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NIRRT REPORT s0
REF. 4—
TRUESDAIL L_LABODRATARIES, INC. /\
W‘? .
¢4||- 14201 FRANKLIN AVENUE
CHEMISTS - MICROBIOLOGISTS - ENGINEERS : \\::39 TUSTIN, CALIFORNIA 92680
RESEARCH - CEVELOPMENT - TESTING w® AREA CODE 714 e 730-6239
AREA CODE Z13 ¢ 225-1564
Parmaco Pacific, Inc. CABLE: TRUELABS
CLIENT  11¢l W. Struck Ave, ° pate July 21, 1987
Orange, CA 92667 )
Attention: Bob Weaver RECEIVED June 7, 1987
SAMPLE ' LABORATORY NO. 17413

Inlet and Outlet of Scrubber serving Chemical Bath
P.O. #51091

INVESTIGATION

This report applies only to the sample, or samples, investigated and is not necessarily indrzative of the guality or condition of ap

Totzl Chrome, Cr+é

RESULTS -

On June 9, 1987, representatives of Truesdail Laboratories, Inc.,
conducted tests to determine the total chromium (Cr+*) and hexava-
lent chromium (Cr+6®) emissions of a scrubber serving the chrome
dip tank at Pamarco Pacific in Orange, California. The inlet and
cutlet of the scrubber were sampled simultaneously for three
hours. CCuring the test period, two part changes were made.

The sampling train consisted of a‘'glass sampling probe ccnnected
with Teflon tubing to a set of Greenburg-Smith impingers charged
with 200 mls of distilled water and followed by a glass fiber fil-
ter, a vacuum pump and a dry cgas meter, The inlet sample was col-
lected at 18 traverse points for 5 minutes each. The outliet.sam-
ple was collected at 12 traverse point for 15 minutes each.

The flue gas flow rate was determined before the sampling period
by measuring the average velocity head with a Standard Pitot tube
and a Magnehelic édifferential pressure gage, and by measuring the
average temperature with a Chromel-Alumel thermocouple and a
Micromite potentiometer. :

The sample filters and impinger solutions were analyzed separately

for total chromium by atcmic absorption spectroscopy and for

hexavalent chromium by the diphenylcarbacide colorimetric method.

The results were as follows:

arently identical

or similar products. As a mutual protection to clients, the public and these Laboratories, this report is submitted and acccpl:dpfor the exclusive

use of the clienr to whom it is addresscd and upon the condition that it is nci to be used ir whole or in part, in any
without prior written authorization from these Laboratories. ’

advertising or publicity matter
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TRUESDAIL LABORATORIES, INC,

PAMARCO PACIFIC

Flue Gas:

Temperature, °©F
Static Pressure, in. H3O
Velocity, ft/sec
Flue Dimensiocons, in.
Flue Area, sq. ft.
Flow Rate, 'ACFM

, SCFM

., DSCEFM
Moisture, % by vol.

Chromium:

Sampling Time

Sample Volume,

Concentration,
Total Cr
Cr+6

Concentration,
Total Cr
Cr+6

Emission Rate,
Total Cr
Cr+6

DSCF
PFR

mg /m3

lbs/hr

Concentration, mg/l

Total Cr
CI+6‘

Removal EBfficiency, %

6-9-87

Ecrubber

Inlet

68
~1.95
34.7
21 x 36
5.25
10,931
10,638
10,393
<Z.3

(11:00 - 14:03)
122.45

-

0.0436
0.0320

0.0830
0.0610

0.003

-
!

0.0027

Scrubber
Outlet

68
~-0.005
33.3
30
4.91
9,819
9,602
9,352
2.6

(10:59 - 14:03)
118.21

0.0015
<0.0007

0.0028
<0.0014

0.0001
<0.0001

§§rubber H-50

675
500

97.30
>96.3

Respectfully submitted,

TRUESDAIL LABORATORIES, INC.

S. Hugh Brown, Supervisor
Air Pollution Testing
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F. Concen tration, 15.43 x A/E, grains/DSCF
G. Stack Gas Flow Rate, DSCFM _

H. Emissions,

Date: &3
Sanplins Locstion: Putrtarco —Fatdin Baro:ae:ric Pre%.s{tjel 20‘ i
Test No. Tirlex Nozzle Diameter: 25
— Gas Meter It 3*:‘ .
nger
Reading | Press. | Temp. | Temp. BOH‘}\ Put
cu. ft. | in. HxO| ©F oF Sample TN
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D. Total Semple Volume, Vm + C, cu. ft.__ & /i7.%5- /.74 A
E. Sample Volume, 'x 520  x B.P. + Pm/13.6 Hoi...tu «eerr,, DSCF 129,97
TS T e &5 e =

€0 x G x F/7000, lbs/hr




" E. Sample Volume, D x

‘TRUZEDAIL LABORATORIES, INC.

Date:

émﬁ%

Sazpling Location: PodhaCu - C«- e Barometric Pressure:
Test No. %b&%f:- Nozzle Diemeter: .'ZS T
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B. Condensate Volume, ml.
C. Condensate Vapor Volume, 0.00267 X 460 + Tm  x B, cu. ft.
B.P + 13.

D. Total Sample Volume, Vm + C, cu. ft.

F. Concentration, 15.43 x A/E, grains/DSCF
G. Stack Gas Flow Rate, DSCFM
H. Emissions, 60 x G x F/7000, lbs/hr

520

460

+

x B,P. + Pn/13.6 x Moisture corr., DSCF
29.9 '




‘T IUEBDAIL LALORATORIES, INC.
Sampling Locatien: Pubmiwo Poo (e

Date: é/‘?/ﬁ‘

Barometric Pressure: A G"‘
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Gas Meter .
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D. Total Sample Volume, Vm + C, cu. ft.
E. Sample Volume, D x 520 x B.P. + Pm/13.6 x Moisture corr., DSCF
: T80 + Tm 29.9 '
F. Concentration, 15.43 x A/E, grains/DSCF
G. Stack Gas Flow Rate, DSCFM
H. Emissions, 60 x G x F/7000, 1bs/hr
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. TRUEBDAIL LABORATORIES, IKC.

Sampling Station

FAMARCO

IVLe T

Percent Water Vepor in Gases

Date _9/7/87
[ ¢
WATER VAPOR AND GAS DINSITY CALCULATIONS

A. Gas pressure at meter, in. Hg. (absolute) 29.7 4
B. Vapor pressure of water at impinger temp., in. Hg. , 289/
C. Volume of metered gas, cu. ft. 1 27,90
D. Volume of water vapor metered, B X C/A, cu. ft. [, 24
E. Volume of water vapor condensed, cu. ft.
F. Total volume water vapor in gas sample, D « E, cu, ft.
G. Total volume of gas sample, C + E, cu. ft.
H. Percent water vapor in sampled gzs, 100 x E/G < LS
GAS DENSITY CORRECTION FACTOR -

) Wt./Mole
Component Volume Percent/100 x Moisture Correction x Mol, Wt. = Wet Basis
Water . 1.0 18.0
Carbon Dioxide Dry Basis ) / 4.0
Carbon Monoxide Dry Basis ,/’//, : 28.0
Oxygen Dry Basis ,3/ 32.0
Nitrogen & Inerts Dry Basis J/’//’ , ;;. 28.2

yARS
— ‘

Average Molecular Weight

J. Density of gas referred to air = Av, Mol. Wt. =

K. Gas dernsity correction factor =[ 1.00
' dJ

28.95




TRUESDAIL LABDRATORIES, INL.

