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C H E M I S T S  - M l C A O B l O L O G l S T S  - E N G I N E E R S  
R C S E A R C H  - C E V E L O P Y E N T  - T E S T I N G  

Parclaco P a c i f i c ,  I n c .  

Orange ,  CA 92667 
A t t e n t i o n :  Bob Weaver 

CLIENT l l G l  W. S t r u c k  Ave. 

SAMPLE 

2 &A- g , & E r t c d M n *  ' .  - REPORT 
. REF. 4-50 . . -  

TRUESDAIL LABORATORIES. INC.  
- - 

14201 F R A N K L I N  A V E N U E  
T U E T I N .  C A L I F O R N I A  9 2 6 0 0  
AREA CODE 714 7 3 0 - 6 2 3 9  
AREA C O D E  E l 3  2 2 5 -  1564 
C A B L E :  T R U E L h 0 5 

J u l y  21, 1987 D.4TE 

I n l e t  and  O u t l e t  of S c r u b b e r  serv-.ig Chenica  
P.O. BSl09l 

INVESTIGATION 

RESULTS . 

RECE!VED June  7 ,  1987 

L.4BOR.4TORY NO. 17413 
B a t h  

On J u n e  9 ,  1987,  r e p r e s e n t a t i v e s  o f  Truesr?ail L a b o r a t o r i e s ,  I n c . ,  
conducted tests t o  d e t e r m i n e  t h e  t o t a l  ci-ircnium (Cr+) and hexava-  
l e n t  chromium ( C r + 6 )  emi 'ss ions of a s c r u b b e r  s e r v i n g  t h e  chrome 
d i p  t a n k  a t  Pamarco Pacif ic  i n  Orange ,  C a l i f o r n i a .  The  i n l e t  and  
o u t l e t  of t h e  s c r u b b e r  were s a q ? l e d  s i n u l t a n e o u s l y  f o r  t h r e e  
h o u r s .  C u r i n g  t h e  t e s t  p e r i o d ,  t w o  p a r t  c h a g e s  were made. 

The s z n p l i n g  t r a i n  c o n s i s t e d  of a .g lass  s a z p l i n g  p r o b e  c o n n e c t e d  
w i t h  T e f l o n  t u b i n q  t o  a set  of G r e e n b u r g - S z i t h  inpicgers c h a r g e d  
w i t h  200 c.ls of  d i s t i l l e d  water a n d  f o l l o w e d  by a g l a s s  kibei-  f i l -  
ter ,  a v 2 c u u r  pump a n d  a d r y  q a s  peter. The i n l e t  sample  was c o l -  
l e c t e d  a t  1 8  t r z v e r s e  p s i n t s  f o r  5 o i n u t e s  each.  The at : t iet .sar-  
p l e  was collected a t  12 t r a v e r s e  p o i n t  f o r  1 5  m i n u t e s  e a c h .  

The f l n e  g a s  f l o w  ra te  w a s  d e t e d c e d  b e f o r e  t h e  s a p l i n g  p e r i o d  
by s e a s u r i n g  t h e  a v e r a g e  v e l o c i t y  h e a d  w i t h  a S t a n d a r d  P i t o t  t u b e  
and  a M a g r e h e l i c  d i f f e r e n t i a l  p r e s s u r e  g a g e ,  and  by  n e a s u r i n g  t h e  
a v e r a g e  t e n p e r a t u r e  x i t h  a Chromel-Al-me1 t h e r m o c o u p l e  and  a 
Micronite p o t e n t i o m e t e r .  

The sample 'filters a n d  i m p i n g e r  s o l u t i o n s  were a n a l y z e d  s e p a r a t e l y  
.for t o t a l  chromium by  atczlc a b s o r p t i o n  s p e c t r o s c o p y  and  fo r  
h e x a v a l e n t  c h r o m i m  by t h e  d i p h e n y l c a r h z i 6 e  c o l o r i m e t r i c  method. 

The r e s u l t s  were a s  f o l l o w s :  
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‘ ’~~RGESDCIL LABORATORIES, INC. 

. 
PAMARCO PACIFIC 

6-9-87 

Scrubber 
Flue Gas: Inlet 

Temperature, OF 
Static Pressure, in. A20 
Velocity, ft/sec 
Flue Dimensions, in. 
Flue Area, sq. ft. 
Flow Rate, ‘ACFM 

, SCFM 
, DSCFN 

Moisture, % by vol. 

Sampling Time 
Sample Voluroe, DSCF 
Concentration, ppn 

Concentration, mg/m3 

Enission Rate, lbs/hr 

Total Cr 
Cr+6 

Total Cr 
Cr+6 

Total Cr 
Cr+6 

Concentration,ms/l I 

Total Cr 
cr+G 

Removal Efficiency, % 

Total Cr 
Cr+6 

68 

34.1 
21 x 36 

5.25 

-1.95 

10,931 
10 , 638 
19,393 

ti.3 

Sc-nbber 
Outlet 

68 
-0.005 
33.3 
30 

9,819 
9,602 
9,352 

4.91 

2.6 

(11:OO - 1 4 : 0 3 )  ( 1 0 ~ 5 9  - 1 4 ~ 0 3 )  
122.45 e 118.21 

0.0436 0.0015 
0.0320 to. 0007 

0.0830 0.0028 
0.0610 t0.0014 

0.003’7 0.0001 
0.0027 to. 0001 

- Scrubber H7O 
675 
500 

97.30 
>96.3 

Respectfully submitted, 

TRUESDAIL LASORATOXIES, INC. 

c/ S. Hugh Brown, Supervisor 
Air Pollution Testing 
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, &snpling Location: 

. .  . 
. .  



A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Total Weight 

Condensate volume, ml.  

Condensate Vapor Volume, 0.00267 X 460 + Tm 
B.P + W13.6 

x B, cu. f t .  

T o t d  Smple Volume, Vm + C, a. ft. p t 6  >:-,2;- : :a I. L 

Sample Vohm, IY x 520 ‘2 1 , YF x B.P. + W 1 3 . 6  x hoisturee.. , DSCF 
29.9 

Concentration, 15.43 x ME, gralns/DSCF 

Stack Gas Row Rate, DSCM 

Emissions, €0 x G x F/7000, l b s h r  



2 

k'eight Collected, grant3 
. - .  

A. T O M  Weight 

B. Condensate Volume, ml. 

C. Condensate Vapor Volume, 0.00267 X 460 + lh x 8, cu. ft. 
B.P + W13.6 

D. TOM si-&ple volume, Vm + c, a. ft. 
E. sanple Voluw, D x 520 x B.P. + ' W 1 3 . 6  x Hofsture corr., DSCF 

F. Concentration, 15.43 x WE, &rains/DSCF 

G. stack Cas Flow Rate, DSCRl 

H. mssions, 60 x G x F/7000, lbshr 

, 

29.9 



A. 

B. 

C .  

D. 

E. 

F. 

G. 

H. 

. .  
! . 7  .-C - 

I, 

I 

Total Weight 

Condensate Volume, A. 
Condensate Vapor Volme, 0.00267 X 

Total Sarqle Volume, Vm + C, a. ft. 

Sample Volume, D x 520 

ConcentratLon, 15.43 x ME, grains/D%T 

Stack Cas Flow Rate, DSCFM 

Mssions, 60 x G x F/7000, lbshr 

460 + Tm 
B.P + W13.6 

x B, CU. ft. 

, 
x B.P. + W13.6  x Kofsture corr., DSCF 

n 29.9 



WATER VAPOR Ah?, GAS D3SITY CLWLATIONS 

Percent water Vapor i n  Gases 

A. 

€3. 

C. Volume of metered gas, cu. ft. 1 2 7 . 9 0  

D. Volume of water vapor metered, B X C/A, CU. ft. 

Gas pressure a t  rmter, In. Hg. (absolute) 

Vapor pressure of Kater a t  impinger ten;,., t?. Hg. 

3717 4 
,2 w /  

! ,24  
E. Volume of water vapor condensed, cu. ft. 

F. 

G. 

Total volurae water vapor i n  gas s q l e ,  D + E, CU. ft. 

Total volume of gas sample, C + E, cu. ft. 
, - 7  H. Percent water vapor i n  sampled g z ,  100 x FIG . r . 3  

c 
GAS DENSITY CORRECTION FACTOR 

U t .  /Mole 

rbm Monoxide 

J. Density of gas referred to a i r  = Av. Mol. Wt. = 
28.95 

K. Gas d e m i t y  correction f ac to r  = 
7- , 





A. Total Weight 

B. Condensate Volume, m l .  
3.;. 

D 

1.73 C. Condensate Vapor Volume, 0.00267 X 460 + 'Itn x 8, cu. ft. 
B.P + W13.6  

D. 

E. S q l e  Volume, D x 520 x 8.2. + W 1 3 . 6  - x Moisture corr., DSCF 

Total S&le Volume, Ym + C, a. ft. I 2 S . 7 9  

I I B , 2 \  

9 3 5 2  

.q 7 q  I 

TRK3i i  29.9 

F. 

C. 

H. Quissions, 60 x G x F/7000, lbshr  

Concentration, 15.43 x WE, grains/DSCF 

Stack Cas now Rate, D S m  



Percent Water Vapor in Cases 

A. 

B. 

C. 

D. 

E. 

F. 

c. 
H. 

