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M E T A L S  B Y  A T O M I C  A B S O R P T I O N  S P E C T R O M E T R Y *  (M e t h o d  3 1 1 0 )

B e c a u s e  req u irem en ts  for  d e te r m in in g  m e ta ls  b y  a to m ic  a b so rp tio n  
sp ec tro m etry  v e r y  w ith  m e ta l an d /or  c o n c e n tr a tio n  to  b e  d e te r m in e d , th e  m e th o d  is  
p resen ted  as fo l lo w s :

S e c t io n  3 1 1 1 , m e ta ls  b y  F la m e  a to m ic  A b so r p tio n  S p ectro m etry , e n c o m p a sse s :
•  D e te r m in a tio n  o f  a n tim on y , b ism u th , c a d m iu m , c a lc iu m , c e s iu m , c h ro m iu m , 

c o b a lt , co p p er , g o ld , ir id iu m , iron , lea d , lith iu m , m a g n e s iu m , m a n g a n e se , n ic k e l,  
p a lla d iu m , p o ta s s iu m , rh o d iu m , ru th en iu m , s ilv er , stro n tiu m , th a lliu m , tin , an d  z in c  b y  
d irec t a sp ira tio n  in to  an  a ir -a c e ty len e  f la m e  (3 1 1  I B ) .

•  D e te r m in a tio n  o f  lo w  c o n c e n tr a tio n s  o f  c a d m iu m , c h r o m iu m , co b a lt , 
cop p er , iro n , le a d , m a n g a n e se , n ic k e l, s ilv er , and  z in c  b y  c h e la t io n  w ith  a m m o n iu m  
p y rro lid in e  d ith io ca rb a m a te  (A P D C ), e x tr a c tio n  in to  m e th y l iso b u ty l k e to n e  (M fB K ),  
an d  a sp ira tio n  in to  an  a ir -a c e ty len e  f la m e  (3 1 1 1 C )

•  d e te r m in a tio n  o f  a lu m in u m , b ariu m , b e r y lliu m , m o ly b d e n u m , o sm iu m ,  
rh en iu m , s i l ic o n , th o r iu m , tita n iu m , and  v a n a d iu m  b y  d irect a sp ira tio n  in to  a  n itro u s  
o x id e -a c e ty le n e  f la m e  (3 1 1  I D )  and

•  D e te r m in a tio n  o f  lo w  c o n c e n tr a tio n s  o f  a lu m in u m  an d  b e r y lliu m  b y  
c h e la t io n  w ith  8 -h y d r o x y q u in o lin e , e x tr a c tio n  in to  M IB K , an d  a sp ira tio n  in to  a  
n itro u s  o x id e -a c e ty le n e  f la m e  (3 1 1  IE ).

S e c t io n  3 1 1 2  c o v e r s  d eterm in a tio n  o f  m ercu ry  b y  th e  c o ld  v a p o r  te c h n iq u e .
S e c t io n  3 1 1 3  c o n c e r n s  d e term in a tio n  o f  m ic r o  q u a n tit ie s  o f  a lu m in u m , 

a n tim o n y , a rsen ic , b ar iu m , b e r y lliu m , c a d m iu m , ch r o m iu m , c o b a lt , co p p er , iro n , lead , 
m a n g a n e se , m o ly b d e n u m . N ic k e l ,  s e le n iu m , s ilv er , and  tin  b y  e le c tro th er m a l a to m ic  
a b so rp tio n  sp ectrom etry .

S e c t io n  3 1 1 4  c o v e r s  d e term in a tio n  o f  a rsen ic  and  se le n iu m  b y  c o n v e r s io n  to  
th e ir  h y d r id es  an d  a sp ira tio n  in to  an a rg o n -h y d ro g en  or  n itr o g e n -h y d r o g e n  fla m e .

* A p p r o v e l b y  S tan d ard  M e th o d s  C o m m itte e , 1 9 8 8 .
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(Method 3111)
M ETALS BY FLA M E  A TO M IC  ABSORPTION SPECTROM ETRY*

Introduction

1. P r in c ip le
A to m ic  a b so rp tio n  sp e c tr o m e try  r e se m b le s  e m is s io n  f la m e  p h o to m e tr y  in  that 

a sa m p le  is  asp ira ted  in to  a f la m e  and  a to m iz e d . T h e  m a jo r  d if fe r e n c e  in s  that in  
f la m e  p h o to m e tr y  th e  a m o u n t o f  lig h t  e m itte d  is  m ea su red , w h e r e a s  in  a to m ic  
a b so rp tio n  sp e c tr o m e try  a  lig h t  b e a m  is  d irec ted  th ro u g h  th e  f la m e , in to  a  
m o n o ch ro m a to r , an d  o n to  a d e te c to r  that m e a su r e s  th e  a m o u n t o f  lig h t  a b so rb ed  b y  
th e  a to m iz e d  e le m e n t in  th e  fla m e . F o r  s o m e  m e ta l, a to m ic  a b so rp tio n  e x h ib its  
su p er io r  s e n s it iv ity  o v e r  f la m e  e m is s io n . B e c a u s e  e a c h  m e ta l h a s  its  o w n  
ch a ra c ter istic  a b so rp tio n  w a v e le n g th , a so u r c e  la m p  c o m p o s e d  o f  that e le m e n t is  u sed ;  
th is  m a k e s  th e  m e th o d  r e la t iv e ly  free  fro m  sp ectra l or ra d ia tio n  in te r fe r en ce s . T h e  
a m o u n t o f  e n e r g y  at th e  ch a ra cter istic  w a v e le n g th  a b so rb ed  in  th e  f la m e  is  
p ro p o rtio n a l to  c o n c e n tr a tio n  o f  th e  e le m e n t in  th e  sa m p le  o v e r  a  lim ite d  
c o n c e n tr a tio n  ran ge . M o s t  a to m ic  a b so rp tio n  in stru m en ts  a lso  are e q u ip p ed  for  
o p e r a tio n  in  an  e m is s io n  m o d e .

2 . S e c t io n  o f  M e th o d

S e e  S e c t io n  3 1 1 0

3 . In ter feren ces
a. Chemical interference: M a n y  m e ta ls  c a n  b e  d e te r m in e d  b y  d irec t a sp ira tio n  

