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REF. 4-3$ 
State of California AIR RESOURCES MAh9 test of S&~tde&4?i&4- 

- Test Report C-86-085 

UNACCEPTABLE 

On the first page of this report, the first sentence of the first 
paragraph says, "This Report presents an estimate of emissions from Standard 
Nickel-Chromium Plating Company." The report provides an estimate and that is 
a l l .  
accepted by the Emission Heasurement Branch for a source test whose data might 
be used by ISB. 

Testing was not done in accordance with procedures that would have been 

In looking at the velocity traverse sheets, the inlet duct diameter is 
given at 19 inches. The duct length 
for the inlet is too short to meet Reference Hethod 1 requirements. We have 
had this problem with our testing as well. On the outlet, a 5-foot extension 
was added. The drawing in the report does not make it possible to determine 
precisely where the outlet ports are placed; however, if the correct location 
was chosen. the total number of sampling points would have been 25.  Only 16 
points were actually sampled. 
also insufficient, 16 total points being sample instead of 24. 

The text of the report gives 1 8  inches. 

The number of sample points at the inlet was 

When sampling for chromium emissions. experience by the EMB has shown 
that the distribution of chromic acid is not necessarily uniform throughout 
the stack gas. It is important, then, to sample the correct number of points 
in order to obtain accurate data. Since this report was merely to provide an "- ' I  of emissions, this is a possible reason for not enough sample 
points being chosen. 
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EMISSIONS STACK TESTING AT MCDONNELL DOUGLAS, 
TORRANCE, CALIFORNIA 

Chromium Emissions Tests for Tank 1 9 3 ,  Bldg. 2 (Etching Tank Scrubber) and 
Tank 195 ,  Bldg 2 (Anodizing Tank Scrubber) at Douglas Aircraft Company. 

UNACCEPTABLE 

This report has discrepancies between the field data sheets and the 
computer printouts and it appears that a minimal effort was made for the 
entire project. 

From looking at the report, it is possible to conclude that single point 
sampling was done in order to obtain the data. 
but information on duct length and port location along the duct is missing. 
Only two ports were placed into each duct which would not allow for the proper 
matrix of sampling points as specified by Reference Method 1. 
velocity traverse was made, field data sheets for the sample runs show 
constant stack and meter box parameters, and the absence of a sampling nozzle 
diameter in the report indicates that only a piece of Teflon tubing was used 
to extract the sample. Although the text at one point refers to a "Method 5" 
train, sampling was not done in accordance with Method 5 procedures. 

Both ducts were rectangular, 

Although a 

The text says that sampling was done proportionally. The correct size 
nozzle for Run I .  Scrubber I ,  Sparger On is 0 . 2 5 .  
report and performing isokinetic calculations using the three most frequently 
used nozzle sizes of 0 . 1 8 7 5 ,  0 . 2 5 ,  and 0 .3125 ,  the isokinetic rates for this 
run are 1 5 3 . 3 ,  8 6 . 2 .  and 5 5 . 2  percent respectively. Although the report says 
that proportional sampling was done, the data sheets show that the sampling 
rate was constant and there is no indication of traversing. 

Using the data given in the 

This report was prepared for two attorneys. The report was probably 
used in a court case and data were needed, but no one involved knew enough to 
determine if the data gathered were accurate or properly obtained. 
provides a "quick and dirty and not too accurate estimate" of the emissions 
from a single point. 
shown that chromium emissions from a source cannot be accurately determined by 
sampling a single point. 
data for the source 
tested. 

The report 

Previous testing of chromium sources by the EMB has 

Thus, the report does not provide accurate emission 



.I 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 277: 1. 

lIElKlRANDun 

SUBTECT: Acceptability of Test Reports 

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

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

Enclosed are three test reports that have been reviewed. 
One report is acceptable and the other two are not. 
for accepting or rejecting each report follow: 

Enclosures 

The reasons 



ENVIRONMENTAL SGYRCE SAUPLERS, INC. TEST OF THE NAVAL AIR REWORK 
FACILITY AT THE NORFOLK NAVAL AIR STATION (CKROHE LINE 1 DEMISTER) PEWORVED 
ON NOVEMBER 22. 1986. 

ACCEPTABLE 

This report is acceptable, however, only total chromium analysis was 
performed. 

At the outlet, the last two runs had moisture contents that were greater 
than saturation (though not by much). The same data were run again for run #2 
using correct moisture content and a comparison of the emission numbers can be 
found in the enclosed Summary of Emissions Sheet which is on the opposite side 
of the Sampling Summary Sheet. 
incorrect moisture and the difference is slight. If the difference is 
significant to ISB, the report can be returned and the correct numbers 
calculated . 

The red numbers give the emission rates for 
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STANDARD NICKEL-CHROMIUM PLATING COMPANY 
TOTAL AND HEXAVALENT CHROMIUfl EMISSIONS 

This r e p o r t  presents  an es t ima te  o f  emissions f r o m  Standard Nickel-Chromium 

P l a t i n g  Company. 

A i r  Resources Board (ARB) s t a f f  u s i n g  a d r a f t  ARB t e s t  method. 

have been reviewed by  the  s t a f f  and are b e l i e v e d  t o  be accura te  w i t h i n  t h e  

l i m i t s  o f  t h e  method. However, d a t a  a r e  u s u a l l y  a f f e c t e d  by t h e  t e s t  method 

and process v a r i a b l e s  which are  sometimes n o t  apparent du r ing  the  tests.  

da ta  shou ld  no t ,  t he re fo re ,  be n e c e s s a r i l y  considered t y p i c a l  o f  a s p e c i f i c  

source o r  I n d u s t r y  u n t i l  the  e f f e c t s  o f  such v a r i a b l e s  are  known and taken 

i n t o  account. 

These emiss ion es t imates  are  based on t e s t s  performed by t h e  

The r e s u l t s  

The 

. .  
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Standard Nickel-Chromium P l a t i n g  Company 
Tota l  and Hexavalent Chromium Emissions 

SUMMARY 

The A i r  R irces @ d (ARB) ha i d e n t i f i e d  hexavalent  chromium a s  

t o x i c  a i r  contaminant. Because o f  t h i s ,  sampling was requested b y  t h e  ARB 

Toxic  P o l l u t a n t s  Branch t o  determine chromium emissions from a "hard" chromium 

p la te r .  Samples were c o l l e c t e d  a t  t h e  Standard Nickel-Chromium P l a t i n g  Co. on 

November 14 through 16, 1986. b y  t h e  s t a f f  o f  the Engineer ing Eva lua t ion  

Branch (EEB) o f  the ARB. The samples were analyzed by t h e  Department o f  

Hea l th  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 anion i n  a h igh  o x i d a t i o n  

s ta te .  E l e c t r o p l a t i n g  i s  accomplished b y  app ly ing  a h igh  amperage, low 

vo l tage (4,000 amps, 4.5 v o l t s )  d i r e c t  c u r r e n t  (dc)  through the p l a t i n g  

so lu t i on .  The ma te r ia l  t o  be p l a t e d  i s  hung from the  negat ive,  or  cathode, 

bus bars o f  t h e  p l a t i n g  tank. 

Chromium p l a t i n g  i s  o n l y  8-20% 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  t h a t  some o f  the app l i ed  e l e c t r i c  c u r r e n t  converts some o f  the water  i n  t h e  

p l a t i n g  s o l u t i o n  t o  hydrogen and oxygen gases. r e s u l t i n g  i n  the re lease  o f  

hydrogen gas a t  the cathode and oxygen a t  the  anode. 

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. A t  Standard P la t i ng ,  these gases are  passed through a scrubber and 

then vented t o  the atmosphere. 

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  t h e  p l a t i n g  tank. 

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

A p o r t i o n  o f  t h e  p l a t i n g  

The scrubber  i s  used t o  recover some o f  t h e  

-i- 



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

i n  accordance w i t h  the 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). 

r e s u l t s  o f  t h e  sampling and a n a l y s i s  and o t h e r  data are shown i n  t h e  Summary 

Table. Emissions from the  p l a t i n g  tank ranged between 0.42 x l b / h r  and 

0.85 x l b / h r  f o r  t o t a l  chromium and 0.035 x and 0.64 x 

l b / h r  f o r  hexavalent  chromium. 

0.20 x l b / h r  and 0.58 x l b / h r  f o r  t o t a l  chromium and 0.18 x 

l o m 3  l b / h r  and 0.54 x 1 b / h r  for  hexavalent  chromium. Scrubber 

e f f i c i e n c y  f o r  p revent ing  t h e  r e l e a s e  o f  chromium ranged between 28 and 67 

The 

Emissions a f t e r  t h e  scrubber ranged between 

percent  f o r  t o t a l  chromium and 15 t o  62 percent  f o r  hexavalent chromium. 

-i i- 
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I .  INTRODUCTION 

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. 

requested t h e  Engineer ing Evaluat ion Branch (EER) o f  t h e  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.  

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 November 14 

through 16, 1986. 

by the  A i r  and I n d u s t r i a l  Hygiene Labora tory  (AIHL) o f  the  Department o f  

Subsequently. t h e  Tox ic  Po l l u tan ts  Branch o f  the  ARB 

The Standard Nickel-Chromium P l a t i n g  Company i n  

The samples were analyzed f o r  t o t a l  and hexava1,ent chromium 

Hea l th  Services.  The ob jec t i ves  o f  t h i s  t e s t  were to: 

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

chromium p l a t e r .  

Determine the  e f f i c i e n c y  o f  t h e  wet scrubber used by Standard 

P l a t i n g  f o r  con t ro l1  i n g  chromium emissions. 

