u b j e c t  v a r i a t i o n  

( b )  b i o l o g i c a l  v a r i a t i o n  w i t h i n  s u b j e c t s  

( c )  measurement  e r r o r  

The e f f e c t s  of t h e  l a s t  two may b e  d e c r e a s e d  by p r o p e r  

t e c h n i q u e  and  by r e p l i c a t e  measu remen t s .  T h i s  w i l l  r e d u c e  

the r e q u i r e d  s a m p l e  s i z e .  

I n  c o m p a r i s o n  be tween two s t u d i e s  t h e  s i g n i f i c a n c e  of a  

d i f f e r e n c e  o b s e r v e d  be tween two e s t i m a t e s  of mean v a l u e s  

is  g i v e n  by 



S . E .  d i f f e r e n c e  

where X and X a r e  t h e  two mean v a l u e s ,  and 
I  2 

I n  p l a n n i n g  a  c o m p a r a t i v e  s t u d y , i f  t h e  f o l l o w i n g  

r e q u i r e m e n t s  a r e  known, t h e  n e c e s s a r y  sample  s i z e  can 

be c a l c u l a t e d .  These  a r e  

( a )  t h e  magni tude of d i f f e r e n c e  t h a t  is d e s i r e d  t o  d e t e c t  

( b )  t h e  s i g n i f i c a n c e  l e v e l  a t  which any d i f f e r e n c e  can 

be  shown 

( c )  t h e  r i s k  t h e  i n v e s t i g a t o r  i s  p r e p a r e d  t o  t a k e  of 

f a i l i n g  t o  d e m o n s t r a t e  a  d i f f e r e n c e  t h a t  e x i s t s  

( d )  e s t i m a t i o n  of t h e  v a r i a b i l i t y  of i n d i v i d u a l  v a l u e s  

T a b l e  3 i l l u s t r a t e s  t h e  sample  s i z e s  t h a t  w i l l  be  needed 

t o  meet v a r i o u s  s p e c i f i c a t i o n s  which s h o u l d  s e r v e  o n l y  

a s  a  rough g u i d e .  

D e t a i l e d  d i s c u s s i o n  of t h e  s t a t i s t i c a l  p r i n c i p l e s  on 

sample  s i z e  d e t e r m i n a t i o n m a y  be found i n  a  s t a n d a r d  

s t a t i s t i c a l  r e f e r e n c e s  ( e - g .  Moser & Kalton 1971, 

Schwartz e t  a 1  1980, Armitage 1 9 7 1 ) .  

3 . 2 . 3 .  Response Rate 

I t  is  i m p o r t a n t  t o  o b t a i n  a  good r e s p o n s e  r a t e  s o  t h a t  

s e r i o u s  b i a s  w i l l  n o t  occur  even i f  t h e  non r e s p o n d e n t s  

a r e  u n r e p r e s e n t a t i v e .  I n  p r a c t i c e  t h i s  c a n n o t  a lways  be  

a c h i e v e d ,  and one must t h e n  t r y  t o  a s s e s s  t h e  b i a s  

r e s u l t i n g  from t h e  omiss ion  of non-respondents  on t h e  

b a s i s  of s u c h  i n f o r m a t i o n  a s  i s  available f o r  t h e  whole 

sample  e g .  a g e ,  s e x ,  r e s i d e n c e .  



With a  h i g h  p r e v a l e n c e  condition a  poor  r e s p a n s e  r a t e  

i s  less l i k e l y  t o  be s e r i o u s .  Suppose  a  p a r t i c u l a r  

symptom s u c h  a s  h e a d a c h e  i s  p r e s e n t  i d  50% of an 

e l d e r l y  p o p u l a t i o n .  I f  2 0 %  of t h e  s a m p l e  f a i l e d  t o  

a t t e n d  f o r  e x a m i n a t i o n  and  8 0 %  of t h e s e  p e r s o n s  had 

h e a d a c h e  t h e  e s t i m a t e d  p c e v a l e n c e  among t h e  r e s p o n d e n t s  

would o n l y  b e  r e d u c e d  42%, a  r e l a t i v e l y  s m a l l  e r r o r .  

T A B L E  1 - - - - -  - 

95% confidence limits f o r  var ious  r a t e s  and sarnpe;: sizes 

1 E s t i m a t e d  95% c o n f i d e n c e  l i m i t s  f o r  s a m p l e s  

1 p e r c e n t a g e  of t h e  f o l l o w i n g  sizes 

500 

-.- 

LOO0 - 



T A B L E  2 - - - - -  - 

Regenired sample s i z e s  f o r  g iv ing  an 85% chance 

of recognizing a specified d i f f e ~ e n c e  i n  rates 

between two_populations 

I I s i z e s  
' i E s t i m a t e d  t r u e  r a t e s  ( % )  

T A B L E  3 - - - - -  - 

Requ i red  sample  

Required sample s i z e s  f o r  giving an 85% chance 

of recognizing a specsf i e d  di f ference  i n  nean 

values between t w o  populations 

S t a n d a r d  
d e v i a t i o n  of 
i n d i v i d u a l  
v a l u e s  

R e q u i r e d  s a m p l e  size f o r  d e m o n s t r a t i n g  
t h e  f o l l o w i n g  d i f f e r e n c e s  i n  mean v a l u e s  

S .E .  d i f f e r e n c e  
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F. Pornambalm.  

D i v i s i o n  of Bccupaiional Hygiene ,  Dept. sf Labour. 

The n a t u r e  and  e f f e c t s  of p o l l u t e d  a i r  a r e  complex and  one  i s  n o t  

s u r p r i s e d ,  t h e r e f o r e ,  t h a t  e r r o r s  of f a c t  and. i n  i n t e r p r e t a t i o n  of 

f a c t s  a r e  commonly t o  b e  f o u n d  i n  c u r r e n t  a c c o u n t s .  T h e r e  i s  a  r e a l  

d a n g e r  t h a t  t h e  p r o p a g a t i o n  of some e r r o r s ,  e s p e c i a l l y  t h o s e  which  

l e a d  t o  o v e r s t a t e m e n t  of  t h e  d a n g e r s  and  t o  p r o p h e c i e s  of doom, may 

e v e n t u a l l y  weaken t h e  o b v i o u s l y  s t r o n g  c a s e  f o r  t h e  p r e v e n t i o n  and 

a b a t e m e n t  of p o l l u t i o n .  ( L a w t h e r ,  1 9 7 0 ) .  The p a r t i c u l a t e s  of 

s i g n i f i c a n c e  t o  h y g i e n i s t s  i n c l u d e  a l l  p a r t i c l e s ,  s o l i d  o r  l i q u i d ,  

which  a r e  s u s p e n d e d  i n  a i r  and  may b e  i n h a l e d .  The p a r t i c l e s  may 

be of a l l  s i z e s  f rom m o l e c u l a r  d i m e n s i o n s  u p t o  a b o u t  1 0 0  m i c r o m e t e r s  

i n  d i a m e t e r .  Sampl ing  i s  p e r f o r m e d  by d r a w i n g  a  measu red  volume 

of a i r  t h r o u g h ,  a  f i l t e r ,  c y c l o n e  o r  o t h e r  i n s t r u m e n t s  f o r  c o l l e c t i o n  

of p a r t i c u l a t e s .  The s i z e  of t h e  p a r t i c l e s  i s  d e t e r m i n e d  by s e p a r a t i n g  

o u t  t h e  d i f f e r e n t  s i z e s  of t h e  c o l l e c t e d  p a r t i c u l a t e s  i n  t h e  l a b o r a t o r y ,  

u s i n g  a  m i c r o s c o p e  o r  l i q u i d  s e t t l - i n g .  When a  p a r t i c l e  i s  r e l e a s e d  

f rom r e s t  and  f a l l s  i n  a i r ,  t h e  p a r t i c l e  f a l l s  w i t h  a s t e a d y  v e l o c i t y  

known a s  i t s  t e r m i n a l  v e l o c i t y .  Many p a r t i c u l a t e s  a r e  n o t  u n i f o r m  

s p h e r e s ,  i n  f a c t ,  t h e y  may b e  i r r e g u l a r  a g g r e g a t e s .  T h e  p r e f e r r e d  

' d i a m e t e r b r  s i z e  of a  p a r t i c l e  i s  i fs  ' e q u i v a l e n t '  o r  ' a e r o d y n a m i c 1  

d i a m e t e r .  T h i s  i s  e q u a l  t o  t h e  d i a m e t e r  of  s p h e r i c a l  p a r t i c l e s  of 

u n i t  d e n s i t y  wh ich  h a v e  t h e  same f a l l i n g . v e l o c i t y  i n  a i r  a s  t h e  p a r t i c l e  

i n  q u e s t i o n .  F o r  some t y p e s  of p a r t i c l e s  w i t h  e x t r e m e  s h a p e ,  o t h e r  

p a r a m e t e r s  a r e  some t imes  u s e d .  T h u s ,  a s b e s t o s  f i b r e s ,  wh ich  a r e  

v e r y  l o n g  i n  r e l a t i o n  t o  t h e i r  d i a m e t e r ,  a r e  c h a r a c t e r i z e d  by t h e i r  

l e n g t h .  

Amongst p a r t i c l e s  wh ich  a r e  i n h a l e d ,  t h o s e  w i t h  a n  e q u i v a l e n t  d i a m e t e r  

g r e a t e r  t h a n  2 0  m i c r o m e t e r s  a re  d e p o s i t e d  by impingement  i n  t h e  n o s e  

and u p p e r  r e s p i r a t o r y  t r a c t .  S m a l l e r  o n e s  down t o  0,5 m i c r o m e t e r s  

i n  d i a m e t e r  a r e  c a r r i e d  i n t o  t h e  smaller  a i r w a y s  and  a l v e o l i ,  and  



are deposited there under gravity. Particulates with an aerodynamic 

diameter of 7 y m  and above will not normally reach the alveoli, but 

particulates below that size will and are therefore termed 'respirable'. 

Most particulates are harmless but in sufficient concentrations they 

can cause discomfort and unpleasantness. At such levels they are 

termed nuisance particulates. Particulates, most dangerous for the 

lungs are normally between 0.2 and 7 micrometers in size. These harmful 

particulates may cause chronic lung diseases, asthma, cancer etc. 