o f  sa m p le  in to  an  a ir -a c e ty le n e  fla m e . T h e  m o s t  tr o u b le so m e  ty p e  o f  in te r fe r en ce  is  
term ed  “c h e m ic a l” and  r e su lts  fro m  th e  la ck  o f  a b so rp tio n  b y  a to m s  b o u n d  in  
m o le c u la r  c o m b in a tio n  in  th e  fla m e . T h is  ca n  o c c u r  w h e n  th e  f la m e  is  n o t  h o t  e n o u g h  
to  d is s o c ia te  th e  m o le c u le s  or  w h e n  th e  d is s o c ia te d  a to m  is  o x id iz e d  im m e d ia te ly  to  a  
c o m p o u n d  that w i l l  n o t  d is s o c ia te  further at th e  f la m e  tem p era tu re . S u ch  
in te r fe r en ce s  m a y  b e  r e d u c e d  or e lim in a te d  b y  a d d in g  s p e c if ic  e le m e n ts  or  
c o m p o u n d s  to  th e  sa m p le  so lu tio n . F or  e x a m p le , th e  in te r fe r en ce  o f  p h o sp h a te  in  th e  
m a g n e s iu m  d e te r m in a tio n  ca n  b e  o v e r c o m e  b y  a d d in g  lan th an u m . S im ila r ly ,
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in tro d u ctio n  o f  c a lc iu m  e lim in a te s  s i l ic a  in te r fe r en ce  in  th e  d e te r m in a tio n  o f  
m a n g a n e se . H o w e v e r , s i l ic o n  and  m e ta ls  su c h  a s  a lu m in u m , b ariu m , b e r y lliu m , and  
v a n a d iu m  req u ire  th e  h ig h er -tem p era tu re , n itro u s  o x id e -a c e ty le n e  f la m e  to  d is s o c ia te  
th e ir  m o le c u le s .  T h e  n itro u s  o x id e -a c e ty le n e  f la m e  a lso  can  b e  u se fu l in  m in im iz in g  
certa in  ty p e s  o f  c h e m ic a l in te r fe r en ce s  e n c o u n te r e d  in  th e  a ir -a c e ty le n e  fla m e . F or  
e x a m p le , th e  in te r fe r en ce  c a u se d  b y  h ig h  c o n c e n tr a tio n s  o f  p h o sp h a te  in  th e  
d eterm in a tio n  o f  c a lc iu m  in  th e  a ir -a c e ty le n e  f la m e  d o e s  n o t  o c c u r  in  th e  n itro u s  
o x id e -a c e ty le n e  fla m e .

B r in e s  an d  se a w a te r  ca n  b e  a n a ly z e d  b y  d irect a sp ira tio n  b u t sa m p le  d ilu tio n  is  
r e c o m m en d e d . A sp ir a tio n  o f  so lu t io n s  c o n ta in in g  h ig h  c o n c e n tr a tio n s  o f  d is s o lv e d  
s o lid s  o fte n  r e su lts  in  s o l id s  b u ild u p  o n  th e  b u rn er h ead . T h is  req u ires  freq u en t sh u t­
d o w n  o f  th e  f la m e  an d  c le a n in g  o f  th e  b u rner h ead . P r e fe ra b ly  u s e  b a ck g ro u n d  
c o r r e c tio n  w h e n  a n a ly z in g  w a te r s  that c o n ta in  in  e x c e s s  o f  1%  so lid s ,  e s p e c ia l ly  w h e n  
th e  p r im ary  r e so n a n c e  l in e  o f  th e  e le m e n t o f  in terest is  b e lo w  2 4 0  n m . M a k e  m o r e  
freq u en t r e c o v e r y  c h e c k s  w h e n  a n a ly z in g  b r in e s  and  se a w a te r s  to  in su r e  accu ra te  
resu lts  in  th e se  c o n c e n tr a te d  and  c o m p le x  m a tr ices .

b. Background correction: M o le c u la r  a b so rp tio n  an d  lig h t  sc a tte r in g  c a u se d  
b y  s o lid  p a r tic le s  in  th e  f la m e  ca n  c a u se  e r r o n e o u s ly  h ig h  a b so rp tio n  v a lu e s  r e su lt in g  
in  p o s it iv e  errors. W h e n  su c h  p h e n o m e n a  o c c u r , u se  b a ck g ro u n d  c o r r e c tio n  to  o b ta in  
accu ra te  v a lu e s . U s e  a n y  o n e  o f  th ree  ty p e s  o f  b a ck g ro u n d  co rrectio n : c o n tin u u m -  
so u rce . Z e e m a n , or S m ith -H ie ftje  co rrectio n .

1) C o n tin u u m -so u r c e  b a ck g ro u n d  c o r r e c tio n — A  c o n tin u u m  so u r c e  
b a ck g ro u n d  co rrecto r  u t i l iz e s  e ith er  a  h y d r o g e n -f il le d  h o l lo w  c a th o d e  la m p  w ith  a 
m e ta l c a th o d e  or  a  d eu ter iu m  are lam p . W h e n  b o th  th e  l in e  so u r c e  h o llo w -c a th o d e  
la m p  and  th e  c o n tin u u m  so u r c e  are p la c e d  in  th e  sa m e  o p tic a l p a th  and  are 
t im esh a red , th e  b road b a n d  b a ck g ro u n d  from  th e  e le m e n ta l s ig n a l is  su b tracted  
e le c tr o n ic a lly , and  th e  resu lta n t s ig n a l w i l l  b e  b a c k g r o u n d -co m p en sa ted .

B o th  th e  h y d r o g e n -f il le d  h o llo w -c a th o d e  lam p  and  d eu ter iu m  are la m p  h a v e  
lo w e r  in te n s it ie s  th an  e ith er  th e  lin e  so u r c e  h o l lo w  c a th o d e  la m p  or  e le c tr o d e le s s  
d isc h a r g e  la m p s. T o  o b ta in  a  v a lid  c o rrectio n , m a tch  th e  in te n s it ie s  o f  th e  co n tin u u m  
so u rce  w ith  th e  lin e  so u r c e  h o llo w -c a th o d e  or  e le c tr o d e le s s  d isc h a r g e  la m p . T h e  
m a tc h in g  m a y  resu lt  in  lo w e r in g  th e  in te n s ity  o f  th e  l in e  so u r c e  or  in c r e a s in g  th e  s lit  
w id th ; th e se  m e a su r e s  h a v e  th e  d isa d v a n ta g e  o f  r a is in g  th e  d e te c t io n  lim it  and  
p o s s ib le  c a u s in g  n o n lin e a r ity  o f  th e  c a lib r a tio n  cu rv e . B a c k g r o u n d  c o r r e c tio n  u s in g  a
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c o n tin u u m  so u r c e  co rrecto r  is  su sc e p tib le  to  in te r fe r en ce  fro m  o th er  a b so r p tio n  lin e s  
in  th e  sp ectra l b a n d w id th . M isc o r r e c t io n  o c c u r s  fro m  s ig n if ic a n t  a to m ic  a b so r p tio n  o f  
th e  c o n tin u u m  so u r c e  ra d ia tio n  b y  e le m e n ts  o th er  th an  that b e in g  d e te r m in e d . W h e n  
a lin e  so u r c e  h o llo w -c a th o d e  lam p  is  u se d  w ith o u t  b a ck g ro u n d  c o rrectio n , th e  
p r e se n c e  o f  an a b so rb in g  lin e  from  a n oth er  e le m e n t in  th e  sp ectra l b a n d w id th  w i l l  n o t  
c a u se  an  in te r fe r en ce  u n le s s  it o v e r la p s  th e  l in e  o f  in terest.

C o n tin u u m -so u r c e  b a ck g ro u n d  c o r r e c tio n  w i l l  n o t  r e m o v e  d irect a b so rp tio n  
sp ectra l o v e r la p , w h e r e  an e le m e n t o th er  th an  that b e in g  d e te r m in e d  is  c a p a b le  o f  
a b so rb in g  th e  l in e  ra d ia tio n  o f  th e  e le m e n t u n d er  stu d y .