Sampling Location: P"\"‘VLC o ?_.\ ‘( _ Sl:atn.c Prc.ss.:tleﬂ l:- '
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. TiXUEBDAIL LACORATORIES, INS.
armGrco

Date: 6’? / &

Sampling Location: ouT Barometric Pressure; 7 1, &4
Test No, . Nozzle Diameter: J4
Gas Meter ”
Impinger
Reading | Press. | Temp. | Temp.
, cu, ft.| in, HO| ©F OF Sample { (M
-~ Time vm Pm m Ti Point
0 11osd v ] 59 |70 j— | & Ay
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~ -
' A
A. 'I:ot.al Weight
B. Condensate Volume, ml. 30
C. Condensate Vapor Volume, 0.00267 X 460 + Tm __ x B, cu. ft. ].73
. B.P + 13.
D. Total Sample Volume, Vm + C, cu. ft. 125.2¢
E. Sample Volume, D x 520 _ x B.P. + Pm/13.6 x Hoistu:e-'gorr , DSCF l l 8,2\
_ 060 + Im .9 et
F. Concentration, 15.43 x A/E, grains/DSCF
G. Stack Gas Flow Rate, DSCFM C\ 351 .
H.

Emissions, 60 x G x F/7000, lbs/hr
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. TFU&;BBAIL LACORATORIED, INC.
R ?Q NARCO Pacitic

Sempling Station OULET | Date E’/ ‘T! 57
WATER VAPOR AND GAS DENSITY CALCULATIONS

Percent water Vapor in Gases

A. Gas pressure at meter, in. Hg. (absolute) 2.9, 7‘{

B. Vapor pressure of water at impinger temp., in. Hg. , 3764

C. Volume of metered gas, cu. ft. - /2 @, o6&

D. Volume of water vapor metered, B X C/A, cu. ft. .57

E. Volume of water vapor condensed, cu. ft. _ /0'753

F. Total volume water vapor in gas sample, D + E, cu. ft, = 3¢

G. Total volume of gas sample, C + E, cu. ft. ' l123,.72¢g

H. Percent water vapor in sampled gas, 100 x F/G 2,62

GAS DENSITY CORRECTION FACTOR ' -

S L Wt./Mole

Component Volume Percent/100 x Moisture Correction x Mol. Wt. = Wet Basis
~ Water » 02¢ - 'IO 18.0 |

Carbon Dioxide Dry Basis ) 192 ‘f 44,0

Carbon Monoxide Dry Basis . 238.0

dxygen ‘Dry Basis ' | 22.0

Nitrogen & Inerts Dry Besis K A7 2.2

| ,///// T
/ P*k "
Average Molecular Weight

J. Density of gas referred to air = Av. Mol. Wt. =
' 28.95

K. Gas density correction factor =/ 1.00 =
) J

r
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RUESDAIL LABORATORIES, INC.
==
Al
CHEMISTS - MICROBIDLOGISTS - ENGINEERS : \/

RESEARLCH - CEVELOPMENT - TESTING

Parmaco Pacifie, Inc.
CLIENT 11061 W. Struck Ave. )

Orange, CA 92667

Attention: Bob Weaver

ek g, 7out
AN

4201 FRAKKLIN AVENUE
TUSTIN, CALIFORNIA 92680
AREA CQUE 714 e 730-6239
AREA CODE 213 e 225-1564
CABLE: TRUELAESBS

paTeg ouly 21, 1987

RECEIVED June 7, 1987

LAEORATORY NO. 17413

SAMPLE
Inlet and Qutlet of Scrubber serving Chemical Bath
P.0. #51091

INVESTIGATION

Totzl Chrome, Crt+é

RESULTS

On June 9, 1987, representatives of Truesdail Laboratories, Inc.,
conducted tests to determine the total chromium (Cr*) and hexava-
lent chromium (Cr+®) emissions of a scrubber serving the chrome
dip tank at Pamarco Pacific in Orange, California.
outlet of the scrubber were sampled simultaneously for three
hours. During the test period, two part changes were made.

The inlet and

The sanmpling train consisted of a-'glass sampling probe connected
with Teflon tubing to a set of Greenburg-Smith impingers charged
;ith 200 mls of distilled water and followed by a glass fiber fil-
ter, a vacuum pump and a dry cas meter, The inlet sample was col-
ach. The outliet.sam-
ple was collected at 12 traverse point for 15 minutes each.

lected at 18 traverse points for 5 minutes e

The flue gas flow rate was determined before the sampling period
by measuring the average velocity head with a Standard Pitot tube
and a Magrehelic differential pressure gage, and by measuring the
average temperature with a Chromel--Alumel thermocouple and a

Micromite potentiometer. :

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

The results were as follows:

This rgi)ort applies only to the sample, or samples, investigated and is not necessariiy indizat
or simi

ve of the quality

ar procucts. As a mutual protection to clients, the public and these Laboralories. Lhis report is submitted and accepte

P

or condition of agparcmly identical
for the exclusive

use of the clicntto whom it is addressed and upon the condition that it is nci 1o be used in whole or in part, in any advertising or publicity matter

without prior written authorization from these Laboratories.




?REESDAH.LABORATDRES.INC.

PAMARCO PACIFIC

6-9-87
Scrubber Scrubber
Flue Gas: : Inlet Outlet
Temperature, °F 68 68
Static Pressure, in. H>O -1.95 -0.005
Velocity, ft/sec 34.7 33.3
Flue Dimensions, in. 21 x 36 30
Flue Area, sqg. ft. 5.25 4.91
Flow Rate, ACFM 10,931 9,819
, SCFM 10,638 9,602
DSCrM 10,393 9,352
Moisture, % by vol. <2.3 2.6
Chromiums: ‘
Sampling Time (11:00 - 14:03) = (10:59 < 14:03)
Sample Volume, DSCF 122.45 - 118.21
Concentration, ppn
Total Cr _ b 0.0436 0.0015
crtb 0.0320 <0.0007
Concentration, mg/m3 ' .
Total Cr ’ 0.0830 0.0028
Ccr+6 - 0.0610 <0.0014
Emission Rate, lbs/hr -
Total Cr 0.0037 0.0001
cr+é 0.0027 <0.0001
Concentration, mg/1l : §brubber H50
Total Cr 675
cr+é 500
Removal Efficiency, %
Total Cr 97.30
cr+6 >96.3

Respectfully submitted,
TRUESDAIL LABORATORIES, INC.

S. Hugh Brown, Supervisor
Air Pollution Testing




- TRUCESDAIL LABCRATORIES, [NC,

AFPENRDIX




TRUESDAIL LABDRATORIES, ifvt.

. . . -, \(
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W llead | Tomp. |city hed) Head | Temp. | city IS Head | Temp. | eits
- Point| },0" °F | £t/scc Point| H,0". °F fr/sec; Point] H-0" °F £4/ s
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A AVERAGE V"LOCI‘II (:r* ?.s..)£~lrec Lo 34_-70” C?’ i : .
B. P.EE.:.REHCB POINI vm.om (:tmvzasr) ftfse-.c 1 )
"C. AVERAGE .'m.ocxn (PSFE".ENCE PT. ) ft/sec K
_“D. FLUE FACTOR C/B ' '
_E. PITOT "'UB“‘ copmcwow FAC’IOR > O
_-F. GhS DENSITY coam:cnm FACTOR
G. CURP.ECTED VELOCI‘IY, AYEXF, ftl sec
o , or, AXDXEXE , ft/sec
; o - 525
H. AREA OF FLUE,. sQ. FT.
* 3. AVERAGE FLUE TRMPEPATURE, °F b
K. FLOW BATE, G x # x 60, CEM "‘5_;..0 3.4
L. FLOW RATE, K x _ 520 _ x BR + Ps/13.6, SCPM (3¢
o 460 + J 25.9 _10e 30
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TﬂUEBDML LABORATORIES, INC.