Particulates from graphite, sand and most hard rocks are harmful at 

respirable size but are normally cleared from the lung if larger; 

whereas pollens, spores and mists are larger and can cause problems 

in the upper respiratory passages. Fumes from molten metal are very 

small, below 1 micrometer, and can give rise to metal fume fever and 

more serious disorders. When determining the concentration of airborne 

dust it is important to understand what size of dust is to be measured 

as this influences the method of sampling. Site of deposition of 

particulates in the respiratory tract 'is presented in figure 1. 

Particle Diameter (urn) 

F i g .  1: SITE OF DEPOSITIOti 3F AEROSOLS IN E T P I R A T O R Y T ~ . ~ , ~ :  



The m a l n - r e a s o n  f o r  s a m p l i n g  f o r  a t m o s p h e r i c  p a r t i c u l a t e s  i n  t h e  working  

e n v i r o n m e n t  is  t o  e s t i m a t e  t h e  c o n c e n t r a t i o n  i n  t h e  a i r  which  i s  i n h a l e d  

by t h e  e m p l o y e e s .  A d e t e r m i n a t i o n  may b e  made of t h e  c o n c e n t r a t i o n  

of a l l  t h e  p a r t i c u l a t e s  o r  j u s t  t h o s e  which  have  p a r t i c u l a r  s i z e s  o r  

s h a p e s .  T h i s  i s  d o n e  i n  o r d e r  t o  a s s e s s  w h e t h e r  t h e r e  i s  a  r l s k  t o  t h e  

h e a l t h  of w o r k e r s  exposed  t o  t h e  e n v i r o n m e n t .  T h i s  judgement  i s  made by 

compar ing  t h e  r e s u l t s  a g a i n s t  h y g i e n e  s t a n d a r d s .  The r e s u l t  o b t a i n e d  by 

a t m o s p h e r i c  s a m p l i n g  d e p e n d s  v e r y  much on t h e  t i m e  and  p l a c e  where  t h e  

s a m p l e s  a r e  t a k e n  and  t h e  t y p e  of i n s t r u m e n t  u s e d .  Those  c o n c e r n e d  w i t h  

s e t t i n g  h y g i e n e  s t a n d a r d s  u s u a l l y  t a k e  a c c o u n t  of t h e  w ide  v a r i a t i o n  i n  

t h e  r e s u l t s  t h a t  may be o b t a i n e d .  

C o n c e n t r a t i o n s  of p a r t i c u l a t e s  may v a r y  a r o u n d  t h e  a v e r a g e  v a l u e  f rom 

z e r o  up  t o  2% t i m e s  t h e  a v e r a g e ,  e v e n  i n  c o n d i t i o n s  where t h e  work a p p e a r s  

to be done  a t  a  s t e a d y  r a t e .  An i l l u s t r a t i o n  of t h e  v a r i a t i o n  i n  cancen -  

t r a t i o n  of c o n t a m i n a t i o n  d u r i n g  a  w o r k - s h i f t ,  is g i v e n  i n  f i g u r e  2 .  The 

a i r b o r n e  p a r t i c u l a t e  c o n c e n t r a t i o n s  i n  t h e  work e n v i r o n m e n t  v a r y  

f rom p l a c e  t o  p l a c e .  They n o t  o n l y  v a r y  f rom p l a c e  t o  p l a c e  b u t  v a r y  

f rom t i m e  t o  t i m e  i n  t h e  work p l a c e .  An example  of t h e  v a r i a t i o n  i n  d u s t  

c o n c e n t r a t i o n  e x p e r i e n c e d  by a  c o a l  m i n e r  d u r i n g  a  work ing  s h i f t  i s  shown 

i n  t h e  f i g u r e  3 .  If t h e  measu remen t s  a r e  r e p e a t e d  on d i f f e r e n t  d a y s ,  t h e  

d a i l y  a v e r a g e  w i l l  a l s o  b e  f o u n d  t o  v a r y ;  a n  example  is  shown i n  f i g u r e  

4 .  The f r e q u e n c y  d i s t r i b u t i o n  of d u s t  c o n c e n t r a t i o n  as measu red  i n  mines 

i s  shown i n  f i g u r e  5 .  D a i l y  l e a d  i n  a i r ,  c o n c e n t r a t i o n s  i n  a  l e a d  s m e l t i n g  

works i s  g i v e n  i n  t a b l e  1. 

Table  1 : D a i l h  Le2d i n  _ A i r  C o n c e n t r a t i o n  

! Day 
Sampl i n g  Pb i n  A i r  
D u r a t i o n  mg/m3 
Minu te s  
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k/ORXING SIiI2'T ()T@bJ,1967) 



DAY 

Fig* 4 : V~%,Y3%LI'RX OF DUST C Q l l C E ? ~ T I O P  AT ~~ 
WOrnINC S H r n  ( w ~ T ~ ~ ~ ,  1967) 



DUST CONCENTRATIONS r n g / ~ ~  

Fig. 5 : W S T  CONCENTRATION IN MINE AIR 



Thus ,  ~t i s  f o u n d  i n  r e a l  s i t u a t i o n s  t h e  d i s t r i b u t i o n  of c o n c e n t r a t i o n  

of p a r t i c u l a t e s  i n  t h e  e n v i r o n m e n t ,  t h e  s i z e  of  t h e  p a r t i c u l a t e s  and 

t h e i r  s h a p e s  a r e  a l l  v a r i a b l e .  They a r e  d i s p e r s e d  i n  t h e  a i r  which 

i s  a  moving s y s t e m  and hence  dynamlc .  F u r t h e r ,  no two d i f f e r e n t  t y p e s  

of a i r b o r n e  p a r t i c u l a t e  s a m p l e r s  y i e l d  t h e  same r e s u l t .  I t  t a k e s  t h e  

most  p a i n s t a k i n g  tes ts  t o  y i e l d  s i m i l a r  r e s u l t s  f rom two i d e n t i c a l  

i n s t r u m e n t s .  

Roach ( 1 9 6 6 )  h a s  d e v e l o p e d  a  r e a s o n e d  and c o n s i s t a n t  s y s t e m  of s ampl ing  

b a s e d  on t h e  a s s u r e n c e  t h a t  a  c r i t i c a l  body b u r d e n  is  n o t  e x c e e d e d .  

I t  i s  i m p o s s i b l e  t o  p r o v e  f r o m  a  s e t  of s a m p l i n g  r e s u l t s  t h a t  a  p a r t i c u l a r  

c o n c e n t r a t i o n  was n e v e r  e x c e e d e d .  I t  i s  p o s s i b l e  o n l y  t o  show t h a t  

t h e  l i k e l i h o o d  of i t s  h a v i n g  been  e x c e e d e d  i s  r e m o t e .  T h i s  means t h a t  

t o  come t o  a  f a v o u r a b l e  d e c i s i o n  f rom a  l i m i t e d  number of s a m p l e s ,  a  

d e g r e e  of r i s k  h a s  t o  b e  a c c e p t e d .  T h i s  may be  made a s  s m a l l  a s  one  

w i s h e s ,  b u t  judgement  must  be  e x c e r c i s e d  on what  i s  a n  a c c e p t a b l e  r i s k .  

I t  h a s  been  shawn t h a t ,  p r o v i d e d  t h e  d u r a t i o n  of  t h e  i n d i v i d u a l  s amples  

i s  no more t h a n  o n e - t e n t h  t h e  h a l f - t i m e ,  t h e  c o e f f i c i e n t  of v a r i a t i o n  

of a  m a n ' s  body b u r d e n  w i l l  b e  no  more t h a n  o n e - f i f t h  t h e  c o e f f i c i e n t  

of v a r i a t i o n  of t h e  a i r  c o n c e n t r a t i o n .  C o n s e q u e n t l y ,  by m a i n t a i n i n g  

t h e  a v e r a g e  a i r  c o n c e n t r a t i o n  one  s t a n d a r d  d e v i a t i o n  be low t h e  t h r e s h o l d  

e i g h t - h o u r  s t e a d y  a i r  c o n c e n t r a t i o n ,  t h e  a v e r a g e  body b u r d e n  i s  t h e n  

m a i n t a i n e d  f i v e  s t a n d a r d  d e v i a t i o n s  be low t h e  t h r e s h o l d  body b u r d e n .  

No m a t t e r  wha t  t h e  n a t u r e  of t h e  s i z e - f r e q u e n c y  d i s t r i b u t i o n  of t h e  

a i r  c o n c e n t r a t i o n ,  t h e  f l u c t u a t i o n s  of t h e  body b u r d e n  f rom t i m e  t o  

t i m e  t e n d  t o  h a v e  a  no rma l  d i s t r i b u t i o n ,  a s  t h e  t i m e  s c a l e  of t h e  

f l u c t u a t i o n s  becomes s m a l l  i n  c o m p a r i s o n  w i t h  t h e  h a l f - t i m e .  T h i s  

means t h a t  t h e  r i s k  of e x c e e d i n g  t h e  t h r e s h o l d  body b u r d e n  a t  a n y  t i m e  

would b e  less t h a n  one  i n  a  m i l l i o n .  

The number of s a m p l e s  t a k e n  d u r i n g  a  g i v e n  t e s t  p e r i o d  i s  u s u a l l y  s m a l l  

i n  s t a t i s t i c a l  t e r m s ,  and  mos t  h y g i e n i s t s  a re  s a t i s f i e d  w i t h  t h e  s i m p l e s t  

of s t a t i s t i c a l  t e s t s .  The s i m p l e s t  m e a s u r e  of  d i s p e r s i o n  i s  t h e  r a n g e ,  

t h a t  i s ,  t h e  difference.  be tween  t h e  h i g h e s t  and  l o w e s t  v a l u e  i n  t h e  

se t  of r e s u l t s .  A s a f e  a p p r o x i m a t i o n  t o  t h e  s t a n d a r d  d e v i a t i o n  f rom 

s m a l l  s a m p l e s  i s  g i v e n  by:  

R a n g e / ( n - 1 )  4 



Where n  LS +As number of s a m p l e s .  