Gas pressure a t  meter, in. Hg. (abs9lute) 

Vapor pressure of water a t  impinger teq., in. %. .37 6 4 
Volme of metered gas, cu. ft. 124. 56 

Volume of water vapor metered, B X C I A ,  cu. ft. 1-57 
V o l m  of water vapor condensed, cu. ft. / e  7.3 

Total voluii  water vapor in gas sa!ple, D + E,  cu. f t .  3. 3 0  

2.47 

24.74 

Total volume of gas sample, C + E, a. ft. I2 S.79 

Percent water vapor in sampled gas, 100 x F/G 

c GAS DENSITY CORRECTION FACTOR 

Wt./Mole 

erage Molecular Wei&t 

J. 

K. 'Gas density correction fac tor  f l  = 

Densi ty  of gas referred to a i r  = Av. Mol. Wt. = 
28.95 
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2 4- S . G T  
REPORT 

TR U E S  DAI  L L A B 0  RATOR I E S .  1 NC.  n 

C H E M I S T S  - I 4 I C R O B I O L O G I S T S  - E N G I N E E R S  

D E V E L O P W E N T  - T E S T I H D  R E S E A R C H  - 
Parxaco Pacific, Inc. 

Orange! CA 92667 
Attention: Bob Weaver 

CLIENT 11131 W. Struck Ave. 

14201 F R A N K L I N  A V E N U E  
T U B T I N .  C & L I F O R N I A  9 2 6 0 0  
AREA CODE 714 7 3 0 - 6 2 3 9  
AREA CODE i t 3  225-1564 
C k B L E :  T R U E L I B S  

D.4TE July 2 1 ,  1507 

RECE!\'ED June 7 ,  1587 

La4BOR.4T0f,Y SO. 17413 SAMPLE 
Inlet and Outlet of Scrubber serving Chemical Bath 
P.O. #5l09l 

INVESTIGATION 

RESULTS < 

On June 9, 1987, representatives of Truesdail Laboratories, Inc., 
conducted tests to determine the total cirroaium (Cr+) and hexava- 
lent chromium (Cr+6) emi'ssions of a scrhber serving the chrome 
dip tank at Pamarco Pacific in Orange, California. The inlet and 
outlet of the scrubber'were saxpled simultaneously for three 
hours. Curing the test period, two part chaiqes were made. 

The sapling train consisted of a.glass sar.pling probe connected 
with Teflon tubinn to a set of Greenburg-Szith inpicgers charged 
with 200 c.ls of distilled water and folloved by a glass tiber fil- 
ter, a VZCUUT pump and a dry gas peter. The inlet sample was col- 
lected at 18 trcverse points for 5 cinutes each. The outiet.sam- 
ple was collected at 12 traverse point for 15 minutes each. 

The flue gas flow rate was deterniced becore the sampling period 
by neesuring the average velocity head with a Standard Pitot tube 
and a Magcehelic Zifferential pressure gage, 2nd by r?easuring the 
average tezperature with a Chrozel-Al.me1 thermocouple end a 
Micronite potentiometer. 

The sample 'filters and impinger solutions were analyzed separately 
.for total chromium by atoaic absorption spectroscopy and for 
hexavalent chromium by the diphenylcarbazick colorimetric method. 

The results were as fo:lows: 

This re 

,ithout p r m  written authorization from t h e  Laboratories. 

rl applies only to the sample. or samples. investigated and is not r8c:ersariiy Lx3:z:ive of the qua!ity or condition olap nrently identical 

of the c i i r ? :  to whom i t  is addressed and upon the condition tha: i t  is ncl io be used in whole or in pari. in any advertising or publicity matter 
Simi I" ai prrducts. As a mu!uaI protection lo clients. the public and thew Lalaralo:ica. this report is suhmitted and arccpteffor the exclusive 
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‘ . YR~ESDDIL  LABORATORIES, INC. 

. 
PAMABCO PACIFIC 

6-9-87 

Flue Gas: 

Temperature , OF 
Static Pressure, in. H20 
Velocity, ftlsec 
Flue Dimensions, in. 
Flue Area, sq. ft. 
Flow Rate, ,ACFM 

, SCFM 
, DSCFX 

Moisture, % by v o l .  

chromium: 

Sanpling Time 
Sample Volume, DSCF 
Concentration, ppm 

Total Cr 
Cr+6 

Concentration, mg/m3 
Total Cr 
Cr+6 

Emission Rate, lbs/hr 
Total Cr 
Cr+6 

ConceDtration./l I 

Total Cr 
Cr+& 

2emoval Efficiency, % 

Total Cr 
cr+6 

Scrubber 
Inlet 

68 
-1.95 
34.7 

21 x 36 
5.25 

10,931 
10,638 
15,393 

t2.3 

Scrubber 
Outlet 

68 
-0.005 
33.3 
30 
4.91 

9,819 
9,602 
9,352 

2.6 

(11~00 - 12~03) ( 1 0 ~ 5 9  - 14~03) 
122.45 c 118.21 

0.0436 0.0015 
0.0320 t0.0007 

0.0830 0.0028 
0.0610 t0.0014 

0.0037 0.0001 
0.0027 <0.0001 

Scrubber H7O - 
675 
500 

97.30 
>96.3 

Respectfully submitted, 

TRUESDkIL LASORATORIES, INC. 

’ so= S. Hugh Browh, Supervl’ 
Air Pollution Testing 

;I 
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A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Total Weight 

Condensate Volume, ml. 

Condensate Vapor Volume, 0.00267 X 460 + Tm 
B.P + FW13.6 

x B, cu. f t .  

/Ad ,  G. L 

1.2 2 ~ ?r 

- -  g r -  , ->  l o t d  S q l e  Volume, Vm + C, a. ft. r/,c (r , ~ .. 2 . -  

m 29.9 
Sample Velum?, IY x 520 x B.P.  + W13.6 x h o i s t u r e m .  , DSCF 

Concentration, 15.43 x ME, grains/DSCF 

Stack Gas Flow Rate, DSCFH 

Emissions, 60 x G x F/7000, l b s h r  



Weight Collected, grams 
. - .  

A. 

B. 

C. 

D. 

E. 

F. 

C. 

H. 

Total Weight 

Condensate Volume, A. 
Condensate Vapor Volume, 0.00267 X 460 + 'Ita 

B.P + Wl3.6 
x B, cu. ft. 

TOM *le volume, Vm + C, a. ft. , 
-le Volume, D x 520 x B.P. + 'W13.6  x Moisture corr., DSCF 

n 29.9 

Concentration, 15.43 x ME, grains/DSCF 

stack Cas Flow Rate, D S m  

mssions, 60 x C x F/7000, lbshr  



A. Total Weight 

B. Condensate Volume, ml. 

C. Condensate Vapor Volume, 0.00267 X 460 + Tm x B, cu. ft. 
B.P + W13.6  

D. Total *le Volume, Vm + C, a. ft. 

E. Sample Volume, D x 520 x B.P. + W13.6 x Kolsture corr., DSCF 

F. Concentration, 15.43 x ME, gralns/DLT 

G. Stack Cas Row Rate, DSCRt 

H. EhissSons, 60 x G x F/7000, lbshr 

I 

mG5 29.9 



WATER VAPOR AMl GAS DENSITY C&L(UKTIONS 

Percent Water Vapor in Gases 

A. Gas pressure a t  mter, in. Hg. (absolute) MI7 4 
B. Vapor pressure of hater a t  irnpinger m., L7. Hg. 

C. Volune of metered gas, cu. ft.  127.96 

D. Volume of water vapor metered, B X C I A ,  cu. ft. 

,2 871 

I ,  I 2 4  

E. Volume of uater vapor condensed, cu. ft. 

F. 

G. 

Total volurJe water vapor in gas saqle, D + E, cu. ft .  

Total volui i  of gas sample, C + E, CU. f t .  

, -, 3 H. Percent water vapor i n  sampled g t s ,  100 x F/G . . . 3  

c 
GAS EENSITY CORRECTION FACMR 

Water 

Carbon Dioxide 

Carbon Monoxide 

Oxygen 

Nitrogen h Iner t s  

U t .  /Mole 
Component Volume Percent/100 x Hoisture Correction x Mol. U t .  = Wet Ssis 

I I I I 
1 .o 18.0 

Dry Basis 44.0 

Dry Basis 26.0 

Dry Basis / 32.0 

Dry Basis 1 / 29.2 
- 

/ I  . \ i .  

I / I 
I 

Average Molecular Weight I 
J. 

K. Gas detxi ty  correction fac tor  f l  = 

Densi ty  of gas referred to a i r  = Av. kl. Wt. = 
28 95 

, 



. .  . . .  

- .  
L. n O \ J  RATE, X iC 520 x BP i- P~113.6, 'SCFM 

460 + J 23.9 . .  
G7c2 



b,-;C : . i :  - :~ 

. .  
Weight Collected, gr- 

TI !  ,;;:: , .  - , ! 3 0 S  > :  1 . -  

\ - 
J ' ?  ,f.;,>.+- 

A. Total Weight 
3/. B. Condensate Volume, ud. 0 

C. Condensate Vapor Volume, 0.00267 X 460 + Tm x B, cu. ft. 1.  7 3 
3.p + W13.6 

D. 

E. Sample Volume, D x 520 x B.?. + k d 1 3 . 6  - I Hoisture corr., D X F  

Total S b l e  Volume, Vm + C, a. ft. 125.79 

I I  g , 2 \  
.? -fq , 

m 29.9 - 
F. 