2 )  Z e e m a n  b a ck g ro u n d  c o r r e c tio n — T h is  c o r r e c tio n  is  b a se d  o n  th e  p r in c ip le  
that a m a g n e tic  f ie ld  sp lits  th e  sp ectra l lin e  in to  tw o  lin e a r ly  p o la r iz e d  lig h t  b e a m s  
p a ra lle l an d  p er p e n d ic u la r  to  th e  m a g n e tic  f ie ld . O n e  is  c a l le d  th e  p i (7โ) c o m p o n e n t  

an d  th e  o th er  th e  s ig m a  ( a )  c o m p o n e n t. T h e se  tw o  lig h t  b e a m s  h a v e  e x a c t ly  th e  sa m e  

w a v e le n g th  an d  d iffe r  o n ly  in  th e  p la n e  o f  p o la r iz a tio n . T h e  7T l in e  w i l l  b e  a b so rb ed  
b y  b o th  th e  a to m s o f  th e  e le m e n t o f  in terest and  b y  th e  b a c k g r o u n d  c a u se d  b y  
b road b an d  a b so rp tio n  an d  lig h t  sc a tte r in g  o f  th e  sa m p le  m a tr ix . T h e  G  l in e  w i l l  b e  
a b so rb ed  o n ly  b y  th e  b a ck g ro u n d .

Z e e m a n  b a ck g ro u n d  c o r r e c tio n  p r o v id e s  a ccu ra te  b a c k g r o u n d  c o r r e c tio n  at 
m u c h  h ig h e r  a b so rp tio n  le v e ls  th an  is  p o s s ib le  w ith  c o n tin u u m  so u r c e  b a ck g ro u n d  
c o r r e c tio n  sy s te m s . It a lso  v ir tu a lly  e lim in a te s  th e  p o s s ib i l i ty  o f  error fro m  stru ctu red  
b a ck g ro u n d . B e c a u s e  n o  a d d itio n a l lig h t  so u r c e s  are req u ired , th e  a lig n m e n t and  
in te n s ity  l im ita tio n s  e n c o u n te r e d  u s in g  c o n tin u u m  so u r c e s  are e lim in a te d .

D isa d v a n ta g e s  o f  th e  Z e e m a n  m e th o d  in c lu d e  red u ced  s e n s it iv ity  fo r  s o m e  
e le m e n ts , r e d u c e d  lin ea r  ra n g e , and  a “r o llo v e r ” e f fe c t  w h e r e b y  th e  a b so r b a n c e  o f  
s o m e  e le m e n ts  b e g in s  to  d e c r e a se  at h ig h  c o n c e n tr a tio n s , r e su lt in g  in  a  tw o -s id e d  
c a lib r a tio n  cu rv e .

3 ) S m ith -H ie ftje  b a ck g ro u n d  co r r e c tio n — T h is  c o r r e c tio n  is  b a se d  o n  th e  
p r in c ip le  that a b so rb a n ce  m e a su r e d  for  a  s p e c if ic  e le m e n t is  red u ced  a s  th e  cu rren t to  
th e  h o l lo w  c a th o d e  la m p  is  in c r e a se d  w h ile  a b so rp tio n  o f  n o n s p e c if ic  a b so rb in g  
su b s ta n c e s  r em a in s  id e n tic a l at a ll current le v e ls .  W h e n  th is  m e th o d  is  a p p lied , th e  
a b so rb a n ce  at a h ig h -cu rren t m o d e  is  su b tracted  fro m  th e  a b so rb a n ce  at a  lo w -cu rren t  
m o d e . U n d e r  th e se  c o n d it io n , a n y  a b so rb a n ce  d u e  to  n o n s p e c if ic  b a ck g ro u n d  is  
su b tracted  ou t and  c o rrected  for.
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S m ith -H ie ftje  b a ck g ro u n d  c o r r e c tio n  p r o v id e s  a n u m b er  o f  a d v a n ta g e s  o v e r  
c o n tin u u m -so u r c e  co rrectio n . A ccu ra te  c o r r e c tio n  at h ig h er  a b so r b a n c e  le v e ls  is  
p o s s ib le  and  error from  stru ctu red  a ck g ro u n d  is  v ir tu a lly  e lim in a te d . In s o m e  c a se s ,  
sp ectra l in te r fe r e n c e s  a lso  can  b e  e lim in a te d . T h e  u s e fu ln e s s  o f  S m ith -H ie f it je  
b a ck g ro u n d  c o r r e c tio n  w ith  e le c tr o d e le s s  d isc h a r g e  la m p s  h a s  n o t  y e t  b e e n  
e sta b lish e d .

FLAME ATOMIC ABSORPTION SPECTROMETRY (311 Introduction

4 . S e n s it iv ity ,  D e te c t io n  L im its , and  O p tim u m  C o n c e n tr a tio n  R a n g e s
T h e  s e n s it iv ity  o f  f la m e  a to m ic  a b so rp tio n  sp e c tr o m e tr y  is  d e f in e d  as th e  

m eta l c o n c e n tr a tio n  that p r o d u c e s  an  a b so rp tio n  o f  1% (a n  a b so rb a n ce  o f  
a p p r o x im a te ly  0 .0 0 4 4 ) .  T h e  in stru m en t d e te c tio n  lim it  is  d e f in e d  h ere  as th e  
c o n c e n tr a tio n  that p r o d u c e s  a b so rp tio n  e q u iv a le n t to  tw ic e  th e  m a g n itu d e  o f  th e  
b a ck g ro u n d  flu c tu a tio n . S e n s it iv ity  and  d e te c t io n  lim its  v a ry  w ith  th e  in stru m en t, th e  
e le m e n t d e te r m in e d , th e  c o m p le x ity  o f  th e  m a tr ix , and th e  te c h n iq u e  se le c te d . T h e  
o p tim u m  c o n c e n tr a tio n  ra n g e  u s u a lly  starts from  th e  c o n c e n tr a tio n  o f  sev a ra l t im e s  
th e  s e n s it iv ity  and  e x te n s  to  th e  c o n c e n tr a tio n  at w h ic h  th e  c a lib r a tio n  c u r v e  starts to  
fla tten . T o  a c h ie v e  b e s t  re su lts , u s e  c o n c e n tr a tio n s  o f  sa m p le s  an d  stan d ard s w ith in  
th e  o p tim u m  c o n c e n tr a tio n  ra n g e  o f  th e  sp ec tro m eter . S e e  T a b le  3 1 1 1 :1  for  
in d ic a tio n  o f  c o n c e n tr a tio n  ra n g es m e a su r a b le  w ith  c o n v e n t io n a l a to m iz a tio n . In 
m a n y  in  s ta n c e s  th e  c o n c e n tr a tio n  ra n g e  s h o w n  in  T a b le  3 1 1 1 :1  m a y  b e  e x te n d e d  
d o w n w a r d  e ith er  b y  sc a le  e x p a n s io n  or b y  in teg ra tin g  th e  a b so r p tio n  s ig n a l o v e r  a  
lo n g  tim e . T h e  ra n g e  m a y  b e  e x te n d e d  u p w a rd  b y  d ilu t io n , u s in g  a  le s s  s e n s it iv e  
w a v e le n g th , ro ta tin g  th e  b u rner h ea d , or  u t il iz in g  a m ic r o p r o c e s so r  to  lin e a r iz e  th e  
ca lib ra tio n  c u r v e  at th ig h  c o n c e n tr a tio n s .