F. Concentration,

G. Stack Gas Flow Rate, DSCFM _

15.43 x A/E, grains/DSCF

Date: &3
Smpling Location: PutaneLd ~Padie Baro;e:ric Prgs{u?e/ 20’ A
Test No, Tinle X Nozzle Diamzter: A
(as Meter Iminger 3"&. .
Reading | Press., Tg:lp. Tgtix._p. BO’T‘\ - put
. .} in. H ; TN
rime | ¥ Pn 2 Tn T1 Sgﬁnf Cﬂ\\ s
O Lot )29l SO |7 | yg | 2 | 6]
S1 ARSI Y% D8 19T
DL et 3079 Tue 1 3 [
LRI 39 120 | Yh
A AW IS [§0 tuy | M| %0
o ndnaa ] Go [ go | ug
e 8R4 30 | F | UK S 150
o Y [ T I I T2
2l tqéli%e2ql O 1421 ug o . 50
53\ Do gy | Y .
2% 90 [§9 1 9¢ | | .59
Wioz Po2. 44 90| %6 | Y
Loy podqql 1.
%0 | L3 95 {44
Helght Lo;lecit:ar;t g:'afs T 83,
A. Total Weight
B. Ccndenszte Volume, ml.
C. Condensate Vapor Yolume, 0.00267 X 460 + Tm X B, cu. ft.
' B.P + Pn/13.6
D. "I‘otal Sexple Volume, Vm + C, cu. ft. Lo T EZ- li /A& G
E. Sample Volume, 'x 520  x B.P. + Pm/13.6 x Moi...tur:ewr DSCF 152 Y
T80 + Im 29.9

H. Emissions, 60 x G x F/7000, lbs/hr




. 'VRUEEDAIL LABOCRATORIES, INC.

Sazpling Location: PedhorCu ~ CJ- M &

Date:

6917

Barometric Pressure:

46 A

Test No. e Nozzle Diemeter: 28
a3 keter 7 3
- S Lo dind
Imping oA \
Reading | Press, Tgnp. ngp.er‘ N ot C;{\k ?dl\_ ‘E_J,l' (50“0;4
. ft.] in. HO F F zpl — Yoa " -~ e

Tire cuvm mpm | m 'ri S;ﬁn: ?{ ) (12134 ‘17.301'
Lo\ nae] st ™H 14y | 2 |3
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ETEERTEE N e B T O IG5
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S\ 99 BS1 76 | YUS

S (Sl 3l s T S 169

Dol 9l 0 | 20| US

RIS EDIIEES 5 6%

IGISTA] 60 | Y] US

<iissga] Lo | ¥ | U5 T

eS| o5 | Y YS
5oV IGLAl ~— | —~ -~
Weight Collected, grams N
A. To'tal Weight
B. Condensate Volume, ml.
C. Condersate Vapor Volume, 0.00267 X 460 + Tm x B, cu. ft.

B.P + 13.
D. Total Sample Volume, Vm + C, cu. ft.
~ E. Sample Volume, D x 520 x B.P. + Pm/LB__Q x Moisture corr., DSCF
460 + T 29-9 '

F. Concentration, 15.43 x A/E, grains/DSCF
G. Stack Gas Flow Rate, DSCFM

Emissions, 60 x G x F/7000, lbs/hr




Date: é/“!/ﬁ

Barometric Pressure: LA Gp‘

‘T UEBDAIL LAEORATORIES, INC.
Sammpling Location: VPubiiwo Too (it

Test No. A e Nozzle Diemeter: 257
Gas Meter .,
Impinger (oMl Qe \, 2hd
Reading | Press. Tg:@. Tgm. :IQ,QT v O 5!! TN
cu. ft. in- H F F Sal"D e % . .
Time Vo Pm 20 Tm T1i Point CEN\ Q_J \1'..?/’\ 20 s
looflirq bl o 165 [N | 2 | %5
(05 658N D 16K |49
JOo 8T M MO Lk LT S A0
BEEIRCEHENIEES R
e 10 1301 49 1 Y e
Cioom 1 252 [ 20 1 Y\
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Lofiobvd ] o | ol U AT
1066y ) 20 Y>S
L (Oc\,t‘! MY | 30 \l’l;. - 'S5
SN N [ e ] YD .
A19.58] A5 1 701 4y ‘ H2
o as Ta]ds
R VI L —
it Collected TS s ASSA
Weight Collected, gra:s CrL e i 7
Nebo Ol Vares  L12%% v T oen At Bl
- ‘ : LA NS M )
: AR e
A. Total Weight
B. Condensate Volume, ml
C. Condensate Vapor Volume, 0.00267 X __ U460 + Tm x B, cu. ft,
. B.P + F/13.6
D. Total Sample Volume, Vm + C, cu. ft.
E. Sample Volume, D x _ 520 x B.P. + Pm/13.6 x Moisture corr., DSCF
: TE0 + Tm 29.9 '
F. Concentration, 15.43 x A/E, grains/DSCF
G. Stack Gas Flow Rate, DSCFM
H. Emissions, 60 x G x F/7000, 1bs/hr
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Sampling Station

. TRUEBDAIL LABORATORIES, IKC.

fAmarco

vteT

Date éé//ﬁ/é3;7

WATER VAPOR AND GAS DZNSITY CALCULATIONS

Percent Water Vepor in Gases

A.
B.
c.
D.
E.
F.
G.
H.

Volume of metered gas, cu. ft.

Gas pressure at meter, in. Hg. (absolute)

Vapor pressure of water at impinger temp., in. Hg.

GAS DENSITY CORRECTION FACTOR

Component

Volume of water vapor condensed, cu. ft.

Total volume of gas sample, C + E, cu., ft.

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

Total volume water vapor in gas sample, D + E, cu, ft.

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

h
)

Wt./Mole

Water

1.0 18.0

Volume Percent/100 x Moisture Correction x Mol. Wt. = Wet ZBasis

Carbon Dioxide

Dry Basis

44.0

Carbon Monoxide

Dry Basis

26.0

Oxygen

Dry Basis

Nitrogen & Inerts

Dry Basis

Z 32.0
28.2

/

~

Jl

Averzge Molecular Weight

Density of gas referred to air = Av. Mol. Wt. =

2B8.95

K. Gas dernsity correction factor =} 1.00 =
) d

«




TRUESDAIL LABORATORIES, INU,

REFLRENCE POIIT" VELOCI'IY (IPJLVERS.:.) ft/ sec

AVERAGE mocm (r:rnvzncs PT. ) ft/sec i

FLUE FACTOR c/B

sﬁ O’.

PITOT ""U'B"" CORREC"‘IO"I FAC’IOR

GAS DDHSI’IY CORRECIIOWI FACTOR

CORP.EC'IE‘D VELOCI’T'! st.-:.xI' ft/ sec

&

p————

'OT, AxDm:.I‘, ftlsec

AREA OF FLUE,- sQ. FT.

AVERAGE FLUE TEPERATURE, °F

FLOW P&'T'E G xH x 60 C'E"l

x BP + Ps/13 6 "‘SCFM
29.9

520
460 + J

FLOW RATE, K %

Sampling Locata.on- P"\"vi ¢ e ?__\ ( . Stat:.c Prcés Jr:i ;C-
;OO :
Test No.: \_)m R 331‘2"3:7;&&:4&? P:'Sc‘s'su:e: .
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7 T oe fes DPANT= 125 lop [monl |
ey L o0 My et ¢ 1,22 164 13138 |
S L as ley (33450 ¢ ) 22 1 o5 1330
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T N Y LS N Y =34-\.\- 5 J»‘r- g5 12153
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I ] - )
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- TLUEBDAIL LACORATORIES, INS.

Date: (5‘*":] / o

Sempling Location: armarcfayr Barometric Pressure; 2 %.&1
Test No. - Nozzle Diameter: /4 N
Gas Meter .
Impinger
Reading | Press. | Temp. | Temp.
R cu. ft.] in. HC} ©F oF Sample | JTHM
:; {Time v P Tm T1 Point
o Ligsalaszl 594 [0 |— | & -
st 4l o3.90) , 60 17224 449 =) 79 e
R ,' ~ b " —
115 ] 64710 ,'7’:73 72| 45 - 10 o L
oo RO '_': 11' . - > ~—;’2 A ",. - -2 : ; 1 o , : :)_
.o \ “_rl - - : - - . Y B [ e a lm -
oprtieal asee| o N |49 pmem——— L o
T2 925,04 60O [ T=181 A ISR -
. =T
N2y {9504 V', 78 1712 | 50 £ EE
lZL_B?ﬁiOG.l’) , 10 1A G < N
slwsllnew | Sef14 | 56~ - | 20
22120312958 581706 157 ” G5
< LB 1RRe0 1 S8 | O | 53 g 2
P 13331482 .57 |82 184 -
30113.44[ 15326 | .55 -1 5 .4 62
as| 1BoHyene] , 25 134 | S5 |-
124080 {3106 | Bl
r\,\ .C‘ 2 "f" -
Weight Collected, grems B -
Trimzg TFaz > (1307 oor
\ -
' A
&. Total Weight
B. Condensate Volume, ml 30
C. Condensate Vapor Volume, 0.00267 X 460 + Tm _ x B, cu. ft. ].73
. P+ 13.
D. Total Sample Volume, Vo + C, cu. ft. 125,79
’ 414 ‘
E. Sample Volume, Dx 520 x B.P, + Pn/13.6 x Moisture corr., DSCF { l 8.2\
060 + Tm 29.9 ht
F. Concentration, 15.43 x A/E, grains/DSCF
G. Stack Gas Flow Rate, DSCFM ‘1352- _
H. Emissions, 60 x G x F/7000, lbs/hr
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. TBUE}BDAIL LACORATCRIES, INC.