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

immediately a f t e r  sampling as p a r t  o f  the  t e s t  method development. 

2. 

3. 

A t  d i f f e r e n t  t imes du r ing  t h e  ARB eva lua t i on  t e s t ,  p a r a l l e l  samples were 

c o l l e c t e d  by  t h e  South Coast A i r  Q u a l i t y  Management D i s t r i c t  (AQMD) and 

Truesda i 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  the  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.  

M a t t  Dunn o f  Dames and Foore. 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.  

11. Conclusions 

Emissions o f  t o t a l  chromium ( i n c l u d i n g  hexavalent chromium a t  Standard 

P l a t i n g  ranged from 0.42 x l o e 3  l b / h r  t o  0.85 x 

scrubber and 0.20 x l b / h r  a f t e r  the  scrubber. 

Emissions o f  hexavalent chromium a t  Standard P l a t i n g  ranged from 0.35 x 

l b / h r  t o  0.64 x l b / h r  be fore  the  scrubber and 0.18 x l b / h r  t o  

l b / h r  be fore  t h e  

l b / h r  t o  0.58 x 

-1 - 



0.54 x 

67 percent  i n  removing t o t a l  chromium and 15 t o  62 percent i n  removing 

hexava len t  chromium from t h e  exhaust. 

l b / h r  a f t e r  the  scrubber. Scrubber e f f i c i e n c y  ranged from 28 t o  

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

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

r e s u l t s .  

111. PROCESS DESCRIPTION 

Standard P l a t i n g  i s  c l a s s i f i e d  as a "hard" chranium p l a t e 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  sur faces i n  th icknesses of 

0.0001-0.010 inches t o  b u i l d  up worn p a r t s  and prov ide  abras ion 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 cy l inders .  

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  appl  l e d  t o  produce a b r i g h t  and 

deco ra t i ve ,  as w e l l  as cor ros ion  and ab ras ion  r e s i s t a n t  surface. 

"Decorat ive" 

The chromium i s  deposi ted on to  t h e  s u r f a c e  o f  the  base ma te r ia l  b y  

e l e c t r o p l a t i n g .  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 leaning.  r i n s i n g ,  

p l a t i n g ,  and pos t  p l a t i n g  treatments, can be manual or automat ic.  Standard 

P1 a t i n g ' s .  ope ra t i on  i s  b a s i c a l l y  manual t o  accommodate the wide v a r i a t i o n  i n  

t h e  p a r t s  t h e y  p la te .  

The p a r t  t o  be p l a t e d  i s  suspended b y  w i res  or racks be fore  being 

submerged i n t o  a tank conta in ing  the  p l a t i n g  so lu t i on .  A t  Standard P la t i ng ,  

t h e  P a r t s  a r e  suspended by wires. The chromium i s  deposi ted onto the  m a t e r i a l  

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

an ion  i n  a h i g h  o x i d a t i o n  s tate.  

s o l u t i o n  u s u a l l y  con ta ins  a s m a l 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  

Along w i t h  chromium ac id,  the  aqueous 

-2- 



ion, such as su l fa te .  

e lec t ropla t ing  i s  supplied by r e c t i f i e r s  and  applied to  the plat ing tank by 

bus bars. 

hung from the negatfve or cathode bus bars. 

monitored w i t h  voltmeters and ammeters. 

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

Anodes are hung  from positive bus bars and the item t o  be plated i s  
I 

Tank  vo l t age  and current a re  

Chromium plating is  one o f  the most d i f f i c u l t  e lectroplat ing operations;  

temperature, current density,  and b u l k  composition are kept w i t h i n  a 

r e l a t ive ly  narrow range. 

i s  only 8-2096 e f f i c i en t .  

water i n  the plat ing solution i n t o  hydrogen and oxygen gases. 

the of f  gassing of hydrogen a t  the cathode and oxygen a t  the anode. 

release o f  these gases from the plat ing tank causes a spray t h a t  c a r r i e s  some 

of the plat ing solution with the gases. For sa fe ty  reasons the spray must be 

vented. For economic reasons, the spray i s  usually vented through a scrubber 

t o  recover some of  the p l a t i n g  solut ion.  

used as makeup t o  replace some of the l o s t  plating solution. 

W i t h  respect t o  e l e c t r i c  current ,  chromium plat ing 

Most of the e l e c t r i c  current is  used converting 

This r e su l t s  in 

The 

P a r t  of the scrubber water is then 

During the three days of emissions sampling, Stabdard Plating t r ied t o  

malntain cons is tan t  plating operations by plat ing similar parts under s imilar  

conditions over the three t e s t  days. 

and  conditions d u r i n g  the 3 days of tes t ing .  

IV. SAMPLING LOCATIONS A N D  METHODS 

Table 1 shows the operating parameters 

! 

i Hexavalent and to ta l  chromium samples were collqcted according t o  a 

d ra f t  of ARB'S  Stationary Source Test Method 425 (Oete!rmination o f  Total 

Chromium and  Hexavalent Chromium Emissions from Statiojnary Sources). 

p i to t  tube was used to determine s tack gas velocity.  

! 

I 
IJoisture content was 

1 

A type S 
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Table 1 

Operat ion Data Dur ing  Emissions Tes t i nq  
A t  Standard Nickel-Chromium P la t i ng ,  Inc.  

1. Tank Number 

2. P l a t i n g  Tank Data 

a. Tank Temp 
b. Sur face Area, 
c. Dimensions 

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

a. Chromic Ac id  
b. S u l f u r i c  Acid, t o t a l  
E. S o l u t i o n  Volume 

4. Power Data 

a. Vol tage 
b. Current  

5.  Parts  Data 

a. Number 
b. Dimensions, each p a r t  

6. Depth o f  Chrome Deposi ted 

50 

140'F 
10.6 sq. ft. 
44 inches, diameter 
38 f e e t ,  deep 

32-35 oz./gal lon s o l u t i o n  
0.32-0.35 oz . /ga l lon  s o l u t i o n  
2700 ga l l ons  

4.5 v o l t s ,  dc 
4,000 amperes 

4 
5 /8  i n c h  d iameter  
20 f e e t  l o n g  

.003 inches t o t a l  i n  5 hours 
I 



determined as specified by ARB Method 4 (Determination of Moisture Content i n  

Stack Gases). 

based upon atmospheric concentrations. 

before and a f t e r  the scrubber. 

~. . . .  . . . . . . . . . . . .  . . . .  . . .  .- . 
Dry molecular weight (CO.  C02, 02, N2) was estimated 

Figure 1 shows the sampling l o c a t t o n s , - - :  . :  ' .  . .  

Draft  Hethod 425 i s  s imi la r  t o '  ARB Test Method 5 b u t  w j t h  specla1 

requirements. 

Plating included the use of glass-1 ined s t a i n l e s s  s tee l  sampling probes, 

special t e f lon  coated glass-f iber  f i l t e r s ,  and spec ia l ly  prepared acetone: aod.. 

Those special requirements for sampling chromium a t  Standard 
' . .  . . . .  . .  

.. .. 

. .  
... . d i s t i l l e d  water. Hexavalent chromium i s  very react ive and  the purpose of  

these special  requirements was to  prevent the l o s s  of hexavalent chromium. :~:-.: 

1 .  . :  a f t e r  i t  was collected.  Also, the acetone and deionized d i s t i l J e d  water.used. 
. . . . . . . . .  . . . . . .  . . . .  . . .  

. .  .. - -  
for  sample recovery were analyzed before and a f t e r  sampling t o  document:their- .:-. 

chromium content and the presence of impurit ies t h a t  would react w l t h  the 

hexavalent chromium. Appendix A contains a copy o f  Draft Method 425, . .r  :. 
. . .  . _ - _ .  . 

Fo'r analys is ,  a l l  samples were s p l i t  a s  described i n  Method.425. 'One 
.: ,. 

half was analyzed for  hexavalent chromium and the other  h a l f  for  t o t a l  

chromium. 

t r a i n s ,  one before the scrubber and one a f t e r  the scrubber), the hexavalent 

half 0-f -the f i l t e r s  were placed i n  an extract ion solution (sodium hydroxide 

and sodium carbonate in water) immediately a f t e r  they were col lected.  

hexavalent halves of the o ther  two runs were not placed in the extract ion 

solution u n t i l  they arrived a t  AIHL in Berkeley. 

i f  the delay affected the hexavalent chromium results. 

V. TEST RESULTS 

. .  
. . . . . .  . : 7 : For two of the sample runs (a sample run includes two s a m @ & - . : - : .  e t : -  :<-.. 
- * ,  . -  

. . . . . . . . . . .  . . . . . . .  . ..--I . -  , ,  . . . .  . . . . . . .  - .  

The 

This was done t o  determine 

The analyt ical  resu l t s  and other t e s t  data a re  shown in Table 2. The 

sample analyt ical  resu l t s  a re  presented according t o  the par t s  of the sampling 

t r a i n  t h a t  were analyzed separately.  In general, the  l a rge r  pa r t i c l e s  are 
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c o l l e c t e d  i n  t h e  sampl ing probe be fo re  the  sample f i l t e r .  

pass through t h e  probe t o  be c o l l e c t e d  by  t h e  f i l t e r .  

p a r t i c l e s  can pass through t h e  f i l t e r  t o  be c o l l e c t e d  i n  t h e  impingers and 

sample l i n e s  a f t e r  t h e  f i l t e r .  

