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., CHROMAL PLATING COMPANY 
TOTAL AND HEXAVALENT CHROMIUM E M I S S I O N S  

FROM CHROMIUM PLATING TANKS 3 AN0 4 

This r e p o r t  presents an es t lmate  o f  emlssions f rom Chromal P l a  

These emlssion est imates a r e  based on t e s t s  performed by the  A i r  Resources 

Board (ARB) s t a f f  us ing  a d r a f t  ARB t e s t  method. 

reviewed b y  t h e  s t a f f  and a r e  b e l l e v e d  t o  be accurate w i t h l n  the  l i m i t s  o f  the 

method. 

v a r i a b l e s  which a re  sometimes n o t  apparent d u r i n g  t h e  tests .  

no t .  there fore ,  be n e c e s s a r i l y  considered t y p i c a l  o f  a spec1 f i c  source o r  

I n d u s t r y  u n t i l  the ef fects  o f  such var la 'b les a r e  known and taken  i n t o  account. 

J Company, 

The r e s u l t s  have been 

However, data a re  u s u a l l y  a f f e c t e d  b y  t h e  t e s t  method and process 

The data should 
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CALIFORNIA AIR RESOURCES BOARD TEST OF C H R ~ ~ A L ~ ~ T A T ~ C O M P A N W  
Report No. C-86-125 
April 3 ,  1987 

UNACCEPTABLE 

The inside cover of this report says that the data in the 
report are an estimate of chromium emissions from this source. 
In addition, sampling is for an inlet location only, and only 12 
points were sampled. The correct number of points for this 
location is 24, if the sampling is to conform with Reference 
Method 1. In sampling for chromium, it is necessary to use the 
specified number of points since past sampling has shown that the 
distribution of the pollutant is not uniform across the duct. 
Since this test was merely to obtain an estimate of the 
emissions, this is the probable reason for using too few points. 

CALIFORNIA AIR RESOURCES BOARD TEST OF INC . 
Report No. C-86-106 
April 3 ,  1987 

UNACCEPTABLE 

The inside cover of this report says that the data in the 
report are an estimate of chromium emissions from this source. 
Since data are an estimate, this may account for the insufficient 
number of sampling points used during the test. It is necessary 
to use the appropriate number of sampling points - which is 24 - 
when sampling for chromium since the distribution of chromic acid 
mist is not uniform within the duct. The presence of chromic 
acid droplets at the inlet also makes it necessary to sample the 
proper number of points if accurate data are to be obtained. 

CHROMIUH EnISSIONS TESTS FOR TANK 193 AND TANK 195 AT DOUGLAS 
AIRCRAFT COUPANY (DAC) 
March 5, 1987 

As per instructions from Andy Smith, this test report was not 
reviewed since the test report is for an anodizing operation. 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 2771 1 

A p r i l  20, I989 

MEMORAND m 
SUBJECT: Acceptability of Test Reports 

FROM : Frank R. Clay 
Field Testing Section, EMB, TSD (MD-14) 

TO : Andrew Smith 
Industrial Studies Branch, ESD (MD-13) 

Attached are three test reports that have been reviewed for 
acceptability. 
below. 

Attachment 

cc: Dallas Safreit 

None was acceptable and the reasons are given 
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Chromal P l a t i n g .  Company 
To ta l  and Hexavalent Chromium Emissions 

From Chromium P l a t i n g  Tanks 3 and 4 

- i . '  L .  ~ - . .  . . . . .  - _  _. . ..:(_^--: :. .. . . . . . . . . . . . . . .  . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  ... _ _  . -  , .  : . SUMMARY . . .  . . . . .  - .. 

. .  The A i r  Resources Board (ARB) has i d e n t i f i e d  hexavalentchromium as: 8' -: 

. t o x i c  a i r  contaminant. Because o f  t h i s ,  sampling was-requested by: theiARB;-r . i '  i - 5 .  . 

. . . . .  Tox ic  P o l l u t a n t s  Branch t o  determine chromium emissions from- a+hard"~chtomium 

-~ . .  p l a t e r .  Samples were c o l l e c t e d  a t  Chromal P l a t i n g  Co. on December-16 through . . . . .  

18, 1986, b y  the  s t a f f  o f  the  Engineer ing Eva lua t ion  Branch (EEB) o f  the A i r  

r -Reso.urces Board (ARB). The samples were analyzed b y . t h e  'Uepartment-ofzHealth :-:' . ? . ' I  

Services (DOHS) A i r  and I n d u s t r i a l  Hygiene Laboratory  (AIHL) f o r  t o t a l  

chromium and hexavalent  chromium. . ,  . . .  

Chromium i s  app l i ed  by  e l e c t r o p l a t i n g  from a p l a t i n g  s o l u t i o n  i n  

which i t  i s  present  as hexavalent chromium, an an ion  i n  a ,h igh  oxi .dat ion . : . .  

- s ta te .  E l e c t r o p l a t i n g  i s  accomplished by  a p p l y i n g  a ' h i g h  amperage, low : 

. 

: vo l tage d i r e c t  c u r r e n t  (dc)  through the  p la t i ng ' so lu t i on :  The ma te r ia l  t o  be ' ' :  

I'- , . .  . .  ::,. -p la ted .  i s  hung from the  negat ive,  o r  cathode, b u 5 ' b a i f ' o f  thtS-pTatkgXank.-:. 

. i Anodes are  hung from the  p o s i t i v e  bus bars. 

. e f f i c i e n t .  A major reason f o r  the  i n e f f i c i e n c y - I s  the tireakdown'of w a t e r .  .:>- 

Chromium :pl 'at ing'Ts ' o n l y E ~ 2 0 X  .: - '  : 

. . .  

molecules i n  the  p l a t i n g  s o l u t i o n  b y  the e l e c t r i c  cu r ren t .  

t h e  re lease o f  hydrogen gas a t  the cathode and oxygen a t  the anode. 

o f  the p l a t i n g  s o l u t i o n  i s  en t ra ined w i t h  these re leased gases, which are  

vented f o r  s a f e t y  reasons. 

scrubber and then vented t o  the atmosphere. The scrubber i s  .used t o  recover  

some o f  the  vented p l a t i n g  s o l u t i o n  and r e t u r n  i t  t o  the  p l a t i n g  tank. 

This r e s u l t s  i n  

A p o r t i o n  

A t  Chromal, these gases are passed through a 



Sampling and ana lys i s  f o r  hexavalent  and t o t a l  chromium samples was 

conducted i n  accordance w i t h  t h e  ARB'S D r a f t  Test Method 425 (Determinat ion  o f  

To ta l  Chromium and Hexavalent Chromium Emissions from S ta t i ona ry  Sources). 

The r e s u l t s  o f  t h e  sampling and a n a l y s i s  and o the r  data a re  shown i n  t h e  

Summary Table. 

l b / h r  and 33.3 x l b / h r  f o r  t o t a l  chromium and 5.2 x and 26.6 x 

Emissions from p l a t i n g  tank 3 ranged between 20.5 x 

l b / h r  f o r  hexavalent  chromium. Emissions from p l a t l n g  tank 4 ranged 

between 14.6 x l b / h r  and 38.0 x 

19.3 x l b / h r  and 33.5 x l b / h r  f o r  hexavalent chromium. 

1b;hr f o r  t o t a l  chromium and 

.. 
-i i- 



. 
I . 
I. 

CI . c 

L .. " 
P 

. . 
b 
0 

4 " c 
U 

. . I 
4 . .. 

d 
. . " 
: 
I c - E . 

c A c . 
- L  

I . 
I. 

: - 
! c 
U 

D - . 
L 

n . Ai " 
n - 



Chroma1 P1 a t i n g  Company 
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I .  INTROOUCTION 

The A i r  Resources Board (ARB) has i d e n t i f i e d  hexavalent chromium as a 

t o x i c  a i r  contaminant. Subsequently, the  Toxic  Po l l u tan ts  Branch o f  the ARB 

requested t h e  Engineer ing Eva lua t ion  Branch (EEB) o f  the  ARB conduct an 

emissions t e s t  t o  evaluate hexavalent  chromium emissions from a "hard" 

chromium p l a t i n g  operat ion.  The Chromal P l a t i n g  Company i n  Los Angeles was 

se lec ted  f o r  t e s t i n g  and t e s t i n g  was conducted on December 16 through 18, 

1986. 

and I n d u s t r i a l  Hygiene Laboratory  (AIHL) o f  the  Department o f  Heal th  

Services. The ob jec t i ves  o f  t h i s  t e s t  were t o :  

The samples were analyzed f o r  t o t a l  and hexavalent chromium by  the  A i r  

1. Determine t o t a l  and hexavalent  chromium emissions from a hard  

chromium p la te r .  

Determine i f  i t  i s  necessary t o  s t a b i l i z e  the sample f i l t e r s  

i nmed ia te l y  a f t e r  sampling as p a r t  o f  t h e  t e s t  method development. 

2. 

A f t e r  sampling on t h e  l a s t  day o f  t e s t i n g ,  a d d i t i o n a l  samples were 

c o l l e c t e d  from tank 3 by  Truesdai l  Laborator ies.  Truesdai l  Labora tor ies  i s  a 

c o n t r a c t  l a b o r a t o r y  commissioned f o r  t h e  Metal F i n i s h i n g  Assoc ia t ion  o f  

Southern C a l i f o r n i a  Inc. Ma t t  Ounn o f  Dames and Moore, Santa Barbara, 

observed t h e  eva lua t i on  t e s t  f o r  the  Metal F i n i s h i n g  Associat ion.  

I I .  CONCLUSIONS 

Emissions o f  t o t a l  chromium ' ( i n c l u d i n g  hexavalent chromium) a t  Chromal 

ranged from 20.5 x l b / h r  t o  33.3 x 10'' l b / h r  f o r  tank 3 and 14.6 x 

l b / h r  t o  38.1 x l o - '  l b / h r  f o r  tank 4. Emissions o f  hexavalent  

chromium a t  Chromal ranged from 5.2 x l b / h r  t o  26.6 x l b / h r  f o r  

tank 3 and 19.3 x l b / h r  t o  33.5 x l b / h r  from tank 4. 

-1 - 



The number o f  samples was too  l i m i t e d  t o  determine i f  t r e a t i n g  the  

sample f i l t e r s  on s i t e  had any e f f e c t  on the hexavalent chromium a n a l y t i c a l  

resu l  t s .  

111. PROCESS DESCRIPTION 

Chromal i s  c l a s s i f i e d  as a "hard" chromium p la te r .  I n  "hard" chromium 

p l a t i n g  chromium i s  a p p l i e d  t o  s t e e l  surfaces i n  th icknesses o f  0.0001-0.010 

inches t o  b u i l d  up worn p a r t s  and p rov ide  'abrasion r e s i s t a n t  sur faces  such as 

those seen on h y d r a u l i c  rams and cy1 inders.  'Decorat ive" chromium p l a t i n g  i s  

t h e  o the r  c l a s s i f i c a t i o n  where a much t h i n n e r  l a y e r  (0.00001 -0.000002 inches) 

o f  chromium i s  app l i ed  t o  produce a b r i g h t  and decora t ive ,  as w e l l  as 

co r ros ion  and abras ion  r e s i s t a n t ,  surface. 