Pa narco Pacitic .
Sgmpling Station outiLeT ' Date f/ 1! 57

WATER VAPOR AND GAS DZNSITY CALCULATIONS

Percent Water Vepor in Gases

A. Gas pressure at meter, in, Hg. (absolute) 242,74

B. Vapor pressure of water at impinger temp., in. Hg. P 37 ¢

C. Volume of metered gas, cu. ft. : 12 4, A&

D. Volume of water vapor metered, B X'C/A, cu. ft. ’o'S?

E. Volume of water vapor condensed, cu. ft. / : 73

F. Total volume water vapor in gas sample, D + E, cu. ft. 2 3¢

G. Total volume of gas sample, C + E, cu. ft. ' /1 23.7¢g

H. Percent water vapor in sampled gas, 100 x F/G 2,42

GAS DENSITY CORRECTION FACTOR ' -

o L Wt./Mole

Component Volume Percent/100 x Moisture Correction x Mol, Wt. = Wet Basis
~ Hater . 024 S .’!‘1.0 18.0 |

Carbon Dioxide Dry Basis ) 197 ‘f 44,0

Carbon Monoxide Dry Basis ) 23.0

Ixygen Dry Basis ) | _22.0

Nitrogen & Inerts Dry Basis 1 ,/’//‘ 28.2

N
*’Egg;age Molecular Weight

J. Density of gas referred to air = Av. Mol. Wt. =
' 28.95

K. "Gas density correction factor =/ 1.00 =
) J

Fa




St Tl T

Famar co

OUTLET »
v Arte
O.o2pmen = | He > e

_—

2 Vg LA [ 255574,

O.02 e L0779 4 g [Hnimsi X 2Ll o IEETaet y ST x L

e SEZLA 1821 DEF

)

= / 0.0015 /"‘Z { FEry Co ’___Z ‘-

(PLE T _ y
¢ Ak
0. e 2pm & - ’”/é’ > e

A

. ! o 1oy ads 7.3k fotronk , LSCE
C.¥ 78 ¢ 0. Y253 X [Mar's pALZmE ) fegoss g LECE L
A

sample  wict Jwdk zEEsA 2245 DSCF
— =
= /0. 0%32C é{ &P .‘/vf/ .

/Cg:/:‘am:;-.:/: Hro = 75 TEle C 7

-




N >3 + G
Famhrco

QUiLE 7 .
.y Pty yI &
<o.cifs O © = Ve P T

<0. ¢ /}}.'_i x . ‘}'/??/( x ”7.’»"}’;’6"{.(_ X &£ Z. 7 2, J ’.{ /&?/T,_,a,;. ; I:/_}n: y ;

. £ L e Y - . e 7
A L7 .)4;?' ézf Tt /. 'f'/ ~5 524 ML Dsef

: . 7
.." . M -’f f e
- /L o o007 7e (PPm) 7/

-

1IIE 7 .
e

/r/.? . .
0.9 fom nTC . TG = Y
&'.50'7).;0 x £.¥22 L )(_L-f/_r/)___,:;{c y 27-2 2l 1 ferp st LIZF ;i

< 20077 Jmamel )T A ZEB2A (22.95 PS5~

= /g.c:’;}‘a% - P LTF 7 )

r""—'—'_'-_:-—f ——
I mi :
| cetoprzt A0 -  sTC ?A, 276 ]




/o 7 o>

ﬁ%ﬁﬂﬂtfo
OQUTLE T
e A ” 7
O O PR oLl T <_
- - P -~ .« r
O 02 s g0 %i7R & fZiz g L N AT

- e . 3
L S2EDL 421 050F : ”

‘ o]
s 2
’ o . / /}f;

; .= ’A
0,68 oy x C9RE 0 v Dser o Lo x fezlL -] 0,57E0 Ve . ]

QUi a7 :
P AWES
5. ol PP I g L
- s, . —-_—"—-—'
, . / "/’""/f , *
- L e L e - Py, . LS
(0,01 s g STTEL L2 p LA = iloooly i
£ e S NF 2 IEIE i
JILET i
— /ﬁff/
p- {olJp/r" A - "
- ’
S
- , /I‘ /iff _ P f
T A Sl vy » ! T Y L
G, E-D raha X [P PP - v 7 s Lo 0_9//0 /
4 S7E I ek 27




Firco ‘

1AL Ca e *C |
14 : 165, ' AMNE s . L&, —
peme) | e pomy e
HLE T 0.0¢3%6 0.0820 O-0037 0.0320 ©.06r0- o.c027
BN 2.00!5 0.002F  £.120/ <0. 0007 <o.coly Lo 020/
- |
SCRUELEL "Zz e 75 DO

Lernova L 5FF/C/6UC?:

e

COIAL _Cr ' 0.0037-00001( /aaA-_/’"?Z 2075 (o /
£.0037
) L .
AT 2 00027 70,0001 00 - p% 35 & 7
* -____‘_____.-—

o.0027




Background Report Reference

AP-42 Section Number: 12.20

Background Chapter: 4

Reference Number: 51

Title:

California Air Resources Board Test
of Price Pfister, Inc.

April 1987




State of California
AIR RESCURCES BOARD

PRICE PFISTER, INC., CHROMIUM PLATING TANK 1
'TOTAL AND HEXAVALENT CHROMIUM EMISSIONS

Engineering Evaluation Branch
Test Repart

C-86-106

Report Date: April 3, 1987

APPROVED

WM Project Engr.,

esting Sectton

[ & y Hanager.

Testing Sectwn ’
s ST

/-’/“’ , 41 4”*4.’-::’% Chief,
ng neering Evaluation Brang




PRICE PFISTER, INC., CHROMIUM PLATING TANK #1
TOTAL AND HEXAVALENT CHROMIUM EMISSIONS

This report presents an estimate of emissions from Price Pfister, Inc.,
Chromium Plating Tank #1. These emission estimates are based on tests
performed by the Afr Resources Board (ARB) staff using a draft ARB test
method. The results have been reviewed by the staff and are believed to be
accurate within the 1imits of the method. However, data are usually affected
by the test method and process variables which are sometimes not apparent
during the tests. The data should not, therefore, be necessarily considered

typical of a specific source or industry until the effects of such variables

are known and taken into account.
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State of California
AIR RESOURCES BOARD

PRICE PFISTER, INC., CHROMIUM PLATING TANK #1
TOTAL AND HEXAVALENT CHROMIUM EMISSIONS

Engineering Evaluation Branch
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' State of California File No. 86— /O¢

AIR RESUURCES BOARD

Division of Implementation & Enforcement

L Engineering Evaluation Unit
WATER VAPOR CALCULATIONS y///
tpndard Conditions.ég"F and 29.92 in. Hg Pee heaks dredk ._:::;/
(4]
Anbient Conditions §& °F and 29,bin. Hg tosk Leak creck 2
Gas Volume Impinger Meter Orifice Volune of Vater
Time | Through Meter | Temp. Temp. Pressure Collected in Impinger
(Vm), Ft? {Ti), °F (Tm), OF |(ph),in. B 0] (Vy ), ml
‘ 749. 748 41 48 5.7 Final 20\
0917 156 45 <4 | S. 85 | Initial 200 _
WsLEWR 2.4 2 5.8 8 oy silica s
092 70,45 ¥ 5L d
0932 777 oSl 4 S, -
. Net (V1) q wl