F i n e r  p a r t i c l e s  

And s t i l l  f i n e r  

Based upon t h e  t e s t  r e s u l t s ,  o v e r a l l  scrubber c o l l e c t i o n  e f f i c i e n c y  f o r  

t o t a l  chromium ranges between 28 and 67 percent and f o r  hexavalent  chromium, 

between 15 t o  62 percent. The da ta  i n d i c a t e s  t h e  scrubber i s  more e f f i c i e n t  

i n  c o l l e c t i n g  t h e  l a r g e r  chromium c o n t a i n i n g  p a r t i c l e s  than t h e  f i n e r  chromium 

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

scrubber water  may be a c o n t r i b u t i n g  f a c t o r  t o  the  scrubber 's  marginal  

performance i n  c o n t r o l l i n g  t h e  f i n e r  chromium c o n t a i n i n g  p a r t i c l e s .  

be due t o  t h e  presence o f  chromium i n  the  water  r e c i r c u l a t e d  t o  t h e  scrubber 's  

sprayers. 

conta ined between 9.9 t o  7,383 u g  o f  t o t a l  chromium and 17.0 t o  33.3 ug o f  

hexavalent  chromium per  m i l l i l i t e r  o f - sc rubber  s o l u t i o n  (0.0013 t o  0.986 

ounces o f  t o t a l  chromium and 0.0023 t o  0.0044 ounces o f  hexavalent  chromium 

per  g a l l o n  o f  scrubber  so lu t i on ) .  

Th is  may 

Samples o f  t h e  r e c i r c u l a t e d  scrubber water  used i n  t h e  spray 

Resu l ts  o f  t h e  s tudy  t o  determine i f  t r e a t i n g  t h e  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  are presented Table 3. 

compares t h e  concen t ra t i on  (ug/dscf )  o f  hexavalent chromium c o l l e c t e d  on the 

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

do n o t  i n d i c a t e  t h e r e  i s  a d i f f e r e n c e  between the  t r e a t e d  and un t rea ted  

f i l t e r s .  

f i l t e r s  may be l o s i n g  hexavalent  chromium. Bu t  because o f  t h e  l i m i t e d  number 

o f  samples, no s p e c i f i c  conc lus ions can be made. 

Table 3 

The f i l t e r s  w i t h  t h e  "be fore  scrubber" samples 

The " a f t e r  scrubber" f i l t e r  samples i n d i c a t e  t h a t  the  un t rea ted  
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.. . . . . . . . . .  . . . .  . . . . .  .~ - -  . . .  _ _ _ _ _  Table 3 . , 

. . .  . . .  . . .  . .  Comparison o f  F i1  t e r  Resu l t s  ?For-.  - r  . I . '' - . . - .  - . . .  
,. 

. . .  . . , . . - . . -  
Hexavalent Chromium 

.. ~ . . . . . . .  
I -  . _  

. .  . .  

. . . . .  
RUN # 

~ . , . .  

. _  . . . . .  :I. Concentrat ion,  ug/DSCF 
. .  . .  

.A. Before Scrubber 
- .  . 1. Treated Filter:/ 

2. Untreated F i l t e r & /  

. .  B. A f t e r  Scrubber 

. . . .  . . . .  . . .  - - . .  -:1. Treated F i l t e r  

, _  .~ _ _  - : . - - : - 2 .  Untreated F i l t e r  . . .  

. . . . . . .  . .  ..: ; _ _ I .  
.~ . . ._. ._ . . .  

1 1 

. . .  . 1.01. . -  0.75 0.88~ 

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

0.35:- _ _ _ _  -~ .. ., _-- ,  . -0'61 .: . - . .  . . . .  0.87 

-: . . .  . . :  -0.70: . . . .  -.-.&26, r.0.48.~.- 

- .  a /  I n  t h e  f i e l d ,  a f t e r  sampling, the  hexavalent  chromium.hdl f -  o.f,,.the . , ~  . . . .  

. . .  .carbonate e x t r a c t  so lu t i on .  The un t rea ted  f i l ters,were,not-  t r e a t e d  :;+. . . .  
t r e a t e d  f i l t e r s  was t r e a t e d  w i t h  the  sodium. hydrox ide and sodium 

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  l abo ra to ry .  
. . . . .  . . . . . . . . . .  - .  

. . .  . .  ~ . . . .  _ _  - .  . .  . . . . . . . . . . . . .  . . . . . . .  
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V I .  Q U A L I T Y  CONTROL 

Hexavalent chromium is  very reactive and  col lected i n  very low 

concentrations. The emphasis o f  the various qua l i ty  control techniques i s  t o  

prevent the loss  o r  contamination of hexavalent chromium samples. 

reason a l l  sample containers both in the f i e ld  and the laboratory were made of 

glass  o r  te f lon  and prewashed w i t h  spec ia l ly  prepared detergents,  acids ,  and 

deionized d i s t i l l e d  water. Other qual i ty  control techniques a re  discussed 

bel ow. 

For tha t  

A. SAMPLING 

Uhen col lect ing samples the only recommended probes are  quartz or 

glass-lined probes. Any other  probe material ,  i n c l u d i n g  s t a in l e s s  s t e e l ,  

- could contaminate the col lected sample. Teflon coated glass-f iber  f i l t e r s  are 

the recommended f i l t e r  media. 

preparation, the uncoated glass-f iber  f i l t e r  can release s i l i c a t e  from the 

f i l t e r  material w h i c h ,  when ac id i f i ed ,  becomes s i l i c i c  acid. 

ex i s t s  i n  the  recovered sample as  a suspended par t icu la te  tha t  in te r fe rs  w i t h  

the colormetric analysis o f  the sample. 

the amount of s i l i c a t e  t h a t  is  released from the glass  f ibers .  

During laboratory sample recovery and 

The s i l i c i c  acid 

The teflon coating grea t ly  reduces 

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 impurities by A I H L  

and stored i n  g lass  o r  te f lon  containers. 

8. SAMPLE RECOVERY AND A N A L Y S I S  

The laboratory method f o r  recovering and analyzing the samples f o r  

hexavalent and to ta l  chromium i s  s imilar  to  tha t  for  ARB Method 5 samples. 

However, A I H L  determined tha t  parts of the Method 5 sample recovery and  

-10- 



ana lys is  w i l l  cause some o f  t h e  hexavalent chromium t o  be l o s t  f rom t h e  sample 

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

f o l l o w i n g  changes were made. 

volume a t  room temperature r a t h e r  than i n  an oven a t  105'C because the 

r e a c t i v i t y  o f  hexavalent  chromium increases w i t h  temperature. Some o f  the 

a n a l y t i c a l  reagants were t r e a t e d  w i t h  potassium pennanganate t o  remove the  

reducing agents t h a t  would r e a c t  w i t h  hexavalent  chromium d u r i n g  sample 

recovery and ana lys is .  

To p revent  t h i s ,  t h e  

A l l  so lvents  c o n t a i n i n g  samples are  reduced i n  

-1 1- 
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APPENDIX A 

ARB DRAFT TEST METiiOD 425 



biETHOD 425: D E T E Z N I N A T I O N  OF TOTAL CiiBO!.IIU!4 AND 

XEXAVALENT CHROMIUI.1 E!!ISSIONS FROM STATIONARY 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  method a p l i e s  t o  t h e  d e t e r m i n a t i o n  of  h e x a v a l e n t  
chromium (Cr'') and  t o t a l  chromium e m i s s i o n s  f r o m  
s t a t i o n a r y  s o u r c e s .  

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  b y  
u s e  o f  CARB X E T H O D  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  used  f o r  t o t a l  
chromium a n a l y s i s  and 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  
chromium a n a l y s i s .  

1.2.1 For  t h e  h e x a v a l e n t  chromium a n a l y s i s  t h e  
c o l l e c t e d  sample p o r t i o n s  a r e  e x t r a c t e d  i n  an 
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 n e t r i c  method.  

1.2.2 For  t h e  t o t a l  ch romium 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  be 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 n s  o f  chromium 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 ,  and t o  c o n v e r t  t h e  
s a m p l e  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  a n  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  b y  means of an a u t o m a t i c  s a m p l e r  i n t o  
a g r a p h i t e  t u b e  f u r n a c e .  The 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 ) ,  and  a t o m i z e d .  T h e  a b s o 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 m i z a t i o n  w i l l  be 
p r o p o r t i o n a l  t o  t h e  chromium c o n c e n t r a t i o n .  

2. R A N G E ,  SENSITIVITY, PRECISION, A?:D IXTERFERENCES 

2.1 R a n g e .  

2.1.1. H e x a v a l e n t  chromium.  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  w a s  o b  a i n e d  i n  t h e  r a n g e  1 u g  C r '  8 /lo0 m L  
t o  20 u g  Cr'  t /IO0 mL. For  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  + I O  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  
r a n g e  i s  2 u g / 1 0 0 m L .  T h e  u p p e r  l i m i t  c a n  be 
e x t e n d e d  b y  a p p r o p r i a t e  d i l u t i o n .  

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

1 



2.2.1. Hexavalen t  C romium. A m i n i a u s  d e t e c t i o n  l i m i t  'b of  1 u g  Cr' /lo0 mL has been observed (9.1). 

2.3 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  sample  c o l l e c t i o n  and a n a l y s i s  f o r  Cr+g was 
de t e rmined  a t  a f e r r o c h r o m e  s m e l t e r ,  a chemica l  p l a n t ,  
and 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  .\lethod 5 f i l t e r s  
v i t h  bo th  h i g h  and l o w  p a r t i c u l a t e  l o a d i n g s  were 
ana lyzed .  The 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 han  10 p e r c e n t  i n  a l l  ca ses .  