5. P rep ara tion  o f  S tan d ard s
P rep are stan d ard  so lu t io n  o f  k n o w n  c o n c e n tr a tio n s  in  w a te r  w ith  a  m atr ix  

s im ila r  to  th e  sa m p le . U s e  stan d ard s that b ra ck et e x p e c te d  sa m p le  c o n c e n tr a tio n  and  
are w ith in  th e  m e th o d ’s  w o r k in g  ran ge . V e r y  d ilu te  stan d ard s sh o u ld  b e  prep ared  
d a ily  fro m  sto c k  so lu t io n s  in  co n c e n tr a tio n s  greater  th an  5 0 0  m g /L . S to c k  standard  
so lu t io n  ca n  b e  o b ta in e d  from  se v e r a l c o m m e r c ia l so u r c e s . T h e y  a lso  ca n  b e  prep ared  
fro m  N a tio n a l In stitu te  o f  S tan d ard s and  T e c h n o lo g y  (N IS T , fo r m e r ly  N a tio n a l
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B u rea u  o f  S tan d ard s) r e fe r e n c e  m a te r ia ls  or  b y  p r o c e d u r e s  o u tlin e d  in  th e  fo l lo w in g  
se c t io n s .

F o r  sa m p le s  c o n ta in in g  h ig h  and  v a r ia b le  c o n c e n tr a tio n s  o f  m a tr ix  m a ter ia ls , 
m a k e  th e  m a jo r  io n s  in  th e  sa m p le  and  th e  d ilu te  standard  s im ila r . It th e  sa m p le  
m atrix  is  c o m p le x  and  c o m p o n e n ts  c o n n o t  b e  m a tc h e d  a c c u r a te ly  w ith  stan d ard s, u se  
th e  m e th o d  o f  stan d ard  a d d it io n s ) , to  co rrect for  m atr ix  e f fe c ts .  I f  d ig e s t io n  is  u sed ,  
carry  stan d ard  th ro u g h  th e  sa m e  d ig e s t io n  p ro ced u re  u se d  fo r  sa m p le s .

6 . A p p ara tu s
a. Atomic absorption spectrometer, c o n s is t in g  o f  a l ig h t  so u r c e  e m itt in g  th e  

l in e  sp ec tru m  o f  an e le m e n t  (h o llo w -c a th o d e  la m p  or e le c tr o d e le s s  d isc h a r g e  la m p ), a  
d e v ic e  fo r  v a p o r iz in g  th e  sa m p le  (u s u a lly  a f la m e ) , a m e a n s  o f  is o la t in g  an a b so rp tio n  
l in e  (m o n o c h r o m a to r  o f  f ilte r  an d  a d ju sta b le  s lit ) ,  and  a p h o to e le c tr ic  d e te c to r  w ith  its  
a sso c ia te d  e le c tr o n ic  a m p lify in g  an d  m e a su r in g  eq u ip m en t.

b. Burner: T h e  m o s t  c o m m o n  ty p e  o f  b u rn er is  a p r e m ix , w h ic h  in tr o d u c e s  th e  
sp ray  in to  a  c o n d e n s in g  ch a m b er  fo r  r e m o v a l o f  large  d ro p le ts . T h e  b u rn er  m a y  b e  
f itted  w ith  a  c o n v e n tio n a l h e a d  c o n ta in in g  a s in g le  s lo t: a  th r e e -s lo t  B o l in g  h ea d , 
w h ic h  m a y  e  p referred  fo r  d irec t a sp ira tio n  w ith  an a ir -a c e ty le n e  fla m e; or  a  sp e c ia l  
h e a d  fo r  u s e  w ith  n itro u s  o x id e  an d  a c e ty le n e .
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TABLE 3111:1 A T O M IC  A B S O R P T IO N  C O N C E N T R A T IO N  R A N G E S  W IT H  
D IR E C T  A S P IR A T IO N  A T O M IC  A B S O R P T IO N

E le m e n t W a v e le n g th
n m

F la m e
G a se s*

In stru m en t
D e te c t io n

L im it
m g /L

S e n s it iv ity
m g/1

O p tim u m
C o n cen tra tio n

R a n g e
m g/1

A g 3 2 8 .1 A -A c 0 .0 1 0 .0 6 0 .1 -4
A1 3 0 9 .3 N -A c 0.1 1 5 -1 0 0
A u 2 4 2 .8 A -A c 0 .0 1 0 .2 5 0 .5 -2 0
B a 5 5 3 .6 N -A c 0 .0 3 0 .4 1 -2 0
B e 2 3 4 .9 N -A c 0 .0 0 5 0 .0 3 0 .0 5 -2
B i 2 2 3 .1 A -A c 0 .0 6 0 .4 1 -5 0
C a 4 2 2 .7 A -A c 0 .0 0 3 0 .0 8 0 .2 -2 0
C d 2 2 8 .8 A -A c 0 .0 0 2 0 .0 2 5 0 .0 5 -2
C o 2 4 0 .7 A -A c 0 .0 3 0 .2 0 .5 -1 0
Cr 3 5 7 .9 A -A c 0 .0 2 0 .1 0 .2 -1 0
C s 8 5 2 .1 A -A c 0 .0 2 0 .3 0 .5 -1 5
C u 3 2 4 .7 A -A c 0 .0 1 0 .1 0 .2 -1 0
F e 2 4 8 .3 A -A c 0 .0 2 0 .1 2 0 .3 -1 0
Ir 2 6 4 .0 A -A c 0 .6 8 -
K 7 6 6 .5 A -A c 0 .0 0 5 0 .0 4 0 .1 -2
L i 6 7 0 .8 A -A c 0 .0 0 2 0 .0 4 0 .1 -2

M g 2 8 5 .2 A -A c 0 .0 0 0 5 0 .0 0 7 0 .0 2 -2
M n 2 7 9 .5 A -A c 0 .0 1 0 .0 5 0 .1 -1 0
M o 3 1 3 .3 N -A c 0.1 0 .5 1 -2 0
N a 5 8 9 .0 A -A c 0 .0 0 2 0 .0 1 5 0 .0 3 -1
N i 2 3 2 .0 A -A c 0 .0 2 0 .1 5 0 .3 -1 0
O s 2 9 0 .9 A -A c 0 .0 8 1 -

P b + 2 8 3 .3 A -A c 0 .0 5 0 .5 1 -2 0
P t 2 6 5 .9 A -A c 0.1 2 5 -7 5
R h 3 4 3 .5 A -A c 0 .5 0 .3 -
R u 3 4 9 .9 A -A c 0 .0 7 0 .5 -
S b 2 1 7 .6 A -A c 0 .0 7 0 .5 1 .4 0
S i 2 5 1 .6 N -A c 0 .3 2 5 -1 5 0
รท 2 2 4 .6 A -A c 0 .8 4 1 0 -2 0 0
Sr 4 6 0 .7 A -A c 0 .0 3 0 .1 5 0 .3 -5
T i 3 6 5 .3 N -A c 0 .3 2 5 -1 0 0
V 3 1 8 .4 N - A c 0 .2 1.5 2 - 1 0 0

Z n 2 4 3 .9 A -A c 0 .0 0 5 0 .0 2 0 .0 5 -2

* A - A c  =  n itro u s  o x id e -a c e ty le n e ..
+  T h e  m o r e  s e n s it iv e  2 1 7 .0  n m  w a v e le n g th  is  r e c o m m e n d e d  fo r  in stru m en ts  w ith  
b a ck g ro u n d  c o r r e c tio n  c a p a b ililit ie s .
C o p y r ig h t © A S T M . R ep r in ted  w ith  p e r m iss io n .
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c. Readout: M o s t  in stru m en ts  are e q u ip p ed  w ith  e ith er  a d ig ita l or  n u ll m eter  
rea d o u t m e c h a n ism . M o s t  m o d e m  in s tm m e n ts  are e q u ip p ed  w ith  m ic r o p r o c e sso r s  
c a p a b le  o f  in te g r a tin g  a b so rp tio n  s ig n a ls  o v e r  t im e  and  lin e a r iz in g  th e  ca lib ra tio n  
c u rv e  at h ig h  co n c e n tr a tio n s .