C. 

H. b i s s i o n s ,  60 x C x F/7000, lbshr 

Concentration, 15.43 x WE, gralns/DSCF 

Stack Cas Flow Rate, DSCFM 9 351  



Percent Water Vapor i n  Gases 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Gas pressure a t  meter, in .  Hg. ( absdu te )  

Vapor pressure of water a t  impinger m., in. Hg. ,37 6 4 
Volme of metered gas, cu. ft. 124, 66 

Volune of water vapor metered, B X C/A, cu. ft. 1.57 
V o l w  of water vapor condensed, cu. / #  7 3  

Total voluii  water vapor i n  gas sarple, D + E,  3, 3 0  

24? 

29.74 

ft. 

cu. f t .  

Total voluw of gas sample, C + E, a. ft. I2 S . 7 9  

Percent wster vapor i n  sampled gas, 100 x F/G 
F GAS DENSITY CORRECTION FACTOR 

Wt./Mole 

erage Holecdzr Weig!!t 

J. 

K. 'Gas density correction factor  

Dens i ty  of gas referred to a i r  = Av. Hol .  Wt. = 
28.95 

- = 
/ 
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P R I C E  PFISTER. INC.. CHROMIUM PLATING TANK b l  
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Engineering Eva luat lon  Branch 
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Report Date: A p r i l  3 ,  1987 

APPROVED : 

-*Y~T& Project Engr . ,  

k:ddQ$J Manager, 

Test ing  Sect ion  

T e y i n g  Sect ion  
/ -  
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. PRICE PFISTER, INC., CHROMIUM PLATING TANK I 1  
TOTAL AND HEXAVALENT CHROMIUM EMISSIONS 

T h i s  repor t  presents an e s t i m a t e  o f  emissions from P r i c e  P f i s t e r .  Inc., 

Chromium P l a t i n g  Tank #I. These emission est imates are based on t e s t s  

performed by  t h e  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. 

accura te  w i t h i n  the  l i m i t s  o f  t h e  method. However, data a r e  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 v a r i a b l e s  which are sometimes n o t  apparent 

d u r i n g  t h e  tes ts .  The da ta  should 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 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 var iab les  

are known and taken i n t o  account. ' 

The r e s u l t s  have been reviewed by the  s t a f f  and a r e  b e l i e v e d  t o  be 
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The pro jec.  eng ineer  was David Todd and 2 f i e l d  eng neer  was 

Cindy Castronovo o f  ARB. 

Thoma o f  ARB. 

Heal th,  A i r  and I n d u s t r i a l  Hygiene Laboratory (AIHL). Ass is tance was provided 

b y  Rudy Garanchon o f  P r l c e  P f i s t e r ,  Inc. Addi t ional  ass is tance was provided 

b y  Frances Cameron o f  t h e  ARB Toxic  Sranch. 

by  AIHL. 

Inst rument  technic ians were  Jack LaBrue and 9ud 

The chemist  was Ed Jeung o f  the C a l i f o r n i a  Department o f  

Chemical analyses were performed 
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P R I C E  PFISTER, INC., CHROMIUM PLATING TANK #1 
TOTAL AND HEXAVALENT CHROMIUM EMISSIONS 
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g r e a t e r  than a t  sa tura t ion  temperature 
(e.g. 212OF o r  below) use the  t a b l e  
f o r  moisture content. 
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Division of Jmplmentation & Enforcement 
Engineering Evaluation Unit 

WATER VAPOR CALCULATIONS J Standard Conditions B ~ B F  and 29.92 i n .  Hg ?<e Leak - 
68 

Ambient Conditions &OF and - 2 8 . b i n .  Hg 

TEMP. % TEMP. % T E M P .  % I 
, O F  H20 O F  H20 O F  H 2 0  1 

5 0  1 .2  130 15.1 160 51.1 
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7 0  2 .5  150 25.3 190 63.6 
80 3 . 5  155 28 .7  195 70.6 3 
90 6.6 160 32.3 200 78.6 . 
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110 8 . 7  1 7 0  40.8 210 9 6 . 2  

J "  , 

1 2 0  11.5 175 4 5 . 7  212 100.0 
- I  

(20.3 ) 27.73- 
A. Gas Volume Metered (V,,,,) 

B. Volume of Uatcr Collected (Vw& 

. .. . 
C. Moisture Content i n  Stack G a s  (Bw) i n  Percent 
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CALIFORNIA AIR RESOURCES BOARD TEST OF CHROMAL PLATING COMPANY 
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 IPRICE PFCTTEX-INCT 
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. 

CHROHIUM MISSIONS TESTS FOR TANK 193 AND TANK 195 AT DOUGLAS 
AIRCRAFT COMPANY (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. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of  Air Quality Planning and Standards 
Research Triangle Park, North Carolina 2771 i 

A p r i l  20, 1989 

MEMORANDUM 

SUBJECT: Acceptability of Test Reports 

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

TO : Andrew Smith 
Industrial Studies Branch, ESD ( M D - 1 3 )  

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

Attachment 

cc: D a l l a s  Safreit 

None was acceptable and the reasons are given 
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Pr ice  P f i s t e r ,  Inc., Chromium P l a t i n g  Tank R1 
Total  and Hexavalent Chromium Emissions 

. .  . .  . .  

.... . .  . . ,  . . .  

. . .  . . .  . . . . . . . . . . . .  . . . . . .  , .  . - .. . . .  SUMMARY 

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. Because o f  t h i s ,  sampling was .requested by ,  t he .  ARB:, . . . . . . . .  . : . . .  

z Toxic  P o l l u t a n t s  Branch t o  'determine chromium emissions.from a . "deco ra t i ve "  . .  . .  . ~ -: . . .  . . . . . . .  
chromium p l a t e r .  Samples were c o l l e c t e d  a t  P r i ce  P f i s t e r ,  Inc. on November.18. - .  

through 20. 1986. b y  the  s t a f f  o f  t h e  Engineer ing Evaluat ion.Branch. ( E E B )  o f . .  

. .  

. .  

t h e  ARB. The samples were analyzed b y  the  Department,.of.i!ealth.Servicesz ~.: , _  . . 

(DOHS) A i r  and I n d u s t r i a l  Hygiene Labora tory  (AIHL) .for.total.. chrQmjum. , . -  and- _ L I  . ~ . . 

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

. . . .  . . . . . .  

. . . . .  hexavalent  chromium. . .  

Chromium i s  app l i ed  b y  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 i g h  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 by  app ly ing  a h igh  amperage, low 

~ vo l t age  (5800-6800 amps, 6.5 v o l t s )  d i r e c t  c u r r e n t  (dc)  power . through t h e .  

: p l a t i f l g  so lu t i on .  The ma te r ia l  t o  be p l a t e d  i s  hunq.from the..negativ.e, :or ..... - . .-  ;. . . . . . .  . . . .  . . . .  

, ;  .G:t.:-i.cathode. bus bars o f  the p l a t i n g  tank.  Anodes are  hung.fromithe p o s l . t i u e b u s  . . . . . . . .  _ _ _  :. ~ 

I 

. .  bars. Chromium p l a t i n g  i s  o n l y  B-20% e f f i c i e n t .  A major. re.ason..for t h e ,  . . .  ... 

, . .  : i n e f f i c i e n c y  i s  the d i sassoc ia t i on  o f  water  molecules, in t h e  . p l a t i n g  s o l u t i o n  . . 

. .  . b y  t h e  e l e c t r i c a l  current .  Th is  r e s u l t s  i n  t h e  re lease .of: .hydrogen .gas. a t - t h e - :  .. , 

cathode and oxygen a t  the  anode. 

en t ra ined  w i t h  these re leased gases, which a r e  vented f o r  s a f e t y  reasons. 

P r i ce  P f i s t e r ,  these gases are  passed through a scrubber and then vented t o  

t h e  atmosphere. The scrubber i s  used t o  recover  some o f  the  vented p l a t i n g  

A p o r t i o n  o f  the p l a t i n g  s o l u t i o n  i s  

A t  

- i- 



solution and return i t  to  the plat ing t a n k .  

the to ta l  chromium returned t o  the plat ing t a n k  should  be hexavalent chromium 

o r  product qual i ty  could deter iorate .  

According t o  the operator, 99% of 

Sampling and analysis for  hexavalent and total  chromium samples was 

conducted in accordance w i t h  the A R B ' S  Draft Test Method 425 (Determination 

of  Total Chromium and Hexavalent Chromium Emissions from Stationary Sources). 

The r e su l t s  of the sampling, analysis ,  and other data are shown in the Summary 

Table. 

0.14 x lb/hr and  0.42 x lb/hr  fo r  total  chromium and 

0.21 x and  0.39 x l b / h r  for  hexavalent chranium. Emissions 

a f t e r  the scrubber ranged between 0.20 x 10'' l b / h r  and 0.21 x 

fo r  to ta l  chromium and 0.09 x lo-' lb /hr  and 0.10 x 

hexavalent chromium. 

chromium ranged between 9 and 5 2  percent for  total  chromium and 5 7  t o  74 

percent for  hexavalent chromium. 

Emissions from the plating tank (before the scrubber) ranged between 

lb/hr  

l b / h r  for  

Scrubber eff ic iency for preventing the release of  

- i  i- 



fu.6u.uy ?&le 

Test D ~ t a  For 
Price Pf i s t er .  Inc. 