A l s o ,  random analytical e r r o r s  h a v e  t h e  e f f e c t  of l n c r e a s l n g  t h e  

v a r l a b l l l t y  of t h e  r e s u l t s ,  whose s t a n d a r d  d e v l a t l o n  is  t h e r e f o r e  h l g h e r  

t h a n  t h e  s t a n d a r d  d e v l a t l o n  of t h e  concentration. 

A s a f e  p r o c e d u r e  t h a t  emerges  f rom t h i s  i s  a s  f o l l o w s .  F i r s t ,  a  l ower  

l i m i t  f o r  t h e  b i o l o g i c a i  h a l f - t i m e  mus t  b e  e s t i m a t e d .  Given a l ower  

l l m i t  t o  t h e  h a l f - t i m e ,  t h e  n e c e s s a r y  d u r a t i o n  of e a c h  s a m p l e  i s  one-  

t e n t h  of t h i s  v a l u e .  F i n a l l y ,  i t  r e m a i n s  t o  e s t a b l i s h  w i t h  s u c h  samples  

t h a t  t h e  a v e r a g e  c o n c e n t r a t i o n  is  a t  l e a s t  o n e  s t a n d a r d  d e v i a t i o n  lower  

t h a n  t h e  t h r e s h o l d  l i m i t  v a l u e .  To d o  t h i s ,  t h e  f o l l o w i n g  e x p r e s s i o n  

h a s  been worked o u t  by Roach ( 1 9 6 6 ) .  

Ave rage  + Range ( n - 1 ) '  / 
When t h i s  i s  less  t h a n  t h e  t h r e s h o l d  l i m i t  v a l u e ,  a  f a v o u r a b l e  r e p o r t  

r e g a r d i n g  t h e  p a r t i c u l a t e s  i n  t h e  e n v i r o n m e n t  may b e  g i v e n .  

The most  common method of  s a m p l i n g  A i r b o r n e  p a r t i c u l a t e s  i s  t o  draw 

a  known volume of  A i r  t h r o u g h  a  f i l t e r  medium by means of a  pump. 

A s t e a d y  f l o w - r a t e  s a m p l i n g  pump c a p a b l e  of s u p p l y i n g  a i r  a t  t h e  f l o w  

r a t e  of t h e  r o t a m e t e r  i s  employed .  Soap  b u b b l e  c a l i b r a t e r s  are  used  

f o r  c a l i b e r a t i o n .  

F l l t e r s  a r e  m a i n l y  ' f i b r o u s '  i n  s t r u c t u r e ,  made f r o m  g l a s s ,  p a p e r ,  

p o l y s t y r e n e  o r  f r o m  a  'membrane '  of c e l l u l o s e  d e r i v a t i v e s ,  PVC and  

p o l y c a r b o n a t e .  T h e r e  i s  a l s o  a  s i n t e r e d  s i l v e r  f i l t e r  a v a i l a b l e .  

The c o r r e c t  f i l t e r  mus t  b e  c h o s e n  t o  s u i t  t h e  a i r b o r n e  c o n t a m i n a n t  

t o  b e  s ampled  and  t h e  s u b s e q u e n t  a n a l y s l s  t o  b e  u n d e r t a k e n  : f o r  example ,  

some c a n  b e  d i s s o l v e d  i n  c h e m i c a l s  f o r  f u r t h e r  a n a l y s i s  of t h e  c o l l e c t e d  

d u s t ,  some c a n  b e  made t r a n s p a r e n t  f o r  o p t i c a l  m i c r o s c o p i c  e x a m i n a t l o n  

of t h e  m a t e r i a l ,  w h i l s t  o t h e r s  a l l o w  t h e  c o l l e c t e d  d u s t  t o  r ema ln  on 

t h e  s u r f a c e  f o r  s c a n n i n g  e l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n .  Some f l l t e r s  

a r e  more s e n s i t i v e  t o  a t m o s p h e r i c  m o i s t u r e  c o n t e n t  t h a n  o t h e r s  and  

need  t o  b e  p r e - c o n d i t i o n e d  b e f o r e  w e l g h l n g .  



Table 2.  D e t a i l s  of f i l t e r s  t o  be  u sed  f o r  d i f f e r e n t  p a r t i c u l a t e s .  -- 

5 

Type of Method of F i l t e r  F i l t e r  h o l d e r  

p a r t i c u l a t e s  a n a l y s i s  r e q u i r e d  r e q u i r e d  I 
* 

A s b e s t o s  f i b r e s  O p t i c a l  m i c r o s c o p y  C e l l u l o s e  es ter  Open f a c e  

I S c a n n i n g  e l e c t r o n  Nuc leopore  O p e n f a c e  1 
m i c r o s c o p y  ! 

Man-made f i b r e s  X-ray d i f f r a c t i o n  S i l v e r  membrance Open f a c e  
* 

O p t i c a l  m i c r o s c o p y  C e l l u l o s e  e s t e r  Open f a c e  

G r a v i m e t r i c  G l a s s  f i b r e  m o d i f i e d  UKAEA 

S i l i c a  X-ray d i f f r a c t i o n  S i l v e r  membrance C y c l o n e  
I 

I n f  r a - r e d  Polyvinyl- chlor ide  Cyc lone  I 

Lead ,  heavy  m e t a l s ,  Atomic a b s o r p t i o n  C e l l u l o s e  ester UKAEA w i t h  1 
I 

t h e i r  o x i d e s  and  s p e c t r o s c o p y  o r  G l a s s  f i b r e  4 mm h o l e  1 I 
s a l t s  I 

N u i s a n c e  and  g e n e r a l  G r a v i m e t r i c  G l a s s  f i b r e  Open f a c e  

O p t i c a l  m i c r o s c o p y  C e l l u l o s e  e s t e r  Open f a c e  

I Unknown p a r t i c l e s  X-ray d i f f r a c t i o n  S i l v e r  membrance Open f a c e  

I G r a p h i t e  G r a v i m e t r i c  G l a s s  f i b r e  Cyc lone  o r  I 
MRE 1 1 3  

/ G r a p h i t e  w i t h  r o c k  I n f r a - r e d  P o l y v i n y l  Cyc lone  o r  I 
I c h l o r i d e  MRE 113 

X-ray d i f f r a c t i o n  S i l v e r  membrance Cyc lone  o r  

MRE 113  

O i l  mists G r a v i m e t r i c  G l a s s  f i b r e  . Open f a c e  

1 
1 F l u o r e s c e n t  

! s p e c t r o s c o p y  C e l l u l o s e  e s t e r *  Open f a c e  1 
* 

Welding  fume G r a v i m e t r i c  C e l l u l o s e  ester Open f a c e  

Atomic  a b s o r p t i o n  
* 

s p e c t r o s c o p y  C e l l u l o s e  e s t e r  Open f a c e  

i 
* P o r e  s i z e  s h o u l d  be  0.8 Pm 



P o r e  s i z e s  of t h e  f i l t e r s  v a r y  be tween 0 . 1  m i c r o m e t e r s  t o  

1 0  r n l c r o m e t e r s ,  b u t  i t  s h o u l d  be  n o t e d  t h a t  t h e  p o r e  s i z e  d o e s  n o t  

limit t h e  s i z e  of t h e  d u s t  t o  be  c o l l e c t e d ,  t h a t  is a  5 m i c r o m e t e r  

p o r e  s i z e  f i l t e r  i s  c a p a b l e  of c a p t u r i n g  d u s t s  s m a l l e r  t h a n  5 

m i c r o m e t e r s  by v i r t u e  of t h e  i n e r t i a l  an,d e l e c t r o s t a t i c  f o r c e s  t h a t  

o c c u r  w i t h i n  t h e  f i l t e r  medium. I n  f a c t ,  i t  i s  o f t e n  d e s i r a b l e  t o  

u s e  p o r e  s i z e s  i n  t h e  r a n g e  5 - 1 0  m i c r o m e t e r s  even  f o r  r e s p i r a b l e  

d u s t s .  When s a m p l i n g  f o r  s p e c i f i c  p a r t i c u l a t e  i t  i s  i m p o r t a n t  t o  

s e l e c t  t h e  c o r r e c t  f i l t e r  d e p e n d i n g  on t h e  method of a n a l y s i s  t o  be 

u sed  l a t e r .  

F i l t e r s  recommended f o r  d i f f e r e n t  p a r t i c u l a t e s  f o r  s p e c i f i c  methods 

of a n a l y s i s  a r e  g i v e n  i n  t a b l e  2 , ( G i l l  & A s h t o n ,  1 9 8 2 )  
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Si%WLIRG OF WATER FOR ANALYSIS OF CATIONS AND ANIONS 

H.D.  Gunawardhana 

Dept. sf Chemis t ry ,  Univ. of Colombo 

Water c a n  e x e r t  an  i m p o r t a n t  i n f l u e n c e  on most  c h e m i c a l  r e a c t i o n s  i n  

t h e  e a r t h ' s  c r u s t .  I t  i s  l i k e  a  l i q u i d  e x t r a c t o r  p l a n t  i n  which  

c r u s h e d  r o c k  d e b r i s  i s  c o n t i n u o u s l y  l e a c h e d  by w a t e r .  I n  t h i s  p r o c e s s  

c a t i o n s  and  a n i o n s  a r e  l e a c h e d  i n t o  w a t e r .  The i o n s  a r e  h y d r a t e d  and  

k e p t  a p a r t  by w a t e r  m o l e c u l e s  s u c h  t h a t  t h e  e l e c t r i c a l  n e u t r a l i t y  i s  

m a i n t a i n e d .  N a t u r a l  w e a t h e r i n g  p r o c e s s  a d d s  c a t i o n s  and  a n i o n s  t o  

n a t u r a l  w a t e r  s y s t e m s .  T h i s  a d d i t i o n  is  enhanced  by m a n ' s  a c t i v i t i e s  

s u c h  a s  f a r m i n g ,  d e f o r e s t r a t i o n  e t c .  

Water  h a s  a l w a y s  been  a  v i t a l  n a t u r a l  r e s o u r c e  f o r  man ' s  e x i s t e n c e .  