The chromium i s  deposi ted on to  t h e  surface o f  t h e  base m a t e r i a l  by 

E l e c t r o p l a t i n g  opera t ions ,  i n c l u d i n g  c lean ing ,  r i n s i n g ,  e l e c t r o p l a t i n g .  

. p l a t i n g ,  and pos t  p l a t i n g  t reatments,  can be manual o r  w i t h  any degree o f  

automat ion t h a t  i s  des i red.  Chromal's opera t ion  i s  b a s i c a l l y  manual t o  

accommodate t h e  wide v a r i a t i o n  i n  t h e  p a r t s  t h a t  are p la ted .  

The p a r t  t o  be p l a t e d  can e i t h e r  be suspended by  w i r e s  o r  racks before 

be ing  submerged i n t o  a tank con ta in ing  t h e  p l a t i n g  so lu t i on .  

p a r t s  a r e  suspended by wires. 

surface from a s o l u t i o n  i n  which it i s  present as hexavalent  chromium, an 

an ion  i n  a h igh  ox ida t ion .  s ta te .  

s o l u t i o n  u s u a l l y  con ta ins  a smal l  and c a r e f u l l y  c o n t r o l l e d  amount o f  c a t a l y s t  

i on ,  such as s u l f a t e .  

e l e c t r o p l a t i n g  i s  supp l ied  b y  r e c t i f i e r s  o r  a generator. 

app l i ed  t o  t h e  p l a t i n g  tank by  bus bars. 

bars and t h e  i tem t o  be p l a t e d  i s  hung from the negat ive  o r  cathode bus bars. 

Tank. vo l tage  and c u r r e n t  a re  monitored w i t h  vo l tmeters and ammeters. 

A t  Chromal, the  

The chromium i s  deposi ted on to  the  ma te r ia l  

Along w i t h  chromium ac id ,  t h e  aqueous 

The necessary d i r e c t  cu r ren t  (dc) power f o r  

The c u r r e n t  i s  

Anodes are  hung f rom p o s i t i v e  bus 

-2- 



. . . . . . . .  . . . .  
Chromium p l a t i n g  i s  one o f  t h e  most d i f f i c u l t  electr;plati.ng operat lons;  

. ' 

. . .  . . . . .  . ^ .  ~. . .  . . -. 
5 . temperature, c u r r e n t  dens i ty .  and b u l k  composi t ion are  k e p t  wi'th' in a 

. . .  .. 

-.. 

. . ~ .  . .  

. ._. 

~. . . _  

. . _  . . .  

_ *  . . . . .  

.- .. 

r e l a t i v e l y  narrow range. 

i s  o n l y  8-20% e f f i c i e n t .  

water i n  t h e  p l a t i n g  s o l u t i o n  i n t o  hydrogen and oxygen gases. 

the o f f  gass ing o f  hydrogen a t  the  cathode and oxygen a t  ' t h e  anode.. The- 

release o f  these 'gases from the  p l a t i n g  tank causes a sp ray  ' tha t  car r ies 'some-- ' -  

o f  ' the p l a t i n g  s o l u t i o n  w i t h  the  gases. 

vented. . For  economic reasons. t h e  spray i s  u s u a l l y  vented through a scrubber 

t o  recover  some o f  t h e  p l a t i n g  so lu t i on .  

,used as makeup t o  rep lace  some o f  t h e  l o s t  p l a t i n g  solution..' . - . 

With respect  t o  e l e c t r i c  cu'rrent. chromium p l a t i n g  

Most o f  t h e  e l e c t r i c  c u r r e n t  i s  ipen-nv.e.r:ting- 
. . . . . . . . . . . . . . . .  

. . .  - -,.-. " .  . .  
This  resu l t s .  i n :  ' .  

. . . .  . . .  . .  

- . .  ' '  . : 

. . .  . .  
For s a f e t y  reasons-the- spray must b e - .  . 

-~ 

. . . .  .. Par t  o f  the '  sc rubber  water i s '  then 
. . . . . . . . . . .  . . . . . .  . . . .  _... . .~ . .  

- .  ~ _ c .  .:. . . . . . .  . . .  
Dur ing  t h e  t h r e e  days o f  emissions sampling, Chromal-maintained a - - -  

. .  
in'-ta'nk 4,- the pl$ti.nb-~-- :- . r e l a t i v e l y  c o n s i s t a n t  p l a t i n g  opera t i on  i n  tank  3. 

. . . . . . . . .  
' -  operat ions were v a r i e d  over the t h r e e  t e s t  days. Table '1. ~shows' t h e  o p e r a t i n g  - '  - ' 

... . . . .  . .  
parameters and c o n d i t i o n s  dur ing  t h e  3 days o f  t e s t i n g .  

I V .  SAMPLING LOCATIONS AND METHODS 

. 

. . . .  . . .  . .  ~ . .  . .  . .  

. . . . . .  . . .  . .  - -  - -  . .  
. Hexavalent and t o t a l  chromium samples were col lected. 'a-ccording to-  a ' - - .  - -  . .  

. . . .  . - . L ,  .. ~. .- .~ ~- - 
- -  - d r a f t  o f -ARB's S t a t i o n a r y  Source Test  Method 425 (Determinat ion o P T o t a i  - - -  
. . . . . . . . . . . .  . . . . . .  . . . . . .  - - .  . ' Chromium and Hexavalent Chromium Emissions f rom S t a t i o n a r y  yources'). 

p i t o t  tube was used t o  determine s tack  gas ve loc i t y . '  - M o i s t u r e  conten t  was 

A type' 3' 
. . . . . .  . . . . . . . . . .  . . ,  . .  

.. , ' '  determined as s p e c i f i e d  by ARB Method 4 (De te rm ina t ion  o f  ) io isture-Content-  i n  : ' I  
. 

. . . .  . . . .  . -  . - Stack'Gases). 

based upon atmospher ic concentrat ions.  F igure  1 shows t h e  sampling- l oca t i ons .  '~ - - 

-before t h e  scrubber. 

Dry molecular  weight (CO. C02, 02, P '): was est imated 
. .  

. . . . . . . . . . . . .  . . . .  . . . . .  . . .  . . . . . .  . , - .  . . . . . .  . . .  _ .  

. . . _  . . . .  . .  -. _ - - -  . . . .  ' D r a f t  Method 425 i s  s i m i l a r  t o  ARE Tes t  Method'S'-but'with'speciai'-c -' . . . .  

~~, ...- ~.~ ~ . - . - _  - i - . -  ~-~ ~~~ ._:__ _ _  -. - . __ .  .~ . 
? .  , . - - requi rements.  Those spec ia l  requirements f o r  sampling Chroma1 i n c l u d e d  t h e  ' ' . " ~  : 

. . . . . .  . . . . . . . . . . .  - > .  ~ . -  : . :  . _ .  ~ .~ . .  . .  . .  
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1 .  Tank Number 

Tab le  1 

Operation Data D u r i n g  Emissions Test ing  
A t  Chroma1 P l a t i n g  Company 

2. P1,ating Tank Data 

3 4 

a .  -Tank Temp, 'F 120 
b. Surface Area, sq. ft. 44 
c .  Dimensions, ft. x ft. 4 x 11 

3. P l a t i n g  S o l u t i o n  Data 

a. Chromic Acid, oz. /gal.  32 
b. S u l f u r i c  Acid, oz . /ga l .  0.32 

120  
60 

4 x 15 

32 
0.32 

-4- 
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use o f  g lass-1 ined sampling probes, spec ia l  t e f l o n  coated g l a s s - f i b e r  f i l t e r s ,  

and s p e c i a l l y  prepared acetone and d i s t i l l e d  water. 

very  r e a c t i v e  and t h e  purpose o f  these spec ia l  requirements was t o  prevent  the  

l o s s  o f  hexavalent  chromium a f t e r  i t  was co l l ec ted .  

de ion ized d i s t i l l e d  water used f o r  sample recovery were analyzed be fore  and . 

Hexavalent chromium i s  

Also, t h e  acetone and 

a f t e r  sampl ing t o  document t h e i r  chromium conten t  and the presence o f  

i m p u r i t i e s  t h a t  would r e a c t  w i t h  the  hexavalent  chromium. 

a copy o f  D r a f t  Method 425. 

Appendix A con ta ins  

P a r a l l e l  samples were c o l l e c t e d  f o r  a l l  t e s t  runs. One sample was 

analyzed f o r  hexavalent chromium and t h e  o t h e r  h a l f  f o r  t o t a l  chromium o r  a 

p a r a l l e l  hexavalent  chromium sample. For  t h e  sample runs where p a r a l l e l  

hexavalent  samples were c o l l e c t e d ,  one o f  t h e  hexavalent f i l t e r s  was p laced i n  

an e x t r a c t i o n  s o l u t i o n  (sodium hydrox ide  and sodium carbonate i n  water)  

immediately a f t e r  i t  was co l l ec ted .  For  each tank, another hexavalent  f i l t e r  

f r o m  another  run  was placed i n  an e x t r a c t i o n  immediately a f t e r  i t  was  

co l l ec ted .  

s o l u t i o n  u n t i l  t hey  a r r i v e d  a t  AIHL i n  Berkeley.  T h i s  was done t o  determine 

If the de lay  a f f e c t e d  the hexavalent  chromium resu l t s .  

V. TEST RESULTS 

The remaining hexavalent  f i l t e r s  were n o t  placed i n  an e x t r a c t i o n  

I 

The a n a l y t i c a l  r e s u l t s  and o t h e r  t e s t  data a re  shown i n  Table 2 f o r  tank 

3 and Table 3 f o r  tank  4. The sample a n a l y t i c :  

accord ing t o  the p a r t s  o f  the  sampl ing t r a i n  tl 

In general ,  the  l a r g e r  p a r t i c l e s  a re  c o l l e c t e d  

the  sample f i l t e r .  F ine r  p a r t i c l e s  pass throu! 

t h e  f i l t e r .  And s t i l l  f i n e r  p a r t i c l e s  can pas! 

c o l l e c t e d  i n  the  impingers and sample l i n e s  a f  

-6- 

r e s u l t s  a re  presented 

t were analyzed separa te ly .  

n the  sampling probe be fore  

I the  probe t o  be c o l l e c t e d  by  

through the f i l t e r  t o  be 

'r t h e  f i l t e r .  
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, 

Resu l ts  o f  t h e  s tudy  t o  determine i f  t r e a t i n g  the  f i l t e r s  on  s i t e  i s  

e f f e c t i v e  i n  reducing hexavalent  chromium l o s s  a r e  presented Table 4. 

compares t h e  concent ra t ion  (ug /dsc f )  o f  hexavalent chromium c o l l e c t e d  on the 

t rea ted  and un t rea ted  f i l t e r s .  

samples do n o t  i n d i c a t e  the re  i s  a d i f f e r e n c e  between the  t r e a t e d  and 

unt reated f i l t e r s .  However, w i t h  t h e  except ion  o f  the  p a r a l l e l  hexavalent  

chromium samples, t h e  f i l t e r  samples do i n d i c a t e  t h a t  the  un t rea ted  f i l t e r s  

Table 4 

The hexavalent  f i l t e r s  f o r  t h e  p a r a l l e l  

may be l o s i n g  hexavalent chromium. Because o f  the d i f f e r e n c e  between para 

and non-pa ra l l e l  f i l t e r  samples'and the  l i m i t e d  number o f  samples, no spec 

conclusions can be made. 