2.4 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  of h e x a v a l e n t  c h r o m i u m .  Holybdenum, 
mercury and vanadium 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  form a c o l o r ;  however, a p p r o x i m a t e l y  20 mg of 
e l e m e n t s  can be p r e s e n t  i n  a s a z p l e  v i t h o u t  
c r e a t i n g  a problem. I r o n  produces  a ye l low c o l o r ,  
b u t  t h i s  e f f e c t  i s  n o t  measured 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 observed  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 s i u n .  

2.4.2.1. The long r e s i d e n c e  t i n e  and n i g h  
c o n c e n t r a t i o n s  o f  t he  a t o z i z e d  sample i n  
t h e  o p t i c a l  pa th  of t h e  g r a p h i t e  f u r n a c e  
can r e s u l t  i n  s e v e r e  p h y s i c a l  and 
c h e m i c a l  i n t e r f e r e n c e s .  Furnace 
p a r a m e t e r s  3 u s t  be o p  t i r ; . , i zed - to  minimTze 
t h e s e  e f f e c t s .  I f  t h e  a n a l y t e  i s  not  
c o m p l e t e l y  v o l a t i l i z e d  and removed f r o m  
t h e  f u r n a c e  d u r i n g  a t o c i r a t i o n ,  memory 
e f f e c t s  w i l l  occur .  If 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  should be c leaned  
b y  o p e r a t i n g  t h e  f u r n a c e  a t  h ighe 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. Nit rogen  should no t  be used a s  t h e  
purge gas  because of  a p o s s i b l e  CY 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  of ca lc ium s a y  cause  
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  above 
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 .  
Calcium n i t r a t e  is t h e r e f o r e  added t o  
e n s u r e  a known c o n s r a n i  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  used i n  t he  
a n a l y s i s  o f  t o t a l  chromium and/or  hexara lenr .  chromium 
then  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 : a n t i a t e  t h e  da 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  program approved 
b y  tSe Execu t ive  O f f i c e r .  
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s i m u l t a n e o u s  background c o r r e c t i o n  and  - 1 :  . : - .  . . .  . . . .  .. 

. . .  . . .  
. . . . . .  . .  3 . 3 . 2 . 2 .  Chromium h o l l o w  c a t h o d e  lazip o r -  ' . 

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

d e v i c e  w i t h  t h e  a p p r o p r i s t e  r e m p e r a t u r e  ' - ' .  - 

. ~ .  - -  
. . . . .  

3 . 3 . 2 . 3 .  G r a p h i t e  f u r n a c e :  Any g r s 7 h i c e  f u r n . a c e i : - : ; ' .  . 

and t i m i n g  con t ro . . l s ,  . . . . . . . . . . . .  . . - i r  .~ - . _  

3 . 3 . 2 . 4 .  S t r i p  c h a r t  r e c o r d e r :  ' A t t e c o r d e r  i f :  ' .  . . . . . .  
s t r o n g l y  recommended i o r L f c r n a c e  w o i k , s o  - .  

. . . . . . .  . . . . . . . . . . . . .  
- _  . . . . . . . .  - - - . - . - . . . . . .  

. . . .  

t h a t  t h e r e  w i l l  be a perca r i en t ,  Ir.e.c.ord - a n a  . :. . ,. 
so c h a t  any p r o b l e m s  v i t h . t h e  
a n a l y s i s  s u c h  a s  d r i f r .  i n c o n 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 s  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 t c . ,  c an  e a s i l y  
be r e c o g n i z e d .  

4 .  REAGENTS , 

U n l e s s  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 c t s  mus t  confo rm 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  on A n a l y t i c a l  

R e a g e n t s  o f  t h e  Amer ican  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 n p l i n g .  Same a s  C A R 3  method 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  e r e  u s e i .  A n y  o t h e r  
s a x p l i n g  method w h i c h ,  a f t e r  review of 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  r h e  ? u r ? o s e s  o f  t h i s  
t e s t  me thod ,  map b e  u s e d .  

4.2 Sample  Recove ry .  Same a s  CAR3 h!ethod 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  c h r o c i c a .  

4 . 3 . 1  V a t e r .  D e i o n i z e d  d i s t i l l e i ,  ziee:in3 A z e r i c a n  
S o c i e t y  f o r  T e s t i n g  and : . : a t e r i a l s  (XS,i*I) 
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  - AST?l T e s t  t i e thod  
D 1193-7.7. The w a t e r  s h o u l d  be n 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 .  3 1 s s o l v e  23.2 8 XaOil a n d  
3 0 . 0  g a n h y d r o u s  Sa2CC; i n  w a t e r  i n  a I - i i t e r  
v o l u m e t r i c  f l a s k ,  a n d  3 i l u : e  L O  c h e  ffiark. S t o r e  
t h e  s o l u t i o n  i n  a t i q t . t l y  c e ? ? e i  p D l y e t h y l e c e  
b o t t l e .  P r e p a r e  f r e s h  a o n t h l : ; .  

c 

4 .  

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 of  a n a l y t i c a l  r e a 3 e n t  g:ade K,Cr207 i n  
v a t  r ,  and  d i l u t e  t o  1 i i r e r  ( 1  cL = I C O u  u g  
Cr’ A% ). 

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  a i c k r o c a t e  stock s o ; c t i o n  t o  130 
mL ( 1  mL - 100  u g  H e x a v a l e n :  C h r o m i u n )  v i t h  w a t e r .  

4 . 3 . 5 .  S u l f u r i c  Acid ,  6W. D i l u t e  166  3J s u l f u r i c  a c i d  
t o  1000 mL i n  w a t e r .  

4 .3 .6 .  A c e t o n e .  Same  a s  Y e t h o d  5 ,  S e c t i o n  3.2. 

4 . 3 . 7  D i p h e n y l c a r b a z i d e  S o l c r i o n .  > i s s o l v e  C.5 m e  of 
1 ,  5 - d i p h e n y c a r b a z i d e  i n  IC0 = L  zcetone. S c o r e  
i n  a brown b o t t l e .  C i s c a r d  ... he:: t i e  s o l c t i o n  
becomes d i s c o l o r e d .  

4 . 5 . 8  0.1.’. P o t a s s i u m  P e r s a n g a c a t e  ic l - ; : ion 

4 . 3 . 9  C.012 P o t a s s i u m  P e r ~ a n a a n a t e  S o i c t i o n  

Z e a q e n t s  f o r  t o t a l  chromium 



I .  

4 . 4 . 1 .  ASTM Type I1 w a t e r  (AST?l D l lF3) :  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 :  Acid s h o u l d  be a n a l y z e d  
t o  d e t e r m i n e  l e v e l  of  i s p u r i t i e s .  I f  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. Hydrogen p e r o x i d e  (302) 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 8 of  
c a 1 c i u m n i t r a t e ,  Ca ( NO 3 ) 2.4 2 0 , ( an  a 1 y t i c a 1 r e  a 8 en t 
g r a d e ) ,  i n  Type I1 w a t e r  and  d i l u t e  t o  1 l i t e r .  If 
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  recommends a d i f f e r e n t  
m a t r i x  m o d i f i e r  t h e n  u s e  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  (1000mg/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  (Spex  I n d u s t r i e s ,  Alpha 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 )  and v e r i f y  b y  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 d ,  o r  d i s s o l v e  2.829 g of P o t a s s i u m  
D i c h r o m a t e  ( K 2 C r 2 q ,  a n a l y t i c a l  r e a g e n t  g r a d e )  i n  
Type I1 w a t e r  and  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 :  These  s t a n d a r d s  
s h o u l d  be p r e p a r e d  t o  c o n t a i n  1.OW ( v / v )  HN03; 
1 m L o f  30% t i z O z  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  m a y  be a d d e d  t o  l e s s e n  i n t e r f e r e n c e s .  

, 

- - 
5. SAhiPLE COLLECTIOS, PRESERVATION, A X D  3ASDLIJG 

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  H e t h o d  5. 

5.2 S a m p l e  h a n d l i n g  and p r e s e r v a t i o n .  A l l  s a m p l e  c o n t a i n e r s  
m u s t  be p rewashed  w i t h  d e t e r g e n t s ,  a c i d s  and Type 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 .  

6.  PROCEDURES 

6.1 SAMPLE PREPAXATION 

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  
and  f i l t e r s .  The f i l t e r  is 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  and 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 i n s e )  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  of  t h e  
c o n t e n t s  of C o n t a i n e r  X u m b e r  2 i n  a s e c o n d  125 m L  
P h i l i p s  b e a k e r  B. a i n s e  G o n t a i n e r  h'umber 2 
v i t h  a c e t o n e  and 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 and 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 n p i n g e r s  i n  



b e a k e r  C and  t h e  o t h e r  h a l f  i a  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  of t h e  r i n s e  i n t o  
b e a k e r  C and  t h e  o t h e r  h a l f  i n t o  S c 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  N u m b e r ,  1 and  d i v i c e  i t  i n t o  q u a r t e r s .  
T a k e  t h e  q u a 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  
and  place t h e m  i n t o  b e a k e r  E. Then p l a c e  t h e  
o t h e r  t w o  q u a r t e r s  o f  t h e  f i l t e r  f r o m  C o n t a i n e r  
N u m b e r  1 i n t o  b e a k e r  F. Cut  e a c h  f i l t e r  q u a r t e t  
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  4,C and  E f o r  
h e x a v a l e n t  chromium a n a l y s i s .  S a v e  b e a k e r  B , D  and 
F f o r  t o t a l  chromium a n a l y s i s .  