I t  c a n  b e  s a i d  t h a t  f , r e s h  w a t e r  i s  t h e  most  i m p o r t a n t  n a t u r a l  r e s o u r c e .  

I t ' s  u s e  f o r  d r i n k i n g ,  c o o k i n g ,  a g r i c u l t u r e ,  t r a n s p o r t  i n d u s t r y  e t c .  

i m m e d i a t e l y  shows t h e  e x t e n t  t o  which  i t  i s  a n  i n t e g r a l  p a r t  of o u r  

l i f e .  No m a t t e r  what  t h e  p u r p o s e  f o r  which  w a t e r  i s  r e q u i r e d ,  i t  h a s  

l o n g  been  r e c o g n i s e d  t h a t  i t s  s u i t a b i l i t y  f o r  t h a t  p u r p o s e  c a n  b e  

a f f e c t e d  by d i s s o l ~ ~ e d  a n i o n s  and  c a t i o n s  a s  w e l l  a s  s u s p e n d e d  m a t t e r  

( p r e c i p i t a t e d  a n i o n s  and  c a t i o n s )  i n  w a t e r .  When t h e  q u a l i t y  of w a t e r  

i s  a f f e c t e d  i n  t h i s  manne r ,  t h e  w a t e r  i s  s a i d  t o  b e  " p o l l u t e d " .  The 

w a t e r  p o l l u t i o n  c a n  b e  d e f i n e d  a s  f o l l o w s :  "Through m a n ' s  e x p l o i t a t i o n  

nf h i s  w a t e r  r e s o u r c e s ,  t h e  dynamic  b a l a n c e  i n  a q u a t i c  e c o s y s t e m s  is  

f r e q u e n t l y  d i s t u r b e d  wh ich  may r e s u l t  i n  s u c h  d r a m a t i c  r e s p o n s e s  a s  

f o a m i n g ,  t a s t e ,  o d o u r ,  e t c .  T h e s e  e c o l o g i c a l  r e s p o n s e s  a r e  d e s c r i b e d  

I n  t e r m s  o f  " p o l l u t i o n "  s i n c e  t h e y  i n t e r f e r e  w i t h  man ' s  u s e  of t h e  

w a t e r  r e s o u r c e s " .  

Once t h e  w a t e r  r e s o u r c e s  a r e  a f f e c t e d ,  i t  i s  n e c e s s a r y  t o  a n a l y s e  them, 

t o  c h e c k  t h e  s u i t a b i l i t y  f o r  d r i n k i n g ,  c o o k i n g ,  i n d u s t r y ,  a g r i c u l t u r e  

e t c .  Hundred y e a r s  a g o ,  t h e  w a t e r  a n a l y s i s  w a s  c o n f i n e d  t o  c h e c k i n g  

t h e  s u i t a b i l i t y  f o r  human c o n s u m p t i o n .  The l a s t  two d e c a d e s  o r  s o  

have  s e e n  a  l a r g e  a n d  s t e a d y  I n c r e a s e  i n  t h e  i m p o r t a n c e  a t t a c h i n g  t o  

many a s p e c t s  of w a t e r  q u a l i t y  f o r  a l l  of t h e  above  u s e s  t o  which  it 



1s put. Today, the number of parameters of concern is continually 

increasing and smaller and smaller concentrations are becoming of 

interest. The number .of laboratories making routine analysis of 

water is continually increasing as is the number of analysts concerned 

with water. In addition, a much wider range of analytical techniques 

and more sophisticated instrumentation and methods than hitherto are 

being employed to meet requirements of growing difficulty. 

In order to assess the suitability of the water body for any purposes 

mentioned, it is necessary to analyse a sample from the water body. 

Prior to sampling, it is necessary to locate the sampling site(s). 

The analytical chemist should ensure that the locations at which samples 

are taken are representative of the water of interest. 

Time of sampling : may be related to discharge of industrial 

effluent into the water body concerned. 

Frequency of Sampling : The ideal approach might often be to obtain 

a continuous record of the concentrations 

of anions and cations. This is, at present, 

generally impracticable. A large sampling 

frequency is generally advisable. 

Basic aims of sampling may be summarized as follows : 

(a) to obtain a sample whose concentrations of determinands (parameters 

i.e. anions and cations in this case) are identical to those in 

the water of interest at the time of sampling. 

i-e. a representative sample 

(b) to ensure that the concentrations of the determinands do not 

change between sampling and analysis. 

How do we obtain a representative sample ? 

Sampling Location 

If we want to measure the eff~clency of a chemlcal plant for purlfylng 

water, sampllng locations wlll be requlred before and after the plant. 

Slmllarly, when the effect of an effluent discharge on the water-quallty 



of t h e  r e c 7 e i v i n g  r i v e r  i s  of i n t e r e s t ,  sample  w i l l  be r e q u i r e d  from 

l o c a t i o n s  upst ream and. downstream, of t h e  d i s c h a r g e .  More complex 

programmes i n v o l v e  t h e  q u a l i t y  s u r v e i l l a n c e  i n  a n  e n t i r e  r i v e r  b a s i n  

o r  w i t h i n  t h e  p o t a b l e - w a t e r  d i s t r i b u t i o n  sys tem of a  l a r g e  a r e a .  

Sampling Positions 

Even when t h e  g e n e r a l  l o c a t i o n s  have been chosen ,  t h e  e x a c t  p o s i t i o n s  

from which t o  c o l l e c t  samples  w i l l  o f t e n  need t o  be chosen c a r e f u l l y  

i f  r e p r e s e n t a t i v e  samples  a r e  t o  be  o b t a i n e d .  Sampling p o s i t i o n s  s e e m  

o f t e n  t o  be  chosen  a s  t h e  b a s i s  of a c c e s s i b i l i t y  and convenience  than  

t h e i r  s u i t a b i l i t y  a s  s o u r c e s  of r e p r e s e n t a t i v e  samples .  T h i s  may some- 

t i m e s  be u n a v o i d a b l e  b u t  i t  is a lways  worth  s e e k i n g  a n  a l t e r n a t i v e  

p o s i t i o n  i f  t h e  one t h a t  is a c c e s s i b l e ,  i s  l i k e l y  t o  p r o v i d e  i n f o r m a t i o n  

of u n c e r t a i n  v a l u e .  Sampling from t h e  b o u n d a r i e s  of w a t e r  sys tems 

s h o u l d  g e n e r a l l y  be  avo ided  e x c e p t  when t h o s e  r e g i o n s  a r e  of d i r e c t  

i n t e r e s t .  U n d e s i r a b l e  sampl ing  p o s i t i o n s  may be  c i t e d  a s  t h e  banks ,  

s u r f a c e  o r  bot toms of r i v e r s  e t c .  Sometimes it may be n e c e s s a r y  t o  c a r r y  

o u t  a n  e x p e r i m e n t a l  i n v e s t i g a t i o n  on t h e  proposed sampl ing p o s i t i o n s .  

On t h e  f i r s t  d a y ,  s e v e r a l  samples  from s e v e r a l  sampl ing p o s i t i o n s  cou ld  

be a n a l y s e d  t o  f i n d  o u t  t h e  c o n v e n i e n t  r e p r e s e n t a t i v e  sampl ing  p o s i t i o n .  

A sample  of w a t e r  t a k e n  from a  pump o r  t a p  i n i t i a l l y  w i l l  d i f f e r  from 

one t a k e n  a f t e r  t h e  w a t e r  has  been a l lowed  t o  f l o w  a  set  amount of t ime .  

Problems i n  s e l e c t i n g  s u i t a b l e  sampl ing  p o s i t i o n s  a r i s e  whenever t h e  

de te rminands  a r e  n o t  homogeneously d i s t r i b u t e d  th roughout  t h e  wa te r  

of i n t e r e s t .  Anions and c a t i o n s  may occur  a s  s o l i d s  l e a d i n g  t o  

h e t e r o g e n e i t y .  e g .  Ca3 !po4)2- These  i n o r g a n i c  s e d i m e n t s  i n  r i v e r s  

and o t h e r  n a t u r a l  w a t e r s  t e n d  t o  i n c r e a s e  i n  c o n c e n t r a t i o n s  w i t h  

i n c r e a s i n g  d e p t h  b e c a u s e  t h e  p a r t i c l e s .  t e n d  t o  s e t t l e .  Sometimes 

t h e s e  i n s o l u b l e  m a t e r i a l s  arehomogeneously  d i s t r i b u t e d .  e g .  P i p e ,  

P l a n t  w i t h  s u f f i c i e n t  t u r b u l a n c e .  

I f  t h e  w a t e r  body 1s h e t e r o g e n e o u s ,  more t h a n  one samplzng p o s i t l o n  

s h o u l d  be  chosen  from e a c h  sampl lng  location. Havsng d e c l d e d  t h e  

sanpl- lng p o s l t l o n s  t h e  e x t e n t  of suspended m a t t e r  s h o u l d  be  checked 

experimentally. These  samples  s h o u l d  be t a k e n  from t h e  same d e p t h .  

Turbldsmetry  may be  used  t o  check t h e  e x t e n t  of suspended m a t t e r .  

Depending on t h e  t u r b l d l m e t r s c  measurements t h e  number of sampl lng 



p o s i t i o n s  c a n  be  r e d u c e d .  N e x t ,  a t  e a c h  p o s i t i o n  s a m p l e s  s h o u l d  b e  

t a k e n  a t  d i f f e r e n t  d e p t h s .  T h e s e  a l s o  s h o u l d  be  s u b j e c t  t o  

t u r b i d i m e t r i c  m e a s u r e m e n t s .  

The s a m p l e  s h o u l d  b e  f i l t e r e d  t h r o u g h  0 . 4 5 P m  f i l t e r  immediately a f t e r  

c o l l e c t i o n .  A f i l t e r i n g  d e v i c e  i n  Flg. 1 may b e  u s e d  f o r  t h i s  p u r p o s e .  

The vaccum i n  t h e  f i e l d  c a n  b e  a c h i e v e d  us'ing a  b i c y c l e  pump. The 

f i l t r a t i o n  a c h i e v e s  t h e  s e p a r a t i o n  of t h e  s u s p e n d e d  m a t t e r  f rom t h e  t r u e  

solution. 

