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i i

A W W A  S t a n d a r d

T h i s  d o c u m e n t  i s  a n  Am e r i c a n  W a t e r  W o r k s  As s o c i a t i o n  ( AW W A )  s t a n d a r d .  I t  i s  n o t  a  s p e c i fi c a t i o n .  AW W A  s t a n d a r d s  d e s c r i b e  
m i n i m u m  r e q u i r e m e n t s  a n d  d o  n o t  c o n t a i n  a l l  o f t h e  e n g i n e e r i n g  a n d  a d m i n i s t r a t i ve  i n fo r m a t i o n  n o r m a l l y  c o n t a i n e d  i n  
s p e c i fi c a t i o n s .  T h e  AW W A s t a n d a r d s  u s u a l l y  c o n t a i n  o p t i o n s  t h a t  m u s t  b e  e va l u a t e d  b y  t h e  u s e r  o f t h e  s t a n d a r d .  U n t i l  e a c h  
o p t i o n a l  fe a t u r e  i s  s p e c i fi e d  b y  t h e  u s e r ,  t h e  p r o d u c t  o r  s e r vi c e  i s  n o t  fu l l y d e fi n e d .  AW W A  p u b l i c a t i o n  o f a  s t a n d a r d  d o e s  
n o t  c o n s t i t u t e  e n d o r s e m e n t  o f a n y  p r o d u c t  o r  p r o d u c t  t y p e ,  n o r  d o e s  AW W A  t e s t ,  c e r t i fy ,  o r  a p p r o ve  a n y  p r o d u c t .  T h e  
u s e  o f A W W A s t a n d a r d s  i s  e n t i r e l y  vo l u n t a r y.  T h i s  s t a n d a r d  d o e s  n o t  s u p e r s e d e  o r  t a k e  p r e c e d e n c e  o v e r  o r  d i s p l a c e  a n y 
a p p l i c a b l e  l a w ,  r e g u l a t i o n ,  o r  c o d e  o f a n y g o v e r n m e n t a l  a u t h o r i t y .  AW W A s t a n d a r d s  a r e  i n t e n d e d  t o  r e p r e s e n t  a  c o n s e n s u s  
o f t h e  w a t e r  i n d u s t r y  t h a t  t h e  p r o d u c t  d e s c r i b e d  w i l l  p r o vi d e  s a t i s fa c t o r y  s e r vi c e .  W h e n  A W W A r e vi s e s  o r  w i t h d r a w s  t h i s  
s t a n d a r d ,  a n  o ffi c i a l  n o t i c e  o f a c t i o n  w i l l  b e  p l a c e d  i n  t h e  O ffi c i a l  N o t i c e  s e c t i o n  o f Jo u rn a l A WWA .  T h e  a c t i o n  b e c o m e s  
e ffe c t i ve  o n  t h e  fi r s t  d a y o f t h e  m o n t h  fo l l o w i n g  t h e  m o n t h  o f Jo u rn a l A WWA  p u b l i c a t i o n  o f t h e  o ffi c i a l  n o t i c e .

A m e r i c a n  N a t i o n a l  S t a n d a r d

An  A m e r i c a n  N a t i o n a l  S t a n d a r d  i m p l i e s  a  c o n s e n s u s  o f t h o s e  s u b s t a n t i a l l y  c o n c e r n e d  w i t h  i t s  s c o p e  a n d  p r o vi s i o n s .  An  
Am e r i c a n  N a t i o n a l  S t a n d a r d  i s  i n t e n d e d  a s  a  g u i d e  t o  a i d  t h e  m a n u fa c t u r e r ,  t h e  c o n s u m e r ,  a n d  t h e  g e n e r a l  p u b l i c .  T h e  
e x i s t e n c e  o f a n  A m e r i c a n  N a t i o n a l  S t a n d a r d  d o e s  n o t  i n  a n y  r e s p e c t  p r e c l u d e  a n yo n e ,  w h e t h e r  t h a t  p e r s o n  h a s  a p p r o v e d  
t h e  s t a n d a r d  o r  n o t ,  fr o m  m a n u fa c t u r i n g ,  m a r k e t i n g ,  p u r c h a s i n g ,  o r  u s i n g  p r o d u c t s ,  p r o c e s s e s ,  o r  p r o c e d u r e s  n o t  
c o n fo r m i n g  t o  t h e  s t a n d a r d .  A m e r i c a n  N a t i o n a l  S t a n d a r d s  a r e  s u b j e c t  t o  p e r i o d i c  r e vi e w ,  a n d  u s e r s  a r e  c a u t i o n e d  t o  o b t a i n  
t h e  l a t e s t  e d i t i o n s .  P r o d u c e r s  o f g o o d s  m a d e  i n  c o n fo r m i t y  w i t h  a n  Am e r i c a n  N a t i o n a l  S t a n d a r d  a r e  e n c o u r a g e d  t o  s t a t e  
o n  t h e i r  o w n  r e s p o n s i b i l i t y i n  a d ve r t i s i n g  a n d  p r o m o t i o n a l  m a t e r i a l s  o r  o n  t a g s  o r  l a b e l s  t h a t  t h e  g o o d s  a r e  p r o d u c e d  i n  
c o n fo r m i t y  w i t h  p a r t i c u l a r  Am e r i c a n  N a t i o n a l  S t a n d a r d s .