(20-3Y) 27.9%.
A. Gas Volume Metered (Vpgig)

Pas = Bar + (/13.6) = (28.(p) + Lf) . AB:Id in- Fe

Y FRRA L Y rr ana0s
Vmgtq =392 in. Ha T - (ag28) (A ?;;);‘E éﬁ.)'m_) = _A OCF

B. Volume of Water Collected (Vy,,,)

0104 04707
| Vwstg = (m7£gj (Vig) = (3;09‘#51!-) ( Q) = “ 49  scF
al _ _

~

C. Moisture Content in Stack Gas (Bw) in Percent

WEgE+B X = ‘
(q720+042) S .
D. If calculated moisture content {¢) is % OF H,0 AT SATURATION
greater than at saturation temperature -
(e.g. 2129F or below) use the table TEMPe] B |TEMPLL % TENR) % |
for moisture content. [ M0 | "F | Hp0 | F | Mo
50 { 1.2 | 130 | 1s5.1] 180 | 51.1
. 60 1.7 | 140 | 15.7] 185 | 57.0
N 70 | 2.5 { 150 | 25.3] 1s0 | 63.8
() 80 | 3.5 | 1s5 | 28,7 195 | 70.8|¢
~ S0 | 4.8 | 160 | 32.3( 200 | 78.5{.
: . 100 6.5°f 165 | 36.4{ 205 | &7.0{~
110 ) 8.7 | 170 | ¢0.8! 210} 96.2
4120 11,5 | 175 | ¢s.7] 212 |100.0
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Division of Tmplementation & Enforcement
Engineering Evaluation Unit

QR -23

State of California

AIR RESUURCES BOARD

File No. 86— /0G

WATER VAPOR CALCULATIONS pie  fost
Btandard Conditions £0°F and 29.92 in, Bg Lk V (S% 7o/
/3:]
Anbient Conditions 70 °F and 2960 in. Hg
. é;f’f ld2 j:\/df/
Gas Volume Impinger Meter Orifice Volune of VWater
Time Through Meter { Temp. Temp. Pressure Collected in Impinger
(vm), F£# | (Ti), °F (ng, OF |{ah),in. B0} (V3 ), ml
00 A7, 2 ' XY Final o
O 224, 350 ] 5.5 Initial- 20>
win 3 232, 7 S0 ] S, = 29 _
2%k 2y B¢ S { 5,5 ~
2753 50 3.5 Net o) gud
A. Gas Volume Metered (Vpgiq)
1.7* 7
: 5 29, in, H
Pna = Ppap + (AH/13.6) = (26,40 ) + ‘13 >) TR e Hg
_ ° Y. P 17 64
Vmgpq = =20 B mma _ (iZgy (129332774 ) -1 . 850R
29.92 i0. Hs Tm ; ( 510 )

B. Volume of Water Collected (Vy,,.)

Vwsta =

hl

C. Moisture Content in Stack Gas (Bw) in Percent

B =72eE

D.

B 100

( .3765¢) -

H{z f-37lr5‘;)

27.77

1f calculated moisture content {c) is

greater than at saturation temperature
(e.g. 212°F or below) use the table
for moisture content.

x 100 =

0,04 707 04207 , ‘
= (&mzﬁf (V1p) = (Solél) ( ¥ ) =0:3765¢ SCF
ml

T e

' -

" OF HZO AT SATURATION

—

rewes | % yewel| 4 [vemn] % !
F Hy0 | °F Hao | °F Ha0 .
50 1.2 ] 130 | 15.1] 180 | 51.1
60 1.7 1 140 | 19.7] 185 | 57.0
70 2.5 | 150 | 25.3} 190 | 63.6

80 3.5 1s% | 28.7} 195 | 70.8]"
$0 4.8 | 160 | 32.3] 200 | 78,6
100 6.5f 165 | 36.4] 205 | 87.0
110 8.7 | 170 | 40.8] 210 ) 96.2
J120 11,5 | 175 | ¢5.7] 212 {100.0
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CALIFORNIA ATR 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. 1In 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 {PRICE PFISTER, INC3J
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 sanpling 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.

CHROMIUM EMISSIONS 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.




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711

Apr~il 20, 1989

MEMORANDUM
SUBJECT: Acceptability of Test Reports
FROM: Frank R. Clay cgéc

Field Testing Section, EMB, TSD (MD-14)
TO: Andrew Smith
Industrial Studies Branch, ESD (MD-13)

Attached are three test reports that have been reviewed for
acceptability. None was acceptable and the reasons are given
below.

Attachment

cc: Dallas Safreit
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Price Pfister, Inc., Chromium Plating Tank #} ‘
Total and Hexavalent Chromium Emissions ce

 SUMMARY TR

The Air Resources Board (ARB) has identified hexavalent chromium as a. .

toxic air contaminant. Because of this, sampling was requested by the ARB. . .

. Toxic Pollutants Branch to determine chromium emissions from a_“decorative® .
chromium plater. Samples were collected at Price Pfjs;er. Inc. on November. 18 ..
through 20, 1986, by the staff of the Engineering Evaluation Branch (EEB) of .

~the ARB. The samples were analyzed by the Departmegg_qfcﬁea1thngrvicess -

(DOHS) Afr and Industrial Hygiene Laboratory (AIHL)ifgr_éutél ghgggjum.gng:‘“:: .

hexavalent chromium,

Chromium is applied by electroptating from a plating solution in
which it is present as hexavalent chromium, an anjon in a high exidation
state. Electroplating is accomplished by applying a high amperage, low
. voltage (5800-6800 amps, 6.5 vo1ts)_d1rect current (dc) power .through the.

:plating solution. The material to be plated is hung .from the .negative, .or fp ez
:-cathode, bus bars of the plating tank. Anodes are hung from the positive.bus ...
bars. Chromfum plating is only 8-20% efficient. A major reason.for the
; inefficiency is the disassociation of water molecu]es‘1ﬂ_;he_p1ating solution
by the electrical current. This results in the release .of hydrogen gas at-the -
cathode and oxygen at the anode. A portion of the plating solution is
entrained with these released gases, which are vented for safety reasons. At

Price Pfister, these gases are passed through a scrubber and then vented to

the atmosphere. The scrubber is used to recover some of the vented plating




solution and return it to the plating tank. According to the operator, 99% of
the total chromfum returned to the pilating tank should be hexavalent chromium
or product quality could deteriorate,

Sampling and analysis for hexavalent and total chromium samples was
conducted in accordance with the ARB's Draft Test Method 425 (Determination
of Total Chromium and Hexavalent Chromium Emissions from Stationary Sources).
The results of the‘sampl1ng, analysis, and other data are shown in the Summary
Table. Emissions from the plating tank (before the scrubber) ranged between
0.14 x 1073 1b/hr and 0.42 x 10”3 1b/hr for total chromium and

6.2 x 1073 -3

and 0,39 x 10 ~ 1b/hr for hexavalent chromium. Emissions
after the scrubber ranged between 0.20 x 10°° 1b/hr and 0.21 x 10™3 1b/hr
for total chromium and 0.09 x 107 1b/hr and 0.10 x 1073 1b/hr for
hexavalent chromium. Scrubber efficiency for preventing the release of
chromium ranged between 9 and 52'percent for total chromium and 57 to 74

percent for hexavalent chromium,

—ii-




Summary Table

Test Data For
Price Pfister., Inc.