Fig 1 - WATER FILTRATION 

CLAMP 



Inhomogene i ty  a l s o  a r i s e s  d u e  t o  incompletely mixed w a t e r s ,  e g .  

i .  t h e  t h e r m a l  s t r a t i f i c a t i o n  of l a k e s  and r e s e r v o i r s ;  

i i .  t h e  s a l t  and  f r e s h  w a t e r  e s t u a r i e s ;  

i i l .  t h e  d i f f e r e n t  c o m p o s i t i o n  of t h e  w a t e r  a t  d i f f e r e n t  p o i n t s  

w i t h i n  s t r e a m / w a t e r  drum b o i l e r s ;  

i v .  t h e  d i s c h a r g e  of e f f l u e n t s  i n t o  r i v e r s  o r  s t r e a m s  

I n  a l l  t h e  a b o v e  c a s e s ,  s e v e r a l  s a m p l i n g  p o s i t i o n s  a r e  n e c e s s a r y ;  t h e  

number d e p e n d i n g  on t h e  s i z e  of t h e  w a t e r  s y s t e m  and t h e  d e g r e e  of 

h e t e r o g e n e i t y .  The d e g r e e  of h e t e r o g e n e i t y  c a n  v a r y  w i t h  t i m e .  

F r e q u e n t  s a m p l i n g  may b e  r e q u i r e d  i n i t i a l l y  t o  s t u d y  t h i s  e f f e c t .  

To r e d u c e  t h e  amount of  work i n v o l v e d  i n  a n a l y s i n g  s a m p l e s  f rom a  number 

of  p o s i t i o n s ,  it i s  some t imes  u s e f u l  t o  combine  t h e  s a m p l e s  b e f o r e  

a n a l y s i s .  When t h i s  i s  d o n e ,  t h e  p r o p o r t i o n s  i n  which  t h e  i n d i v i d u a l  

s a m p l e s  a r e  mixed m u s t  b e  c a r e f u l l y  c h o s e n  s o  t h a t  t h e  composite sample  

is  a d e q u a t e l y  r e p r e s e n t a t i v e .  

C l e a n i n g  p r o c e d u r e  f o r  c o n t a i n e r s  : 

CLEANING PROCEDURE 

wash well wiih 1 detergent 

rinse with 
clean water 1 

I rinse thoroughly 
I with distilled water 

/ soak in acid 
( (at least 24. hours )  

I dry ccrnpletely I I in oven or 

H C Z  o r  
HN03 

1 drying cabinet 1 



The c l e a n e d  c o n t a i n e r  i s  now u s e d  f o r  s a m p l i n g .  For many a p p l i c a t i o n s  

i n  which  n a t u r a l  w a t e r s  a r e  of i n t e r e s t ,  no s p e c i f i c  sampl-ing method 

i s  r e q u i r e d .  I t  is o f t e n  s u f f i c i e n t  t o  immerse t h e  c o n t a i n e r  i n  t h e  

w a t e r  of i n t e r e s t .  The mouth of t h e  c o n t a i n e r  s h o u l d  f a c e  away from 

t h e  d i r e c t i o n  of t h e  w a t e r  f l o w ,  T h i s  p r o c e d u r e  is q u i t e  a d e q u a t e  i f  

t h e  d e t e r m i n a n d s  are t h e  d i s s o l v e d  a n i o n s  and  c a t i o n s .  The c o n t a i n e r  

need  n o t  be  d r y .  I t  i s  recommended t o r i n s e t h e  c o n t a i n e r  two o r  

t h r e e  t i m e s  w i t h  t h e  s a m p l e  b e f o r e  f i n a l l y  f i l l i n g  t h e  c o n t a i n e r .  

When i t  i s  r e q u i r e d  t o  s a m p l e  f rom d e p t h s ,  s p e c i a l  c o n t a i n e r s  a r e  

a v a i l a b l e  f o r  l o w e r i n g  i n t o  t h e  w a t e r  and o b t a i n i n g  a s e a l e d  sample  

c o l l e c t e d  f rom a  c h o s e n  d e p t h .  

When u n d i s s o l v e d  c a t i o n s  and  a n i o n s  ( e g .  Calc ium p h o s p h a t e )  a r e  of 

i n t e r e s t ,  a  d i f f e r e n t  method of s a m p l i n g  s h o u l d  be  u s e d .  Then a n  

a d e q u a t e l y  c l e a n ,  d r y  ( f r e e  f rom w a t e r )  c o n t a i n e r  c a n  be  used  w i t h o u t  

r i n s i n g .  The s a m p l e  i s  c o l l e c t e d  d i r e c t l y  i n t o  t h e  c o n t a i n e r ,  and  

t h e  mouth of t h e  c o n t a i n e r  s h o u l d  f a c e  i n  t o  t h e  w a t e r  f l o w .  I d e a l l y ,  

t h e  v e l o c i t y  of  t h e  s a m p l e  s t r e a m  s h o u l d  be  e q u a l  t o  t h e  v e l o c i t y  

of t h e  w a t e r  b e i n g  sampled .  T h i s  i s  t h e  i s o - k i n e t i c  s a m p l i n g .  ( F i g .  2) 

Velocity in -?rnplee I so-kinetic sampling Vclcciry in sampin 
greater than in watcr  less then 1.1 u-atcr 
king samnlcd bdng sprnpled 
7- -- I 

- . 
I 

I W c r  of ~ n l e c  of / . In le t  of j 
sampler sampler samplzr I 

\ 
-__S--- 
- - - ) - - -  - - - -  - - 

.- jfmotcs flowlines of water 

- - - g - - - - denotes flowlines of s l i d  particles 

FIG. 2 BSO-KINETIC SAMPLING 

L f t h e  i s o - k i n e t i c  s a m p l i n g  i s  n o t  a c h i e v e d  t h e  s a m p l e  c o n t a i n s  e i t h e r  

more u n d i s s o l v e d  m a t t e r  ( o r  lesser u n d i s s o l v e d  m a t t e r )  t h a n  t h e  w a t e r  

In t h e  s t r e a m .  Immediate f i l t r a t i o n  ( F i g  1) is  recommended a f t e r  s a m p l i n g .  



Sample stability 

To e n s u r e  t h e  c o n c e n t r a t i o n s  of  d e t e r m i n a n d  do  n o t  change  between 

s a m p l i n g  and analysis, i t  i s  somet imes  n e c e s s a r y  t o  p r e s e r v e  t h e  

s a m p l e s ,  Depending on t h e  n a t u r e  of d e t e r r n i n a n d s ,  t h e  sample  

s t a b i l i t y  c a n  somet imes  b e  a c h i e v e d  by t h e  a d d i t i o n  of p r e s e r v a t i v e s .  

Main f a c t o r s  a f f e c t i n g  t h e  s t a b i l i t y  of t h e  samples  a r e  : 

i. t h e  n a t u r e  of t h e  s a m p l e s  

ii .  t h e  s a m p l e  c o n t a i n e r  

i ii .  t h e  a d d i t i o n  of p r e s e r v i n g  r e a g e n t s  t o  t h e  sample  

( i )  Depending on t h e  n a t u r e  of t h e  s a m p l e  Chemical  and  B i o l o g i c a l  

r e a c t i o n s  o c c u r  be tween s a m p l i n g  and a n a l y s i s .  

Chemical Reactions 

P r e c l p i t a t l o n  of c a l c i u m  c a r b o n a t e .  T h i s  l e a d s  t o  changes  i n  

p H , a l k a l i n i t y  and h a r d n e s s .  Precipitation of i r o n  a s  Fe(OH) 
3 

on e x p o s u r e  t o  a i r .  

Biological Activity 

B a c t e r i - a  and  a l g a e  c a n  consume p a r t i a l l y  o r  c o m p l e t e l y ,  a  number 

of s u b s t a n c e s  r e q u i r e d  f o r  t h e i r  g r o w t h .  e g .  n i t r o g e n ,  phosphorus  

and  s i l i c o n  compounds. 

The b i o l o g i c a l  a c t i v i t y  i s  p r e v e n t e d  o r  r e d u c e d  by s t o r i n g  t h e  

sample  a t  4°C' W e  c a n  p r e s e r v e  many a n i o n s  i n c l u d i n g  n i t r a t e ,  

p h o s p h a t e ,  G s i l i c a t e  by r e d u c i n g  t h e  t e m p e r a t u r e  t o  4°C 

i m m e d i a t e l y  a f t e r  s a m p l i n g .  

A l g a l  and  b a c t e r i a l  a c t i v i t y  c a n  a l s o  be  r e d u c e d  s u f f i c i e n t l y  

by f i l t e r i n g  t h e  s a m p l e  d u r i n g  o r  i m m e d i a t e l y  a f t e r  c o l l e c t i o n .  

F i l t e r i n g  s a m p l e  t h r o u g h  0 . 4 5  m g l a s s  f i b r e  f i l t e r  and  P 
s t o r i n g  t h e  f i l t r a t e  a t  4 ° C  w i l l  p r e v e n t  o r  m i t i g a t e  t h e  

b i o l o g i c a l  a c t i v i t y .  

( i i )  Sample c o n t a i n e r s  may have  i m p o r t a n t  e f f e c t  on s a m p l e  s t a b i l i t y .  

T h e r e  a r e  recommendat ions  on t h e  t y p e  of c o n t a i n e r  s u i t a b l e  f o r  

e a c h  d e t e r m i n a n d .  Many p u b l i c a t i o n s  on t h i s  s u b j e c t  do  n o t  

a l w a y s  a g r e e .  P o l y e t h y l e n e  ( p l a s t i c ,  p o l y p r o p y l e n e )  o r  g l a s s  



( p r e f e r a b l y  b o r o - s i l i c a t e )  c o n t a i n e r s  a r e  w i d e l y  u s e d .  G l a s s  

c o n t a i n e r s  c a n  b e  more e f f i c i e n t l y  c l e a n e d .  