Caution  N otice:  T h e  Am e r i c a n  N a t i o n a l  S t a n d a r d s  I n s t i t u t e  ( A N S I )  a p p r o va l  d a t e  o n  t h e  fr o n t  c o ve r  o f t h i s  s t a n d a r d  i n d i c a t e s  
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o f AN S I  a p p r o va l .  P u r c h a s e r s  o f Am e r i c a n  N a t i o n a l  S t a n d a r d s  m a y  r e c e i ve  c u r r e n t  i n fo r m a t i o n  o n  a l l  s t a n d a r d s  b y  w r i t i n g  
t o  t h e  A m e r i c a n  N a t i o n a l  S t a n d a r d s  I n s t i t u t e ,  1 1 8 0  Av e n u e  o f t h e  Am e r i c a s ,  1 0 t h  F l o o r ,  N e w  Yo r k ,  N Y  1 0 0 3 6 ;  c a l l i n g  ( 2 1 2 )  
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Foreword

This Fo rewo rd is fo r in fo rm atio n  o n ly an d is n o t a p art o f A NSI*/AWWA  B402.

I .  I n tro du cti o n .

I . A.  Backgro u n d.  I n  1 9 0 3 ,  t h e  u s e  o f fe rro u s  s u l fat e  ( F e S O 4 )  as  a c o agu l an t  

was  i n t ro d u c e d  i n  t h e  Un i t e d  S t at e s  i n  Qu i n c y,  I l l . ,  b y Wi l l i am  B .  B u l l .  L i m e  was  u s e d  

i n  c o n j u n c t i o n  wi t h  fe r ro u s  s u l fat e  b e c au s e  i t  ai d e d  i n  t h e  o xi d at i o n  an d  p re c i p i t at i o n  

o f t h e  i ro n  as  fe rr i c  h yd ro xi d e .  T h e  fi rs t  l arge  c i t y t o  u s e  t h i s  c o m b i n at i o n  was  S t .  L o u i s ,  

M o . ,  i n  1 9 0 4 .  Ac c o rd i n g t o  a h i s t o ri an ,  “ T h i s  was  d o n e  i n  gre at  h as t e  i n  o rd e r t h at  t h e  

vi s i t o r s  t o  t h e  S t .  L o u i s  E xp o s i t i o n  m i gh t  n o t  b e  re p e l l e d  b y t h e  t u r b i d  wat e r wh i c h  

S t .  Lo u i s an s  p u t  u p  wi t h  s i n c e  Ki rkwo o d’s  re c o m m e n d at i o n  fo r s e d i m e n t at i o n  an d  

s l o w s an d  fi l t rat i o n  was  r u t h l e s s l y t h r u s t  as i d e  i n  1 8 6 6 .  A p e rm an e n t  p l an t  was  s o o n  

b u i l t .  Ne xt  am o n g t h e  l ar ge  c i t i e s  t o  u s e  s u l fat e  o r  i ro n  an d  l i m e  we re  C i n c i n n at i ,  1 9 0 7 ,  

an d  Ne w O r l e an s ,  1 9 0 9 . ” †

T h e  c o m b i n at i o n  o f fe rro u s  s u l fat e  an d  l i m e  i s  an  e ffe c t i ve  c o agu l an t  fo r  t h e  

c l ari fi c at i o n  o f t u rb i d  raw wat e r s .  F e r ro u s  s u l fat e  i s  al s o  u s e d  as  a b as e  m at e r i al  fo r  t h e  

p re p ar at i o n  o f c h l o ri n at e d  c o p p e r as ,  an o t h e r  e ffe c t i ve  c o agu l an t  u s e d  fo r  t h e  t re at m e n t  

o f s o m e  wat e r s .  C h l o r i n at e d  c o p p e r as  i s  fo rm e d  b y re ac t i n g fe r ro u s  s u l fat e  ( F e S O 4  ·  

7 H 2 O )  wi t h  c h l o r i n e  i n  t h e  rat i o  o f 7 : 1 .  C h l o r i n e  s o l u t i o n  i s  ad d e d  t o  a s o l u t i o n  o f 

fe r ro u s  s u l fat e ,  u s u al l y i n  an  e n l ar ge d  p i p e  s e c t i o n  t h at  s e r ve s  as  a re t e n t i o n  t an k an d  

p e r m i t s  c o m p l e t e  o xi d at i o n  o f t h e  fe rro u s  s u l fat e  t o  t h e  fe rr i c  fo r m .