6.2 Removal  of  r e d u c i n g  a g e n t s  i r .  t h e  r e a g e n t s .  The 
e x t r a c t i o n  s . o l u t i o n  (4.3.2) and t h e  6N s u l f u r i c  a c i d  
s o l u t i o n  may c o n t a i n  s m a l l  a a 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  c a n  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 c s .  P o t a s s i u a  
p e r m a n g a n a t e  i s  added  t o  t h e s e  r e a g e n t s  i n  o r d e r  t 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 .  
P i p e t t e  3 n L  of t h e  e x t r a c t i o n  s o l u t i o r !  i a t o  c u ~ e t t e s  A 
and 6. Use c u v e t t e  A a s  a s a a p l e  c e l l  a n c  c u v e t t e  3 a5  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  528 n m  w i t h ' b o c h  
c u v e t t e s .  W a i t  10  m i n u t e s .  .4dd a n  a d e q u a t e  amoun t  ( u t )  
o f  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  ( L . 3 . 9 )  
c u v e t t e  A. Enough s h o u l d  be added  so t h a t  a f t e r  10  
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  is c b s e r v e d .  T h i s  
s t e p  may h a v e  t o  be r e p e a t e d  a n u m b e r  c f  t i r , e s  i n  o r d e r  
t o  . d e t e r m i n e  t h e  r e q u i r e d  amOUnt o f  p o t a s s i u m  p e r m a n g a n t e  
t h a t  i s  r e q u i r e d .  From t h e  c h a n g e  i n  a b s o r b a n c e ,  
. c a l c u l a t e  t h e  amoun t  o f  p o t a s s i u 2  p e r - e n g a n a t e  t n a t  i2 
needed  t o  n u e t r a l i z e  t h e  r e d u c i n g  a z e n c s  found  i n  t h e  
r e a g e n t s .  Then p i p e t t e  t h e  p r o p e r  v o l u z e  of  h i g h e r  
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 a t i o n  i n t o  
t h e  r e a g e n t s .  T h i s  i s  done b y  a s s u r i n g  t h a t  t h e  n u c b e r  
o f  m i l l i e q u i v a l e n t s  of  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  of 0.1: 
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 l ; r e  i s  
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 .  
S a m p l e  d i g e s t i o n  and  p r e p a r a t i o n .  To b e a k e r  ( A )  add 25 
mL of  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  b.3.2). Shake  
s o l u t i o n  a t  room t e m p e r a t u r e  f o r  30 m i n u t e s .  
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 c  t h e  f i l t r ~ 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 c l u t i o r .  t h r o u s h  r h e  
s i n t e r e d  g l a s s  f u n n e l  i n t o  a I j C I c L  r e c i e r 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  f rom 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 o  a I O O m L  v o l 3 r ; e ; r i c  f l a s k .  F i l l  t o  a 
vo lume of  a p p r o x i m a t e l y  75mL t o  853:. 

A d j u s t  t h e  pH t o  1+ 0.2 w i t h  6s p e r c e n t  s u l f u r i c  a c i 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 .  i d d  2.0 n l  of 
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 ,  and  d i l u t e  K O  volume ~ i c h  
w a t e r .  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 3 i n u t e s  f o r  
c o l o r  d e v e l o p m e n t .  For e a c h  s e t  o f  s a r g l e s  a n a l y z e d ,  
t r e a t  an  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 L s o l u t i o n  i n  

L I 
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t h e  s a m e  way. 
a b s o r p t i o n  c e l l ,  and m e a s u r e  t h e  a 3 s o r b a s c e  a t : : t h e  ~ . . ~ 

op t imum w a v e l e n g t h  of  540 n m .  : . l eascre  a sd  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 3 ,  2 1  a n y ,  t o  o b . t a i n  a ne: 
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 z p l e  excee .ds  t h e  
a b s o r b a n c e  of t h e  100 ug Cr'g s t a n t a r c  a s  d e t e r m i n e d - i n  . - : '  
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  and 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 .  R e p e a t  t h i s  p r a c e d u r s : 5 o r ' .  5 . .  : '  
b e a k e r s  C and  E.  

T r a n s f e r  a p o r t i o 2  o f  :he s a m p l e  t o  a 5 - c r  

. -  

. . . . . .  . . . . . . . .  . .  . . .  . _ c  . . .  
. . .  . . .  . .  . .  . . .  

~~ 
. . .  . .  . .  6.3.1 R e a g e n t  S l a n k  P r e p a r a t i o n .  Take  e . . . . . . .  

r e p r e s e n t a t a t i v e  amoun t  o f  a c e i o n e   and^ a - b l a n k  ' . .  . .  

bletnod 5 f i l t e r  and p r o c e e d  8 s  i n  S e c t i o n - 6 . 3 .  

6.3.2 S i l i c a  Gel Weighing .  ! r ' e igh  t h e  S p e n t  
s i l i c a  g e l  ( C o n t a i n e r  h ' u i b e r  3) o r  s i ' l i c a  g e l  
p l u s  i m p i n q e r  t o  t h e  n e a r e s :  0.5 g u s i n g  a . ' .  

b a l a n c e .  T h i s  s t e p  may b e  c o n i u c t e d -  i n  t h e  
f i e l d .  

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

. .  
. _ .  . .  

6.3.3 A n a l y s i s .  

- . .  . . .  . .  - .  : I .  . . .  . . . .  
- .  6 .3 .4  Check f o r  S a t r i x  E f f e c t s  o t h e  .Cr+6 - 3 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  Cr" b7  c o l o r i r 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  compos ic io 'n  of  t h e -  
s a n p l e  ( m a t r i x  e f f e c t s ) ,  t h e  a a 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 n p l e  f r o m  e a c h  s b u r c e -  u s i n g  t h e '  
method o f  a d d i t i o n s  a s  f o l l c x s : - .  C 5 t a i n .  t w o  e q u a l .  - .  - '  

v o l u r e  a l i q u o t s  o f  t h e  seme  saCpl;e. s o l u t i o n . - ' T h e ' - '  
a l i q u o  s s h o u l d  e a c h  c o n t a i r .  5etw.e-n 6 and 1 O T g  
o f  Cr" ( l e s s  i f  n o t  p o s s i b l e ) .  : C?ike  o n e  o f  z 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  scenda:$ s o l u t i o n  i h p t  
c o n t a i n s  be tween  6 and  13 u t  o fz 'Cr - .  . - - K o w - t r e a - t  - -  - - . . -  
b o t h  t h e  s p i k e d  and u r , s p l k = c  s a i p l e ' a l i q h o t s  as':' - -  - - 
des  r i b e d  i n  S e c t i o n  6 . 3 .  !8'exti: c i l e u l a t e - t n e ' . : i  - 7 

C r + g  mass  C s ,  i n  ug i c  t h e  e l i q b o t  6 f - t h e t u n s p i k e a -  : i l  . 
s a m p l e  s o l u t i o n  b y  u s i n g  t h e  f o l l o v X n g  S q u a t i o n :  - .  

~- ' 

. .  

. .  . .  

. . . .  
. .  

. . . . .  . . .  . . .  

. . . . . .  . . .  . .  
Cs = Ca & E?. I I 

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

A t - A s  . -  
. . .  . . . . . .  - . .  . . .  . .  

. . . .  - .  . . .  . . .  . .  where :  . .  - 
- .  

. .  
. . . . . .  . .  

.~ Ca P C r + 6  i n  t h e  s t a n d a r d  s o l u t i o n ,  ugi- 
~. . . . . .  

. .  . .  
. .  . -  A s  P Absorbance  o f  t h e  u n s p i k e d I s a 5 p l e  s o l u t i o n .  . -  . . 

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

. . . . .  

. :L . . . . . . .  . . . . . . .  . .  

. .  

. .  . .  . . -  . . 

A t  D Absorbance  o f  t h e  s p i k e d  s a n $ 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  no: 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  have  i e a n ' f i a . i e ' - t o ' t h e  s a n e  .I: - - 
f i n a l  v o l u z e .  I f  t h e  r e s u l t s  o f  t i 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  c s e d : ? n . 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  wi t 'hCri .10  percent 
of t h e  v a l u e  o b t a i n e d  b y  t h e  r o u t i z e  -.T 

. .  . . . . .  .~ ~. . .  . . . .  . .  . - .  

. .  

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

. . . .  
~~. . 

- .  . .  . .  . . . . . .  
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s p e c t r o p h o t o s e t r i c  a n e l y s i s ,  r k e n  r e a n a l y z e  a l l  
s a m p l e s  f r o =  t h e  s o u r c e  u s i n g  t h i s  method of  
s t a n d a r d  e d i i t i o n s  p r o c e d u r e .  

6 .4  T o t a l .  Chromium S a = p l e  Preparation. 

6.4.1 Add l O m l  of conc. 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  
beake r (B) .  Cover  t h e  b e a k e r  K i t h  a wa tch  g l a s s .  
P l a c e  t h e  b e a k e r  on a S 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  dovn t o  2-3nL. A d d  a n o t h e r  5 m L  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 .  Z e f l u x  tne  s a m p l e  volume 
down t o  1mL.  