P o l y e t h y l e n e  c o n t a i n e r s  s h o u l d  be  u s e d  when t r a c e s  of s i l i c o n  

o r  sodium a r e  t o  b e  d e t e r m i n e d .  These  a r e  a l s o  used  when s m a l l  

c o n c e n t r a t i o n s  of  c a t i o n s  a r e  of i n t e r e s t .  L i t h i u m  and coppe r  

c ~ n t a m i n a t i o n  f rom p o l y e t h y l e n e  c o n t a i n e r s  h a s  been  r e p o r t e d .  

G l a s s  c o n t a i n e r s  a r e  p r e f e r r e d  when L i t h i u m ,  Copper and 

o r g a n i c  compounds a r e  of i n t e r e s t .  I r o n ,  manganese ,  z i n c  and 

l e a d  may be  l e a c h e d  f rom g l a s s .  T h e r e f o r e ,  g l a s s  c o n t a i n e r s  a r e  

u n s u i t a b l e  i f  c a t i o n s  e x c e p t  l i t h i u m ,  c o p p e r  and  ammonium a r e  of 

i n t e r e s t .  I n  g e n e r a l ,  i t  i s  b e s t  t o  c h e c k  e x p e r i m e n t a l l y  f o r  

o n e ' s  own p a r t i c u l a r  c o n d i t i o n s  ( a v a i l a b l e  p l a s t i c  and g l a s s  

c o n t a i n e r s )  w h e t h e r  t h e r e  is  a c o n t a m i n a t i o n  f rom t h e - c o n t a i n e r  

l o r  l o s s  t o  t h e  c o n t s  i n e r  ) . 

( i i i )  S a t i s f a c t o r y  s a m p l e  s t a b i l i t y  may o f t e n  be  a c h i e v e d  by t h e  

a d d i t i o n  o f  a  r e a g a n t  t o  t h e  sample  d i r e c t l y  a f t e r  c o l l e c t i o n  

o r  t o  t h e  empty s a m p l e  c o n t a i n e r  b e f o r e  c o l l e c t i o n .  Many 

d i f f e r e n t  r e a g e n t s  have  been  u s e d .  The c o n c l u s i o n s  r e a c h e d  

by d i f f e r e n t  w o r k e r s  on t h e  r e l a t i v e  s u i t a b i l i t i e s  of t h e s e  

r e a g e n t s  do  n o t  a l w a y s  a g r e e .  

T h e r e  i s  a  g e n e r a l  ag reemen t  t h a t  a c i d i f i c a t i o n o f  s amples  i s  n e c e s s a r y  

when t r a c e  m e t a l s  a r e  t o  b e  d e t e r m i n e d .  The a d d i t i o n  of a  m i n e r a l  

a c i d  ( n l t r l c  , s u l p h u r i c ,  o r  h y d r o c h l o r i c )  t o  b r i n g  down t h e  pH of t h e  

s a m p l e  t o  1-2 i s  recommended. T h i s  w i l l  p r e v e n t  t h e  c h e m i c a l  r e a c t i o n s  

l e a d i n g  t o  t h e  f o r m a t i o n  of h y d r o x i d e s  which s u b s e q u e n t l y  w i l l  be 

a d s o r b e d  on t o  t h e  w a l l  of t h e  c o n t a i n e r .  The a c i d i f i c a t i o n  t o  pH 1 

e n s u r e s  s t a b i l i t y  of e l e m e n t s  s u c h  a s  i r o n ,  c o p p e r ,  n i c k e l ,  a luminium 

and z i n c  f o r  a t  l e a s t  s e v e r a l  weeks.  The a d d i t i o n  of 0.8 cmJ of 

c o n c e n t r a t e d  s u l p h u r i c  a c i d  is  a l s o  recornmended t o  p r e s e r v e  ammonia and 

n i t r a t e ,  

B i o c i d a l  2-eagents  s u c h  a s  m e r c u r i c  c h l o r i d e ,  t o l u e n e  e t c .  a r e  u sed  

t o  r e d u c e  the b i ~ l o g i c a l  a c t i v i t y  i n  pnosphorus  and n i t r o g e n  compounds. 
3 3 

5 cm of c h l o r o f o r m  p e r  dm of t h e  sample  are  recammended t o  p r e s e r v e  



p h o s p h a t e .  If t h e  determination of  t o t a l  a l k a l i n i t y  a n d  c a l c l u m ,  

magnes ium,  c h l o r i d e  a n d  s u l p h a t e  i s  i n v o l v e d ,  n o  p r e s e r v a t i v e s  s h o u l d  

b e  a d d e d .  G e n e r a l  scheme f o r  s a m p l e  c o n t a i n e r s  and  preservation i s  

g i v e n  be low  : 

SAMPLING - ANALYSIS - PRESERVATION 

AT THE SITE r ---I 1 T e m p e r a t u r e ,  pH, I 
Eh,  d i s s o l v e d  0 L 4  

ON-SITE LAEORATORY 7 1 

T e m p e r a t u r e ,  pH, 
Eh ,  e l e c t r i c a l  c o n d u c t i v i t y  

g l a s s  ! p l a s t i c  g l a s s  g l a s s  g l a s s  

I- cuso, ,  1 g / l  



Somet imes '  t h e  p r e s e r v i n g  r e a g a n t s  may i n t e r f e r e  i n  t h e  a n a l y t i c a l  

p r o c e d u r e .  I n  o u r  r e c e n t  e x e r c i s e  on i n t e r l a b o r a t o r y  c o m p a r i s o n s  of 

a n a l y t i c a l  m e t h o d s ,  w e  f o u n d  t h a t  t h e  s t a n d a r d  c o l o r i m e t r i c  p r o c e d u r e  

f o r  n i t r a t e  u s i n g  p h e n o l  2 . 4  d i s u l p h o n i c  a c i d  r e a g e n t  s u f f e r s  

i n t e r f e r e n c e  f r o m  s u l p h u r i c  a c l d  wh ich  i s  u s e d  a s  a  p r e s e r v i n g  

r e a g e n t  f o r  n i t r a t e .  But t h e  copper ized , -cadmium r e d u c t i o n  method 

c o u l d  n o t  b e  a f f e c t e d  b y  s u l p h u r i c  a c i d .  T h e r e f o r e ,  d e p e n d i n g  on t h e  

a n a l y t i c a l  method u s e d  s u i t a b l e  p r e s e r v i n g  r e a g e n t s  s h o u l d  b e  c a r e f u l l y  

s e l e c t e d .  
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SAMPLING FOR ANALYSIS OF SOME SELECTED FOOD mTERIALS 

N . M .  P i e r i s  . 

A n a l y t i c a l  C h e m i s t r y  S e c t i o n j C I S I R  

I n  t h i s  s h o r t  t i m e  t h a t  h a s  b e e n  a s s i g n e d  t o  m e  I w i l l  c o n s i d e r  two 

s p e c i f i c  e x a m p l e s  t h a t  h a v e  been  e n c o u n t e r e d  by u s  d u r i n g  t h e  work 

t h a t  w e  h a v e  c a r r l e d  o u t .  

( a )  S a m p l i n g  of Manioc ( M a n i h o t  u t i l i s s i m a  C r a n t z )  t u b e r s  f o r  

d e t e r m i n a t i o n  of  C y a n o g e n i c  g l u c o s i d e  ( t o t a l  c y a n i d e )  c o n t e n t .  

( b )  S a m p l i n g  o f  f r u i t s  a n d  v e g e t a b l e s  f o r  d e t e r m i n a t i o n  of v i t a m i n  C .  

B e f o r e  g e t t i n g  on  t o  s a m p l i n g  t e c h n i q u e s  p r o p e r ,  I w i l l  g i v e  you 

some i n f o r m a t i o n  on  C y a n o g e n i c  g l u c o s i d e s  a n d  v i t a m i n  C s o  t h a t  

a  b e t t e r  u n d e r s t a n d i n g  of t h e  r e a s o n s  f o r  c e r t a i n  p r e c a u t i o n s  t h a t  

h a v e  t o  b e  t a k e n  d u r i n g  s a m p l i n g  c o u l d  b e  o b t a i n e d .  

Sampling of Manioc t u b e x s  f o r  determination of C y a n o g e n i c  

glucoside content 

Cyanogeni- glucoside 

Manioc c o n t a i n s  a  C y a n o g e n i c  g l u c o s i d e  c a l l e d  L i n a m a r i n  w h i c h  on  

h y d r o l y s i s  y i e l d s  h y d r o g e n  c y a n i d e .  The h y d r o g e n  c y a n i d e  c a n  b e  

e s t i m a t e d  a n d  h e n c e  t h e  t o t a l  c y a n i d e  c o n t e n t  d e t e r m i n e d .  

L ina rna r i n  

( f! - g i u c o s i d e  i 



H C - C - O H  Hydroxy n l t r l l e -  H C - C = 0  t HCN 

1 
3 

l y a s e  ( o r  8 0 ° C )  

The g l u c o s i d e  o c c u r s  t o g e t , i e r  wi th  an  enzyme,  L l n a m a r a s e .  ' The ~ l u c o s l d e  

and :he enzyme a r e  s x s u a l l y  s e o a r a t e d  by l n t r a c e l l u l a r  l o c a l i s a t i s n  and  when 

t h e  c e l l s  a r e  damaged come i n t o  c o n t a c t  l i b e r a t i n g  hydrogen  c y a n i d e .  

T h e r e f o r e  when 'man ioc  t u b e r s  a r e  s ampled  f o r  d e t e r m i n a t i o n  of 

Cyanogen ic  g l u c o s i d e  c o n t e n t  a n y  s a m p l e  p r e p a r a t i o n  t h a t  h a s  t o  b e  

d c n e  h a s  t o  b e  c a r r i e d  o u t  f a s t  and  samples  n o t  k e p t  s t a n d i n g  

b e f o r e  t h e  d e t e r m i n a t i o n  i s  c a r r i e d  o u t  t o  o b t a i n  a t r u e  v a l u e  f o r  

t o t a l  c y a n l d e  c o n t e n t ?  

A i l  v a i i e t i e s  of t h e  p l a n t  and  a l l  p a r t s  of t h e  p l a n t  c o n t a i n  t h e  

Cyanogen ic  g l u c o s i d e .  

The c o n c e n - r a t l o n  of t h e  g l u c o s i d e  depends  on ( a )  v a r i e t y  

(b) t l s s u e  ( c )  s t a g e  of deve lopmen t  a n d  ( d )  e n v i r o n m e n t .  