F e r ro u s  s u l fat e  i s  p ro d u c e d  as  a c o - p ro d u c t  i n  t h e  m an u fac t u re  o f c e r t ai n  m e t al s  

an d  co m p o u n d s ,  s u c h  as  t i t an i u m  d i o xi d e .  T h e  p r i n c i p al  s o u rc e s  p ro vi d i n g t h e  gre at e s t  

q u an t i t y o f fe rro u s  s u l fat e  are  t h e  s u l fat e  p ro c e s s  fo r  t h e  m an u fac t u re  o f t i t an i u m  

d i o xi d e  an d  t h e  s p e n t  s u l fu r i c  ac i d  s o l u t i o n s  fro m  t h e  p i c kl i n g o f s t e e l ,  kn o wn  as  

“p i c kl e  l i q u o r. ”  F o r  s h i p p i n g,  s o l u t i o n s  m ad e  fro m  t h e s e  t wo  s o u rc e s  are  re d u c e d  t o  

m o i s t  an d  d r i e d  c r ys t al l i n e  fo r m s .  F o r  ap p l i c at i o n s ,  t h e y are  d i s s o l ve d  an d  ap p l i e d  

t o  wat e r  t h ro u gh  c h l o r i n e  o xi d i ze rs  o r  wi t h  l i m e .  M o i s t  fe rro u s  s u l fat e  c r ys t al s  are  

p ro d u c e d  i n  a h e p t ah yd r at e  fo r m  ( F e S O 4  ·  7 H 2 O )  c o n t ai n i n g u p  t o  1 0  p e rc e n t  fre e  

m o i s t u re  an d  1 7  t o  1 9  p e rc e n t  i ro n .  T h i s  fo r m  o f fe rro u s  s u l fat e  i s  n o t  fre e  fl o wi n g 

an d  i s  ge n e ral l y u s e d  i n  l ar ge  q u an t i t i e s  fo r wat e r  t re at m e n t .  D r i e d  fe r ro u s  s u l fat e ,  

wh i c h  i s  p ro d u c e d  b y d e h yd r at i n g m o i s t  fe rro u s  s u l fat e  c r ys t al s ,  c an  b e  o b t ai n e d  i n  t wo  

*  Am e ri c an  Nat i o n al  S t an d ard s  I n s t i t u t e ,  1 1 8 0  Ave n u e  o f t h e  Am e r i c as ,  1 0 t h  F l o o r,  Ne w Yo rk,  N Y 
1 0 0 3 6 .

†  B ake r,  M . N .  1 9 4 8 .  The Qu est fo r Pu re Water,  AN S I / AWWA,  D e n ve r,  C o l o .
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vi i i

h yd r at e  fo rm s —h e p t ah yd r at e  ( F e S O 4  ·  7 H 2 O )  c o n t ai n i n g 1 9 . 5  t o  2 0 . 5  p e rc e n t  i ro n  

an d  m o n o h yd r at e  ( F e S O 4  ·  7 H 2 O )  c o n t ai n i n g 2 9  t o  3 1  p e rc e n t  i ro n .  T h e  p r ac t i c e  

o f s h i p p i n g “p i c kl e  l i q u o r”  i n  l i q u i d  fo rm  b e gan  i n  ab o u t  1 9 6 5  an d  i s  s t i l l  l arge l y 

c o n fi n e d  t o  are as  wi t h i n  re as o n ab l e  h au l i n g d i s t an c e  o f h e avy- s t e e l  p ro d u c e rs .  To d ay,  

l i q u i d  fe rro u s  s u l fat e ,  p ro d u c e d  b y d i s s o l vi n g m o i s t  o r  d r i e d  c r ys t al s ,  c o n t ai n s  l e s s  fre e  

s u l fu ri c  ac i d  t h an  “p i c kl e  l i q u o r. ”  B e c au s e  o f t ran s p o r t at i o n  c o s t s ,  i t  i s  ge n e r al l y s o l d  

wi t h i n  a 2 5 0 - m i  ( 4 0 2 - km )  r ad i u s  o f s u p p l i e r s .  L i q u i d  fe r ro u s  s u l fat e  n o rm al l y c o n t ai n s  

a m i n i m u m  o f 5 . 5  p e rc e n t  fe rro u s  i ro n  o r  0 . 5  l b  o f fe rro u s  i ro n  p e r  gal  o f l i q u i d  fe r ro u s  

s u l fat e  s o l u t i o n  ( 6 0  kg/ m 3 ) .