6 .4 .2 .  Wash d o w n  t h e  b e a k e r  v a l ? s  an? vat:h g l a s s  w i t h  
d i s t i l l e d  ~ a t e r  and  f i i t e r  t h e  s a m p l e  t o  r e z o v e  
s i l i c a t e s  and  o t i e r  i n s o l u b l e  r a t e r i a l  c h a r  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  be done  
o n l y  i f  t h e r e  i s  c o a c e r r .  t h a c  i n s o l u b l e  a 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 3 s t  t h e  v o l u z e  t o  
50  T L  o r  a ? r e d e : e r z i r e j  v a l u e  j z s e d  3 n  :he 
e x p e c t e d  zeca!  c o ~ c e n t r a t i o c z .  7 h t  s a m p l e  i s  % o w  
r e a d y  f o r  a r . a l1s i . s .  The a ? p I i c a j i l i . t y  o f  a sa.nr:?le 
p r e p a r a c i o a  t e c h n i q u e  ~ u s t  be d e s o n s t r a t e d  b y  

' a n a l y z i n g  S p i k e d  s a a p l e s  a n d l o r  r e l e v a n t  s t a n d a r d  
r e f e r  enc,e  n a t e r  i a 1 s. 

6.4.3 T h e  357.9- f i r  v a v e l e z g t i  l i n e  s k a l l  b e  u s e d .  

6 .6 .4  Follov t h e  r e n u f a c c u r e r ' s  o p e r a z i n j  i n s t r u c t i o n s  
f o r  a l l  o t n e r  s p e c t r o p i c t o m e t e r  p a r a m e r e r s .  - 

6.4.5 F u r n a c e  p a i a m e c e r s  s u g 3 e s t e d  b y  t h e  m a n u f a c t u r e r  
s h o u l d  be e r 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  E e c k a n i s D s  a n d  t e n p e r a t u r e  
c o n t r o l l e r s  can  v a r y  brr;.een 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 c i c y  o f  - .he furna:e  : a r a m e t e r s  c a s t  
be p e r i o d i c a l l y  c o n f i r z e d  b y  s y s t e r a t i c a l l y  
a l t e r i n g  t i e  f u r n a c e  p a r a z 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  ~ a n z e r ,  ? > s s e s  0.f a n a l y t e  dile 
t o  h i g h e r  t h a n  n e c e s s a r y  t e m 2 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  i c e  t o  less t h a n  o p c i z u m  
s e t t i n g s  c ~ n  be r l n i n i z e d .  j i z i l a r  v e r i f i c a t i o n  
of f u r n a c e  p a r a s e t e r s  ~ 2 :  be r e q u i r e d  f o r  complex  
s a m p l e  n a t i c e s .  

6 .4 .6  I n j e c t  a measu red  u L  a l i q u o t  of s a x p l e  i n t o  t h e  
f u r n a c e  and a:oz,ize. I f  :he co:.;2:tration found 
i s  g r e a t e r  c h a r  ::.e C l ; ? . e s t  ztar . :ard,  t h e  sa;.;le 
s h o u l d  be c i l u t e d  i n  t h e  s a m e  a c i d  a a t r i x  and  
r e a n a l y z e d .  The u s e  o i  z u l t i p ! e  i n j e c t i o n s  can  
i m p r o v e  a c c u r a c y  and k e i p  d e t e c :  f c r n a c e  
p i p e t t i n g  e r r 3 r s .  

6.4;7 R e p e a t  p r o c e d g r e  ( 6 . 6 )  f o r  b e a k e r s  D and F. 

7 .  C A L I B R A T I O N  

a 



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  
d e s c r i b e d  i n  C A R B  Method 5, S e c t i o n  5. 

7.2 C a l i b r a t i o n  Hexava1,ent Chromium 

7.2.1 O p t i m u m  Wave leng th  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  o f  t h e  s p e c t r o p h o t o m e t e r  every  6 
months.  T h e  c a l i b r a t i o n  may be a c c o m p l i s h e d  b y  
u s i n g  a n  e n e r g y  s o u r c e  w i t h  an  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  by u s i n g  a 
s e r i e s  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 n 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 t a l l y  and f rom t h e  
K a t i o n a l  Bureau of  S c 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  be s u p p l i e d  b y  
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  
books  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  of  t h e  s p e c t r o p h o t o m e t e r  m 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  and 
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  of 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  
5 4 0  nm a s  t h e  opt imum 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  of  t h e  a b s o r b a n c e  of  t h e  s t a n d a r d s  
and  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 be 
e r rp loyed  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 .  I f  t h e  i n s t r u m e n t  i s  a double-beam 
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 nm u s i n g  a 50 u g  Cr"  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 c n  i n  t h e  
r e f e r e n c e  c e l l .  I f  a peak d o e s  n o t  o c c u r ,  t h e  
s p e c t r o p h g t o m e t e r  i s  m a l f u n c t i o n i n g  and s h o u l d  b e  
r e p a i r e d .  When a peak  i s  o b t a i n e d  w i t h i n  t h e  530 
t o  550 n m  r a n g e ,  t h e  w a v e l e n g t h  a t  w h i c h  t h i s  
peak  o c c u r s  s h a l l  be t h e  op t imum 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  o f  b o t h  t h e  
s t a n d a r d s  and t h e  s a r c p l e s .  For  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  and  
s t a n d a r d  s o l u t i o n s  s h a l l  b e  s c a n n e d  s e p a r a t e l y .  
T h e  opt imum w a v e l e n g t h  s h a l l  be t h e  w a v e l e n g t h  a t  
wh ich  t h e  maximum d i f f e r e n c e s  i n  a b s o r b a n c e  
b e t w e e n  t h e  s t a n d a r d  and  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 )  run  a 
s e r i e s  o f  chromium s t a n d a r d s  and 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  b y  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 t i o n s ,  p l o t  added  
c o n c e n t r a t i o n  v e r s u s  a b s o r b a n c e .  S e e  s e c t i o n  
6.3.4 f o r  t h e  u s e  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 .  
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7 . 2 . 2 . 1  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  Q u a l i t y  
C o n t r o l .  Y u l t i p l y  t h e  a b s o r b a n c e  v a l u e  
o b t a i n e d  f o r  e a c h  s t a n d a r d  b y  t h e  Kc 
f a c t o r  ( l e a s t  s q u a r e s  s l o p e )  t o  d e t e r m i n e  
t h e  d i s t a n c e  e a c h  c a l i b r a t i o n  p o i n t  l i e s  
f r o m  t h e  t h e o r e t i c a l  c a l i b r a t i o n  l i n e .  
T h e s e  c a l c u l a t e d  c o n c e n t r a t i o n  v a l u e s  
s h o u l d  n o t  d i f f e r  f r o m  t h e  a c t u a l  
c o n c e n t r a t i o n  ( i . e . ,  5 ,  10,  2 5 ,  5 0 ,  7 5 ,  

p e r c e n t  
( t o  b e  d e t e r m i n e d )  f o r  f i v e  of  The s i x  
s t a n d a r d s .  

, and  100 ug Cr") b y  more  t h a n  

7.3 C a l i b r a t i o n  o f  T o t a l  Chromium 

7 . 3 . 1 .  ' E i t h e r  (1 )  r u n  a s e r i e s  of  chromium s t a n d a r d s  and 
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  b y  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  method o f  s t a n d a r d  
a d d i t i o n s ,  p l o t  added  c o n c e n t r a t i o n  v e r s u s  
a b s o r b a n c e .  Fo r  i n s t r u m e n t s  t h a t  r e a d  d i r e c f l y  i n  
c o n c e n t r a t i o n ,  s e t  t h e  c u r v e  c o r r e c t o r  t o  r e a d  o u t  
t h e  p r o p e r  c o n c e n t r a t i o n .  

7 . 3 . 2 .  R u n  a c h e c k  s t a n d a r d  a f t e r  a p p r o x i m a t e l y  e v e r y  10 
s a m p l e  i n j e c t i o n s .  S t a n d a r d s  a r e  r u n  i n  p a r t  
t o  m o n i t o r  t h e  l i f e  acd  p e r f o r n a n c e  of t h e  
g r a p h i t e  t u b e .  Lack of r e p r o d u c i b i l i t y  o r  
s i g n i f i c a n t  c h a n g e  i n  t h e  s i g n a l  f o r  t h e  s t a n d a r d  
i n d i c a t e s  t h a t  t h e  t u b e  s h o u l d  b e  r e p a a c e d .  - 

7 .3 .3 .  D u p l i c a t e s ,  s p i k e d  s a m p l e s ,  and  c h e c k  s t a n d a r d s  
s h o u l d  b e  r o u t i n e l y  a n a l y z e d .  

7 .3 .4  C a l c u l a t e  m e t a l  c o a c e n t r a t i o n s  b y  (1) t h e  method 
o f  s t a n d a r d  a d d i t i o n s ,  o r  ( 2 )  f r o m  a c a l i b r a t i o n  
c u r v e ,  o r  ( 3 )  d i r e c t l y  f r o m  t h e  i n s t r u m ' e n t ' s  
c o n c e n t r a t i o n  r e a d o u t .  A l l  d i l u t i o n  o r  
c o n c e n t r a t i o n  f a c t o r s  m u s t  b e  t a k e n  i n t o  a c c o u n t .  
C o n c e n t r a t i o n s  r e p o r t e d  f o r  m u l t i p h a s e d  o r  wet 
samples m u s t  b e  a p p r o p r i a t e l y  q u a l i f i e d  (e.g., 5 
u g / g  d r y  w e i g h t ) .  

7 . 3 . 5 .  C a l i b r a t i o n  c u r v e s  m u s t  be composed o f  a m i n i m u m  
o f  a b l a n k  and t h r e e  s t a n d a r d s .  b c a l i b r a t i o n  
c u r v e  s h o u l d  b e  s a a e  f o r  e v e r y  hour  o f  c o n t i n u o u s  
s a m p l e  a n a l y s i s .  

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  more 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  on  t h e  

p l a t e a u  of 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 m u m  o f  one  b l a n k  per s a m p l e  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  any  memory e f f e c t s  
a r e  o c c u r r i n g .  
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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 n a t e l y  ev-ery 
. . . . . .  1 5  s a r i ? l e s .  . . . . .  . .  . .  - :  . .  