Distribution of Cyanogenic glucoside in tubers 

I n  t h e  e d i b l e  p a r t  of t h e  r o o t  ( t u b e r )  t h e  p r o x i m a l  end  c o n t a i n s  

t h e  h i g h e s t  c o n c e n t r a t i o n  of t h e  g l u c o s i d e  and  t h e r e  i s  an  i n c r e a s e  

i n  g l u c o s i d e  c o n c e n t r a t i o n  f r o m  c e n t r e  o u t w a r d s ,  t h a t  is. t h e  p e e l  

c o n t a i n s  h i g h e r  l e v e l s  t h a n  t h e  c e n t r a l  p a r t .  No two t u b e r s  of t h e  

same p l a n t  c o n t a i n  t h e  same amount of g l u c o s i d e .  

T h e r e f o r e  s a m p l i n g  of t u b e r s  become a  p rob lem a s  b u l k y  t u b e r s  

(500g  t o  ?Kg) w i t h  a  c o n c e n t r a t i o n  g r a d i e n t  i n  b o t h  h o r i z o n t a l  and  

r a d i a l  d i r e c t i o n s  a r e  e n c o u n t e r e d .  

Sampling of tubers 

I n  t h e  d e t e r m i n a t i o ?  of t o t a l  c y a n i d e  c o n t e n t  a method of s e l e c t i o n  

of r e p r e s e n t a t i v e  s a m p l e s  and  t h e  i d e a l  s a m p l e  s i z e  had t o  b e  known 

bef o r e  c a r r y i n g  o u t  t h e  q u a n t i t a t i v e  a n a l y s i s ,  



I n  o u r  -work s e v e r a l  t r e a t m e n t s  had t o  b e  compared .  ,$?hen t h e  

Cyanogenic  g i ~ l c o s i d e  c o n t e n t  of raw manioc had t o  be  compared w i t h  

b o i l e d  1;Lanioc o r  f r i e a  manioc r_o d e t e r m i n e  l o s s e s  on b o i l i n g  o r  

f r y i n g  two s a m p l e s  had t o  b e  compared .  When raw manioc was c o n v e r t e d  

t o  c h i p s  wh ich  i n  t u r n  was c o n v e r t e d  t o  f l o u r  f o r  u s e  i n  p r e p a r a t i o n  

of p r o c e s s e d  p r o d u c t s  s l ~ c h  a s  b r e a d ,  r o t i  o r  p i t t u  o r  when c h i p s  

were  c o n v e r t e d  t o  s t a r c h  s e v e r a l  s amples  had t o  be compared .  When t h e  

t o t a l  c y a n i d e  c o n t e n t  on a g e l n g  of t u b e r s  had t o  b e  d e t e r m i n e d  t h e  

c y a n i d e  c o n t e n t  f rom tube: t o  t u b e r  had t o  b e . c o m p a r e d .  Sampl ing  

p r o c e d u r e s  had  t o  be  worked o u t  f o r  e a c h  of t h e  a b o v e .  

Fo r  c o m p a r i s o n  of twc  s a m p l 2 s  t h e  s a m p l i n g  method t h a t  was a d o p t e d  

w a s  t h a t  of q u a r t e r j n g  t h e  t u b e r  and  p o o l i n g  o p p o s i t e  q u a r t e r s .  The 

s a m p l e s  were  b l e n d e d  u n t i l  c o m p l e t e l y  homogeneous b e f o r e  and a f t e r  

t r e a t m e n t .  The r e s u l t s  o b t a i n e d  a s  g i v e n  i n  T a b l e  1 show t h a t  t h i s  

s a m p l i n g  p r o c e d u r e  was a d e q u a t e .  

Sa.npling of whole manioc 

T o t a l  Cyan ide  (mg /kg ,  f r e s h  w e l g h t )  
ExpL, N O .  

Sample A Sample  B 

a 122 124 

I 5  1 5 0  

When a c o m p a r i s o n  of more t h a n  two s a m p l e s  had  t o  b e  c a r r i e d  o u t  

s u c h  as i n  t h e  c o n v e r s i o n  of raw manioc i n t o  c h i p s  and  d r y i n g  c h i p s  

i n  a  f o r c e d  d r a f t  oven  o r  s t i l l  oven  s t  v a r i o u s  t e m p e r a t u r e s  o r  on 

sun  d r y i n g ,  t h e  s a rnp l lny  p r o c e d u r e  t h a t  was a d o p t e u  was a  s a m p l i n g  

of c h i p s  a t  random s o  t h a t  e a c h  sample  c o n i a i n e d  a  t o t a l  of 5 0 : t o  

125 c h i p s  w e i g h i n g  100 t o  250g on d r y  w e i g h t  o r  200 t o  5009 on we t  

w e i g h t .  The r e s u l t s  o b t a i n e d  by t h i s  s a m p l i n g p r o c e d u r e  a r e  a s  

g i v e n  i n  T a b l e  2 .  



Table 2 

Sampling of Manioc chips 

- 
B a t c h  Nc. T o t a l  C y a n l d e  ( m g / k g ,  d r y  w e l g h t )  

1 209 + 11 

2  64 + 4 
3 138  + 7 
4 1 0 1  t 6 

5 135  + 1 3  

Number of s a m p l e s  i n  e a c h  b a t c h  was 6 .  

F o r  s a m p l i n g  of Manioc t u b e r s  fcr a g e i n g  e x p e r i m e n t s  w h o l e  m a n i o c  

t u b e r s  w e r e  s a m p l e d  a t  r andom w i t h  a s a m p l e  s i z e  of  a t  l e a s t  2.5Kg 

f o r  e a c h  s a m p l i n g  p o i n t .  T h e  r e s u l t s  o b t a i n e d  a r e  a s  g i v e n  i n  

T a b l e  3 .  

Table 3 

Sampling of Manioc t u b e r s  

B a t c h  N o .  T o t a l  C y a n i d e  ( m g / k g ,  d r y  w e i g h t )  

S a m p l e  A S a m p l e  B 



Sampling of Fruits and Vegetables for determination 

of Vitamin C content 

A s c o r b i c  a c i d  i s  t h e  main s o u r c e  of V i t a m i n  C .  

HOC 

0 = COH 

I 
o = c  

HCOH 

I 
HOC H 

L - a s c o r b i c  a c i d  L-dehydro  a s c o r b i c  a c i d  2 , 3  d i k e t o  g u l o n i c  a c i d  

L - a s c o r b i c  a c i d  s l o w l y  u n d e r g o e s  o x i d a t i o n  t o  d e h y d r o  a s c o r b i c  a c i d  

which  i s  t h e n  c o n v e r t e d  t o  2 , 3  d i k e t o  g u l o n i c  a c i d  and  f i n a l l y  

t o  s m a l l e r  b r e a k  down p r o d u c t s .  The r a t e  of o x i d a t i o n  depends  on 

t e m p e r a t u r e ,  l i g h t  l e v e l s  of o x i d i s i n g  enzymes o r  of c e r t a i n  m e t a l l i c  

i o n s  which  a c t  a s  c a t a l y s t s  t o  t h e  breakdown p r o c e s s .  

A s c o r b i c  a c i d  and  d e h y d r o  a s c o r b i c  a c i d  h a v e  s i m i l a r  a c t i v i t y  

b u t  d i k e t o  g u l o n i c  a c i d  i s  i n a c t i v e .  

O b t a i n i n g  a  r e p r e s e n t a t i v e  s a m p l e  i s  a  v e r y  i m p o r t a n t  p a r t  of a n y  

a n a l y s i s  b u t  i s  p a r t i c u l a r l y  s o  f o r  v i t a m i n  C .  L i q u i d  s a m p l e s  s u c h  

a s  f r u i t  j u i c e s ,  c o r d i a l s  e t c .  o r  s o l i d  s a m p l e s  s u c h  a s  a r t i f i c i a l  

d r i n k  powders  o r  p r o c e s s e d  p r o d u c t s  a r e  f a i r l y  s t r a i g h t  f o r w a r d  and  

o n l y  r e q u i r e  m i x i n g  b e f o r e  s a m p l i n g .  

The r e a l  p rob lem a r i s e s  when f r u i t s  and  v e g e t a b l e  p r o d u c t s  h a v e  t o  

be  s a m p l e d .  

The v i t a m i n  C c o n t e n t  I n  most  m a t e r i a l s  v a r i e s  w i t h  ( a )  v a r l e t y  

( b )  m a t u r l t y  ( c )  a g e  a f t e r  h a r v e s t i n g  ( d )  e n v i r o n m e n t  a n d  ( e )  s e a s o n .  



Sampling 

The d i s t r i b u t i o n  of vitamin C is  a n y t h i n g  b u t  even  i n  a  s i n g l e  p r o d u c t .  

Many v e g e t a b l e s  e g .  Cabbage ( B r a s s i c a  o l e r a c e a )  have  c o n s i d e r a b l y  

h i g h e r  c o n c e n t r a t i o n s  of t h e  v i t a m i n  i n  t h e  o u t e r  l a y e r s  compared 

w i t h  t h e  m i d d l e .  ( T a b l e  4 )  Similarly t h e  d i s t r i b u t i o n  round  t h e  

head  i s  n o t  e v e n .  Hence i t  i s  n e c e s s a r y  t o  t a k e  s egmen t s  s u c h  a s  

i n  an  o r a n g e  and  make e x t r a c t s  of t h e s e .  I t  i s  n e c e s s a r y  t o  t a k e  

f a r  more s a m p l e s  t h a n  i s  r e q u i r e d  f o r  t h e  a n a l y s i s  i n  o r d e r  t o  e n s u r e  

t h a t  t h e  f i n a l  e x t r a c t  i s  r e p r e s e n t a t i v e  of  t h e  s a m p l e .  