V I .  QUALITY CONTROL 

Hexavalent chromium i s  v e r y  r e a c t i v e  and c o l l e c t e d  i n  ve ry  low 

l e  

f i c  

concentrat ions.  

prevent t h e  l o s s  or contaminat ion o f  hexavalent chromium samples, 

reason a l l  sample con ta ine rs  b o t h  i n  t h e  f i e l d  and the  l a b o r a t o r y  were made o f  

g lass or  t e f l o n  and prewashed w i t h  s p e c i a l l y  prepared detergents ,  ac ids.  and 

deion ized d i s t i l l e d  water. Other  q u a l i t y  c o n t r o l  techniques a r e  discussed 

below. 

The emphasis o f  t h e  var ious  q u a l i t y  c o n t r o l  techniques i s  t o  

For t h a t  

A. SAMPLING 

When c o l l e c t i n g  samples the o n l y  recommended probes are  quar tz  or 

g lass - l i ned  probes. 

could contaminate t h e  c o l l e c t e d  sample. 

the  recommended f i l t e r  media. 

p repara t ion .  t h e  uncoated g lass  f i b e r - f i l t e r  can re lease s i l i c a t e  from the  

f i l t e r  ma te r ia l  which, when a c i d i f i e d ,  becomes s i l i c i c  acid. The s i l i c i c  a c i d  

e x i s t s  i n  the recovered sample as a suspended p a r t i c u l a t e  t h a t  i n t e r f e r s  w i t h  

the co lo rme t r i c  ana lys i s  o f  t h e  sample. 

t h e  amount o f  s i l i c a t e  t h a t  i s  re leased f r o m  the  g lass f i be rs .  

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

Te f l on  coated g l a s s - f i b e r  f i l t e r s  a r e  

Dur ing  l a b o r a t o r y  sample recovery and 

The t e f l o n  coat ing  g r e a t l y  reduces 

-9- 



Table 4 

Comparison o f  Fi1 t e r  Resu l ts  For  
Hexavalent Chromium 

RUN # 

I. Concentrat ion,  ug/ DSC F 

A. Tank 3 

1. Treated F i l te r%/  

2. Unt rea ted  F i l t e r 2 1  

B. Tank 4 

1. Treated F i l t e r  

2. Untreated F i l t e r  

1 2 3 4 

0.03 0.07 

0.01 0.03 

0.04 . 0.06 

0.02 0.04 0.03 

- a /  I n  t h e  f i e l d ,  a f t e r  sampling, t h e  hexavalent chromium h a l f  o f  t h e  
t r e a t e d  f i l t e r  was t r e a t e d  w i t h  t h e  sodium hydroxide and sodium 
carbonate e x t r a c t  so lu t i on .  The un t rea ted  f i l t e r s  were n o t  t r e a t e d  
u n t i l  l a t e r  i n  t h e  t e s t  week a t  t h e  labora tory .  

Av 9 

0.05 

0.02 

0.05 

0.03 



The deionized, d i s t i l l e d  water used for impinger catches and the acetone 
. ~. . . _ . .  . 
-. 

*., used t o  r inse  samples from the probes and impingers were provided by A I H L .  

Both  were pre-analyzed f o r  hexavalent chromium and other impuri t ies  by AIHL 
.I 

i~ --anbstared-in-ghss o r  t e f lon  containers.  - 
B. SAMPLE RECOVERY AND ANALYSIS 

The laboratory method f o r  recovering and analyzing the samples ' for '  
. .  

- :  

hexavalent and t o t a l  chromium i s  s imi la r  t o  t h a t  f o r  ARB Method 5:iamples. 

However, AIHL determined t h a t  par ts  of  the Method 5 sample recovery a n d ' - ' '  . .  ' -! 

analysis  will  'cause some of  the  hexavalent chromium t o  be l o s t  from the iample 

because o f  the r e a c t i v i t y  of  hexavalent chromium. 

following changes were made. 

volume a t  room temperature r a the r  than in an oven a t  105'C because the 

. _ .  . .  

To prevent t h i s ,  the 
. .  - - c  :... . .  

All solvents containing samples a re  reduced'in 
__.._ ~ . ..  . . . _ _  - ' .  . 

- -.. . react ivi  ty-of t rexavalent  chromium increases w f t h  temperature. Some of -the .'... - - -. 

. ... : - .  analyt ical  reagants were t r ea t ed  w i t h  potassium permanganate.to:re$ve.the. .::-,', .. . , 

reducing agents t h a t  would r eac t  w i t h  hexavalent chromium dGring:sample:.__ ' : < ' .  . . _ _  .. 

recovery and  analysis .  

. . , . , , . . - ._ . .  . 
. .  - ~. - .  . , .  

.. ~ ~ . . ~ . . .  .~ ,..... . .. . _ _ - .  . . . L : _ .  , _  . . . .  

-1 1- 



APPENDIX A 

ARB ORAFT TEST METHOD 425 
I 



S t a t e  of  C a l i f o r n i a  
A I R  RESOURCES BOARD 

Method 425 

Determination of Total  Chromium and Hexavalent Chromium 
Emissions from Sta t ionary  Sources 

Adopted , 1 9 8 6  



M E T H O D  4 2 5 :  DETERMINATION OF T O T A L  C H R O M I U M  A N D  

HEXAVALENT C H R O M I U M  EMISSIONS FROM STATIOBARY SOURCES 

1. APPLICABILITY A N D  PRINCIPLE 

1.1 A p p l i c a b i l i t y .  

T h i s  m e t h o d  a p l i e s  t o  t h e  d e t e r m i n a t i o n  o f  h e x a v a l e n t  

s t a t i o n a r y  s o u r c e s .  
c h r o m i u m  (Cr' -8 .) a n d  t o t a l  c h r o m i u m  e m i s s i o n s  f r o m  

1.2 P r i n c i p l e .  

P a r t i c u l a t e  e m i s s i o n s  a r e  c o l l e c t e d  f r o m  t h e  s o u r c e  by 
u s e  o f  C A R B  METHOD 5. T h e  c o l l e c t e d  s a m p l e  i s  d i v i d e d  
i n t o  t w o  e q u a l  p o r t i o n s  w i t h  o n e  p o r t i o n  u s e d  f o r  t o t a l  
c h r o m i u m  a n a l y s i s  a n d  t h e  o t h e r  p o r t i o n  f o r  h e x a v a l e n t  
c h r o m i u m  a n a l y s i s .  

1 . 2 . 1  F o r  t h e  h e x a v a l e n t  c h r o m i u m  a n a l y s i s  t h e  
c o l l e c t e d  s a m p l e  p c r t i o n s  a r e  e x t r a c t e d  i n  a n  
a l k a l i n e  s o l u t i o n  a n d  a n a l y z e d  b y  t h e  
d i p h e n y l c a r b a z i d e  c o l o r i m e t r i c  m e t h o d .  

1 . 2 . 2  F o r  t h e  t o t a l  c h r o m i u m  a n a l y s i s  t h e  c o l l e c t e d  
s a m p l e s  m u s t  b e  p r e p a r e d  i n  o r d e r  t o  c o n v e r t  
o r g a n i c  f o r m s  o f  c h r o m i u m  t o  i n o r g a n i c  f o r m s ,  t o  
m i n i m i z e  o r g a n i c  i n t e r f e r e n c e s ,  a n d  t o  c o n v e r t  t h e  
sample t o  a s u i t a b l e  s o l u t i o n  f o r  a n a l y s i s .  
S a m p l e s  a r e  t h e n  s u b j e c t e d  t o  an a c i d  d i g e s t i o n  
p r o c e d u r e .  F o l l o w i n g  t h e  a p p r o p r i a t e  d i s s o l u t i o n  
o f  t h e  s a m p l e ,  a r e p r e s e n t a t i v e  a l i q u o t  i s  p l a c e d  
m a n u a l l y  o r  by means o f  an a u t o m a t i c  sampler  i n t o  
a g r a p h i t e  t u b e  f u r n a c e .  T h e  s a m p l e  a l i q u o t  i s  
t h e n  s l o w l y  e v a p o r a t e d  t o  d r y n e s s ,  c h a r r e d  
( a s h e d ) ,  a n d  a t o m i z e d .  The  a b s c r p t i o n  o f  h o l l o w  
c a t h o d e  r a d i a t i o n  d u r i n g  a t o n i z a t i o n  v i 1 1  b e  
p r o p o r t i o n a l  t o  t h e  c h r o m i u m  c o n c e n t r a t i o n .  

~ 2.  RANGE, SENSITIVITY, PRECISION,.  AND ISTERFERERCES 

2 .1  R a n g e .  

2 . 1 . 1 .  H e x a v a l e n t  c h r o m i u m .  A s t r a i g h t  l i n e  r e s  o n s e  $ . c u r v e  was  o b  a i n e d  i n  t h e  r a n g e 1  u g  C r '  / l o 0  m L  
t o  2 0  u g  Cr'  / l o 0  mL. F o r  a m i n i m u m  a n a l y t i c a l  
a c c u r a c y  o f  2 1 0  p e r c e n t ,  t h e  l o w e r  l i m i t  o f  t h e  

8 



2 . 2  

2 . 3  

2 .4  

r a n g e  i s  2 ug/lOOmL. The  u p p e r  l i m i t  can b e  
e x t e n d e d  by a p p r o p r i a t e -  d i l u t i o n .  

S e n s i t i v i t y .  

2 . 2 . 1 .  H e x a v a l e n t  C romium.  A minimum d e t e c t i o n  l i m i t  
o f  1 ug  Cr '  'b /lo0 mL h a s  b e e n  o b s e r v e d  (9.1). 