. .  

. .  ' .. . .~ 

7.3.9.  R u n  one d u p l i c a t e  s a m p l e  f o r  e v e r y  1 0  s a m p l e s .  . h  
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  b e  p e r i o d i c a l l y  employed  :: . 

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  and  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 .  The method 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  o f .  a l l  EP . . . . . . . . .  :. 
e x t r a c t s ,  o r  wheneve r  a n e w  s a m p l e  
m a t r i x  is b e i n g  a n a l y z e d .  

7 . 3 . 1 2 .  The c o n c e n t r a t i o n  of  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 

f r o m  a n  o u t s i d e  s o u r c e .  C .  : . .  . . .  
. q u a l i t y  c o n t r o l  c h e c k  s a m p 1 e : o b t a i n e d  . . . . . .  

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 z b e :  . . . . . .  , .  . - 

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

m a i n t a i n e d  and  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  Ca 1 c u l a  t.i on s . .  . . .  

. .  . .  ~ 

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

. .  

. . .  - .. . . . . . .  - . . . .  
~. .~ . -  . .  

- . . .  . .  

. . . .  . . . . . . .  

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

. ~. . . . .  - . . . . . . . . .  ~- 
-. . . .  . c .  - r 

. . . .  . . . . . .  - -  
. . ~  . . . .  . .  . ~. . .  

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  one  ' . .  ~ 

e x t r a  d e c i m a l  f i q u r e  b e y o n d  t h a t  o f  t h e  acq3.ire.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 i t e  m . c h , .   the^   total 

e 

u g  C r + g r i n  s e m p l e .  T h i s  c a n  b e  o b t a i n e d - f r n m i t h e  . '. : --I.. 
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  of  s t a n d a r d  
a d d i t i o n s .  S o t e  t h a t  m c h  is t t i e k u m  6 f . t h e : m a s s e s c .  : : - :  
of h e x a v a l e n t  chromium a n a l y s e s  perfor'med- :on : t h e :  I : '. ': . : 
c o n t e n t s  o f  b e a k e r s  B ,  D a n d  F. Also-. t a k . z  i n :  : 
a c c o u n t  t h e  d i l u t i o n s  when c a l c u l a t i n g  - . m ' ~ : ~ . -  . ~ 

7.4.2 T o t a l  Chromium i n  t h e  S a m p l e .  Ca lcu la t egm:c - t ; : t he -  I : : .  - 
t o t a l  ug  o f  Chromium i n  t h e  s a m p l e .  i T h i S c c a n  b-e : :  7 . -  ~. 

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  fro:m t h - e - :  
m e t h o d  of s t a n d a r d  a d d i t i o n s .  
t h e  sun o f  t h e  m a s s e s  of t o t a l  .chr.omium. a n a l y s e s : .  . : 

Also 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  .&i l . u t ions .  .- . .  

. .  
.~ 

~. 

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

N o t e  c h a t  m c t  is 

p e r f o r m e d  o n  t h e  c o n t e n t s  of  b e a k e r s  A , C  a n d  E. .  . .  

when c a l c u l a t i n g  o u t  m c t .  - .  . . .  - .  . . . .  
. . . .  . . .  . .  

7..4..3 Average  Dry  Gas Meter Tempera-turei  and-Average : : . : :  . :  : - 
O r i f i c e  P r e s s u r e  Drop .  S a m e  a s  ? 1 e t h o - d ~ S - , , S e c t i o n - i r . . - r :  
6 .2 .  . . . . .  . .  . . .  . . . .  . . . . .  . .  . .  

7 . 4 . 4  D r y  Gas  Volume, Volume of W a t e r . V a p o r , r . ? l 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 , .  ' . . . . .  

. . .  . . . . .  - . . .  .~ . . . . . . . . . . . .  
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. .  
a n d  6.5,  r e s p e c t i v e l y .  

( g / d s c n ) ,  t h e  C r C S  c o n c e n t r a t i o n  i 3  t h e  s t a c k  
ass, d r y  b a s i s ,  c o r r e c t e d  t o  s t a n t 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  Crib 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  c s  

7 .4 .6  T o t a l  Chromium E mission Con c e n t r a t i o  n. C a l c u l a t e  
c ( p / d s c m ) ,  t h e  t o t a l  c h r o n i u 3  c o n c e n t r a t i o n  i n  
t i 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 :  

7.4.7 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  > l e t h o d  5 ,  S e c t i o n s  6.11 a n d  6.12,  
r e s p e c t i v e l y .  

d. G T l i E 2  ; . iETi iODS.  

8.1 T o t a l  chromium d e t e r m i n a t i o n  by a t o m i c  abso rp t ion  3 

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  
method.  

8 . 2  H e x a v z l e n t  chromium b y  f l a m e l e s s  a tomic  a b s o r p t i o n  

. w i t h  ammonium p y r r o l i d i n e  d i th iocarbama:e .  T h i s  
s p e c t r o s c o p y .  T h i s  method complexes  hexava1er.t chromium 

c h r o a i u a  complex  is t h e n  m e a s u r e d  b y  a t o n i c  a b s o r b t i o n  
s p e c t r o ? h o t o m e t e r  e q u i p p e d  w i t h  a f l a z e l e s s  - 2 c c e s s o r y .  - 

9. EEFZSE1CES. 

9 .1  US.  C n v i r o n n e n t a l  P r o t e c t i o n  A g e n c y / O f f i c e  o f  S o l i d  
k ' a s t e ,  ! i a s h i n g t o n ,  D . C . ,  " T e s t  N e t h o d s  f o r  E v a l u a t i n g  
Sol id  iv'aste, Phys ica l /Chemica l  Nethods ,  "S lr'-646 (1980) ,  
S Y - 6 4 6  Revis ion  A (Augus t  8, 1960) ,  and  SW-846 Revision 
B ( J u l y  1 9 8 1 ) .  

9 .2  C o x ,  X . B . ,  R . W . ,  R . W .  L i n t o n ,  and  F.E.  B u t l e r .  
Deterff i inat ion of  Chromium S p e c i a t i o n  i n  Env i ronmen ta l  
P a r t i c l e s -  A H u l t i t e c h n i q u e  S t u d y  of F e r r o c h r o m e  
S m e l t e r  D u s t .  A c c e p t e d  f o r  p u b l i c a t i o n  i r  
E n v i r o n m e n t a l  S c i e n c e  a n d  Technology.  

9 .3  S a n e  a s  i n  B i b l i o g r e p h y  of  Method  5 ,  C i t a t i o n s  2 t o  6 
a n d  7 .  

9 .4  C a l i f o r n i a  Air R e s o u r c e s  D o a r d ,  A e r o i z e t r i c  D a t a  
Division. Yethod A D  D 1  006. 
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APPENDIX B 

DATA AND CALCULATIONS 



f . e t e r c i  Sasrle  V C ~ U F E  I C . 5 3  c u t i c  f e e t  - 
i f t c r  :erFeri.turc: 
i c.;zle i i e c e t e r  : 
F i t c t  ';ut€ C-.Eectcr: 
Zcr.rlir5 T i m  : 
Fv:. Ccltc E C r i f i c e  F r e s s v r c :  
i v c .  ~ ( i e l t ;  F i t c t  F r e r s u r e ) :  
l ' i i  ir. 1-r . inaer:  tn t '  S i l i c a  Cel: 
k i .r  t i c  L : c t c cr.  tct. : 
i t x K  Ciarreter: 
Eteck >ree: 
St ick SexFerature: 
Earcretr  i c  Fressuse: 
C2 XI? Stack: 
CC2 If. S t a c k :  
c.: Ir .  5trck: 

l.3C inckcz !iZG 
( . . 5 5  i ( i n c k ~ s  E?C) 
29.t r i l l i l i t e r c  

WtrO'J. 126.1 c i l l i c r ; . r z  
1s. G O O  inck.eE 
1 . S C C  eoucre f e e t  
77 deg .E 
Z C . 5 j C  inckes Ey 
20 .9C Ferce r t  
T . C G  Fe rce r t  
C,.ii: Fcrcc1-t 



FAFl ICGLATI: t I : IC ,CIC; .E  TEST SUl..EAFY k l ; L  IEELL5C 

ATL-'SCD-Lngr. Evcl. Eranch 

E i l e  Kc. C - s - 0 5 - f  -- 
P r o j e c t  t;are: - 5fphclLlpJ --. 