1. Run Number 

2 .  chromium Emis.ioy 

-3 
a .  Before scrubber. 10 lblhr 

b. After Scrubber. 10 lblhr 

6. Scrubber ef f ic iency ,  p . r n n t  

- 3  

3 .  Chromium i n  Scrubkc WJCeS 

d l  
J. ToC.1, l D q / d  

d l  
b. HOxJVJhIt, lDq/mI 

4 .  Placing Tank D J ~ J  

J. TJnk Temperacure. degree. F 

b.  TJnk SUrfJCe & m J ,  19. fC. 

c .  electroplating h p a  

d .  Chromic Acid Cons., ozlqal 

1 

a/ bl 
I C J l  ne.. 

0.42 0.29 

0 . 2 0  0.10 

5 2  66 

26 

19 

100 

40 

6000 

30 

2 

' O h 1  Hex. 

0.14 0.21 

0 . 2 1  0.09 

C l  
NC 5 1  

2 1  

16 

:00 

k8 

6000 

30 

3 

' O C J l  Hex. 

0 . 2 3  0.39 

0.21 0.10 

9 1 4  

23  

2 1  

100 

48 

6000 

30 

a /  

b/ 

C /  

d/ 

?oca1 - local chromium including hexavJlenc chromium 

Hex. - Hexavalent chromium 

NC - NOC CLlNlJCed 

9 9 t  of the t o t a l  chromium in  the scrubber water should be hexavalent chromium according 
t o  the oparacor. 
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I .  INTRODUCTION 

The Air Resources Board ( A R B )  has ident i f ied hexavalent chromium as a 

toxic a i r  contaminant. 

requested the Engineering Evaluation Branch (EEB) of the ARB t o  conduct an 

emissions tes t  t o  evaluate hexavalent chromium emissions from a "decorative" 

chromium plating operation. 

testing and testing was conducted on November 18 through 20 ,  1986. 

samples were analyzed for  to ta l  a n d  hexavalent chromium by the Air a n d  

Industrial Hygiene Laboratory (AIHL) of the Department of Health Services. 

The objectives of this t e s t  were to:  

Subsequently, the Toxic Pollutants Branch of  the ARB 

Price Pfister, Inc.. i n  Pacoima was selected for 

The 

1. Determine total  and hexavalent chromium emissions from a 

"decorative" chromium plater.  

Determine the eff ic iency of  the wet scrubber used by Price P f i s t e r  

for  controll ing chromium emissions. 

Determine i f  i t  i s  necessary t o  s t ab i l i ze  the sample f i l t e r s  

immediately a f t e r  sampling as  part  of the t e s t  method development. 

2. 

3. 

A t  d i f fe ren t  times d u r i n g  the ARB evaluation tes t ,  parallel  samples were 

collected by the South Coast Air Quality Management Dis t r ic t  (AQMD) and 

Truesdail Laboratories. Truesdail Laboratories is  a contract  laboratory 

commissioned for the Petal Finishing Association of Southern California Inc. 

Matt Dunn of Dames and Moore, Santa Barbara, observed the evaluation t e s t  for  

the Metal Finishing Association. 

11. Conclusions 

Emissions of total  chromium (Includlng hexavalent chromium) a t  Price 

Pf i s te r  ranged from 0.14 x 

scrubber and 0.20 x 

Emissions o f  hexavalent chromium a t  Price Pf i s te r  ranged from 0.21 x 

lb /hr  t o  0.42 x lb/hr  before the 

lb /hr  to  0.21 x 1 O - j  lb /hr  a f t e r  the scrubber. 

-1 - 



l b / h r  to  0.39 x 1.u' b / h r  before the scrubber and 0.09 x l b / h r  t o  

0.10 x 10'' l b / h r  a f t e r  the scrubber. 

52 percent i n  removing total  chromium and 57 t o  74 percent in removing 

hexavalent chromium from the exhaust. 

Scrubber efficiency ranged from 9 to  

The number of  samples was too l imited t o  determine i f  t rea t ing  the 

sample f i l t e r s  on s i t e  had any e f f ec t  on the hexavalent chranium analytical 

results. 

111. PROCESS DESCRIPTION 

Price P f i s t e r  i s  c lass i f ied as  a "decorative" chromium plater. In 

"decorative" chromium plating, chromium is applied i n  a t h i n  layer  

(0.00001-0.000002 inches) t o  produce a b r i g h t  and decorative, as well as 

corrosion and abrasion res i s tan t ,  surface. 

other c l a s s i f i ca t ion ,  chromium is appl led t o  s teel  surfaces i n  thicknesses o f  

0.0001-0.010 inches t o  b u i l d  u p  worn parts and provide abrasion res i s tan t  

surfaces such as  those seen on hydraulic rams and cylinders. 

In 'hard" chromium plating, the 

The chromium i s  deposited onto the surface of  the base material by 

Electroplating operations, including cleaning, rinsing, e lectroplat ing.  

plating, and post plating treatments, can be manual or w i t h  any degree of 

automation t h a t  i s  desired. Price P f i s t e r ' s  operation i s  basically automatic 

due t o  the consistency of the parts t h a t  a re  plated. 

The parts to  be plated can e i t h e r  be suspended by wires o r  racks before 

being submerged into a tank containing plating solution. 

the Parts a r e  suspended by racks. The chromium i s  deposited onto the material 

surface from a solution i n  w h i c h  i t  is present as hexavalent chromium, an 

anion i n  a h i g h  oxidation s ta te .  Along w i t h  chromium acid,  the aqueous 

solution usually contains a small and careful ly  controlled amount of ca ta lys t  

A t  Price Pf i s te r .  

-2- 



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

ion. such as sulfate.  

e lectroplat ing i s  supplied by r e c t i f i e r s  and applied t o  the plating tank-by 

The necessary d i r ec t  current (dc)' power for  
. . . . . . . . . . .  . .  . .  . . . .  . .  

.~ . . . . . . . . . . . . . .  
' b u s  bars. Anodes a re  h u n g  from posit ive bus bars and the'item t o  be plated i s  . 

. . .  .- . - , .  . . .  . .  - _  . . - . ;  . . .  hung from the negative o r  cathode b u s  bars. 

monitored w i t h  voltmeters and ammeters. 

Tank voltage and current a re  
. . . . . . . . . . . . . .  . ,  . .  . .  . . . . .  - . . . . .  

. ~. 

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

Chromium p l a t i n g  i s  one o f  the most d i f f i c u l t  e lectro&ating operations; 

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

re la t ive ly  narrow range. W i t h  respect t o  e l e c t r i c  current.khromium-@ating- 

i s  only 8-20% eff ic ient .  Much o f  the e l e c t r i c  current i s  used converting 

. . .  . . . .  

water In the plating solution into hydrogen and 0xygen"gases. This resul ts  i n  

the o f f  gassing of hydrogen a t  the  cathode and oxygen 'a t  'the anwde.. ' The . ': 

release of these gases from the plating tank  causes a-'ipray t h a t  car r ies  some-. 

of  the plating solution w i t h  the gases. For safety reasons' the spray must be . 

vented. 

t o  recover some of the plating .solution. Part of the: scrubber water i s  then'-' 

used a s  makeup to  replace some of  the lost  plating solution. According t o  the 

. . . .  . . . . . . . . . . . . . .  _ -_ .  . . ~. . . . . . . . . . .  
' '  . ' - '  ' 

. - "  " ' 

' 

. .  .~ . . . .  ~ ~ - : ~  ... _ i : .  . . . . . .  < . . .  j r _  . .  
. 

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

For economic reasons, the  spray is usually vented through a'scrubbei. . 

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

. . . . . .  . .  

. . .  . . . . .  . . ,  . . .  ~. 

operator,  99% of the total  chromium i n  the scrubber water-should be hexavalent ' . .  

...... _ - _  - ~ ~ .  .. . . . . .  _ _ _  . . . . . . . . . . . .  c .  . . . . . . .  _ _  - I -  
- .  . 
ch.romium or  product qual i ty  could deter iorate .  

. . . . . . . .  . . . . . . . .  . . . . . . . . . . . . .  _ _ .  .~ .. . .  .~ 

During the three days of emissions sampling, Prlce Pf i s te r  t r i e d ' t o  
. . . . . .  ...... . . . . . . .  . .  maintain consistant plating conditions. Table 1 shows'khs operating ' .' . . . .  

IV. SAMPLING LOCATIONS A N D  METHODS 

- ; .  : .  . . . .  .. , . . . . . . . . . .  -- .r . _  . . . . . . . .  . . . .  
- .  . ~ . ,  . . _. -. 

~ ' .._ . .  
parameteri and  conditions during the 3 days of testing. 