1. Run Number
2. Chromium Emissions
a. Before Scrubber, 10- lb/hr
b. After Scrubber, 10- lb/hr
¢. Scrubber Efficiency, percent
3. Chromium in Scrubber Water

d/
a. Total, mg/ml

d/
b. Hexavalent, mg/ml
4. Plating Tank Data
a. Tank Temperature, degrees F
b. Tank Surface Area, ;q. fr.

c. Electroplating Amps

d. Chromie Acid Conec., oz/gal

1 2 3
a/ b/

Total Hex. Total Hex. Total Hex.
0.42 0.29% 0.14 0.21 0.23 0.39
0.20 0.0 0.21 Q.09 0.21 0.10

c/
52 66 NC 57 9 74

26 21 23

1% 16 21
100 =00 100
48 48 48
ﬁOOD 6000 6000
30 3o 30

al

Total - Total chromium including hexavalent chromlium

b/

Hex. - Hexavalent chromium
c/

NC -~ Not Calculated
d/

99% of the total chromium in the scrubber water should be hexavalent chromium according

to the operator.
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I. INTRODUCTION

The Air Resources Board (ARB) has identified hexavalent chromium as a
toxic air contaminant. Subsequently, the Toxic Pollutants Branch of the ARB
requested the Engineering Evaluation Branch (EEB) of the ARB to conduct an
emissions test to evaluate hexavalent chromfum emissions from a "decorative"
chromium plating operation., Price Pfister, Inc., in Pacoima was selected for
testing and testing was conducted on November 18 through 20, 1986. The
samples were analyzed for total and hexavalent chromium by the Air and
Industrial Hygiene Laboratory {AIHL) of the Department of Health Services.
The objectives of this test were to:

1. Determine total and hexavalent chromium emissions from a

*decorative” chromium plater.

2. Determine the efficiency of the wet scrubber used by Price Pfister

for controlling chromium emissions,

3, Determine if it 1s necessary to stabilfze the sample filters

immediately after sampling as part of the test method development.

At different times during the ARB eva]uaiion test, parallel samples were
collected by the South Coast Air Quality Management District (AQMD) and
Truesdail Laboratories. Truesdail Laboratories is a contract laboratory
commissioned for the Metal Finishing Association of Southern California Inc.
Matt Dunn of Dames and Moore, Santa Barbara, observed the evaluation test for
the Metal Finishing Association.

II. Conclusions

Emissions of total chromium (including hexavalent chromium) at Price

Pfister ranged from 0.14 x 10-3 1b/hr to 0.42 x 1073 1b/hr before the

scrubber and 0.20 x 1072 Tb/hr to 0.21 x 10> Tb/hr after the scrubber.

gmissions of hexavalent chromium at Price Pfister ranged from 0.21 x 10'3

21-




3 1b/hr before the scrubber and 0.09 x 10'3 1b/hr to

1b/hr to 0,39 x 107
0.10 x 10'3 1b/hr after the scrubber. Scrubber efficiency ranged from 9 to
52 percent in removing total chromium and 57 to 74 percent in removing
hexavalent chromium from the exhaust.

The number of samples was too limited to détermine if treating the
sample filters on site had any effect on the hexavalent chromium analytical

resul ts.

II1., PROCESS DESCRIPTION

Price Pfister is classified as a "decorative" chromium plater. In
“decorative" chromium plating, chromium is applied in a thin layer
(0,00001-0.000002 inches) to produce a bright and decorative, as well as
corrosfon and abrasion resistant, surface. In “hard" chromium plating, the
other classification, chromium ts applied to steel surfaces in thicknesses of
0.0001-0.010 inches to build up worn parts and provide abrasion resistant
surfaces such as those seeﬁ on hydraulic rams and cylinders.

The chromium is deposited onto the surface of the base material by
electroplating. Electroplating operations, including cleaning, rinsing,
plating, and post piating treatments, can be manual or with any degree of
automation that is desired. Price Pfister's operation is basically automatic
due to the consistency of the parts that are plated.

The parts to be plated can either be suspended by wires or racks before
being submerged into a tank containing plating solution. At Price Pfister,
the parts are suspended by racks. The chromium fs deposited onto the material
surface from a solution in which it is present as hexavalent chromfum, an
anfon in a high oxidation state. Along with chromium acid, the aqueous

solution usually contains a small and carefully controlled amount of catalyst




fon, such as sulfate. The necessary direct current {dc) power for

- electroplating is supplied by rectifiers and applied to the plating tank by

"bus bars. Anodes are hung from positive bus bars and the” item to be plated is '

hung from the negative or cathode bus bars. Tank voltage and current are

monitored with voltmeters and ammeters. h

" Chromfum plating 1s one of the most difficult electroplating operations;
temperature, current density, and bulk composition are kept within a
relatively narrow range. With respect to electric current.ihhrbmiuﬁ;piatfng-
is only 8-20% efficient. Much of the electric current is used converting
water in the plating solution into hydrogen and oxygen gases. This results in
the off gass1ng of hydrogen at the cathode and oxygen at ‘the bﬁoﬁéi":Thé":'ff ST
re]ease of these gases from the plating tank causes aﬁgi}ay that carries some’
of the p1at1ng solution w1th the gases., For safety reasons the spray must be
_vented For economic reasons, the spray is usually vented thrﬁughiéléérubbe} 

to recover some of the plating solutfon. Part of the scrubber water is then

used as makeup to replace some of the lost plating solution. ~ According to the

operator, 99% of the total chromium in the scrubber water Should be hexavalent : =~ -

Ch'°m1“m or product quality could deteriorate. I
: nuring the three days of emissions sampling, Price Pfister tried'to  °

maintain consistant plating conditions. Table 1 shows ‘the operating =

‘parameters and conditions during the 3 days of testing, =z

. SAMPLING LOCATIONS AND METHODS S

Hexavalent and total chromium samples were collected dcto?ﬁ?ng‘%azb}E?f' )

WARB Stationary Source Test Method 425 (Determination of Total Chromium and

Hexava1ent Chromium Emissions from Stationary Sources). A type s pitot tube

was used to determine stack gas velocity. Moisture conteht‘wa%zﬂbterm%héﬂf'—: S




a/

Table 1

Operating Data During Emissions Testing
For Price Pfister, Inc., Chromium Plating Tank #1

Tank Number

Plating Tank Data

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

Plating Solution Data

a. Chromic Acid
b. Sulfuric Acid, total
¢. Solution Yolume

Power Data

a. VYoltage
b. Current

Rack Dataif

2. Number

b. Full racks,
- Tuesday, 11/18/86
- Wednesday, 11/19/86
- Thursday, 11/20/86

Depth of Chrome Deposited

100°F
48 sq. ft.
12 ft x 4 ft

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%

78%

83%

0.01 mils in 3 1/2 minutes

During a normal work day at Price Pfister, 160 racks per hour {(or 1280

racks per day) passed through tank 1.

through tank 1 have parts.

Not all of the racks that pass

Some are empty and those empty racks are

not necessarily evenly distributed throughout the day.

. .




as specified by ARB Method 4 (Determination of Moisture Content in Stack
'Gases). Dry molecular weight (CO, COZ, 02, Nz) was estimated based upon
atmospheric concentrations. Figure 1 shows the sampling locations before andi
after the scrubber, 5
Draft Method 425 is similar to ARB Test Method 5 but with special

requirements. Those special requirements for sampling chromium at Price
Pfister included the use of glass-11ined stainless steel sampling probes,
spectal teflon coated glass-fiber filters, and specially prepared acetone and
.dist111ed water., Hexavalent chromium is very reactive and the purpose of
these special requirements was to prevent the loss of hexavalent chromium
after it was collected. Also, the acetone and deionized distilied water used
for sémp1e recovery were analyzed before and after sampling to document their
chromium content and the presence of fmpurities that would react with the
hexavalent chromium. Appendix A contains a copy of Draft Method 425,

| For analysis, a1i samples were split as described in Method 425, One
half was analyzed for hexavalent chromium and the other half for total g
chromium. For the first two sample runs (a sample run includes two sample i
trains, one before the scrubber and one after the scrubber), the hexavalent E
half of the filters were placed in an extraction solution (sodium hydroxide ;
and sodium carbonate in water) immediately after they were collected. The

hexavalent half of the third run was not placed in the extraction solution

affected the hexavalent chromium results.

v, TEST RESULTS

|
|
until it arrived at AIHL in Berkeley. This was done to determine if the delay
|
'i
|
!
|