d. Lamps: U s e  e ith er  a h o llo w -c a th o d e  lam p  or an  e le c tr o d e le s s  d isch a re  la m p  
(E D L ). U s e  o n e  lam p  fo r  e a c h  e le m e n t b e in g  m ea su red . M u lt i-e le m e n t  h o llo w -  
ca th o d e  la m p s  g e n e r a lly  p r o v id e  lo w e r  s e n s it iv ity  th an  s in g le -e le m e n t  la m p s. E D L s  
tak e  a  lo n g e r  t im e  to  w a r m  up and  s ta b iliz e .

e. Pressure-reducing valves: M a in ta in  su p p lie s  o f  fu e l an d  o x id a n t at 
p ressu red  so m e w h a t h ig h e r  th an  th e  c o n tr o lle d  o p era tin g  p r e ssu r e  o f  th e  in stru m en t  
b y  su in g  su ita b le  r e d u c in g  v a lv e s .  U s e  a sep a ra te  r e d u c in g  v a lv e  fo r  e a c h  g a s.

f. Vent: P la c e  a  v e n t a b o u t 15 to  3 0  c m  a b o v e  th e  b u rn er to  r e m o v e  fu m e s  and  
v a p o rs  fo rm  th e  fla m e . T h is  p r e c a u tio n  p r o te c ts  la b o ra to ry  p e r so n n e l fro m  to x ic  
v a p o rs , p r o te c ts  th e  in stru m en t fro m  c o r r o s iv e  v a p o r s , an d  p r e v e n ts  f la m e  sta b ility  
from  b e in g  a ffe c te d  b y  r o o m  drafts. A  d a m p er  or  v a r ia b le -sp e e d  b lo w e r  s iz e  to  
p r o v id e  th e  air f lo w  r e c o m m e n d e d  b y  th e  in stru m en t m a n u factu rer . In  la b o ra to ry  
lo c a t io n s  w ith  h e a v y  p a rticu la te  air p o llu t io n , u s e  c le a n  la b o ra to ry  fa c il it ie s .

7 . Q u a lity  A ssu r a n c e /Q u a lity  C o n tro l
S o m e  d ata  ty p ic a l o f  th e  p r e c is io n  an d  b ia s  o b ta in a b le  w ith  th e  m e th o d s  

d is c u s s e d  are p r e se n te d  in  T a b le s  3 1 1 1  :II an d  III.
A n a ly z e  a b la n k  b e tw e e n  sa m p le  or  standard  r e a d in g s  to  v e r ify  b a s e l in e  

sta b ility . R e z e r o  w h e n  n e c e ssa r y .
T o  o n e  sa m p le  o u t o f  e v e r y  te n  (o r  o n e  sa m p le  fro m  e a c h  g ro u p  o f  sa m p le s  i f  

le s s  th an  te n  are b e in g  a n a ly z e d )  ad d  a k n o w n  a m o u n t o f  th e  m e ta l o f  in terest and  
r e a n a ly z e  to  c o n fir m  r e c o v e r y . T h e  a m o u n t o f  m e ta l ad d ed  sh o u ld  b e  a p p r o x im a te ly  
eq u a l to  th e  a m o u n t fo u n d . I f  l it t le  m e ta l is  p resen t add  an a m o u n t c lo s e  to  th e  m id d le  
o f  th e  lin ea r  ra n g e  o f  th e  test. R e c o v e r y  o f  a d d ed  m e ta l sh o u ld  b e  b e tw e e n  8 5  and  
115% .

A n a ly z e  an  a d d itio n a l standard  so lu t io n  a fter  e v e r y  ten  sa m p le s  or  w ith  ea c h  
b a tch  o f  sa m p le s , w h ic h e v e r  is  le s s ,  to  c o n fir m  that th e  te s t  is  in  co n tro l.  
R e c o m m e n d e d  c o n c e n tr a tio n s  o f  stan d ard s to  b e  run, l im its  o f  a c c e p ta b ility , and  
rep orted  s in g le -o p e r a to r  p r e c is io n  d ata  are l is te n  in  T a b le  3 1 1 1  :III
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TABLE 3111:111 IN T E R L A B O R A T O R Y  P R E C IS IO N  A N D  B L A S  D A T A  F O R  
A T O M IC  A B S O R P T IO N  M E T H O D S — D IR E C T  A S P IR A T IO N  A N D  

E X T R A C T E D  M E T A L S

M eta l C o n e .
m g /L

S D
m g /L

R e la t iv e  S D
%

R e la t iv e
E rror

%
N o . o f  

P artic ip an ts
D ir e c t  d eterm in ation :  
A lu m in u m 1 4 .5 0 0 .1 9 4 .2 8 .4 5
B a r iu m 2 1 .0 0 0 .0 8 9 8 .9 2 .7 11
B e r y ll iu m 1 0 .4 6 0 .0 2 1 3 4 .6 2 3 .0 11
C a d m iu m 3
C a d m iu m 1

0 .0 5 0 .0 1 0 8 2 1 .6 8 .2 2 6
1 .6 0 0 .1 1 6 .9 5.1 16

C a lc iu m 1 5 .0 0 0 .2 1 4 .2 0 .4 8
C h r o m iu m 1
C a b a lt1

3 .0 0 0 .3 0 1 1 0 .0 3 .7 9
4 .0 0 0 .2 4 3 6 .1 0 .5 14

C o p p er3
C o p p e r 1
Iro n 1

1 .0 0 0 .1 1 2 1 1 .2 3 .4 53
4 .0 0 0 .3 3 1 8 .3 2 .8 15
4 .4 0 0 .2 6 0 5 .8 2 .3 16

Iron 3 0 .3 0 0 .0 4 9 5 16 .5 0 .6 4 3
L e a d 1 6 .0 0 0 .8 4 .7 0 .2 14
M a g n e s iu m 3
M a g n e s iu m 1
M a n g a n e s e 1

0 .2 0 0 .0 2 1 10 .5 6 .3 4 2
1 .1 0 0 .1 1 6 10 .5 1 0 .0 8
4 .0 5 0 .3 1 7 7 .8 1.3 16

M a n g a n e s e 3
N ic k e l1

0 .0 5 0 .0 0 6 8 13 .5 6 .0 14
3 .9 3 0 .3 8 3 9 .8 2 .0 14

S ilv e r 3 0 .0 5 0 .0 0 8 8 1 7 .5 1 0 .6 7
S i lv e r 1 2 .0 0 0 .0 7 3 .5 1 .0 10
S o d iu m 1 2 .7 0 0 .1 2 2 4 .5 4 .1 12
S tr o n tiu m 1 1 .0 0 0 .0 5 5 .0 0 .2 12
Z in c 3 0 .5 0 0 .0 4 1 8 .2 0 .4 4 8
E x tra c ted  d eterm in ation :  
A lu m in u m 2 3 0 0 3 2 1 0 .7 0 .7 15
B e r y lliu m 2 5 1 .7 3 4 .0 2 0 .0 9
C a d m iu m 3
C o b a lt1
C o p p e r 1
Iro n 1