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

. . . . . . . . . . .  . .  . . . . . . . . . . . . .  
' Hexavalent and total  chromium samples were collected' according-to' Draft - - 

. .  . . . . .  . . . . . . . .  _ _  
A R B  Stationary Source Test Method 425 (Determination o f  Total Chromium and 

. . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  _ .  - -  Hexavalent Chromium Emissions from Stationary Sources). . . .  
. A type S ' p i t o t  tube 

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

. .  . -  ._ . . ,_  . .  
was used €0 'determine stack gas velocity.  Moisture content- was'ietermined' - . - - 
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Table 1 

Operating Data Dur ing  Emissions Testing 
For Price Pf i s te r ,  Inc.. Chromium P l a t i n g  Tank #l 

1. Tank Number 1 

2. Plating Tank Data 

a. Tank Temp 
b. Surface Area, 
c.  Dimensions 

3. Plating Solution Data 

a. Chromic Acid 
b. Sulfuric Acid, t o t a l  
c. ' Solution Volume 

4. Power Data 

a. Voltage 
b. Current 

5. Rack Datai' 

a. Number 
b. F u l l  racks, - Tuesday, 11 /18/86 - Wednesday, 11 /19/86 - Thursday, 11/20/86 

6. Depth of Chrome Deposited 

1OO'F 
48 sg. f t .  
12 f t  x 4 f t  
5 feet ,  deep 

30 oz./gallon solution 
0.3 oz./gallon solution 
1800 gallons 

6.5 volts, dc 
5800-6800 

160 racks/hour 
0.01 mils in 3 1 / 2  minutes 
78% 
7 8% 
83% 

0.01 mils in 3 1 / 2  minutes 

a /  During a normal work day a t  Price Pf i s te r ,  160 racks per hour ( o r  1280 
racks per day) passed through tank 1. 
t h r o u g h  t a n k  1 have parts. 
not necessarily evenly dis t r ibuted throughout the day. 

Not a l l  of the racks tha t  pass 
Some are empty a n d  those empty racks are 
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as specified by ARB Method 4 (Determination of Moisture Content i n  Stack 

Gases). Dry molecular weight (CO. C02. 02. N2) was estimated based u p o n  

atmospheric concentrations. Figure 1 shows the sampling locations before and, 

a f t e r  the scrubber. 
I 

Draft Method 425 i s  s imilar  t o  ARB Test Method 5 b u t  w i t h  special 

requirements. Those special requirements for  sampling chromium a t  Price 

Pf i s te r  inc luded  the use of glass-1 ined s ta in less  s teel  sampling probes, 

special teflon coated glass-fiber f i l t e r s ,  and specially prepared acetone and 

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

these special requirements was t o  prevent the loss  of hexavalent chromium 

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

f o r  sample recovery were analyzed before and a f t e r  sampling t o  document the i r  

chromium content and the presence of impurities t ha t  would react  w i t h  the 

hexavalent chromium. Appendix A contains a copy of Draft Method 425. 

For analysis,  a l l  samples were s p l i t  as  described i n  Method 425. One 

half was analyzed for  hexavalent chromium and the other half  for  to ta l  j 

chromium. \ 
t ra ins ,  one before the scrubber and one a f t e r  the scrubber), the hexavalent i 

half of the f i l t e r s  were placed in an extraction solution (sodium hydroxide 
' 

and sodium carbonate i n  water) immediately a f t e r  they were collected.  The 

hexavalent half of the t h i r d  r u n  was not  placed i n  the extract ion solution 

until i t  arrived a t  AIHL in Berkeley. 

affected the hexavalent chromium resul ts .  

V. TEST RESULTS 

For the f i r s t  two sample runs (a  sample run includes two sample 
j 

- .  

This was done t o  determine i f  the del 

The analytical r e su l t s  and other  t e s t  data are  shown i n  Table 2. The 

sample analytical r e su l t s  a r e  presented according t o  the par ts  of the sampli 

t ra in  t h a t  were analyzed separately. In general, the la rger  par t ic les  are 

-5- 
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collected i n  the sampling probe before the sample f i l t e r .  

pass through the probe t o  be collected by the f i l t e r .  

Finer par t ic les  

And s t i l l  f iner  

par t ic les  can pass t h r o u g h  the f i l t e r  t o  be collected i n  the impingers and  

sample 1 ines a f t e r  the f i l t e r .  

Based upon the t e s t  r e su l t s ,  overall scrubber collection efficiency for 

total  chromium ranges between 9 and 52 percent and for  hexavalent chromium 

between 57 t o  74 percent. 

i n  collecting the la rger  chromium containing par t ic les  t h a n  the f iner  chromium 

containing par t ic les .  The data a lso indicates the use of recirculated 

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

The data indicates the scrubber is more e f f i c i en t  

performance i n  controll ing the f ine r  chromium containing par t ic les .  

be due t o  the presence of chromium i n  the water recirculated t o  the scrubber's 

sprayers. Samples of the recirculated scrubber water used i n  the spray 

contained from 21 t o  26 mg of total  chromium and 16 t o  21 mg of hexavalent 

chromium per m i l l i l i t e r  of scrubber solution. 

of the total  chromium i n  the scrubber water should be hexavalent chromium.) 

This may 

(According t o  the operator, 99% 

Results of the study t o  determine i f  t reat ing the f i l t e r s  on s i t e  i s  

effect ive i n  reducing hexavalent chromium loss  are presented Table 3. 

compares the concentration (ug/dscf) o f  hexavalent chromium collected on the 

treated and untreated f i l t e r s .  

Table 3 

The f i l t e r  sample resu l t s  do not indicate the 

untreated f i l t e r s  a re  l o s i n g  hexavalent chromium re la t ive  t o  the treated 

f i l t e r s .  B u t  because of the variation i n  concentrations and  the limited 

number of  samples, no spec i f ic  conclusions can be reached. 

-a- 
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Table 3 

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

RUN # 

I. Concentrat ion,  ug/DSCF 

A. Before Scrubber 

1. Trea ted  F i l  t e d  

2. Untreated F i l t e r 5 1  

B. A f t e r  Scrubber 

1. Treated F i l t e r  

2. Untreated F i l t e r  

1 2 3 

0.02 0.09 

0.10 

0.15 0.28 

- 0.29 

- 
Av a 

0.06 

0.10 

0.22 

0.29 

- a/ In 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  the 
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  t h e  sodium hydrox ide 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 rea ted  
u n t i l  l a t e r  a t  t h e  l abo ra to ry .  
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V I .  QUALITY CONTROL 

Hexavalent  chromlum I ve ry  r e a c t l v e  an1 c o l l e c t e d  I n  very  low 

concentrat ions.  

prevent  t h e  l o s s  or contamlnat lon o f  hexavalent  chromlum samples. 

reason a l l  sample conta iners  bo th  I n  t h e  f i e l d  and t h e  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 l a l l y  prepared detergents,  a d d s ,  and 

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

be l  ow. 

The emphasis o f  the  va r lous  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 l n g  samples t h e  o n l y  recornended probes a r e  quar tz  or 

g lass - l i ned  probes. 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 ,  

cou ld  contaminate t h e  c o l l e c t e d  sample. T e f l o n  coated g lass - f i be r  f l l t e r s  a r e  

t h e  recommended f i l t e r  medla. 

p repara t lon ,  t h e  uncoated g l a s s - f l b e r  f i l t e r  can r e l e a s e  s i l i c a t e  from t h e  

f i l t e r  m a t e r l a l  which, when a c i d i f i e d ,  becomes s l l l c i c  acid.  

e x l s t s  I n  t h e  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  c o l o n n e t r l c  ana lys i s  o f  the  sample. 

the  amount o f  s i l i c a t e  t h a t  I s  re leased from t h e  g lass  f i b e r s .  

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

The s l l l c i c  a c i d  

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

The delon lzed,  d l s t l l l e d  water  used f o r  imp lnger  catches and the  acetone 

used t o  r i n s e  samples f rom t h e  probes and impingers were prov ided by AIHL. 

Both were pre-analyzed f o r  hexavalent  chromlum and o t h e r  l m p u r l t l e s  b y  AIHL 

and s to red  I n  g lass  or t e f l o n  conta iners.  

E. SAMPLE RECOVERY AND ANALYSIS 

The l a b o r a t o r y  method f o r  recover ing  and ana lyz lng  t h e  samples f o r  

hexavalent and t o t a l  chromlum i s  s i m i l a r  t o  t h a t  f o r  ARB Method 5 samples. 

However. AIHL determined t h a t  pa r t s  o f  t h e  Method 5 sample recovery and 



. .  . .  

. - . . . . . .  

analysis will cause some o f  the hexavalent chromium t o  be lost-:-from--the-sample 

because of the react ivi ty  of hexavalent chromium. 
. . . . . .  . .  

To prevent. t h i s ,  'the 
. . . . . . .  . _ . , ,  . . . .  ............ . . .  . . . . . . . .  . .  ~ . . _  . 
-following changes were made. All solvents containing samples a re .  reduced'iti ' ' ' 

-volume a t  room temperature rather than i n  an oven a t  105 C because the 
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r e a c t i v i t y o f  hexavalent chranium increases w i t h  temperature.' Some o f . t h e  

analytical. reagants were treated w i t h  potassium permanganate t o  remove  the 

reducing'agents that  would react w i t h  hexavalent chromium. during.sample - 
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APPENDIX A 

ARB DRAFT TEST METHOD 425 
a 



S t a t e  o f  C a l i f o r n i a  
AIR RESOURCES B O A R D  

Method 425 

D e t e r m i n a t i o n  of T o t a l  Chromium and H e x a v a l e n t  Chromium 
E m i s s i o n s  from S t a t i o n a r y  S o u r c e s  

Adopted , 1986 



METHOD 425: DETERMINATION OF TOTAL CHROMIUM A K D  

HEXAVALENT CHROMIUM EMISSIOXS FROM STATIOSARY SOURCES 

1. APPLICABILITY A N D  PRINCIPLE 

1.1 

1.2 

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  
c h r o m i u m  (Cr' ) 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  
s t a t i o n a r y  s o u r c e s .  