P r e c i s i o n  f o r  h e x a v a l e n t  chromium. The  o v  r a l l  p r e c i s i o n  
f o r  s a m p l e  c o l l e c t i o n  a n d  a n a l y s i s  f o r  C r + g  was 
d e t e r m i n e d  a t  a f e r r o c h r o m e  smelter,  a c h e m i c a l  p l a n t ,  
a n d  a r e f r a c t o r y  b r i c k  p l a n t .  R e p l i c a t e  M e t h o d  5 f i l t e r s  
w i t h  b o t h  h i g h  a n d  l o w  p a r t i c u l a t e  l o a d i n g s  were 
a n a l y z e d .  T h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n s  were  l e s s  
t h a n  10 p e r c e n t  i n  a l l  c a s e s .  

I n t e r f e r e n c e s .  

2 . 4 . 1 .  I n t e r f e r e n c e s  o f  h e x a v a l e n t  c h r o m i u m .  Molybdenum,  
mercu ry  a n d  v a n a d i u m  r e a c t  w i t h  d i p l h e n y l c a r b a z i d e  
t o  f o r m  a c o l o r ;  h o w e v e r ,  a p p r o x i m a t e l y  2 0  mg o f  
e l e m e n t s  c a n  b e  p r e s e n t  i n  a s a m p l e  w i t h o u t  
c r e a t i n g  a p r o b l e m .  I r o n  p r o d u c e s  a y e l l o w  c o l o r ,  
b u t  t h i s  e f f e c t  i s  n o t  m e a s u r e d  p h o t o m e t r i c a l l y  
a t  5 4 0  nm. No i n t e r f e r e n c e  was o b s e r v e d  a t  t h e  
s o u r c e s  l i s t e d  i n  S e c t i o n  2 . 3 .  

2 . 4 . 2  I n t e r f e r e n c e s  f o r  t o t a l  c h r o m i u o .  

2 . 4 . 2 . 1 .  T h e  l o n g  r e s i d e n c e  t i m e  a n d  h i g h  
c o n c e n t r a t i o n s  o f  t h e  a t o m i z e d  s a m p l e  i n  
t h e  o p t i c a l  p a t h  o f  t h e  g r a p h i t e  f u r n a c e  
c a n  r e s u l t  i n  s eve re  p h y s i c a l  a n d  
c h e m i c a l  i n t e r f e r e n c e s .  F u r n a c e  
p a r a m e t e r s  m u s t  be o p t i m i z e d  t o  m i n i m i z e  
t h e s e  e f f e c t s .  If t h e  a n a l y t e  i s  n o t  
c o m p l e t e l y  v o l a t i l i z e d  a n d  r e m o v e d  f r o m  
t h e  f u r n a c e  d u r i n g  a t o m i z a t i o n ,  memory 
e f f e c t s  w i l l  o c c u r .  I f  t h i s  s i t u a t i o n  
i s  d e t e c t e d ,  t h e  t u b e  s h o u l d  b e  c l e a n e d  
by o p e r a t i n g  t h e  f u r n a c e  a t  h i g h e r  
a t o m i z a t i o n  t e m p e r a t u r e s .  

2 . 4 . 2 . 2 .  N i t r o g e n  s h o u l d  n o t  b e  u s e d  a s  t h e  
p u r g e  g a s  b e c a u s e  o f  a p o s s i b l e  CN band  
i n t e r f e r e n c e .  

2 . 4 . 2 . 3 .  Low ' c o n c e n t r a t i o n s  o f  c a l c i u m  may c a u s e  
i n t e r f e r e n c e s ;  a t  c o n c e n t r a t i o n s  a b o v e  
2 0 0  m g / l  c a l c i u m ' s  e f f e c t  i s  c o n s t a n t .  
C a l c i u m  n i t r a t e  i s  t h e r e f o r e  a d d e d  t o  
e n s u r e  a known  c o n s t a n t  e f f e c t .  

2 . 5  I f  o t h e r  t e c h n i q u e s  o r  c o n d i t i o n s  a r e  u s e d  i n  t h e  

L 



. . . . .  . a n a l y s i s  o f  t o t a l  c h r o m i u m  a n d / o r  h e x a v a l e n t  chrom.i.um:: . .. .. 
t h e n  t h e  t e s t e r  i s  r e q u i r e d  t o -  s u b s t a n t i a t e  t h e  d a t a  : = 
t h r o u g h  an a d e q u a t e  q u a l i t y  a s s u r a n c e  p r o g r a m  a p p r o v e d  . 

. .  . .  by t h e  E x e c u t i v e  Of f i ce r .  - .  

. . . .  . . . .  - .  

T - i  + 3 .  APPARATUS 
. ~ .  ~ . -  ... . _  . . . .  . -  . .  . 

. . .  - .  . . .  Any o t h e r  s a m p l i n g  a p p a r a t u s  w h i c h ,  a f t e r  r p v i e v - b y :  . t h e .  : . .  .. .~ 
E x e c u t i v e  O f f i c e r ,  i s  d e e m e d  e q u i v a l e n t  f o r  t h e  purp.o:.ses. .of. . . .  : . . . .  
t h i s  t e s t  m e t h o d ,  s a y  b e  u s e d .  . . ~ . .  

. -  . .  . . .  
: .  . 3 . 1  S a m p l i n g  T r a i n .  Same  a s  CARB M e t h o d  5 ,  . S e c t i o n  2.1 .  - .  

. . . .  e x c e p t  use  a g l a s s  l i n e d  s t a i n l e s s  s t e e l  p r o b e .  - . . .  

. -  . 

. .  . .  

. . . .  
3 .2  S a m p l e  R e c o v e r y .  S a m e  a s  CARB M e t h o d  5 ,  S e c t i o n  2.2.  

3 . 3  A n a l y s i s .  T h e  f o l l o w i n g  a p p a r a t u s  a n d - '  m a t e r i a l s  a r e  
. . .  . .  . .  . .  

n e e d e d .  
. . . . .  . . .  .. . .  . . . .  . .  . .  

. - .  3 . 3 . 1 .  A n a l y s i s  o f  h e x a v a l e n t  c h r o m i u m .  . . . .  - . .  

. . .  . .  3 . 3 . 1 . 1 .  P h i l i p s  B e a k e r s .  B o r o s i l i c a t e ,  12:5m.L,. . . .  ~ 

. . . . . .  . . . .  .~ . - .  
. . .  . .  
.~ . . .  w i t h  w a t c h g l a s s  c o v e r s .  

. .  3 . 3 . 1 . 2 .  F i l t r a t i o n  A p p a r a t u s .  Vacuum u n i t :  
. .  c o n s t r u c t e d  o f  g l a s s ,  t o  a c c o m m o d a t e  : - . . .  

s i n t e r e d  g l a s s  f u n n e l s .  
. .~ - . .  

3.3 .1 .3 .  V o l u m e t r i c  F l a s k s .  100-mL .and 
o t h e r  a p p r o p r i a t e  volumes.  ~. 

. .  . . .  
. . .  

. .  . .  3 . 3 . 1 . 4 .  H o t  P l a t e .  . .  
. . . .  . . . . . .  

. .  - . . . .  . . .  . - .  - . .  

. ~ .  . . -  
- 3 . 3 . 1 . 5 .  P i p e t t e s .  A s s o r t e d  s i z e s ,  a s  n e e d e d .  . . - .  

. . . . . . . . . . . . .  . . . . . . . . . . . . . .  . 
. . . . . .  . .  . .  3 . 3 . 1 . 6 .  S p e c t r o p h o t o m e t e r .  To measu re  . . . . . .  

. . . . .  - .  a b s o r b a n c e  a t  540nm. . .  . . _ .  . . .  

. ~ .  . . . . . . . .  
. . . .  . . . . .  . . .  
. . . . .  

. . . .  . . .  - .  . .  - . .  . .  
. . .  . . . . .  . . . .  . .  1 . .  3.3.2.  A n a l y s i s  o f  t o t a l  c h r o m i u m .  .. . . .  

. . . .  . . .~ . . . .  .. . .  
. . . . . . . .  . .  
. .  . .  .. 3 i 3 . 2 . 1  A t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r :  . .  

. . . .  S i n g l e  o r  d u a l  c h a n n e l ,  s i n g l e -  o r  . .  
d o u b l e - b e a m  i n s t r u m e n t  h a v i n g  a g r a t i n g  
mono c h r o q a t  o r , p ho  t o m  u 1 t i  p 1 i e r d e  t ec, t o  r.,, 
a d j u s t a b l e  s l i t s ,  a w a v e l e n g t h  r a n g e  o f  . .  
190  t o  800 nm a n d  p r o v i s i o n s  f o r  . . . . .  

. .  . . . . . . .  _. . .  
. .  . .  

. .  . .  . - .  

. . . . . . .  
s i m u l t a n e o u s  b a c k g r o u n d  c o r r e c t i o n  a n d  

. . . .  ...... . . .  - z . : z +  i n t e r f a c i n g  w i t h  a s t r i p  c h a r t  r eco rde r_ . .  I ,  _:. ~~ 

. I  

_ _ :  . . - .  . . . . . . . .  . . . . . . . . . . . . .  . . . . . .  
.~ . . . . . . . . . . . .  . . . . . . . . . . . . .  . .  3 . 3 . 2 . 2 .  Chromium h o l l o w  c a t h o d e  l a m p  o r  - .  ~ 

- . . . . . .  - .  . . .  . .  e l e c t r o d e l e s s  d i s c h a r g e  l a m p .  . . . .  
. . . . .  ~. - .  - - .  . .  

3 . 3 . 2 . 3 .  G r a p h i t e  f u r n a c e :  A n y  g r a p h i t e  f u r n a c e  
. . _  d e v i c e  w i t h  t h e  approp.r,i:ate: :te.m.pe.r,at-.u.r.e . . . . .  : . . .  
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a n d  t i m i n g  c o n t r o l s .  

3 . 3 . 2 . 4 .  S t r i p  c h a r t  r e c o r d e r :  A r e c o r d e r  i s  
s t r o n g l y  r e c o m m e n d e d  f o r  f u r n a c e  work  so 
t h a t ’ t h e r e  w i l l  b e  a p e r m a n e n t  r e c o r d  a n d  
so t h a t  a n y  p r o b l e m s  w i t h  t h e  
a n a l y s i s  s u c h  a s  d r i f t ,  i n c o m p l e t e  
a t o m i z a t i o n ,  l o s s e s  d u r i n g  c h a r r i n g ,  
c h a n g e s  i n  s e n s i t i v i t y ,  e tc . ,  c a n  e a s i l y  
b e  r e c o g n i z e d .  

4 .  REAGENTS 

Unless  o t h e r w i s e  i n d i c a t e d ,  a l l  r e a g e n t s  m u s t  c o n f o r m  t o  
t h e  s p e c i f i c a t i o n s  e s t a b l i s h e d  b y  t h e  C o m m i t t e e  o n  A n a l y t i c a l  
R e a g e n t s  of t h e  A m e r i c a n  C h e m i c a l  S o c i e t y .  Where s u c h  
s p e c i f i c a t i o n s  a r e  n o t  a v a i l a b l e ,  use t h e  b e s t  a v a i l a b l e  g r a d e .  