I . B .  History.  T h e  fi rs t  e d i t i o n  o f t h i s  s t an d ard  was  p re p are d  b y t h e  AWWA 

C o m m i t t e e  o n  F e r ro u s  S u l fat e  an d  was  ap p ro ve d  b y t h e  AWWA B o ard  o f D i re c t o rs  

o n  J u n e  2 ,  1 9 6 8 .  S u b s e q u e n t  re vi s i o n s  t o  AN S I / AWWA B 4 0 2  we re  p re p are d  b y t h e  

AWWA S t an d ard s  C o m m i t t e e  o n  I ro n  S al t s ,  Al u m i n u m  S al t s ,  an d  Re l at e d  C o agu l an t  

Ai d s  an d  ap p ro ve d  b y t h e  AWWA B o ard  o f D i re c t o rs  o n  J an .  2 7 ,  1 9 8 5 ;  J an .  2 8 ,  1 9 9 0 ;  

J an .  2 2 ,  1 9 9 5 ;  J u n e  1 1 ,  2 0 0 0 ;  J u n e  1 1 ,  2 0 0 6 ;  J an .  2 2 ,  2 0 1 2 ,  an d  J u n e  9 ,  2 0 1 8 .  T h i s  

e d i t i o n  was  ap p ro ve d  o n  J u n e  8 ,  2 0 2 4 .

I . C .  Acceptance.  I n  M ay 1 9 8 5 ,  t h e  U S  E n vi ro n m e n t al  Pro t e c t i o n  Age n c y 

( U S E PA)  e n t e re d  i n t o  a c o o p e r at i ve  agre e m e n t  wi t h  a c o n s o r t i u m  l e d  b y N S F  

I n t e rn at i o n al  ( N S F )  t o  d e ve l o p  vo l u n t ar y t h i rd - p ar t y c o n s e n s u s  s t an d ard s  an d  a 

c e r t i fi c at i o n  p ro gr am  fo r  d i re c t  an d  i n d i re c t  d r i n ki n g wat e r  ad d i t i ve s .  O t h e r  m e m b e rs  o f 

t h e  o r i gi n al  c o n s o r t i u m  i n c l u d e d  t h e  Wat e r Re s e arc h  F o u n d at i o n  ( fo r m e r l y AwwaRF )  

an d  t h e  C o n fe re n c e  o f S t at e  H e al t h  an d  E n vi ro n m e n t al  M an age r s  ( C O S H E M ) .  

AWWA an d  t h e  As s o c i at i o n  o f S t at e  D ri n ki n g Wat e r Ad m i n i s t r at o r s  ( AS D WA)  j o i n e d  

l at e r.

I n  t h e  Un i t e d  S t at e s ,  au t h o r i t y t o  re gu l at e  p ro d u c t s  fo r u s e  i n  o r i n  c o n t ac t  wi t h  

d r i n ki n g wat e r re s t s  wi t h  i n d i vi d u al  s t at e s . ‡  L o c al  age n c i e s  m ay c h o o s e  t o  i m p o s e  

re q u i re m e n t s  m o re  s t r i n ge n t  t h an  t h o s e  re q u i re d  b y t h e  s t at e .  To  e val u at e  t h e  h e al t h  

e ffe c t s  o f p ro d u c t s  an d  d r i n ki n g wat e r ad d i t i ve s  fro m  s u c h  p ro d u c t s ,  s t at e  an d  l o c al  

age n c i e s  m ay u s e  var i o u s  re fe re n c e s ,  i n c l u d i n g fo u r s t an d ard s  d e ve l o p e d  u n d e r  t h e  

d i re c t i o n  o f N S F § :  N S F / AN S I / C AN ¶  6 0 ,  D r i n ki n g Wat e r  Tre at m e n t  C h e m i c al s —

H e al t h  E ffe c t s ;  N S F / AN S I / C AN  6 1 ,  D r i n ki n g Wat e r  S ys t e m  C o m p o n e n t s —H e al t h  

Effe c t s ;  N S F / AN S I  3 7 2 ,  D r i n ki n g Wat e r  S ys t e m  C o m p o n e n t s —L e ad  C o n t e n t ;  

‡  Pe r s o n s  o u t s i d e  t h e  Un i t e d  S t at e s  s h o u l d  c o n t ac t  t h e  ap p ro p ri at e  au t h o ri t y h avi n g j u ri s d i c t i o n .
§  N S F  I n t e rn at i o n al ,  7 8 9  No r t h  D i xb o ro  Ro ad ,  An n  Ar b o r,  M I  4 8 1 0 5 .
¶  S t an d ard s  C o u n c i l  o f C an ad a,  5 5  M e t c al fe  S t re e t ,  S u i t e  6 0 0 ,  O t t awa,  O N  K1 P  6 L 5  C an ad a.
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