P r i n c i p l e .  

P a r t i c u l a t e  emis s ions  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 
use of  CARB 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  two e q u a l  p o r t i o n s  v 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  

t! 

c o l l e c t e d  s a m p l e  p o 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  by 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  me thod .  

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  
samples  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  forms 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  
s ample  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 ample ,  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  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 .  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 .  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  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. R A N G E ,  SENSITIVITY, PRECISION, A N D  INTERFERENCES 

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  onse  
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  Crf8/100 m L  

a c c u r a c y  o f  5 10 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  
to 20 u g  Crf 8 /lo0 mL. F o r  a minimum a n a l y t i c a l  

1 



2 . 2  

2 . 3  

2.4 

2 . 5  

r a n g e  i s  2 ug/100mL. 
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 .  

T h e  u p p e r  l i m i t  c a n  b e  

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 r o m i u m .  A min imum d e t e c t i o n  l i m i t  'b o f  1 u 3  Cr' / l o 0  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  c h r o m i u m .  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  an.d a n a l y s i s  f o r  C r + %  w a s  
d e t e r m i n e d  a t  a f e r r o c h r o m e  smel te r ,  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  Method  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,  
m e r c u r y  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 n  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 of 
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  540 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  ch romium.  

2 . 4 . , 2 . 1 .  T h e  l o n g  r e s i d e n c e  t ime 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  severe  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  b e  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 .  I f  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 .  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  s h o u l d  be 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 b a n d  
i n t e r f e r e n c e .  

2 . h . 2 . 3 .  L o w  c o n c e n t r a t i o n s  o f  c a l c i u m  m a y  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  mg/L c a l c i u m ' s  e f f e c t  is 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  
ensu re  a known c o n s t a n t  e f f e c t .  

If 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  

2 



. .  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  c h r o m i u m  i : 
. -  

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  

. .  b y  t h e  E x e c u t i v e  O f f i c e r .  . .  

. . .  - 2  ,. - : . ~ .  - .  . .  _ .  . . . . . . .  . . .  . .  . .  - _  : .  3.- . A P P A R A T U S  . . . . . .  

. . .  . . . .  .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 e v i e w - 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 - p n r p o s e s ~ o f .  . . . ~  : 1 .  . 
t h i s  t e s t  m e t h o d ,  m a y  b e  u s e d .  . L ' & - - ' . -  

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

3.1 S a m p l i n g  T r a i n .  S a m e  a s  C A R B  Method  5 .  See- t ' i on  '2.1. . .  - . .  . .  e x c e p t  u s e  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  probe.. .. . . . . . . .  

3.2 S a m p l e  R e c o v e r y .  S a m e  a s  C A R B  Method 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 .  . . .  . . . .  

w i t h  w a t c h g l a s s  covers .  . .  

c o n s t r u c t e d  of g l a s s ,  t o  a c c o m m o d a t e  - ' e . . . .  

. .  ~ . . - . . . .  . .  . . .  - -  . . - - c . .: . : - .  . - 
. I. : . . . .  . . .  . .  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 .  125mL; 1 - . :  : ::'. ' 

. .  . _ _ .  . . .  

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 -  I - .  - 

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

. 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-nL a n d  
o t h e r  a p p r o p r i a t e  v o l u m e s .  

. . .  . .  
. . .  

. . .  3.3.1.4. Hot 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 .  . , 

. .  . . . - . . . . . . .  - . .  - - .. _ c .  :. ': 
. . . . . . . . . . . .  . . . . .  - ._ - .  . . . . . . .  3.3.1.6. S p e c t r o p h o t o m e t e r .  T o  m e a s u r e  . . - .  
. . .  . . . .  . .  . . . . . . . . .  . . . .  - a b s o r b a n c e  a t  540nm. . .  

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

. . . .  . . . .  . .  . . . . .  . . : I  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 .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  . . . . .  

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

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

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  

. . . .  . . . . .  

. . . . .  

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  and  
. . .  . .  . -  . . . . . . .  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 e c o r d e t .  

. . . .  3 . 3 . 2 . 2 .  Chromium h o l l o w  c a t k 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 :  Any 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  a p p r o p r i a t e  :temperat:u:re- - . .  
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a n d  t i m i n g  c o n t r o l 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  problems w i t h  t h e  
a n a l y s i s  s u c h  as  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 . ,  can  e a s i l y  
b e  r e c o g n i z e d .  

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  

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 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  Committee on  A n a l y t i c a l  
R e a g e n t s  o f  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 .  W h e r e  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 .  S a m e  a s  C A R B  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 .  Any 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  review o f  t h e  E x e c u t i v e  
O f f i c e r ,  is d e e m e d  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 ,  m a y  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  CARB 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  Water. 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  N e t h o d  
D 1 1 9 3 - 7 7 .  T h e  water  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 so lve  20.0 g NaOH a n d  
3 0 . 0  g a n h y d r o u s  Na2C03 i n  wa te 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 . 8 2 9  g of 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  
v a t  r ,  a n d  d i l u t e  t o  1 l i t e r  (1 mL - 1008 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 1 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  166 mL s u l f u r i c  a c i d  
t o  1000 mL i n  water. 

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

5 .  

4 . 4 . 1 .  ASTM T y p e  11 w a t e r  (ASTM D1193):  r e f e r  t o  s e c t i o n  

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 :  Ac id  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 b 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 . 3 . 1 .  

4.4.3. H y d r o g e n  p e r o x i d e  ( 3 0 % )  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  I1 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 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  ( 1 0 0 0 m g / 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 ,  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 )  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 d ,  d i s s o l v e  2.029 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  0,. 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  a n 3  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 ;  
I m L  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  m a y  b e  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 .  

SAMPLE COLLECTION, PRESERVATION, AND 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  u s e  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 .  All 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 .  



6.  PROCEDURES 

6.1 SAMPLE PREPARATION 

6.1.1. T h e  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 .  T h e  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  is 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 i n se )  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  Number 2 i n  a s e c o n d  125 mL 
P h i l i p s  b e a k e r  B. R i n s e  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  
beaker 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  1 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  q u a r t e r s  t h a t  a r e  d i a g o n a l  to 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  t w o  q u a r t e r s  of t h e  f i l t e r  f r o m  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  smal 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  analysis. 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 .  If t h e  p a r t i c u l a t e  matter 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  o n  t h e  f i l t e r ,  o n e  of 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 b e  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  is t o  s . i m u l t a n e o u s l y  
use t w o  m e t h o d  5 s a m p l i n g  t r a i n s .  T h e  
s a m p l e  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  sample 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  c h r o m i u m  a n a l y s i s .  

6 . 1 . 2 . 2  T h e  s e c o n d  o p t i o n  i s  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  b y  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 l  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  for  h e k a v a l e n t '  c h r o m i u m  
d e t e r m i 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 v s i s  DrOCedureS  a r e  i n  S e c t i o n s  6 . 3  

. . . .  . . .  . .  - . .  . -  . . .  
a n d  6.6. ' 

h 

- . .  
. . .  . . .  . .  . .  . . .  , -  . .  .; : . _  - .  ' 6 . 2  R e m o v a l  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 .  T h e  

. .  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-ci-d T .  . . . . .  
. .  

. .  - , . .  . . . . . .  s o l u t i o n  m a y  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  agents: . - .  - . .  ' 
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 u m .  P o t ' a s s i u m  . 

. 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 . 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 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  cuvet ' t -es ' .A ' 

. . .  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  nm 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  (uL). ~ - 
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  ( 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  IO- - 
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  
s t e p  m a y  h a v e  t o  b e  r e p e a t e d  a n u m b e r  of t i m 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  a m o u n t  of  p o t a s s i u m  perm'an-gante  - - . 

t h a t  is 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 . . .  - "  
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 X  %=i::f 

.~ . .  
.I ~ 

. .  . .  - .  . . .  
. .  

. . .  
. .  

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

. .  . . . .  

. . .  

. .  
. .  

. .  

. .  

. . .  

'' - : 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  fou-nd in:t 'h:e ' .  . - z  -: 

. . .  . - :  

. . . .  . .  . .  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  reagents5:" c . .  - r .  - 

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

. . . . .  . .  . . . .  . .  . .  
... . . .  . . .  , . - . .  ... . . . . .  

- L -  _ .  ~. 
. . . .  . .  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  of high-e-f  - - .  . .  

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  i n t o  I 
t h e  r e a g e n t s .  T h i s  i s  d o n e  by a s s u m i n g  t h a t  t h e  n u m b e l  - .~ 

. . .  . .  a r e  e q u a l  t o  t h e  number  o f  m i l l i e q u i v a l e n t s  o f  O . ; 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 . . 

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 .  

.1. 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 .  T o  b e a k e r  (A) a d ' d : 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 ) .  . Sha.ke . . . .  , - .. - . - .... - _ _. . -  .... - 

- .  . .. . _  s o l u t i o n  a t  room tempera ture  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 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  water.  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  . .  - 

. . . . .  . . . . .  
. . . .  . . . .  . . ' s i n t e r e d  g l a s s  f u n n e l  i n t o  a 150mL 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  f r o m  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 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  I+  0.2 w i t h  6N 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 .  Add 2.0 m l  o f  

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

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

- -  - - .  . . - :  t h e  s ame  w a y .  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 . .  . -  

. . .  o p t i m u m  w a v e l e n g t h  o f  5 4 0 , n m .  M e a s u r e  a n d  s u b t r a c t  t h e  I -  ' 

? . .  . . .  . . .  
1 -  - - ' - 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  - .  - 

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

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

a b s o r p t i o n  c e l l ,  a n d  measure t h e  a b s o r b a n c e  a 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 ,  if a n y ,  t o  o b t a i n  a n e t  
r e a d i n g .  If t h e  a b s o r b a n c e  f t h e  sample  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 ug C r + 8  s t a n d a r d  a s  d e t e r m i n e d  i n  

. . . . . . . . . .  
- 

. . . .  - -  ~ . -  
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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  water. R e p e a t  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 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  

Method  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. 