5 0 2 1 .9 4 3 .8 1 3 .3 12
3 0 0 2 8 .5 9 .5 1 .0 6
1 0 0 7 1 .7 7 1 .7 1 2 .0 8
2 5 0 1 9 .0 7 .6 3 .6 4

M a n g a n e s e 1 2 1 .5 2 .4 1 1 .2 7 .4 8
M o ly b d e n u m 1
N ic k e l1

9 .5 1.1 1 1 .6 1.3 5
5 6 .8 1 5 .2 2 6 .8 1 3 .6 14

L e a d 3 5 0 1 1 .8 2 3 .5 1 9 .0 8
S i lv e r 1 5 .2 1 .4 2 6 .9 3 .0 7
Source: A M E R IC A N  S O C IE T Y  F O R  T E S T IN G  N D  M A T E R IA L S , 1 9 8 6 . A n n u a l
B o o k  o f  A S T M  S tan d ard s, V o lu m e  1 1 .0 1 , W ater  ad E n v ir o n m e n ta l T e c h n o lo g y ,  
A m e r ic a n  S o c . T e s t in g  &  M a ter ia ls , P h ila d e lp h ia , P a. C o p y r ig h t A S T M . R ep rin ted  
w ith  p e r m iss io n .
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F L A M E  A T O M IC  A B S O R P T I O N  S P E C T R O M E T R Y  ( 3 1 1 1 ) /  D ir e c t  A ir -A c e ty le n e  
F la m e  M e th o d

TABLE 3 1 1 1  ะIII S IN G L E -O P E R A T O R  P R E C IS IO N  A N D  R E C O M M E N D E D
C O N T R O L  R A N G E S  F O R  A B S O R P T IO N  M E T H O D S — D IR E C T  A S P IR A T IO N

A N D  E X T R A C T E D  M E T A L S

M eta l

C o n
c.

m g /
L

S D

m g /L

R e la t iv e
S D
%

N o . o f

P artic ip an
ts

Q C

Std. A c c e p ta b le
R a n g e

m g /
L

m g /L

D ir e c t
d eterm in ation :

A lu m in u m  1 4 .5 0 0 .2 3 5.1 15 5 .0 0 4 .3 -5 .7
B e r y lliu m  1 0 .4 6 0 .0 1 2 2 .6 10 0 .5 0 0 .4 6 - 0 .5 4
C a lc iu m  1 5 .0 0 0 .0 5 1 .0 8 5 .0 0 4 .8 -5 .2
C h ro m iu m  1 7 .0 0 0 .6 9 9 .9 9 5 .0 0 3 .3 -6 .7
C o b a lt 1 4 .0 0 0 .2 1 5 .3 14 4 .0 0 3 .4 -4 .6
C o p p e r l 4 .0 0 .1 1 5 2 .9 15 4 .0 0 3 .7 -4 .3
Ir a n i 5 .0 0 0 .1 9 3 .8 16 5 .0 0 4 .4 -5 .6
M a g n e s iu m  1 1 .0 0 0 .0 0 9 0 .9 8 1 .0 0 0 .9 7 -1 .0 3
N ic k e l4 5 .0 0 0 .0 4 0 .8 - 5 .0 0 4 .9 -5 .1
S ile r l 2 .0 0 0 .2 5 12 .5 10 2 .0 0 1 .2 -2 .8
S o d iu m 4 8 .2 0.1 1.2 - 5 .0 0 4 .8 -5 .2
S tro n tiu m 4 1 .0 0 0 .0 4 4 .0 12 1 .0 0 0 .8 7 -1 .1 3
P o ta ss iu m 4 1 .6 0 .2 12 .5 - 1 .6 1 .0 -2 .2
M o ly b d e n u m 4 7 .5 0 .0 7 0 .9 - 1 0 .0 9 .7 -1 0 .3
T in 4 2 0 .0 0 .5 2 .5 - 2 0 .0 1 8 .5 -2 1 .5
T ita n iu m 4 5 0 .0 0 .4 0 .8 - 5 0 .0 4 8 .8 - 5 1 .2
V a n a d iu m 5 0 .0 0 .2 0 .4 - 5 0 .0 4 9 .4 - 5 0 .6

E x tra cted
d eterm in ation :

A lu m in u m 1 3 0 0 12 4 .0 15 3 0 0 2 6 4 - 3 3 6
C o b a lt1
C o p p e r 1
Iro n 1

3 0 0 2 0 6 .7 6 3 0 0 2 2 0 - 3 8 0
1 0 0 21 21 8 1 0 0 2 2 - 1 7 8
2 5 0 12 4 .8 4 2 5 0 1 8 0 -3 2 0

M a n g a n e s e 1 2 1 .5 2 0 2 1 0 .2 8 2 5 1 7 .2 3
M o ly b d e n u m 1
N ic k e l1
S i lv e r 1

9 .5 1 .0 10 .5 8 10 5 .5 -1 4 .5
5 6 .8 9 .2 1 6 .2 14 5 0 2 2 -7 8
5 .2 1 .2 2 3 .1 7 5 .0 0 .5 -9 .5

S o u r c e :  A M E R I C A N  S O C IE T Y F O R  T E S T IN G  A N D M A T E R IA L S . 1 9 8 6  .
A n n u a l B o o k  o f A S T M Standard. V o lu m e 1 1 .0 1 . W a ter  and E n v iro n m en ta l
T e c h n o lo g y , A m e r ic a n  S o c . T e s t in g  &  M a ter ia ls . P h ila d e lp h ia , P a. C o p y r ig h t  
A S T M . R ep r in ted  w ith  p e r m iss io n .
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Direct Air-Acetylene Flame Method (Method 311 IB)

1. G en era l D is c u s s io n
T h is  m e th o d  is  a p p lic a b le  to  th e  d e term in a tio n  o f  a n tim o n y , b ism u th , 

c a d m iu m , c a lc iu m , c e s iu m , c h ro m iu m , c o b a lt , c o p p er , g o ld , ir id iu m , iron , lea d , 
l ith iu m , m a g n e s iu m , m a n g a n e se , n ic k e l, p a lla d iu m , p la tin u m , p o ta ss iu m , rh o d iu m , 
ru th en iu m , s ilv e r , so d iu m , s tro n tiu m , th a lliu m , tin , and  z in c .

2 . A p p aratu s
Atomic absorption spectrometer and associated equipment: S e e  S e c t io n  

3 1 1  A .6 . U s e  b u rn er  h e a d  r e c o m m e n d e d  b y  th e  m an u factu rer .