4 . 1  S a m p l i n g .  Same a s  CARB m e t h o d  5, S e c t i o n  3.1. e x c e p t  
T e f l o n - c o a t e d  g l a s s  f i b e r  f i l t e r s  a r e  u s e d .  A n y  o t h e r  
s a m p l i n g  m e t h o d  w h i c h ,  a f t e r  r e v i e w  o f  t h e  E x e c u t i v e  
O f f i c e r ,  i s  deemed  e q u i v a l e n t  f o r  t h e  p u r p o s e s  o f  t h i s  
t e s t  m e t h o d ,  may b e  u s e d .  

4 . 2  S a m p l e  R e c o v e r y .  Same a s  C A R B  Method 5 .  S e c t i o n  3 . 2 .  

4 . 3  R e a g e n t s  f o r  h e x a v a l e n t  ch romium.  

4 . 3 . 1  W a t e r .  D e i o n i z e d  d i s t i l l e d ,  m e e t i n g  A m e r i c a n  
S o c i e t y  f o r  T e s t i n g  a n d  M a t e r i a l s  (ASTM) 
s p e c i f i c a t i o n  f o r  t y p e  r e a g e n t  - ASTM T e s t  Method 
D 1193-77 .  T h e  w a t e r  s h o u l d  b e  m o n i t o r e d  f o r  
i m p u r i t i e s .  

4 . 3 . 2 .  E x t r a c t i o n  s o l u t i o n .  D i s s o l v e  20.0 g NaOH a n d  
30.0 g a n h y d r o u s  Na2C03 i n  w a t e r  i n  a 1 - l i t e r  
v o l u m e t r i c  f l a s k ,  a n d  d i l u t e  t o  t h e  mark .  S t o r e  
t h e  s o l u t i o n  i n  a t i g h t l y  c a p p e d  p o l y e t h y l e n e  
b o t t l e .  P r e p a r e  f r e s h  m o n t h l y .  

4 .3 .3 .  P o t a s s i u m  D i c h r o m a t e  S t o c k  S o l u t i o n .  D i s s o l v e  
2 .829  g o f  a n a l y t i c a l  r e a g e n t  g r a d e  K C r  0, i n  
w a t  r ,  a n d  d i l u t e  t o  1 l i t e r  (1 mL = 1006 ug C r  +% ). 

4 . 3 . 4 .  P o t a s s i u m  D i c h r o m a t e  S t a n d a r d  S o l u t i o n .  D i l u t e  
10.00mL p o t a s s i u m  d i c h r o m a t e  s t o c k  s o l u t i o n  t o  100 
m L ( 1  m L =  1 0 0  u g  H e x a v a l e n t  C h r o m i u m )  w i t h  w a t e r .  

4 . 3 . 5 .  S u l f u r i c  A c i d ,  6N. D i l u t e  1 6 6  mL s u l f u r i c  a c i d  
t o  1000 m L  i n  w a t e r .  

4 .3 .6 .  A c e t o n e .  A c e t o n e  w i l l  b e  o f  s p e c t r o s c o p i c  g r a d e .  



4.3.6. A c e t o n e .  A c e t o n e  w i l l  b e  o f  s p e c t r o s c o p i c  g r a d e .  

4 . 3 . 7  D i p h e n y l c a r b a z i d e  S o l u t i o n .  D i s s o l v e  0.5 mg o f  
1, 5 - d i p h e n y c a r b a z i d e  i n  100 mL a c e t o n e .  S t o r e  
i n  a b r o w n  b o t t l e .  D i s c a r d  w h e n  t h e  s o l u t i o n  
b e c o m e s  d i s c o l o r e d .  

4.3.8 0.1% P o t a s s i u m  P e r m a n g a n a t e  S o l u t i o n  

4 .3 .9  0.01% P o t a s s i u m  P e r m a n g a n a t e  S o l u t i o n  

4 .4 .  R e a g e n t s  f o r  t o t a l  ch romium 

4 . 4 . 1 .  ASTM T y p e  I1 w a t e r  (ASTM D1193):  r e f e r  t o  s e c t i o n  
4 .3 .1 .  

4 .4 .2 .  C o n c e n t r a t e d  n i t r i c  a c i d :  A c i d  s h o u l d  b e  a n a l y z e d  
t o  d e t e r m i n e  l e v e l  o f  i m p u r i t i e s .  If i m p u r i t i e s  
a r e  d e t e c t e d ,  a l l  a n a l y s e s  s h o u l d  be b l a n k -  
c o r r e c t e d .  

4.4.3. H y d r o g e n  p e r o x i d e  (30%) o p t i o n a l .  

4 . 4 . 4 .  C a l c i u m  n i t r a t e  s o l u t i o n :  D i s s o l v e  11.8 g o f  
c a l c i u m  n i t r a t e ,  Ca(N03)2.4H20 ( a n a l y t i c a l  r e a g e n t  
g r a d e ) ,  i n  T y p e  11 water  a n d  d i l u t e  t o  1 l i t e r .  I f  
t h e  i n s t r u m e n t  m a n u f a c t u r e r  r e c o m m e n d s  a different 
m a t r i x  m o d i f i e r  t h e n  use t h a t  r e a g e n t .  

4 .4 .5 .  Chromium s t a n d a r d  s t o c k  s o l u t i o n  (100@mg/L) :  
E i t h e r  p r o c u r e  a c e r t i f i e d  a q u e o u s  s t a n d a r d  f r o m  a 
s u p p l i e r  ( S p e x  I n d u s t r i e s ,  A l p h a  P r o d u c t s ,  o r  
F i s h e r  S c i e n t i f i c )  a n d  v e r i f y  by c o m p a r i s o n  w i t h  a 
s e c o n d  s t a n d a r a ,  ~1 d i s s o l v e  2.829 g o f  P o t a s s i u m  
D i c h r o m a t e  ( K 2 C r  07 ,  a n a l y t i c a l  r e a g e n t  g r a d e )  i n  
T y p e  I1 w a t e r  an$ d i l u t e  t o  1 l i t e r .  

4 .4 .6 .  Chromium w o r k i n g  s t a n d a r d s :  T h e s e  s t a n d a r d s  
s h o u l d  b e  p r e p a r e d  t o  c o n t a i n  1.0% ( v / v )  H N 0 3 ;  
1mL o f  30% H202 a n d  1 m L  o f  t h e  c a l c i u m  n i t r a t e  
s o l u t i o n  may b e  a d d e d  t o  lessen  i n t e r f e r e n c e s .  

5 .  SAMPLE COLLECTION, PRESERVATION, A N D  H A N D L I N G  

5.1 S a m p l e  c o l l e c t i o n .  A l l  s a m p l e s  a r e  c o l l e c t e d  f r o m  t h e  
s o u r c e  b y  use o f  C A R B  M e t h o d  5. 

5 . 2  S a m p l e  h a n d l i n g  a n d  p r e s e r v a t i o n .  A 1 1  s a m p l e  c o n t a i n e r s  
m u s t  b e  p r e w a s h e d  w i t h  d e t e r g e n t s ,  a c i d s  a n d  T y p e  I1 
w a t e r .  G l a s s  c o n t a i n e r s  a r e  s u i t a b l e .  
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6.  PROCEDURES 

6.1 SAMPLE PREPARATION 

6.1.1. The  s a m p l e  i s  c o l l e c t e d  i n  t h e  p r o b e ,  i m p i n g e r s  
a n d  f i l t e r s .  The  f i l t e r  i s  p l a c e d  i n  c o n t a i n e r  
n u m b e r  1. T h e  p r o b e  i s  r i n s e d  w i t h  a c e t o n e  
s o l v e n t  a n d  t h e  r i n s e  i s  p l a c e d  i n  c o n t a i n e r  
n u m b e r  2. P l a c e  h a l f  t h e  c o n t e n t s  o f  C o n t a i n e r  
Number 2 ( t h e  a c e t o n e  p r o b e  r inse)  i n  a 125-mL 
P h i l i p s  b e a k e r  A. P l a c e  t h e  o t h e r  h a l f  o f  t h e  
. c o n t e n t s  of  C o n t a i n e r  Number 2 i n  a s e c o n d  1 2 5  mL 
P h i l i p s  b e a k e r  B. R inse  C o n t a i n e r  Number 2 
w i t h  a c e t o n e  a n d  t r a n s f e r  h a l f  t h e  r i n s e  t o  
b e a k e r  A a n d  t h e  o t h e r  h a l f  o f  t h e  r i n s e  t o  
b e a k e r  B. E v a p o r a t e  b o t h  b e a k e r s  t o  d r y n e s s .  
P l a c e  h a l f  t h e  c o n t e n t s  o f  t h e  i m p i n g e r s  i n  
b e a k e r  C a n d  t h e  o t h e r  h a l f  i n  b e a k e r  D. . R i n s e  
t h e  i m p i n g e r s  a n d  p l a c e  h a l f  o f  t h e  r i n s e  i n t o  
b e a k e r  C a n d  t h e  o t h e r  h a l f  i n t o  b e a k e r  D. 
E v a p o r a t e  t o  d r y n e s s .  T a k e  t h e  f i l t e r  f r o m  
C o n t a i n e r  Number l ' a n d  d i v i d e  i t  i n t o  q u a r t e r s .  
T a k e  t h e  qua r t e r s  t h a t  a r e  d i a g o n a l  t o  e a c h  o t h e r  
a n d  p l a c e  t h e m  i n t o  b e a k e r  E. T h e n  p l a c e  t h e  
o t h e r  two  q u a r t e r s  o f  t h e  f i l t e r  from C o n t a i n e r  
Number 1 i n t o  b e a k e r  F. C u t  e a c h  f i l t e r  q u a r t e r  
i n t o  s m a l l  p i e c e s .  S a v e  b e a k e r  A , C  a n d  E f o r  
h e x a v a l e n t  c h r o m i u m  a n a l y s i s .  S a v e  b e a k e r  B,'D a n d  
F f o r  t o t a l  c h r o m i u m  a n a l y s i s .  

6 .1 .2 .  I f  t h e  p a r t i c u l a t e  m a t t e r  i s  n o t  h o m o g e n e o u s l y  
d i s t r i b u t e d  on t h e  f i l t e r ,  o n e  o f  t h e  f o l l o w i n g  
a l t e r n a t i v e  p r o c e d u r e s  may be f o l l o w e d .  

6 .1 .2 .1  T h e  f i r s t  o p t i o n  i s  t o  s i m u l t a n e o u s l y  
u s e  t w o  m e t h o d  5 s a m p l i n g  t r a i n s .  The  
sample f i l t e r  f r o m o n e  o f  t h e  s a m p l e  
t r a i n s  i s  t o  b e  u s e d  f o r  t o t a l  c h r o m i u m  
a n a l y s i s  a n d  t h e  o t h e r  f i l t e r  f r o m  t h e  
o t h e r  s a m p l e  t r a i n  w i l l  b e  u s e d  f o r  
h e x a v a l e n t  ch romium a n a l y s i s .  