6.3.2 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 l 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  may b e  c o n d 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 .  

6 . 3 . 4  C h e c k  f o r  M a t r i x  E f f e c t s  o t h e  Cr+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  Cr+{ 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  o f  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  from 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  of - t h e  same s a m p l 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 n  b e t w e e n  6 a n d  10 ug  
o f  C r + k  ( 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 i  s o l u t i o n  t h a t  
c o n t a i n s  between 6 a n d  10 ug o f  C r +  . 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  
sample  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  = Ca & 
A t - A s  

Eq. 1 

w h e r e  : 

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

A s  = A b s o r b a n c e  of 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  sample 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 .  I f  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  d o  n o t  agree  t o  w i t h i n  10  p e r c e n t  
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 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  
s a m p l e s  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 .  

ug.  



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  on 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 .  Ref lu . :  t h e  s a m p l e  v o l u m e  
down t o  1mL. 

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  water 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  m e t a 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 rence  m a t e r i a l s .  

6 . 4 . 3  T h e  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  can  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 ime ,  t h e  v a l i d i t y  of 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 u 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  necessary  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  less 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  m a y  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  m a t i c e s .  

6 . 4 . 6  I n j e c t  a m e a s u r e d  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 .  I f  t h e  c o n c e n t r a t i o n  f o u n d  
is 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 ample  
s h o u l d  b e  d i l u t e d  i n  t h e  same 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  use o f  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 ro r s .  

6 . 4 . 7  Repeat  p r o c e d u r e  ( 6 . 4 )  f o r  b e a k e r s  D a n d  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 o i u m  

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 . 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  every 6 
mon ths .  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  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 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 f f i 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 p 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  can 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  o n  a n a l y t i c a l  chemis t ry .  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  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 F 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 .  O n c 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  is i n  proper 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  o 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 .  I f  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  b e t w e e n  530 
a n d  5 5 0  nm u s i n g  a 5 0  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  c e l l .  If 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  is o b t a i n e d  w i t h i n  t h e  530 
t o  5 5 0  nm 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  
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 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  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  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  b e  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  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  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  
o f  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  a d d e d  
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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 ,  - . . .  

C o n t r o l .  M u l t i p l y  t h e  a k s o r b a n c e  v a l u e  

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 i i m i n e : : . , .  : :  

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  line.. . :- = -  . . .  = - .  
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. . . .  
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. .  . .  t o  m o n i t o r  t h e  l i f e  a n d  p e r f o r m a n c e  o f  t h e  . : .  - :  :- :. , 

7.3.2. Run 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 -  lor-. ..:'. 

. . .  , . .  . .  g r a p h i t e  t u b e .  L a c k  o f  r e p r o d u c i b i l i t y  o r  : = '. : T~ : { - I -. : - . .  . .  . .  ~ . . . . . . . .  
~ . .  ~. . . . .  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 l 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 ,  a n d  c h e c k  s t a n d a r d s : : :  I I 

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

. . . . . . . .  . .  
. .  . . . . . . . .  - = . . - . - . . - . - -  - . .  . . . . . . .  . . . . . . . . . . . .  

. . . . . . . . . . . . .  
. . .  . . . . . .  - .~ . . . . . . . . . . . .  . .  s h o u l d  b e  r o u t i n e l y  analyzed.  - .  

. .  
. . . .  .~ . .  ': 

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

. .  

. -  

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

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

. . . . . .  . .  

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

~. 

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

. .  . .  
. . .  _ .  . .  

7.3.4 

. .  
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. . .  . -  . . . .  . . .  .~ - .  
C a l c u l a t e  meta l  c o n c e n t r a t i o n s  by ( 1 )  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 ,  o r  (2)  from a c a l i b r a t i o n . :  I i..::. - ? -  

c u r v e ,  o r  (3) d i r e c t l y  from 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  f a c t o r s  m u s t  b e  t a k e n  i n t o  accoy-ne.: + : : .  : 
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- ::. E 
s a m p l e s  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: : .  . - 

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

. . . . . . . . . . . .  . u g / g  d r y  w e i g h t ) .  .. . .  
. . . . . . . . . . .  ... . .  . . . . . . . . . . . .  

C a l i b r a t i o n  c u r v e s  m u s t  b e  c o m p o s e d  o f  a min imum 
o f  a b l a n k  a n d  t h r e e  s t a n d a r d s .  A c a l l b r a t i o n :  I: I 
c u r v e  s h o u l d  b e  made  f o r  e v e r y  h o u r  o f  c o n t l b . i o u s  I: l:T 

. . . . . .  . .  
. .  

. .  s a m p l e  a n a l y s i s .  . . . . . . . . .  
. . . .  . . . . . .  

. . . .  . . .  
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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  on t h e  
p l a t e a u  o f  a c a l i b r a t i o n  curve.  

7 . 3 . 7  Employ  a m i n i m u m  o f  o n e  b l a n k  p e r  s ample  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 .  

15 s a m p l e s .  
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  

7 . 3 . 9 .  Run one d u p l i c a t e  sample  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 . 1 0  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  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 . 1 1  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  o f  a l l  E P  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 . 1 2  T h e  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 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 . 1 3  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 rence  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  b e y o n d  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  r+6  i n  S a m p l e .  Calcu. la te  m C h ,  t h e  t o t a l  
u g  Cr"  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  is t h e  s u m  o f  t h e  masses 
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  o n  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  m c t ,  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  a c t  is 
t h e  s u m  o f  t h e  masses o f  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 .  

12 



Also t a k e  i n t o  a c c o u n t  t h e  necessa ry  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 c t .  

Or i f ice  P r e s s u r e  D r o p .  S a m e  a 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  Gas Meter 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 ,  Vo lume  of Water 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  Cr+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 ,  co r r ec t ed  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 + 6  E m i s s i o n  C o n '  e n t r a t i o n .  C a l c u l a t e  cs 

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 m  c o n c e n t r a t i o n  i n  
t g 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  M e t h o d  5 ,  S e c t i o n s  6.11 a n d  6 . 1 2 ,  ' 

r e s p e c t i v e l y .  

8. OTHER METHODS. 

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 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  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  c h r o m i u m  by flameless atomic a 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  a m m o n i u m  p y r r o l l d i n e  d i t h i o c a r b a m 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 a m e l e s s  a c c e s s o r y .  
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Ccrrecte6jEac2le  bclure:  
I-E r t i c c l c t e  Concertre t icr. : 
F i r  t i c u l i t e  Lr is sic.ns : 
Z t z c k  Flew: 
S t i c k  Velcc i ty :  
EZC Vapor In S t s c k :  
( E X  In Stsck i s  LLL.Ch Sc tura t icn)  
S t i c k  C a s /  Kcle \ ie i5ht (dry) :  
Ctcck Gas rc le  ; ; E i c k . t  (wet) : I 

'257.4C cut ic  f e e t  
t C  Ceg .F 
L.375 icckes 
C .  C13 
2 4 C .  LO n.inctes 
4 . 3 4  inches E 2 C  
d . & l  J ( inchez  1 : i C )  
8 9 . 5  n i - J l i l i t e r s  
13 2.4%?1 i 11 i g  r ar s 
17.5GO inches 
1 . b 7 G  q u a r e  f e e t  
& 2  t e g . F  
2 b . 6 C O  inches 1:s 
ZO.SL Cercoct 
C.GO Ferce r t  
C . G G  perccr.t 

5 4 . 6  percea t  
2 5 2 . 6 7  C S C F  (6t Ceg .F) 
C.OG&OS%?;in/CbCF (66 EE; . E )  

420; C C F i . ( d r y , i E ,  Cc5 .F) 
4 5 . E  feet/zeccnC 
1.6 percec t  

4 c . 2 5  12?i%/ t.r ..c/C( I18 fq& 

x.85 
z E . 6 7  



. . . .  SUE:I.RFY CF ' r w r  IXTA 
E'eteced Sangle b l u c e  47G.13 cubic f e e t  
I e t r r  TerTerature:  
1.czzle LiEre te r :  C .  375 inckes 
P i t c t  ~ u t e  C-Fzctcr: G.E21 
Sarpling l i r e :  420.00 kirutEE 
Avq : d e l t a  6 C r i f  i ce  € re s su re :  2.72  inchez H Z C  

1 6  2.2 I: i 11 i i i t e  r~ '. .' f Z C  i n  I r n ~ ~ e r A s r  i ~ &  S i l i c a  Gel: 

5teck J,ree: 2 .234  square i e e t  

t a r o c e t r i c  EreEscre:  ;&.5LL - i n c k s  H . 9  
CZ In Steck: i ( r . 9 C  Fercar.t 
C C i  In S t a c k :  L .6G pe:rcar.t 
CC In  Etack: 6 . G O  p r c r r i t  

C C  t e s  .F' 

. . . . .  . . . . .  . . . . . . .  . .  
. . .  . _ _ :  - .  c . 6 5  i ( inc thes  - E 2 C )  : : .  . . . . . . . .  