3 . R e a g e n ts
a. Air, c le a n e d  d ried  th rou gh  a su ita b le  filter  to  r e m o v e  o i l ,  w a ter , an d  o th er  

fo r e ig n  su b sta n ce s . T h e  so u r c e  m a y  b e  a  c o m p r e sso r  or c o m m e r c ia l ly  b o tt le d  g a s.
b. Acetylene, stan d ard  c o m m e r c ia l grad e. A c e to n e , w h ic h  a lw a y s  is  p r e se n t in  

a c e ty le n e  c y lin d e r s , c a n  b e  p r e v e n te d  fro m  en ter in g  an d  d a m a g in g  th e  b u rn er  h e a d  b y  
r e p la c in g  a  c y lin d e r  w h e n  its  p ressu re  h a s fa lle n  to  6 8 9  k P a  (1 0 0  p s i)  a c e ty le n e .

c . M e ta l- fr e e  w ater: U s e  m e ta l- fr e e  w a ter  fo r  p rep a r in g  a ll r e a g e n ts  and  
c a lib r a tio n  standard  an d  as d ilu t io n  w ater . P rep are m e ta l- fr e e  w a te r  b y  d e io n iz in g  tap  
w a ter  an d /o r  b y  u s in g  o n e  o f  th e  fo l lo w in g  p r o c e s s e s ,  d e p e n d in g  o n  th e  m e ta l  
c o n c e n tr a tio n  in  th e  sa m p le : s in g le  d is t illa t io n , r e d is t illa t io n , or  su b -b o ilin g . A lw a y s  
c h e c k  d e io n iz e d  or d is t i l le d  w a te r  to  d e te r m in e  w h e th e r  th e  e le m e n t  o f  in terest is  
p r e se n t in  tra ce  a m o u n ts . (N O T E : If the source water contains Hg or other volatile 
metals, single-or redistilled water may not be suitable for trace analysis because 
these metals distill over with the distilled water. In such cases, use sub-boiling to 
prepare metal-free water).

d. Calcium solution: D is s o lv e  6 3 0  m g  c a lc iu m  ca rb o n a te , C a C O î, in  5 0  m L  o f  
1 + 5  H C1. I f  n e c e s sa r y , b o i l  g e n t ly  to  o b ta in  c o m p le te  so lu t io n , C o o l and  d ilu te  to  
1 0 0 0  m L  w ith  w ater .

e. Hydrochloric acid, H C 1, 1% , 10% , 2 0% , 1 +  5 , 1 +  1, an d  c o n e .
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C A LC IU M * (Method 3500)

In tro d u ctio n

1. O ccu rren ce  and  S ig n if ic a n c e
T h e  p r e se n c e  o f  c a lc iu m  (f if th  a m o n g  th e  e le m e n ts  in  ord er o f  a b u n d a n ce ) in  

w a te r  su p p lie s  r e su lts  fro m  p a ssa g e  th ro u g h  or  o v e r  d e p o s its  o f  l im e s to n e , d o lo m ite ,  
g y p su m , and  g y p s ife r o u s  sh a le . T h e  c a lc iu m  co n te n t m a y  r a n g e  fro m  z e r o to  se v e r a l  
h u n d red  m illig r a m s  p er  liter , d e p e n d in g  o n  th e  so u r c e  and  trea tm en t o f  th e  w ater . 
S m a ll c o n c e n tr a tio n s  o f  c a lc iu m  ca rb o n a te  c o m b a t c o r r o s io n  o f  m e ta l p ip e s  b y  la y in g  
d o w n  a p r o te c t iv e  c o a t in g . A p p r e c ia b le  c a lc iu m  sa lts , o n  th e  o th er  h an d , p rec ip ita te  
o n  h e a tin g  to  fo rm  h a rm fu l s c a le  in  b o ile r s , p ip e s , and  c o o k in g  u te n s ils . C a lc iu m  
carb o n a te  sa tu ra tion  is  d is c u s s e d  in  S e c t io n  2 3 3 0 .

* A p p r o v e d  b y  S tan d ard  M e th o d s  C o m m itte e , 1991

2 . S e le c t io n  o f  M e th o d
T h e  a to m ic  a b so r p tio n  m e th o d  and  in d u c t iv e ly  c o u p le d  p la sm a  m e th o d  are  

accu ra te  m e a n s  o f  d e te r m in in g  c a lc iu m . T h e  E D T A  titra tion  m e th o d  g iv e s  g o o d  
resu lts  for  co n tro l and  r o u tin e  a p p lic a tio n s . F o r  sa m p le s  c o n ta in in g  h ig h  p  le v e ls  
(> 5 0 m g /L )  o n ly  M e th o d s  B  and  c  are r e c o m m e n d e d  b e c a u se  o f  in te r fe r e n c e s  w ith  th e  
E D T A  m e th o d  u s in g  m o s t  o f  th e  c ite d  in d ica to rs.

3 . S to ra g e  o f  S a m p le s
T h e  c u sto m a r y  p r e c a u tio n s  are s u ff ic ie n t  i f  care  is  ta k en  to  r e d is s o lv e  a n y  

c a lc iu m  carb o n a te  that m a y  p r e c ip ita te  o n  sta n d in g .
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S e e  f la m e  a to m ic  a b so rp tio n  sp e c tr o m e tr ic  m e th o d , S e c t io n  3 1 1  I B .

CHROMIUM* (Method 3500)

Atomic Absorption Spectrométrie Method (Method 3500B)

In tro d u ctio n

1. O ccu rren ce
T h e  h e x a v a ien t c h r o m iu m  c o n c e n tr a tio n  o f  บ .ร .  d r in k in g  w a ters  h a s  b e e n  

rep orted  to  v e r y  b e tw e e n  3 and  4 0  p g /L , w ith  a  m e a n  o f  3 .2  p g /L  , C h ro m iu m  sa lts  
are u se d  e x te n s iv e ly  in  in d u str ia l p r o c e s s e s  and  m a y  en ter  a w a te r  su p p ly  th rou gh  th e  
d isc h a r g e  o f  w a s te s . C h ro m a te  c o m p o u n d s  fr e q u e n tly  are a d d ed  to  c o o l in g  w a te r  for  
c o r r o s io n  co n tro l. C h ro m iu m  m a y  e x is t  in  w a te r  su p p lie s  in  b o th  th e  h e x a v a le n t  and  
th e  tr iv a len t sta te  a lth o u g h  th e  b iv a le n t  form  rarely  o c c u r s  in  p o ta b le  w ater .

2 . S e le c t io n  o f  M e th o d
U s e  th e  c o lo r im e tr ic  m e th o d  for  th e  d e te r m in a tio n  o f  h e x -a v a le n t  ch r o m iu m  in  

a natural or  treated  w a te r  in ten d ed  to  b e  p o ta b le . U s e  th e  e le c tro th er m a l (gra p h ite  
fu rn a ce) a to m ic  a b so rp tio n  sp e c tr o m e tr ic  m e th o d  for  d e te r m in a tio n  o f  lo w  le v e ls  o f  
to ta l c h r o m iu m  (< 5 0  p g /L )  in  w a ter  an d  w a ste w a te r . U s e  th e  f la m e  a to m ic  
a b so rp tio n  sp e c tr o m e tr ic  m e th o d  or th e  in d u c t iv e ly  c o u p le d  p la sm a  m e th o d  to  
m e a su r e  c o n c e n tr a tio n  up to  m illig r a m -p e r -liter  le v e ls .

3 . S a m p le  H a n d lin g
I f  o n ly  th e  d is s o lv e d  m e ta l c o n te n t is  d es ired , filter  sa m p le  th ro u g h  a  0 .4 5  p m  

m e m b ra n e  filter  at th e  t im e  o f  c o lle c t io n . A fte r  filtra tio n  a c id ify  filtra te  w ith  c o n e  
n itr ic  a c id  (HNO3) to  p H  < 2 . I f  th e  to ta l c h r o m iu m  c o n te n t is  d es ired , a c id ify  
u n filte r e d  sa m p le  at t im e  o f  c o l le c t io n  w ith  c o n  HNO 3 to  p H  < 2 .
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S e e  f la m e  a to m ic  a b so rp tio n  sp ec tro m etr ic  m e th o d , S e c t io n s , 3 11  IB .  