The analytical results and other test data are shown in Table 2. The \
sample analytical results are presented acéording to the parts of the sampIinﬁ
i

train that were analyzed separately. In general, the larger particles are f

|

|
5- |
i
|
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collected in the sampling probe before the sample filter. Finer particles
pass through the probe to be collected by the filter. And still finer
particles can pass through the filter to b; collected in the impingers and
sample lines after the filter,

Based upon the test results, overall scrubber collection efficiency for
total chromium ranges between 9 and 52 percent and for hexavalent chromium
between 57 to 74 percent. The data indicates the scrubber is more efficient
{n collecting the larger chromium containing particles than the finer chromium
containing particles. The data also indicates the use of recirculated
scrubber water may be a contributing factor to the scrubber's marginal
performance in controlling the finer chromium containing partié1es. This may
be due to the presence of chromium in the water recirculated to the scrubber's
sprayers. Samples of the recirculated scrubber water used in the spray
contained from 21 to 26 mg of total chromium and 16 to 21 mg of hexavalent
chromium per mil1l1{liter of scrubﬁer solution. (According to the operator, 99%
of the total chromium in the scrubber water should be hexavalent chromium.}

Results of the study to determine if treating the filters on site fs
effective in reducing hekava1ent chromium loss are presented Table 3., Table 3
compares the concentration {ug/dscf) of hexavalent chromium collected on the
treated and untreated filters. The f11tef sample results do not indicate the
untreated filters are 1o§ing hexavalent chromium relative to the treated
filters. But because of the variation in concentrations and the limited

number of samples, no specific conclusions can be reached.




Table 3

Comparison of Filter Results For
Hexavalent Chromium

RUN # 1 2 3 Avg

I. Concentration, ug/DSCF
A. Before Scrubber

1. Treated Filterd/ 0.02 0.09 0.06
2. Untreated Filterd/ 0.10 0.10

B. After Scrubber
1. Treated Filter 0.15 0.28 0.22
2. \Untreated Filter - 0,29 0.29

a/ In the field, after sampling, the hexavalent chromium half of the
treated filters was treated with the sodium hydroxide and sodium
carbonate extract solution. The untreated filters were not treated
until Yater at the lahoratory.




VI. QUALITY CONTROL

Hexavalent chromium is very reactive and collected in very low
concentrations. The emphasis of the various quality control teéhn1ques is to
prevent the loss or contamination of hexavalent chromium samples. For that
reason all sample containers both in the field and the laboratory were made of
glass or teflon and prewashed with specially prepared detergents, acids, and
defonized distilled water. Other quality control techniques are diécussed
below.

A. SAMPLING

When collecting samples the only recommended probes are quartz or
glass-1ined probes. Any other probe material, including stainless steel,
could contaminate the collected sample. Teflon coated glass-fiber filters are
the recommended filter media. During laboratory sample recovery and
preparation, the uncoated glass-fiber filter can release silicate from the
filter material which, when acidified, becomes silicic acid. fhe silicic acid
exists in the recovered sampie as a suspended particulate that interfers with
the colormetric analysis of the sample. The teflon coating greatly reduces
.the amount of silicate that is released from the glass fibers.

The defonized, distilled water used for impinger catches and the acetone
used to rinse samples from the probes and impingers were provided by AIHL.
Both were pre-analyzed for hexavalent chromium and other impurities by AIHL
and stored in glass or teflon containers,

B. SAMPLE RECOVERY AND ANALYSIS

The Taboratory method for recover1ng and analyzing the samples for
hexavalent and total chromium is similar to that for ARB Method 5 samp}es.

However, AIHL determined that parts of the Method 5 sample recovery and

-10-




analysis will cause some of the hexavalent chromium to be 1ostifromathe§§émp1e

© . because of the reactivity of hexavalent chromium. To prevent this, the ’
T T:%Biiﬁw}ﬁgvcﬁanges were made. A1l solvents containing samples are reduced in =
B ;vo]ufné- a.t- zmom temperature rather than in an oven at 1656(3;64‘3(25!;5.6'1:-5!; o
' reactivity of hexavalent chromium increases with temperature.’ Some of the ~°
‘‘‘‘ analytical reagants were treated with potassium permanganate to remove the "
" reducing agents that would react with hexavalent chromium during sample " " i
recovery and analysis.

-11-




APPENDIX A

ARB DRAFT TEST METHOD 425




State of California
AIR RESOURCES BOARD

Method 425

Determlnatlon of Total Chromium and Hexavalent Chromium
Emissions from Stationary Sources

Adopted ., 1986




METHOD 425: DETERMINATION OF TOTAL CHROMIUM AND
HEXAVALENT CHROMIUM EMISSIONS FROM STATIONARY SOURCES

1. APPLICABILITY AND PRINCIPLE
1.1 Applicabdbilircy.

This method a pliés to the determinatien of hexavalent
chromium (Cr*°) and total chromium emissions from
stationary sources.

1.2 Principle.

Particulate emissions are collected from the source by

use of CARB METHOD 5. The collected sample is divided

into two equal portions with one portion used for total
chromium analysis and the other portion for hexavalent

chromium analysis.

1.2.1 For the hexavalent chromium analysis the
collected sanmple portions are extracted in an
alkaline solution and analyzed by the
diphenylcarbazide c¢olorimetric method.

1.2.2 For the total chromium analysis the collected
samples muyst be prepared in order to convert
organic forms of chromium to inorganic forms, to
minimize organic interferences, and to convert the
sample to a suitable solution for analysis.
Samples are then subjected to an acid digestion
procedure, Following the appropriate dissolution
of the sample, a representative aliquot is placed
manually or by means of an automatic sampler into
a graphite tube furnace. The sample aliquot is
then slowly evaporated to dryness, charred
(ashed), and atomized. The absorption of hollow
cathode radiacion during atomization will be
proportional to the chromium concentration,

2. RANGE, SENSITIVITY, PRECISION, AND INTERFERENCES

2.1 Range.

2.1.1. Hexavalent chromium. A straight line response
curve was obtained in the range 1 ug Cr¥%/100 ol
to 20 ug Cr*°/100 mL. For a minimum analytical
accuracy of + 10 percent, the lower limit of the




2.2

2.3

2.4

2.5

range is 2 ug/l100mL. The upper limit can be
extended by appropriate dilution.

Sensitivity.

2.2.1. Hexavalent Chromium. A minimum detection limit
of 1 ug Cr*¥®/100 oL has been observed (9.1).

Precision for hexavalent chromium. The ovgrall precision
for sample collection and analysis for Cr*® was
determined at a ferrochrome smelter, a3 chemical plant,
and a refractory brick plant. Replicate Method 5 filters
with both high and low particulate loadings were
analyzed. The relative standard deviations were less
than 10 percent in all cases.,

Interferences,

2.4.1. Interferences of hexavalent chroosium., Molybdenum,
- mercury and vanadium react with diplhenylcarbazide

‘to form a color; however, approximately 20 mg of
elemeants can be present in a sample without
creating a problem. Iron produces a yellow color,
but this effect is not measured photometrically
at 540 nm. No interference was observed at the
sources listed in Section 2.3.

2,4,2 Interferences for total chromium.

2,4.2.1. The long residence time and high
concentrations of the atomized sample in
the optical path of the graphite furnace
can result in severe physical and
chemical interferences. Furnace
parameters must be optimized to minimize
these effects. If the analyte is not
completely volatilized and removed from
the furnace during atomization, memory
effects will occur, If this situation
is detected, the tube should be cleaned
by operating the furnace at higher
atomization temperatures,

2.4.2.2. Nitrogen should not be used as the

purge gas because of a possible CN band
interference,.