. . . . .  . . .  .. Avq.  j ( d e l t c  E Fit,ct Fressure)  : . .  
- .;s-- -. ' 

. . € a r t i c u l e t e  Cstck: . 3 . .  . . . . . .  /W.?XrD-#4y 7 C . 4 L % 1 1 1 1 g f ~ ~ ~  ' '  . . . .  
. . . .  . Eteck Ciren?icns:L= 2G.756 \i= 1 . 5 C O  incker : :  

. . . .  
C t ;c k Yer.y era t U T  e : 7G ceg ;F :. - .  . .  

CFLCbLA'TEL FE.SCLlS:  
I s ck inc t i c  F a t i c :  

. .  -CcrrecteC SarFle t c l u e :  
~er t icu ia te ,Cc~c .Qr , t r  c ' t  i c n  : 
E 2 r t i c  ul a t  e 15 is s i b s  : 

.. Stick Flow: 
Stack Velocity: 
H2C Vapor In  Steck: 
( 1 3 2 2  I n  Stack i c  ELLCL S a t u r a t i c n )  
Stzck Gas Lole \ ; e i ~ k t ( e r y ) :  
Stock Cas I t l e  LEiqkt(wet) : 

. . . .  
. . . . .  

. .  



FAFTI ICULATE EP.ISSIOKS TEST SUMPARY A&D RESULTS 

AFE-CSCC-Engr. Eva l .  Eranch 

C i i C L L i T E L :  i i C i L 1 C :  
I c c P i r.e t i c F2 t i c  : 

i c r i i i c i ? . c c  i;:.rccr t r i  t i c r . :  
> i L  t i c : i c c e  L r i r s ic r . : :  
C t c c k  iich: 
S t i c h  b e l o c i t y :  
K2C CaLcr IC Cteck:  
(€.X I n  S t i c k  i r  Z i K L  S z t c r e t i c n )  
Cteci. Ces I cle t.cicjt.t ( d r y )  : 
Ctcck. C e s  !.ole i 4 c i S h t ( b e t )  : 

C c r r E c t E C  :.zr:1r2 L c l l r c :  
- .  



PAFTICULATE EPIISSIOKS TEST SUKFARY ANC RESULTS 

AFE-SSCD-Erqr . L v s l .  Branch 

E r c j c c t  t iare:  P r ; e  P&&* ----- 
Rerar kE:- 3rD -- 
--- --- kQ6 c r  --e---- 

---- 
+A/ Cr SU:E:?FY CF TECl  E,PT? - 

I ' e t c r e i  Sery .1~  Volure 432.47 c u b i c  f e e t  
L e t e r  l e r p e r e t v r e :  C C  dC5 .F 
Ic :z le  c i a r e t e r :  C.375 i cckcs  
F i  t c t  Tcbe C-Fzctc.? : c.  E Z 1  
E c r ~ l i n g  T i r e :  4 i t i . G O  minctes  
P . V ~ .  d e l t a  E C r i f i c e  P r e s s u r e :  . r.25 inches l i 2 C  
F v g .  j ( L e l t e  E Eitct  P r e s s u r e ) :  C.66 j ( i n c h r S  ii;C) 

- 133.4 q i l l i l i t e r ?  
F a r t i c u l s t e  C t t c b :  6 € . ~  ,uo- 1 r ~ i l l i 5 r a r :  /Us I rlQ-'*f 
K2C i n  I s F i n g e r s  ar.? S i l i c a  Gel: 

,Cteck t icenEicns :L= 2 0 . 7 5 6  b i =  1 5 . 5 G C  i nches  
Etzck f r e c :  
E t zc k Tesye ri t ur e : 
1.Grcc.e t r ic Er E E sure : 
c z  Ir. Etcck:  
cc; IC Ctscir: 
CC I n  S.t;ck.: 

C i L . C U L F ? E C  F L c L L ' i :  : 
I z c k i n e t i c  r c t i c :  
Ccr rec tec '  Zcr[ . l c  Lclu ie :  
; c r t i c u l z , ~ c  C c r x c r t r r t i c r . :  
I. s r t i c c 1 i t e iI r is c i cr. c : 
: t i c k  F l c u :  
Cteck V e l o c i t y :  
L 2 C  V a p r  I n  S tack:  
( 1 . 2 2  In S t c c k  i z  ELLCI; S s t u r a t i c r . )  
,C tzcb  Cas 1 : G l e  i ; e i g h t ( d r y ) :  
Ztici; Ces h c l e  \;EiCt:t(wet) : 



.. ... . . .--.--,:< -.1(1,.. .-. .., .. -. 
.:' I. 

. . %  . 1- .: i. . . . . . ... - .. - 

TICULATE EMISSIONS TEST SmpARY AND RESULTS 

-SSCD-Engr. Eval .  Branch 

i I.C. c- #C -I&& -- 
j ec t tiane : 

arks: 7u 

P E l L .  P f i d b  
- 

Hi, C r  ----- 
MARY OF TEST DATA 
ered S a n p l e  Vo1w.e 
e r  l e r p e r a t u r e :  
; le C iame te r :  
c t  Tube  C-FaCtGr: 
p l i n g  T i r e :  . d e l t a  H C r i f i c e  P r e s s u r e :  . j ( d e 1 t a  k P i t c t  P r e s s u r e ) :  

t i c u l a t e  C a l c h :  
ck  C i a r e t e r :  
ck I r e a :  
ck S e n F e r a t c r e :  
- r e  t r i c  F r a s s c r e :  
I n  S t e c k :  

I n  S t z c k :  

i n  I r iF inge r s  enc S i l i c c  Gel: 

I n  S t a c k :  

C L L P T L L  FEELL:: : 
h i r e t i c  F z t i c :  
rec tc i  S a c : ~ l e  k l c r c :  
t i c L: 1 L t c C c  I'.CE r. t r i t i CT! : 
c i c c l c c e  L r i s 5 i c r . s :  
ck F l o v :  
zli V e l o c i t y :  

- Ir; Steck i s  EELCk. S s t u r e t i c c )  
c): Cas !-.ole i , : . s iqt . t (6ry) :  
ck. Gas r c l e  r ; c i g n t ( w t ) :  

i f i e d  bv: 

V a ~ c r  Ir. S t a c k :  - 

422.'21 c u b i c  f e e t  
bo Cea .F 
0.250-  i n c h e s  
6. El3 
4 2 0 . C O  m i n u t e s  
2 . 7 5  i n c h e s  Ii2C 
0 . N  J ( i n c h e s  H20) 
12 2.7 ~~$11 i 1 it e r s 
2 P 3 . G 1 % r l l i q r a r s  
1 7 . 5 C G  i n c h c c  
1 . b 7 t  s q u a r e  f c e t  
E C  2eg.F 
26.970 i n c k e s  39 
i C . S i  F e r c e c t  
Ca.CO p r c c r . t  
C . C C  p e r c e n t  

1 1 6 . 7  g e r c t r t  

4 4 . 6  f e e t / s e c c c c  
1 . 4  p e r c e r . t  

T E . 0 5  
Z E . 7 6  

- -- 
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AIHL ANALYTICAL RESULTS. 
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7 TO: 'ADDC] 
CDO 

SSD 
OTHER 0 
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. .  

I I . .  



z $f Giablishmenc Pvim H' ; S3Q r Lhce chis Report: 

Lab. No. 
Lnb. Use Only Lboncory Rnulu 

SAMPLE 
NUMBER 

3 D  

I - 

I 

3.z 



I '  I . 

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

-_ __ -. .- .- . . .  ~ . . i _  - . .  



1.0. No. 
UD'I OK CONTROL NUMDER 161-1 / I  0 1  61 PROJECT ENGINEER J)A ad Todd c d $ 

. 
4 t.0 

I- A F  L 1.0 

SF - t 1.0 

.- th 0 4 1.0 



TO: A D D O  
CD 0 

SSD @ 
OTHER 0 

AIH LlARB 
LABORATORY REPORT 

I.D. No. 

I Cl (a1 6 I - I 4 I PROJECT ENGINEER Dav;d Todd Rb m J l I Y  OR COh7ROL NUMDER 

n e  o'r Gtablishmcnt %itP ? $ d e r  Datc this Repcc.  

Lab. No. 
tr h b .  Use Only 

;!624 A 

. kboratory Rcsulu SAMPLE 
NUMBER 

T o t a l  Chromitm . &a PC r $ i t e r  

ID 7 7. 3 

I I . 

Icl 
2D 
20 

I 30 
30 

- 

_.. 

natura of Cltcmists Involved : Signature of Supcwisins Chemist Date 

40.5 
I 3 2 . 4  
37.5- 
I 2 3  d 
74.2 



jignarura of Chcmhts lnvolvcd: mte 



AlHLlARB .- .. 
LABORATORY REpORT 

TO: A D D 0  .. - -  

. . .  I . -. , - .  - v; .... .... - -- .  '. 
. .... 1 <, __I. ___ ~ 

. -  - I : .- 
.- - .  . . . .  - .............. - -  -. . __ .. 

~~ ~~ 

.. . .. ____ . - .. -. -. - 

. .  ___. ............... 
... .. - ........ ....... 