6 .1 .2 .2  The  s e c o n d  o p t i o n  is t o  c h a n g e  t h e  
e x t r a c t i o n  p r o c e d u r e .  T h e  e n t i r e  f i l t e r  
i s  s u b j e c t e d  f i r s t  t o  t h e  a l k a l i n e  
e x t r a c t i o n ,  f o l l o w e d  by f i l t e r i n g  a n d  
t h e n  by a c i d  e x t r a c t i o n .  T h e n  b o t h  
e x t r a c t s  a r e  h a l v e d  and  o n e  a c i d  e x t r a c t  
p o r t i o n  i s  c o m b i n e d  w i t h  o n e  a l k a l i n e  
e x t r a c t  p o r t i o n  f o r  t h e  t o t a 1 , c h r o m i u m  
a n a l y s i s .  T h e  o t h e r  a l k a l i n e  e x t r a c t  



- .  . . .  

p o r t i o n  i s  u s e d  fo ' r  h:ex'a-v'al-en't' c h r o m i u m  
d e t e r  m 1 n a t i o n . '  T h e  e x t r a c t i o n  a n d  
a n a l y s i s  p r o c e d u r e s  a r e  i n '  S e c t i o n s  6.3' 
a n d  6 .4 .  - . . . . .  - . .  . . . . . .  . . -  

. . . .  
. I  - .  - . .  

. . . .  . .  . .  . ~ _  
. . . . . . . .  . .  6 .2  R e m o v a l  o f  r e d u c i n g  a g e n t s  i n  t h e  r e a g e n t s .  T h e  ' . ' :. . . . .  

. .  
. . . . . . . . . . .  - - a  - . '  ' 7 e x t r a c t i o n  s o l u t i o n  (4.3.2) a n d  t h e  6N s u l f u r i c  a - c i d  r . .  ' 1 . .  1.. .~ . . . . . . . . . .  

~. . .  . .  . .  s o l u t i o n  may c o n t a i n  s m a l l  a m o u n t s  o f  r e d u c i n g  a g e n t s  . . . .  ' '  . . . .  . .  
. . .  . . .  
. .  . _ .  t h a t  can  r e a c t  w i t h  t h e  h e x a v a l e n t  c h r o m i u m .  P o t a s J i u m  T '  . . 

P i p e t t e  3 mL o f  t h e  e x t r a c t i o n  s o l u t i o n  i n t o  c u v e t t e s  :A 

. . .  . .  . -  
- .  

p e r m a n g a n a t e  i s  a d d e d  t o  t h e s e  r e a g e n t s  i n  o r d e r , g o  . . . . .  . . .  - .  . 
. .  . .  

~ . .  n e u t r a l i z e  t h e s e  r e d u c i n g  a g e n t s .  
. .  

. .  . I .  . . . .  1 . .  
. .  a n d  B. Use c u v e t t e  A a s  a s a m p l e  c e l l  a n d  c u v e t t e . : B  a.s a:.::. . . .  . . . .  

. . . .  r e f e r e n c e  c e l l .  Z e r o  t h e  i n s t r u m e n t  a t  5 2 8  n m  w i t - h -  bo: th .  . . . .  
. ,  . . ~ .  

. .  c u v e t t e s . .  Wait  10 m i n u t e s .  Add a n  a d e q u a t e  a m o u n t ' ( u L )  . : 
of 0.01% p o t a s s i u m  p e r m a n g a n a t e  s o l u t i o n  t o  ( 4 . 3 . 9 )  
c u v e t t e  A. Enough  s h o u l d  b e  a d d e d  so t h a t  a f t e r  1 0 ' .  . 

s t e p  may h a v e  t o  b e  r e p e a t e d  a n u m b e r  o f  t i m e s  i n  0rd .e . r  

- . .  

. . . .  
. . .  . .  ' m i n u t e s  a s l i g h t  c h a n g e  i n  a b s o r b a n c e  i s  o b s e r v e d . ; '  T h i s  , . . 

. .  . . . .  
. . . . . . .  t o  d e t e r m i n e  t h e  r e q u i r e d  a m o u n t  o f  p o t a s s i u m  per;ma'ng~a.n.te. ' .  , 1. : 

. .  

. . . . . .  
. .  . . .  

. 
. . . .  . . . . . .  . . . . .  . . . . .  t h a t  i s  r e q u i r e d .  F rom t h e  c h a n g e  i n  a b s o r b a n c e ,  . '  ' . ' '  . ' - . .  

. . . . . .  - n e e d e d  t o  n u e t r a l i z e  t h e  r e d u c i n g  a g e n t s  f o u n d  i n : t h e  . .  . . .  

. c a l c u l a t e  t h e  a m o u n t  . o f  p o t a s s i u m  p e r m a n g a n a t e  t h a t  i's . ' .  . 1 : '- 

. r e a g e n t s .  T h e n  p i p e t t e  t h e  p r o p e r  v o l u m e  o f  high:er . . 

. .  ' c o n c e n t r a t i o n  0.1% p o t a s s i u m  p e r m a n g a n a t e  s o l u t i o n  .%.n.to 

. . .  . .  . . . . . .  . .  

. . . .  . . .  . . 
- .  . 

. .  
. . . .  . .  

' t h e  r e a g e n t s .  T h i s  i s  d o n a  by a s s u m i n g  t h a t  t h e  nu.mb-er. - ~~ 

r e p e a t e d  w i t h  t h e  6N s u l f u r i c  a c i d  s o l u t i o n .  . .  

. . . . . . . .  6 . 3 ' H e x a v a l e n t  Chromium s a m p l e  p r e p a r a t i o n .  . . .  

. .  . .  

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

' a r e  e q u a l  t o  t h e  n u m b e r  o f  m i l l i e q u i v a l e n t s  o f  O z l %  L .  ' .  !;. : ~- - .~ 
. . . . .  

p o t a s s i u m  p e r m a n g a n a t e  p i p e t t e d .  T h i s  p r o c e d u r e  i s  ' '  

. . . . . . . . . .  .~ 
. . .  . .  . . . .  . ~. . . . . . .  

S a m p l e  d i g e s t i o n  a n d  p r e p a r a t i o n .  To b e a k e r  ( A )  'a'&& ' 2 5  ' ' ' - -  - 
. .  . . . .  mL o f  a l k a l i n e  d i g e s t i o n  s o l u t i o n  ( S e c t i o n  4.3.2):  . S h a k e  - .  - . ~ ~ . . ... . . . . . . . .  . . . . . . .  . . . . . .  . .  ~. - - 

. . . . . .  - -  . .  s o l u t i o n  a t  r o o m  t e m p e r a t u r e  f o r  30 m i n u t e s .  . . . .  

. . . . . . . . .  - s i n t e r e d  g l a s s  f u n n e l  i n t o  a 1 5 0 m L  r e c i e v i n g  b e a k e r .  . . .  .. 

- T r a n s f e r  t h e  f i l t r a t e  from t h e  f i l t e r  f l a s k  . . . . .  

. _  :. . . . . . . .  
. . . . . . . .  . .  . . . . .  : ' Q u a n t i t a t i v e l y  t r a n s f e r  t h e  s o l u t i o n  t o  t h e  f i l t r a t i o n  . .  

..  

. . . . . . . .  - . . . . .  
. . ~ .  . . . . . .  a p p a r a t u s  w i t h  w a t e r .  F i l t e r  t h e  s o l u t i o n  t h r o u g h  t h e  . . . . .  . . . . . .  . . . . .  
. . . .  . . . . .  . .  
~. 

. . . . . . .  . . . . .  

. .  

. . . . . . .  - .- , . . . . . .  
q u a n t i t a t i v e l y  t o  a lOOmL v o l u m e t r i c  f l a s k .  F i l l  t o  a 
v o l u m e  o f  a p p r o x i m a t e l y  75mL t o  85mL. 

.~ .. 

- - .  

. . . .  ... 

. . .  . . A d j u s t  t h e  pH t o  1+ 0.2 w i t h  6 N  p e r c e n t  s u l f u r i c  ac id . '  . . . . .  

. . .  - . .  d i p h e n y l c a r b a z i d e  s o l u t i o n ,  a n d  d i l u t e  t o  v o l u m e  w i t h  . . . . .  

. 3 , .  . . . . . . . .  ~ c o l o r  d e v e l o p m e n t .  F o r  e a c h  se t  o f  s a m p l e s  a n a l y z e d ,  ........ 

~. ~ 

' . - . - S h a k e  c a r e f u l l y  t o - r e l e a s e  c a r b o n  d i o x i d e .  Add 2.0 m l  of  '.: ' .~ 

. . . . .  . .  
. .  . 

. . . . . . .  water. A l l o w  t h e  s o l u t i o n  t o  s t a n d  a b o u t  10 m i n u t e s  f o r  i .  : : - ; - -  
. . . . .  . = .  . _ .  - ' - t r e a t  a n  i d e n t i c a l  a l i q u o t  of r e a g e n t  b l a n k  s o l u t i o n  i n  :;::=::. 

- .  . . .  

. . . . . .  . .  . .  

. . . . . . . .  . .  

. . -. . 
: .  

. . . . . . . . . . . . . .  t h e  same way .  

o p t i m u m  w a v e l e n g t h  o f  5 4 0  nm. Measure a n d  s u b t r a c t  t h e  
r e a g e n t  b l a n k  a b s o r b a n c e  r e a d i n g ,  i f  a n y ,  t o  o b t a i n  a net  
r e a d i n g .  I f  t h e  a b s o r b a n c e  f t h e  s a m p l e  e x c e e d s  t h e  
a b s o r b a n c e  o f  t h e  100 u g  Cr+' s t a n d a r d  a s  d e t e r m i n e d  i n  

T r a n s f e r  a p o r t i o n  o f  t h e  s a m p l e  t o  a 5-cm : . : - - .  . - .  . . - . - . - - _ _ .  . . . . . . . . . .  
. . . . . . . . . .  - -  , . .  . . . . .  . .  .I,. - - ' ' a b s o r p t i o n  c e l l ,  a n d  m e a s u r e  t h e  a b s o r b a n c e  a t  t h e  ...... . . . .  . -  
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S e c t i o n  7.2.2, d i l u t e  t h e  s a m p l e  a n d  t h e  r e a g e n t  b l a n k  
w i t h  e q u a l  v o l u m e s  o f  w a t e r .  Repeat t h i s  p r o c e d u r e  f o r  
b e a k e r s  C a n d  E.  

6.3.1 

6.3.2 

6.3.3 

6.3.4 

R e a g e n t  B l a n k  ' P r e p a r a t i o n .  T a k e  a 
r e p r e s e n t a t a t i v e  a m o u n t  o f  a c e t o n e  a n d  a b l a n k  
M e t h o d  5 f i l t e r  a n d  p r o c e e d  a s  i n  S e c t i o n  6.3. 