Fera rks: - P T -  IO 
---- - ----- 

Td,l r 
trw SCl.'.P>EY CF TEST fATA - 

b:eterc6 SarrFle vclure 57.6:. cu t i c  f e e t  
I-e te r 'IC i-.:Ee r a t u r  e : G C  6 q . F  
1~c;zle  Licre tc r :  C.312 i r ckes  
F i t c t  Tube C-Fcctcr: C .  Lii 
SarrFling ? i r e :  16C.CC r i n c t e s  
~ v q .  d e l t ;  E Cri f icc  Pressure :  1.57 inc txs  E2C 
P v g .  J ( c e 1 t e  F Litct Erezsure) :  C .  :E 1' ( inches  E 2 C )  
t.2C i n  InFir.gers zr.6 S i l i c a  Gel: 

Stack Dirensicns:L= 2 3 . C G O  6;s 23.COCb inckec 
, S t s c k  Area: 3 . 6 7 4  sqcare  f e e t  

S t a c k  TecFeratcre: 7 C  deg.F 
Bar o r e  t r  i c  Press cre : 29.93C inches Rg 
C2 I n  S t a c k :  2 0 . 9 6  Fercer;t 
C O i  I n  Stack: t . G O  pzrcent 
CC Ir. Stack: C.GC F E ~ C E - E :  

C .cLC- i ; .T l i  -;ciL'.: : 
I s c i i i c c t i c  i c t i c :  5 4 . 5  ; . c r c € n t  
Ccrrectcc'  S a c ~ l c  i c l u r e :  
k E r L i ccl i te Cir.cc 7. t r 2 t i c n  : ~ . " ~ 3 . - :  . . ~ E ~ ~ . / I z E F ( ~ E  . ~ ) , o l Y 9 ~ i / ~  
Lcr t i c u l c t e  
S t e c k  Flcw: 4 5 3 1  SCE:.:(Ery,66 i e s  . F )  
Zteck Velocity:  21. C f eec/ceccr.L 
Ii2C VaFor I n  Stack: l . E  percent  
(B2C I n  Stack i s  EFLCI; Se tura . t icn)  
Eteck Gas Kcle k;cicjht(dry): i 8 . € 5 .  
Stack  Gas rlcle Leight(wet)  : iE.6€ 

Verified.  by: 

-3 j 7.6 ~-411 i l  i t  e r s  
E r r t i c u l e t e  C z t c i . :  E & .  7"?i 11 ig r z r s  %.I q 

- 
tutu L L-9 7 c- 

-3 E 6 . 5 i  Z E C F  ( L E  C E ~ . F )  
,., , - . - x F-J 

C;: i 9 ;  i cns  : i . 5 z j ~ k < : / b r  ,S$ !.7 z m - 3  

------ --- --------- 



SU:F;AEY CF TEST DATA 
tie tereC ScrrFle V o l u K e  
I:eter TeaFera tu re :  
i.czsle C i a r e t e r  : 
F i  tct Tube C-Factor :  
Sz rp l inq  T i K e :  
;.v;. C e l t 2  1: C r i f i c e  Freccurc:  
;:vz. ,J ( t e l t a  F F i t c t  F r e s s v r c ) :  
1.25 i n  ImIringers ene S i l i c t  Cci: 
€ ; r t i c v i ; t c  Ca tck :  
S t x k  L i a m t e r :  
Etcck Eree: 
t t i c k  T e a p e r c t u r e :  
LE KCTE t K 1 C F K E E E C r e : 
C; Ir, Etzck:  
CC.2 I n  S t eck :  

:r. Tt;c%: - -  
, . .  . . . , . . . . . r I - .  ... . __. , . i  _ .  . .  ..I._. . 

- _ . ; . . - A  ' 1 : . - . . . i . . L L i c  ?:ti:: 
T c r r E c tci. ::c c: 1 c C i  i CT c : 
: . 6 . i c u l ; t e  .. ,- r - .Cc,r.ci:tr;ticr.: 
i ;  r r i cu le . cc  L r i s z i c x  : 
C t z c k  Elcu: 

81.72 c u b i c  f e e t  
G O  ieij .F 
6 . 2 5 2  i n c h e s  
C. 626 
126 .00  c i n c t c s  
1 . S C .  i n c h e s  52C 
C .  5 5  + (  i n c k c s  ?2C) 
25.3 r i l l i l i t c r r  
5 7 .  S %? 1 1 i? r?: r E 
l?. C.OC incl:es 
1.9€S square  f e e t  
7 C  Ce3.F 
2 5 . 9 2 C  i n c h e s  1;s 
2 0 . S C  ;ercer.c 
C : . C G  S e r c e r t  
c . : j ( .  ' - c rc~T. :  

-3 e 9.5 X I 0  

C t ; c k  Velocity:  
I:SC VaFcr I n  S t z c k :  
( i . X  In S t z c k  i E  EELCi.! ' a t u r c t i c n )  

t t i c k  Gzs [ . o l e  K c i g h t ( v e t )  : Z E . 7 0  
: t i ck  Gas i:cle I : e i g h t ( d r y ) :  2 E . @ 5  



ZC:.:I.'E-EY CE' TES1 CATA 
1:etereS Earsla \ rolme 
I:e t e  r Tier re  rz t ure : 
Kozzle Liere t t - r :  
F i t c t  T u b e  C-FectGr: 
,Carpling l i r e :  
> v s .  C e l t s  1' C r i f  ice 
> v c .  i ( i e l t 8  F Fi t c t  
E2C i n  InFingers cne 
€ c r t i c u i c t e  Cztch: 
Stack Ares: 

. E t a c k  TeIGFeratIXe: 
Eeroxet r  ic Pressure:  
C.2 I n  Steck: 
CC2 I n  Stack: 
CC I n  Stack:  

C:.iCDL.;yLL ; ; , ; L . i y :  : 
I s C E  i r.c t i c  t z t ic  : 

a T I L  I - 
b C . 7 2  c c t i c  f e e t  
t C  Ceg .F 
C. 212 inciies 
G. 6 2 2  
l i t .  G O  n i c c t e r  

25.1 r i l l i l i t e r s  
2 9 . 2  s i l i i g r a s r  
3 . 6 5 4  square  f e e t  
6 6  deg.F 
25.930 inches  Bg 
ZC.5C Fercent  
C . C O  Fercent  
C . C C  percent  

F res su re :  i.3G inckes  ti2C 
Freesure)  : C.36 - / ( inches  E 2 C )  
S . i l i c z  Gel: 

I rC 

i c r r e c t e i  C2 
EErt icc ls  t c  
E i r  t i c c l  z t c  

r > l r  b c l c r r :  
Cc r ce r. t r 2 t icr. : 
L r is  s i c r. s : 



E j . 3 6  c u t i c  f ee t  
6C 6ey.F 
L .25i inch€ s 
C. EO2 
126 . C G  ri i r c t e r  
1.5C incrie: i .2 i  

! 
i 
! 
i 
I I 
! 

i 
i 
I 





- -- -- - (- ET 70& 1 - SbI.:l.E.EY CP TEST C A l A  
Ketered Sacple Volme 8 1 . 2 8  c c t i c  f e e t  
Le t e  r ?e rFe ra t ure : 60 Beg .E 
Iiozzle Cianeter :  6 . 2 5 3  i nc i e r  
P i  t o t  l ube  C-Factcr : 0 .602  
Sarp l ing  lime: 1 2 6  . G G  n i rc t ea  
A v g .  6 e l t a  H Orif ice  Freseure:  1.6C incixz E2C 
R v g .  J ( d e l t a  P P i t c t  P ressure)  : 0.6C i ( i r . c t ee  E2C) 
t12C i n  InFingers  and  S i l i c c  Cel: 
P a r t i c u l a t e  Catch: 7 t . l  r i l i i g r a n s  (i(0-2) 
t t e c k  C i a r e t e r :  19. CGG ir'ches 
Stack Area: 1 .969  square f e e t  
Stack Tenperature: 7 0  deg .F 
Barorcetric Pressure:  29.81G inches Bg 
C2 I n  'Stack: 2 0 . 9 0  percent 
CC2 I n  Stack:  0.CO Fercect 
CC Ir. Stack:  C.00 Ferc r r t  

145, 3 * l D * ' Y  
2 3 . 5 a l l i l i t e r s  

CPLCLL#P'lEI:  RESLL'IC : 
1scki r .e r ic  k t i c :  
Ccr r e c  t e e  Sarrple Vcicte : 
k e r t i c c l  s t e  Coccer.trscicn: 
Ear t i c u l a t e  k i s s i  cns : 
Stack Flow: 
Steck Veloci ty:  
H2C VaFor I n  Stack: 
(E20 I n  Stack i s  EELOF; S a t u r a t i o n )  
S t z c k  Gas Woie Leight (dry) :  
Steck Gas !:ole Ee i9 t t (we t )  : 

To A i' - Cr #I 
5 i . 1  yrcEr.t 

F ( 6  6 eeg . E ) &@+jOi:;5uP'' 

4fi5qr 3-' 
3747 SCF!:(try,68 deg .€)  
3 2 . 4  f eet ieeccnd 
1 . 3  p r c e n t  

2 8 . 8 5  
2 8 . 7 1  



P>.iTICLiLATE EI.iISSICfiS TEST E'i1:lkFY A t i C  EESULTE 

A F . E - S S C C - E n g r .  Eval. E r a n c h  

A 
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Ab. No. 
rb. UY C !y 

- 

rcs orChcrnittr lnvolvcd: 

. , Laboratory RCSII~KS 54hlPi.E 
NUh4BE;i 

Date Signiturc or SuFcnising Chemist Dare 



1 .  2 5  33.8 
I 3s 17.0 

4s . f7 .0  

I I 
I 

.- 

'Chemists Involved: h r c  Signrrure of Supenis ins  Chemist DJCC 

wo NG, B LQAJ& . 5  I L / 2 .  I I Y L ,  
v 



- .... .- .___. __r_--_-i-.- ... ............... -_ I 



ab. No. 
b. Lire 011: laboratory Reiulrs 

$,AMP LE 
NUMBER 

ID -PR I 
IL I -PR I 3 2 . 6 6  
2.D-PR I I 4 * 3 7  

e t  of Chcmirrr Involaed: Dare 



I.D. $0. 

lab.  No. 
Lab. Use Oclv 

ssn IX 
O T H E R  0 

PROJECT EXGNEER David Todd 

- Laboratory Rcsults SAhlPLE 
KUMEER 

IS 
J I  

7383.00 . .  

I I 
I I 

.Ij I I 
I I 

u 

I I 

.- I 
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