MAGNESIUM* (Method 3500)

Atomic Absorption Method fo r Total Chromium (Method 3500B)

In tro d u ctio n

1. O ccu rren ce
M a g n e s iu m  ran k s e ig h th  a m o n g  th e  e le m e n ts  in  ord er  o f  a b u n d a n ce  and  is  a  

c o m m o n  c o stitu e n t o f  natural w ater . Im portant co n tr ib u to rs to  th e  h a rd n ess  o f  a 
w a ter , m a g n e s iu m  sa lts  b reak  d o w n  w h e n  h e a te d , fo r m in g  sc a le  in  b o ile r s .  
C o n c e n tr a tio n s  g rea ter  th an  125  m g /L , a lso  ca n  h a v e  a ca th artic  an d  d iu re tic  e ffe c t .  
C h e m ic a l so fte n in g , r e v e r se  o s m o s is ,  e le c tr o d ia ly s is , or io n  e x c h a n g e  r e d u c e s  th e  
m a g n e s iu m  and  a s so c ia te d  h a rd n ess  to  a c c e p ta b le  le v e ls .  T h e  m a g n e s iu m
c o n c e n tr a tio n  m a y  v a r y  fro m  zero  to  se v e r a l h u n d red  m illig r a m s  p er  liter , d e p e n d in g  
o n  th e  so u r c e  and  trea tm en t o f  th e  w ater .

* A p p r o v e d  b y  S tan d ard  M e th o d s  C o m m itte e , 1 9 9 0

2 . S e le c t io n  o f  M e th o d
T h e  fou r  m e th o d s  p resen ted  are a p p lic a b le  to  a ll natural w a ters . D ir e c t  

d e te r m in a tio n s  c a n  b e  m a d e  w ith  th e  a to m ic  a b so rp tio n  sp e c tr o m e tr ic  and  in d u c t iv e ly  
c o u p le d  p la sm a  m e th o d s . M a g n e s iu m  can  b e  d e te r m in e d  b y  th e  g r a v im e tr ic  m e th o d  
o n ly  a fter  r e m o v a l o f  c a lc iu m  sa lts  ( s e e  S e c t io n  3 5 0 0 -C a ) . T h e s e  m e th o d s  ca n  b e  
a p p lie d  to  a ll c o n c e n tr a tio n s  b y  se le c t io n  o f  su ita b le  sa m p le  p o r tio n s . C h o ic e  o f  
m e th o d  is  la r g e ly  a  m a tter  o f  p erso n a l p r e fe r e n c e  an d  a n a ly st e x p e r ie n c e .
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S e e  f la m e  a to m ic  a b so rp tio n  sp ec tro m etr ic  m e th o d , S e c t io n  3 11  IB .  

SODIUM* (Method 3500)

3 5 0 0 -N a  A . In to ro d u ctio n

Atomic Absorption Spectrométrie Method (Method 3500B)

1. O ccu rren ce
S o d iu m  ran k s s ix th  a m o n g  th e  e le e n ts  in  ord er o f  a b u n d a n ce  an d  is  p r e se n t in  

m o st  natural w a te r s . T h e  le v e ls  m a y  v e r y  fro m  le s s  th an  1 m g  N a /L  to  m o r e  th an  5 0 0  
m g  N a /L . R e la t iv e ly  h ig h  c o n c e n tr a tio n s  m a y  b e  fo u n d  in  b r in e s  a n d  hard w a ters  
so fte n e d  b y  th e  so d iu m  e x c h a n g e  p r o c e ss . T h e  ratio  o f  so d iu m  to  to ta l c a t io n s  is  
im p ortan t in  a g r icu ltu re  and  h u m a n  p a th o lo g y . S o il  p e r m e a b ility  c a n  b e  h a rm ed  b y  a  
h ig h  so d iu m  ratio . P e r so n s  a ff lic te d  w ith  cer ta in  d is e a s e s  req u ire  w a te r  w ith  lo w  
so d iu m  c o n cen tra tio n . A  lim it in g  c o n c e n tr a tio n  o f  2  to  3 m g /L  is  r e c o m m e n d e d  in  
fe e d w a te r s  d e s t in e d  fo r  h ig h -p r e ssu r e  b o ile r s . W h e n  n e c e s sa r y , so d iu m  c a n  b e  
r e m o v e d  b y  th e  h y d r o g e n -e x c h a n g e  p r o c e s s  or  b y  d is t illa t io n .

* A p p r o v e d  b y  S tan d ard s c o m m itte e . 1 9 9 0 .

2 . S e le c t io n  o f  M e th o d
M e th o d  B  u s e s  an  a to m ic  a b so rp tio n  sp e c tr o m e ter  in  th e  f la m e  a b so rp tio n  

m o d e . M e th o d  c  u s e s  in d u c t iv e ly  c o u p le d  p la sm a ; th is  m e th o d  is  n o t  as s e n s it iv e  as  
th e  o th er  m e th o d s , b u t u s u a lly  th is  is  n o t  an im p ortan t factor . M e th o d  D  u s e s  e ith er  a 
f la m e  p h o to m e te r  or  an a to m ic  a b so rp tio n  sp ec tro m eter  in  th e  f la m e  e m is s io n  m o d e .  
W h e n  a ll o f  th e se  in stru m en ts  are a v a ila b le , th e  c h o ic e  w i l l  d e p e n d  o n  facto rs  
in c lu d in g  r e la tiv e  q u a lity  o f  th e  in stru m en ts , p r e c is io n  an d  s e n s it iv ity  req u ired , 
n u m b er  o f  sa m p le s , m a tr ix  e f fe c ts  and  r e la tiv e  e a s e  o f  in stru m en t o p era tio n . I f  an  
a to m ic  a b so rp tio n  sp e c tr o m e ter  is  u se d , o p era tio n  in  th e  e m is s io n  m o d e  i s  p referred .
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3 . S to ra g e  o f  S a m p le
S to re  a lk a lin e  sa m p le s  or  sa m p le s  c o n ta in in g  lo w  so d iu m  c o n c e n tr a tio n s  in  

p o ly e th y le n e  b o tt le s  to  e lim in a te  th e  p o s s ib i l i ty  o f  sa m p le  c o n ta m in a tio n  d u e  to  
le a c h in g  o f  th e  g la s s  con ta in er .
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Figure B . l  R a w  h id e .

Figure B.2 Pickling Process.
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Figure B .3  T r im m in g  an d  d e c o r a tin g  b e fo r e  C h r o m e  ta n n in g .

Figure B.4 Chrome tanning drum.
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Figure B.5 S a lin e  g ro u n d w a ter  from  B a n d u n g  D is tr ic t , U d o n  T h an i P r o v in c e  b e fo r e  
ev a p o ra tio n .

Figure B.6 S a lin e  g ro u n d w a ter  from  B a n d u n g  D is tr ic t , U d o n  T h a n i P r o v in c e  after  
ev a p o ra tio n .
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F ig u r e  B .7  S a lin e  g ro u n d w a ter  b e fo r e  a d d in g  N a O H .

F ig u r e  B .8  S a lin e  g ro u n d w a ter  after a d d in g  N a O H .
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Before adding white slurry. After adding white slurry.

Figure B.9 Jar test experiment.

Figure B.10 Jar test experiment.
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Figure B .ll Model scale reactor.

Figure B.12 Model scale reactor after adding white slurry.

■H
i
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Sedimentation tank M ixing tank

TOP VIEW

Sedimentation lank M ixing tank

SIDE VIEW

0.20 an

Mixer

0 25 cm

Figure B.12 Detail of model scale reactor.
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