S i l i c a  Gel W e i g h i n g .  Weigh  t h e  s p e n t  
s i t i c a  g e l  ( C . o n t a i n e r  Number 3) o r  s i l i c a  g e l  
p l u s  i m p i n g e r  t o  t h e  n e a r e s t  0.5 g u s i n g  a 
b a l a n c e .  T h i s  s t e p  m a y  b e  c o n d u c t e d  i n  t h e  
f i e l d .  

A n a l y s i s .  

Check  f o r  M a t r i x  E f f e c t s  o t h e  C r + 6  R e s u l t s .  
S i n c e  t h e  a n a l y s i s  f o r  C r t 6  by c o l o r i m e t r - y  i s  
s e n s i t i v e  t o  t h e  c h e m i c a l  c o m p o s i t i o n  of  t h e  
s a m p l e  ( m a t r i x  e f f e c t s ) .  t h e  a n a l y s t  s h a l l  c h e c k  
a t  l e a s t  o n e  s a m p l e  f r o m  e a c h  s o u r c e  u s i n g  t h e  
m e t h o d  o f  a d d i t i o n s  a s  f o l l o w s :  O b t a i n  t w o  e q u a l  
v o l u m e  a l i q u o t s  o f  t h e  same s a m p l e  s o l u t i o n .  The  
a l i q u o  s s h o u l d  e a c h  c o n t a i n  b e t w e e n  6 a n d  10  u g  
o f  Cr iS  ( l e s s  i f  n o t  p o s s i b l e ) .  S p i k e  o n e  o f  t h e  
a l i q u o t s  w i t h  a n  a l i q u o t  o f  s t a n d a r t  s o l u t i o n  t h a t  
c o n t a i n s  b e t w e e n  6 a n d  10 u g  o f  Cr'  . Now t r e a t  
b o t h  t h e  s p i k e d  a n d  u n s p i k e d  s a m p l e  a l i q u o t s  a s  
des r i b e d  i n  S e c t i o n  6.3. N e x t ,  c a l c u l a t e  t h e  
Cr" mass C s .  i n  ug i n  t h e  a l i q u o t  o f  t h e  u n s p i k e d  
s a m p l e  s o l u t i o n  by u s i n g  t h e  f o l l o w i n g  e q u a t i o n :  

C s  = C a  & 
A t - A s  

Eq. 1 

w h e r e  : 

Ca = C r + 6  i n  t h e  s t a n d a r d  s o l u t i o n ,  ug. 

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

A t  = A b s o r b a n c e  o f  t h e  s p i k e d  s a m p l e  s o l u t i o n .  

Volume c o r r e c t i o n s  w i l l  n o t  b e  r e q u i r e d  s i n c e  t h e  
s o l u t i o n s  a s  a n a l y z e d  h a v e  been  made t o  t h e  same 
f i n a l  v o l u m e .  If t h e  r e s u l t s  o f  t h e  m e t h o d  o f  
s t a n d a r d  a d d i t i o n s  p r o c e d u r e  u s e d  on  t h e  s i n g l e  
s o u r c e  s a m p l e  do n o t  a g r e e  t o  w i t h i n  1 0  p e r c e n t  
o f  t h e  v a l u e  o b t a i n e d  by t h e  r o u t i n e  
s p e c t r o p h o t o m e t r i c  a n a l y s i s ,  t h e n  r e a n a l y z e  a l l  
samples f r o m  t h e  s o u r c e  u s i n g  t h i s  m e t h o d  o f  
s t a n d a r d  a d d i t i o n s  p r o c e d u r e .  

a 



6 . 4  T o t a l  Chromium S a m p l e  P r e p a r a t i o n .  

6.4.1 Add l O m l  o f  c o n c .  n i t r i c  a c i d  t o  t h e  s a m p l e  i n  t h e  
b e a k e r ( B ) .  C o v e r  t h e  b e a k e r  w i t h  a w a t c h  g l a s s .  
P l a c e  t h e  b e a k e r  o n  a h o t  p l a t e  a n d  r e f l u x  t h e  
s a m p l e  down t o  2-3mL. Add a n o t h e r  5mL n i t r i c  a c i d  
t o  c o m p l e t e  d i g e s t i o n .  R e f l u x  t h e  s a m p l e  v o l u m e  
down t o  ImL.  

6 .4 .2 .  Wash down t h e  b e a k e r  w a l l s  a n d  w a t c h  g l a s s  w i t h  
d i s t i l l e d  w a t e r  a n d  f i l t e r  t h e  s a m p l e  t o  r e m o v e  
s i l i c a t e s  a n d  o t h e r  i n s o l u b l e  m a t e r i a l  t h a t  c o u l d  
c l o g  t h e  n e b u l i z e r .  F i l t r a t i o n  s h o u l d  b e  d o n e  
o n l y  i f  t h e r e  i s  c o n c e r n  t h a t  i n s o l u b l e  m a t e r i a l s  
may c l o g  t h e  n e b u l i z e r .  A d j u s t  t h e  v o l u m e  t o  
50 mL o r  a p r e d e t e r m i n e d  v a l u e  b a s e d  o n  t h e  
e x p e c t e d  me ta l  c o n c e n t r a t i o n s .  T h e  s a m p l e  i s  now 
r e a d y  f o r  a n a l y s i s .  T h e  a p p l i c a b i l i t y  o f  a s a m p l e  
p r e p a r a t i o n  t e c h n i q u e  m u s t  b e  d e m o n s t r a t e d  by  
a n a l y z i n g  s p i k e d  s a m p l e s  a n d / o r  r e l e v a n t  s t a n d a r d  
r e f e r e n c e  m a t e r i a l s .  

6.4.3 The  357.9-nm w a v e l e n g t h  l i n e  s h a l l  b e  u s e d .  

6 . 4 . 4  F o l l o w  t h e  m a n u f a c t u r e r ' s  o p e r a t i n g  i n s t r u c t i o n s  
f o r  a l l  o t h e r  s p e c t r o p h o t o m e t e r  p a r a m e t e r s .  

6 . 4 . 5  F u r n a c e  p a r a m e t e r s  s u g g e s t e d  by  t h e  m a n u f a c t u r e r  
s h o u l d  b e  e m p l o y e d  a s  g u i d e l i n e s .  S i n c e  
t e m p e r a t u r e - s e n s i n g  m e c h a n i s m s  a n d  t e m p e r a t u r e  
c o n t r o l l e r s  c a n  v a r y  b e t w e e n  i n s t r u m e n t s  o r  w i t h  
t i m e ,  t h e  v a l i d i t y  o f  t h e  f u r n a c e  p a r a m e t e r s  m u s t  
b e  p e r i o d i c a l l y  c o n f i r m e d  by s y s t e m a t i c a l l y  
a l t e r i n g  t h e  f d r n a c e  p a r a m e t e r s  w h i l e  a n a l y z i n g  a 
s t a n d a r d .  I n  t h i s  m a n n e r ,  l o s s e s  o f  a n a l y t e  d u e  
t o  h i g h e r  t h a n  n e c e s s a r y  t e m p e r a t u r e  s e t t i n g s  o r  
l o s s e s  i n  s e n s i t i v i t y  d u e  t o  l e s s  t h a n  o p t i m u m  
s e t t i n g s  c a n  b e  m i n i m i z e d .  S i m i l a r  v e r i f i c a t i o n  
o f  f u r n a c e  p a r a m e t e r s  may b e  r e q u i r e d  f o r  c o m p l e x  
s a m p l e  mat ices .  

6 . 4 . 6  I n j e c t  a measured u L  a l i q u o t  o f  s a m p l e  i n t o  t h e  
f u r n a c e  a n d  a t o m i z e .  If t h e  c o n c e n t r a t i o n  f o u n d  
i s  g r e a t e r  t h a n  t h e  h i g h e s t  s t a n d a r d ,  t h e  s a m p l e  
s h o u l d  b e  d i l u t e d  i n  t h e  s a m e  a c i d  m a t r i x  a n d  
r e a n a l y z e d .  T h e  u se  of m u l t i p l e  i n j e c t i o n s  c a n  
i m p r o v e  a c c u r a c y  a n d  h e l p  d e t e c t  f u r n a c e  
p i p e t t i n g  e r r o r s .  

6 . 4 . 7  R e p e a t  p r o c e d u r e  ( 6 . 4 )  f o r  b e a k e r s  D and  F. 
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7 .  CALIBRATION 

7 . 1  S a m p l i n g  T r a i n .  P e r f o r m  a l l  o f  t h e  c a l i b r a t i o n s  

7 . 2  C a l i b r a t i o n  H e x a v a l e n t  C h r o n i u m  

d e s c r i b e d  i n  CARB M e t h o d  5 ,  S e c t i o n  5. 

7 . 2 . 1  Opt imum W a v e l e n g t h  D e t e r m i n a t i o n .  C a l i b r a t e  t h e  
w a v e l e n g t h  s c a l e  of  t h e  s p e c t r o p h o t o m e t e r  e v e r y  6 
m o n t h s .  T h e  c a l i b r a t i o n  may b e  a c c o m p l i s h e d  by 
u s i n g  a n  e n e r g y  s o u r c e  w i t h  a n  i n t e n s e  l i n e  
e m i s s i o n  s u c h  a s  a m e r c u r y  l a m p ,  o r  b y  u s i n g  a 
se r ies  o f  g l a s s  f i l t e r s  s p a n n i n g  t h e  m e a s u r i n g  
r a n g e  o f  t h e  s p e c t r o p h o t o m e t e r .  C a l i b r a t i o n  
m a t e r i a l s  a r e  a v a i l a b l e  c o m m e r c i a l l y  a n d  f r o m  t h e  
N a t i o n a l  B u r e a u  o f  S t a n d a r d s .  S p e c i f i c  d e t a i l s  on 
t h e  u s e  o f  s u c h  m a t e r i a l s  s h o u l d  b e  s u p 3 l i e d  by  
t h e  v e n d o r :  g e n e r a l  i n f o r m a t i o n  a b o u t  c a l i b r a t i o n  
t e c h n i q u e s  c a n  b e  o b t a i n e d  f r o m  g e n e r a l  r e f e r e n c e  
b o o k s  on  a n a l y t i c a l  c h e m i s t r y .  T h e  w a v e l e n g t h  
s c a l e  o f  t h e  s p e c t r o p h o t o m e t e r  n u s t  r e a d  c o r r e c t l y  
w i t h i n  +5 nm a t  a l l  c a l i b r a t i o n  p o i n t s :  o t h e r w i s e ,  
t h e  s p e c t r o p h o t o m e t e r  s h a l l  b e  r e p a i r e d  a n d  
r e c a l i b r a t e d .  Once  t h e  w a v e l e n g t h  s c a l e  o f  t h e  
s p e c t r o p h o t o m e t e r  i s  i n  p r o p e r  c a l i b r a t i o n ,  u s e  
540 nm a s  t h e  o p t i m u m  w a v e l e n g t h  f o r  t h e  
m e a s u r e m e n t  o f  t h e  a b s o r b a n c e  c f  t h e  s t a n d a r d s  
a n d  s a m p l e s .  