V i t amin  C c o n t e n t  i n  
Common Name B o t a n i c a l  Name e d i b l e ,  mg/100g 

1 Cabbage  B r a s s i c a  o l e r a c e a  -- 
1 ( o u t e r  l e a v e s )  
I 

I 
1 Cabbage  
1 

( i n n e r  l e a v e s  ) 

I n  mos t  i n s t a n c e s  a  c e r t a i n  w e i g h t  of  t h e  s a m p l e  i s  m a c e r a t e d  w i t h  t h e  

e x t r a c t i n g  s o l u t i o n  a n d  made up t o  a  l a r g e  volume and  a l i q u o t s  t a k e n  

f o r  a n a l y s i s ,  T h i s  t y p e  of p r o c e d u r e  was s a t i s f a c t o r y  f o r  s a m p l e s  

c o n t a i n i n g  a s m a l l  p e r c e n t a g e  of  i n s o l u b l e  s o l i d s  s u c h  a s  j u i c e s .  

However t h i s  method was u n s a t i s f a c t o r y  f o r  s a m p l e s  c o n t a i n i n g  

s u b s t a n t i a l  l e v e l s  of  i n s o l u b l e  s o l i d s  s u c h  as i n  p i n e a p p l e  (Ananas  

s a t i v a s ) ,  Wood a p p l e  ( F e r o n i a  l i m o n i a )  o r  B e l i  ( A e g l e  m a r m e l o s ) .  I n  

s u c h  c a s e s  t h e  i n s o l u b l e  m a t t e r  h a s  t o  b e  f i l t e r e d  a n d  r e e x t r a c t e d  

w i t h  s o l v e n t .  I n  some c a s e s  i t  was n e c e s s a r y  t o  r e p e a t  t h i s  p r o c e s s  

and  t h e  two o r  more e x t r a c t s  S u l k e d .  



Precautions to be Lalren 

I n  g e n e r a l  s a m p l e s  f o r  va t aman  C a n a l y s l s  s h o u l d  n o t  b e  s t o r e d .  F r e s h  

f o o d  sho; ld  b e  a n a l y s e d  w l t h l n  a  d a y  o r  s o  a t  t h e  most  a n d  t h e  f o o d  

s h o u l d  not b e  b r o k e n  o- c u t  u n l e s s  t h e  a n a l y s l s  can b e  c o m p l e t e d .  

Cooked food s h o u l d  b e  f r o z e n  r a p l d l y ,  p r ~ ! 3 r a ' ~ i y  addang  extracting 

solution a n d  k e p t  Z r o z e n  u n r a l  t h e  F n a l y s l s  c o u l d  b e  made. 

Distribution of Vitamin C 

The  v a r i a t i o n  of vi i ramin C c o n t . ? n t  w i t h  m a t u r i t y  ( l ' a b l e  5 ) -  v a r i e t y  

( T a b l e  6 ) , a n d  p a r - i  o f  p l a n t  ( T a b l e  7 ) , i s  gaven  be low  i l l u s t r a t i n g  

t h a t  s p e c i f y i n g  t h e  a b o v e  i s  v e r y  i m p o r t a n t  i n  e x p r e s s i o n  of 

r e s u l t s .  

Table 5 

Srariation of Vitamin C with maturity 

t 

I Common Name Botanical Name Vleamln  C c o n t e n t  
In e d l b l e ,  mg/100g + 

I P a s s i o n  f r u i t  

I l e a v e s  ( t e n d e r )  

/ P a s s i o n  f r u i t  

i l e a v e s  ( m a t u r e )  

I / Behe th  N e l l i  
i 
, ( i m m a t u r e )  

I B e h e t h  N e l l i  
I 

I (ma tu r ed  

1 Guava 

( i m m a t u r e )  

P a s s i f l o r a  e d u l i s  500  - 515 1 

Phylan 'chus e m b l i c a  

P s i d i u m  g u j a v a  

Guava 

( m a t u r e  ) 



Table 6 

V a r i a t i o n  of V i t a m i n  C w i t h  v a r i e t y  

Common Name Botanical Name V l t a r n ~ n  C c o n t e n t  ~ n  1 
e d l b l e ,  mg/lOCg 

I 

Green C h i l l i e s  Capsicum annum 

I Capslcum 
(malu  m i r i s )  

Capsicum grossum 

i Beheth  N e l l i  P h y l a n t h u s .  e m b l i c q  3 0 0  - 3 3 0  I 
I 

Rata  N e l l i  

I Guava 
I 
1 Guava ( c h e e n a p e r a )  
I 

P h y l a n t h u s  d i s t i c n u s  7 - 11 I 
1 

P s i d i u m  g u j a v a  195 - 2 0 5  1 

P s i d i u m  c a t t l e i a n u m  -. 

Table 7 

V a r i a t i o n  of V i t a m i n  C w i t h  p a r t  of p l a n t  

! I 
V i t a m i n  C c o n t e n t  

I 
I Common Name B o t a n i c a l  Name P a r t  I n  e d i b l e ,  mg/100g I 

Drums t i ck  

1 

I Katurumurunga  

I 

P a s s i f  l o r a  

e d u l  i s  

Mor i n g a  

p t e r  i gospe rma  

l e a v e s  

f r u i t s  

l e a v e s  

f r u i t s  

S e s b a n i a  g r a n d i -  l e a v e s  

f l o r a  f l o w e r s  



Conclusion 

I n  c o n c l u s i o n  a  word of  a d v i c e  t o  t h e  young  r e s e a r c h e r  - ( 1 )  S t u d y  

t h e  p a r a m e t e r  t o  b e  d e t e r m i n e d  t h o r o u g h l y  s o  t h a t  t h e  n e c e s s a r y  

p r e c a u t i o n s  c o u l d  b e  t a k e n  w h l l s t  s a m p l i n g .  ( 2 )  D e t e r m i n e  d i s t r i b u -  

t i o n  i n  t h e  s a m p l e ,  t h i s  would  h e l p  n o t  o n l y  i n  d e v i s i n g  m e t h o d s  

of  s a m p l i n g  b u t  a l s o  i n  d e t e r m i n i n g  s a m p l e  s i z e .  ( 3 )  The  h i s t o r y  

of t h e  s a m p l e  m u s t  b e  known ( m a t u r i t y ;  a g e  a f t e r  h a r v e s t i n g  e t c . )  

i f  n o t  t h e  r e s u l t s  w i l l  n o t  mean much. A s  f a r  a s  p o s s i b l e  o b t a i n  

s a m p l e s  f o r  a n a l y s i s  d i r e c t l y  f r o m  t h e  f i e l d  s p e c i a l l y  i n  

d e t e r m i n i n g  r e a l  v a l u e s  e g .  i n  t h e  d e t e r m i n a t i o n  of v i t a m i n  C i n  

f r u i t s  o r  v e g e t a b l e s .  ( 4 )  A n a l y s e  a t  l e a s t  s i x  s a m p l e s  o f  t h e  

same t y p e  s o  t h a t  a  r a n g e  c o u l d  b e  o b t a i n e d .  ( 5 )  A s  f a r  a s  p o s s i b l e  

t h e  v a r i e t y  o f  t h e  p l a n t  m a t e r i a l  t h e  e n v i r o n m e n t  a n d  t h e  s e a s o n  

s h o u l d  b e  known s o  t h a t  s p e c i f i c  v a l u e s  c o u l d  b e  o b t a i n e d .  


	NA_59_1.pdf
	NA_59_1 (2).pdf
	NA_59_1 (3).pdf
	NA_59_1 (4).pdf
	NA_59_1 (5).pdf
	NA_59_1 (6).pdf
	NA_59_1 (7).pdf
	NA_59_1 (8).pdf
	NA_59_1 (9).pdf
	NA_59_2.pdf
	NA_59_2.pdf
	NA_59_2 (2).pdf
	NA_59_2 (3).pdf
	NA_59_2 (4).pdf
	NA_59_2 (5).pdf
	NA_59_2 (6).pdf
	NA_59_2 (7).pdf
	NA_59_2 (8).pdf

	NA_59_3.pdf
	NA_59_3.pdf
	NA_59_3 (2).pdf
	NA_59_3 (3).pdf
	NA_59_3 (4).pdf
	NA_59_3 (5).pdf
	NA_59_3 (6).pdf
	NA_59_3 (7).pdf
	NA_59_3 (8).pdf
	NA_59_3 (9).pdf
	NA_59_3 (10).pdf
	NA_59_3 (11).pdf
	NA_59_3 (12).pdf
	NA_59_3 (13).pdf
	NA_59_3 (14).pdf

	NA_59_4.pdf
	NA_59_4.pdf
	NA_59_4 (2).pdf
	NA_59_4 (3).pdf
	NA_59_4 (4).pdf
	NA_59_4 (5).pdf

	NA_59_5.pdf
	NA_59_5.pdf
	NA_59_5 (2).pdf
	NA_59_5 (3).pdf
	NA_59_5 (4).pdf
	NA_59_5 (5).pdf
	NA_59_5 (6).pdf
	NA_59_5 (7).pdf
	NA_59_5 (8).pdf
	NA_59_5 (9).pdf
	NA_59_5 (10).pdf
	NA_59_5 (11).pdf
	NA_59_5 (12).pdf
	NA_59_5 (13).pdf

	NA_59_6.pdf
	NA_59_6.pdf
	NA_59_6 (2).pdf
	NA_59_6 (3).pdf
	NA_59_6 (4).pdf
	NA_59_6 (5).pdf
	NA_59_6 (6).pdf
	NA_59_6 (7).pdf
	NA_59_6 (8).pdf
	NA_59_6 (9).pdf
	NA_59_6 (10).pdf
	NA_59_6 (11).pdf

	NA_59_7.pdf
	NA_59_7.pdf
	NA_59_7 (2).pdf
	NA_59_7 (3).pdf
	NA_59_7 (4).pdf
	NA_59_7 (5).pdf
	NA_59_7 (6).pdf
	NA_59_7 (7).pdf
	NA_59_7 (8).pdf
	NA_59_7 (9).pdf
	NA_59_7 (10).pdf

	NA_59_8.pdf
	NA_59_8.pdf
	NA_59_8 (2).pdf
	NA_59_8 (3).pdf
	NA_59_8 (4).pdf
	NA_59_8 (5).pdf
	NA_59_8 (6).pdf
	NA_59_8 (7).pdf
	NA_59_8 (8).pdf
	NA_59_8 (9).pdf