A l t e r n a t i v e l y ,  a s c a n n i n g  p r o c e d u r e  may b e  
e m p l o y e d  t o  d e t e r m i n e  t h e  p r o p e r  m e a s u r i n g  
w a v e l e n g t h .  If t h e  i n s t r u m e n t  is a d o u b l e - b e a m  
s p e c t r o p h o t o m e t e r ,  s c a n  t h e  p e c t r u m  be tween 530 
a n d  550  n m  u s i n g  a 50  u g  C r + ' s t a n d a r d  s o l u t i o n  
i n  t h e  s a m p l e  c e l l  a n d  a b l a n k  s o l u t i o n  i n  t h e  
r e f e r e n c e  cell. I f  a p e a k  d o e s  n o t  o c c u r ,  t h e  
s p e c t r o p h o t o m e t e r  i s  m a l f u n c t i o n i n g  a n d  s h o u l d  b e  
r e p a i r e d .  When a p e a k  i s  o b t a i n e d  w i t h i n  t h e  530 
t o  550 nm r a n g e ,  t h e  v a v e l e n g t h a t w h i c h t h i s  
p e a k  o c c u r s  s h a l l  b e  t h e  o p t i m u ~  w a v e l e n g t h  f o r  
t h e  m e a s u r e m e n t  o f  a b s o r b a n c e  of  b o t h  t h e  
s t a n d a r d s  a n d  t h e  s a m p l e s .  F o r  a s i n g l e - b e a m  
s p e c t r o p h o t o m e t e r ,  f o l l o w  t h e  s c a n n i n g  p r o c e d u r e  
d e s c r i b e d  a b o v e ,  e x c e p t  t h a t  t h e  b l a n k  a n d  
s t a n d a r d  s o l u t i o n s  s h a l l  be s c a n n e d  s e p a r a t e l y .  
The  o p t i m u m  w a v e l e n g t h  s h a l l  b e  t h e  w a v e l e n g t h  a t  
w h i c h  t h e  maximum d i f f e r e n c e s  i n  abso rbance  
b e t w e e n  t h e  s t a n d a r d  a n d  t h e  b l a n k  o c c u r s .  

7 . 2 . 2  S p e c t r o p h o t o m e t e r  C a l i b r a t i o n .  E i t h e r  (1) r u n  a 
s e r i e s  o f  c h r o m i u m  s t a n d a r d s  a n d  c o n s t r u c t  a 
c a l i b r a t i o n  c u r v e  by p l o t t i n g  t h e  c o n c e n t r a t i o n s  
of t h e  s t a n d a r d s  a g a i n s t  t h e  a b s o r b a n c e s  o r  ( 2 )  
f o r  t h e  m e t h o d  o f  s t a n d a r d  a d d i i i o n s ,  p l o t  a d d e d  
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7.3.6. D i l u t e  s a m p l e s  i f  t h e y  a r e  m o r e  c o n c e n t r a t e d  t h a n  
t h e  h i g h e s t  s t a n d a r d  o r - i f  t h e y  f a l l  o n  t h e  
p l a t e a u  o f  a c a l i b r a t i o n  c u r v e .  

7.3.7 Employ  a m i n i u u m  o f  o n e  b l a n k  p e r  sample  b a t c h  t o  
d e t e r m i n e  i f  c o n t a m i n a t i o n  o r  a n y  memory  e f f e c t s  
a r e  o c c u r r i n g .  

T h e  b l a n k s  a r e  p r e p a r e d  i n  t h e  f o l l o w i n g  m a n n e r ,  
O b t a i n  a c l e a n  u n u s e d  f i l t e r  a n d  f o l l o w  t h e  
p r o c e d u r e  i n  S e c t i o n s  6.4.1 a n d  6.4.2. 

7.3.8. A n a l y z e  c h e c k  s t a n d a r d s  a f t e r  a p p r o x i m a t e l y  e v e r y  
15 samples. 

7.3.9. Run o n e  d u p l i c a t e  s a m p l e  f o r  e v e r y  10 samples.  A 
d u p l i c a t e  s a m p l e  i s  a s a m p l e  b r o u g h t  t h r o u g h  t h e  
w h o l e  s a m p l e  p r e p a r a t i o n .  

7.3.10 S p i k e d  s a m p l e s  o r  s t a n d a r d  r e f e r e n c e  m a t e r i a l s  
s h a l l  be p e r i o d i c a l l y  e m p l o y e d  t o  e n s u r e  t h a t  
c o r r e c t  p r o c e d u r e s  a r e  b e i n g  f o l l o w e d  a n d  t h a t  a l l  
e q u i p m e n t  i s  o p e r a t i n g  p r o p e r l y .  

7.3.11 T h e  m e t h o d  o f  s t a n d a r d  a d d i t i o n s  s h a l l  b e  u s e d  f o r  
t h e  a n a l y s i s  of  a l l  EP  e x t r a c t s ,  o r  w h e n e v e r  a n e w  
s a m p l e  m a t r i x  i s  b e i n g  a n a l y z e d .  

7.3.12 T h e  c o n c e n t r a t i o n  o f  a l l  c a l i b r a t i o n  s t a n d a r d s  
s h o u l d  b e  v e r i f i e d  a g a i n s t  a q u a l i t y  c o n t r o l  c h e c k  
sample  o b t a i n e d  f r o m  an o u t s i d e  s o u r c e .  

7.3.13 A l l  q u a l i t y  c o n t r o l  d a t a  s h o u l d  b e  m a i n t a i n e d  a n d  
a v a i l a b l e  f o r  e a s y  r e f e r e n c e  o r  i n s p e c t i o n .  

7.4 E m i s s i o n  C a l c u l a t i o n s  
C a r r y  o u t  t h e  c a l c u l a t i o n s ,  r e t a i n i n g  a t  l e a s t  o n e  
e x t r a  d e c i m a l  f i g u r e  beyond  t h a t  o f  t h e  a c q u i r e d  d a t a .  
Round o f f  f i g u r e s  a f t e r  f i n a l  c a l c u l a t i o n s .  

7.4.1 T o t a l  +6 i n  S a m p l e .  C a l c u l a t e  m Z h ,  t h e  t o t a l  
u g  C r + g r i n  s a m p l e .  T h i s  c a n  b e  o b t a i n e d  f r o m  t h e  
c a l i b r a t i o n  c u r v e  o r  f r o m  t h e  m e t h o d  o f  s t a n d a r d  
a d d i t i o n s .  N o t e  t h a t  m c h  i s  t h e  s u m  o f  t h e  m a s s e s  
o f  h e x a v a l e n t  c h r o m i u m  a n a l y s e s  p e r f o r m e d  on  t h e  
c o n t e n t s  o f  b e a k e r s  B ,  D a n d  F. A l s o  t a k e  i n  
a c c o u n t  t h e  d i l u t i o n s  w h e n  c a l c u l a t i n g  m c h .  

7.4.2 T o t a l  C h r o m i u m  i n  t h e  S a m p l e .  C a l c u l a t e  met, t h e  
t o t a l  u g  o f  C h r o m i u m  i n  t h e  sample .  T h i s  c a n  b e  
o b t a i n e d  f r o m  t h e  c a l i b r a t i o n  c u r v e  o r  f r o m  t h e  
m e t h o d  o f  s t a n d a r d  a d d i t i o n s .  N o t e  t h a t  m C t  is 
t h e  s u m  o f  t h e  masses of  t o t a l  c h r o m i u m  a n a l y s e s  
p e r f o r m e d  o n  t h e  c o n t e n t s  o f  b e a k e r s  A , C  a n d  E .  



A l s o  t a k e  i n t o  a c c o u n t  t h e  n e c e s s a r y  d i l u t i o n s  
w h e n  c a l c u l a t i n g  o u t  m e t .  

O r i f i c e  P r e s s u r e  D r o p .  S a m e  e s  M e t h o d  5 ,  S e c t i o n  
6 .2 .  

7 . 4 . 3  A v e r a g e  D r y  G a s  M e t e r  T e m p e r a t u r e  a n d  A v e r a g e  

7 . 4 . 4  D r y  G a s  Vo lume ,  Volume o f  W a t e r  V a p o r ,  M o i s t u r e  
C o n t e n t .  S a m e  a s  M e t h o d  5, S e c t i o n s  6 .3 ,  6.4. 
a n d  6 . 5 ,  r e s p e c t i v e l y .  

( g / d s c m ) ,  t h e  C r t g  c o n c e n t r a t i o n  i n  t h e  s t a c k  
g a s ,  d r y  b a s i s ,  c o r r e c t e d  t o  s t a n d a r d  c o n d i t i o n s ,  
a s  f o l l o w s :  

7 . 4 . 5  C r f 6  E m i s s i o n  Con  e n t r a t i o n .  C a l c u l a t e  is 

7 . 4 . 6  T o t a l  Chromium E m i s s i o n  C o n c e n t r a t i o n .  C a l c u l a t e  
c ( g / d s c m ) ,  t h e  t o t a l  c h r o m i u a  c o n c e n t r a t i o n  i n  
ti?, s t a c k  g a s ,  d r y  bas i s ,  c o r r e c t e d  t o  s t a n d a r d  
c o n d i t i o n s  a s  f o l l o w s :  

7 . 4 . 7  I s o k i n e t i c  V a r i a t i o n ,  A c c e p t a b l e  R e s u l t s .  S a m e  
a s  M e t h o d  5 .  S e c t i o n s  6 . 1 1  a n d  6 .12 ,  
r e s p e c t i v e l y .  

a. O T H E R  M E T H O D S .  

8.1 T o t a l  ch romium d e t e r m i n a t i o n  by a t o m i c  a b s o i p t i o n  
s p e c t r o s c o p y .  T h i s  m e t h o d  uses  t h e  d i r e c t  a s p i r a t i o n  
m e t h o d .  

8 . 2  H e x a v a l e n t  ch romium b y  f l a m e l e s s  a t o m i c  e b s o r p t i o n  
s p e c t r o s c o p y .  T h i s  m e t h o d  c o m p l e x e s  h e x a v a l e n t  ch romium 
w i t h  am m o n i u  m p y r r o l i d i n e  d i t h i o c a r b a c a t e .  T h i s  
ch romium c o m p l e x  is t h e n  m e a s u r e d  by  a t o m i c  a b s o r b t i o n  
s p e c t r o p h o t o m e t e r  e q u i p p e d  w i t h  a f l z m e l e s s  a c c e s s o r y .  
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