2.4.2.3. Low concentrations of calcium may cause
interferences; at concentrations above
200 mg/L calcium's effect is constant,
Calcium nitrate is therefore added to
ensure a known constant effect,

If other techniques or conditions are used in the




analysis of total chromium and/or hexavalent chromium:
then the tester is required to substantiate the data-
through an adequate quality assurance program approved
by the Executive Officer, : :

<::-:- 3.  APPARATUS

--Any other sampling apparatus which, after review-by:the- - . : : =
Executive Officer, is deemed equivalent for the purposes. of‘
this test method, may be used. DenEntu s

3.1 Sampling Train. Same as CARB Method 5, Seixion‘é.l. L
except use a glass lined stainless steel probe..:. T

3.2 Sample Recovery. Same as CARB Method 3, Section 2.2.

3.3 Analysis. The following apparatus and materials are
needed.

- - 3.3.1. Analysis of hexavalent chromium. T

3.3.1.1. Philips Beakers. Borosilicate, 125mkL,.-: : :--:-
with watchglass covers, oot sl

3.3.1.2, Filtration Apparatus. Vacuum unit - : -.
constructed of glass, to acconmodate"f-
sintered glass funnels.

3.3.1.3. Volumetric Flasks. 100-mlL and

other appropriate volumes.

3-3.1-40 HOt Platen ' =

_;';;z 3.3.1.5. Pipettes, Assorted sizes, as needed. ;‘e;;
-j:;:::;-:}-:i?-_— 3.3.1.6. Spectrophotometer. To measure N
il oten it _roic absorbance at 540nm. 11T

.- 3,302, Analysis of total chromium.

3.3.2.1 Atomic absorption spectrophotometer: Tvooos
Single or dual channel, single~ or ol
double-beam instrument having a grating
monochromator, photomultiplier detector, . LT
ad justable slits, a wavelength range of ST
190 to 800 nm and provisions for TTer
simultaneous background correction and
s interfacing with a strip chart recorder.

cieToLE o IiTaTIon, 3.3.2.2. Chromium hollow cathode lamp or o

sax -l a2 o electrodeless discharge lamp. T

3.3.2.3. Graphite furnace: Any graphite furnace
.- Ce device with the appropriate ‘temperature -




4. REAGENTS

and timing controls.

3.3.2.4, Strip chart recorder: A recorder is
strongly recommended for furnace work so
that there will be a permanent record and
so that any problems with the
analysis such as drift, incomplete
atomization, losses during charring,
changes in sensitivity, etc., can easily
be recognized.

Unless otherwise indicated, all reagents must conform to
the specifications established by the Coomittee on Analytical
Reagents of the American Chemical Society. Where such
specifications are not available, use the best available grade.

4.1

Sampling. Same as CARB method 5, Section 3.1. except
Teflon-coated glass fiber filters are used. Any other
sampling method which, after review of the Executive
Officer, is deemed equivalent for the purposes of this
test method, may be used.

Sample Recovery. Same as CARB Method 5, Section 3.2.

Reagents for hexavalent chromium.

4.3.1

a.s.z.

&.3.3.

b.3lh'

4.3.5,

4.3.6.

Water, Deionized distilled, meeting American
Society for Testing and Materials (ASTM)
specification for type reagent - ASTM Test Method
D 1193-77. The water should be monitored for
impurities.

Extraction solution. Dissolve 20.0 g NaOH and
30.0 g anhydrous Na,C0O, in water in a l-liter
volumetric flask, and dilute to the mark. Store
the solution in a tightly capped polyethylene
bottle. Prepare fresh monthly.

Potassium Dichromate Stock Solution. Dissolve
2.829 g of analytical reagent grade K,Cr,05 in
watgr, and dilute to 1 liter (1 mL = %008 ug
Cr*%)

Potassium Dichromate Standard Solution. Dilute
10.00mL potassium dichromate stock solution to 100
ol (1 mL = 100 ug Hexavalent Chromium) with water,

Sulfuriec Acid, 6N. Dilute 166 mL sulfuric acid
to 1000 oL in water.

Acetone. Acetone will be of spectroscopic grade.




4.3.6. Acetone. Acetone will be of spectroscopic grade.

4.3.7

4.3.8
4.3.9

Diphenylcarbazide Solution., Dissolve 0.5 mg of
1, 5-diphenycarbazide in 100 ml acetone. Store
in a brown bottle. Discard when the solution
becomes discolored.

0.1%2 Potassium Permanganate Solution

0.01% Potassium Permanganate Solution

4.4. Reagents for total chromium

4.4.1.

4.4.2.

&.4.3.
4.4.4.

&oA-So

&.a.6.

ASTM Type II water (ASTM D1193): refer to section
4,3.1.

Concentrated nitric acid: Acid should be analyzed
to determine level of impurities. If impurities
are detected, all analyses should be blank-
corrected.

Hydrogen peroxide (30%) optional.

Calcium nitrate solution: Dissolve 11.8 g of
calcium nitrate, Ca(NO3),.4H,0 (analytical reagent
grade), in Type II water and dilute to 1 liter, If
the instrument manufacturer recommends a different
matrix modifier then use that reagent.

Chromium standard stock solution (1000mg/L):
Either procure a certified aqueous standard from a
supplier (Spex Industries, Alpha Products, or
Fisher Scientific) and verify by comparison with a
second standard, or dissolve 2.829 g of Potassium
Dichromate (K2Cr 05, analytical reagent grade) in
Type I1 water and dilute to ] liter.

Chromium working standards: These standards

should be prepared to contain 1.0%2 (v/v) HNOg4;
1oL of 307 Hy0, and 1mL of the calcium nitrate
solution may be added to lessen interferences.

5. SAMPLE COLLECTION, PRESERVATION, AND HANDLING

5.1

5.2

Sample collection., All samples are collected from the
source by use of CARB Method 5.

Sample handling and preservation. All sample containers
must be prewashed with detergents, acids and Type II

water,

Glass containers are suitable,




6. PROCEDURES

6.1

SAMPLE PREPARATION

6.1'1.

6.1.2.

The sample is collected in the probe, impingers
and filters, The filter is placed in container
npumber 1. The probe is rinsed with acetone
solvent and the rinse is placed in container
number 2, Place half the contents of Container
Number 2 (the acetone probe rinse) in a 125-mL
Philips beaker A,  Place the other half of the
contents of Container Number 2 in a second 125 ol
Philips beaker B, Rinse Container Number 2

with acetone and transfer half the rinse to
beaker A and the other half of the rinse to
beaker B. Evaporate both beakers to dryness.
Place half the contents of the impingers in
beaker C and the other helf in beaker D. Rinse
the impingers and place half of the rinse into
beaker C and the other half into beaker D.
Evaporate to dryness. Take the filter from
Container Number 1 and divide it into quarters.
Take the quarters that are diagonal te each other
and place them into beaker E. Then place the
other two quarters of the filter from Container
Number 1 into beaker F. - Cut each filter quarter
into small pieces, Save beaker A,C and E for
hexavalent chromium analysis. Save beaker B,D and
F for total chromium analysis,

If the particulate matter is not homogeneously
distributed on the filter, one of the following
alternative procedures may be followed.

6.1.2.1 The first option is to simultaneously
use two method 5 sampling trains. The
sample filter from one of the sample
trains is to be used for total chromiunm
analysis and the other filter from the
other sample train will be used for
hexavalent chromium analysis.

6.1.2.2 The second option is to change the
extraction procedure. The entire filter
is subjected first to the alkaline
extraction, followed by filtering and
then by acid extraction. Then both
extracts are halved and one acid extract
portion is combined with one alkaline
extract portion for the total chromium
analysis., The other alkaline extract




portion is used for hexavalent chromium
determination. The extraction and
analysis procedures are in Sections 6.3
and 6.4,

6.2 Removal of reducing agents in the reagents. The -
' extraction solution (4.3.2) and the 6N sulfuric acid -~
solution may contain small amounts of reducing agents: = ¢ - -
that can react with the hexavalent chromium. Potassiuam - ’
permanganate is added to these reagents in order to-=7 e
‘neutralize these reducing agents. CoE =
Pipette 3 mlL of the extraction solution into cuvgptes'K‘ ‘
and B, Use cuvette A as 8 sample cell and cuvette B as a
reference cell. Zero the instrument at 528 nm with both -
cuvettes, Wait 10 minutes. Add an adequate amount (ulL)
of 0.01%2 potassium permanganate solution to (4.3.9)
cuvette A. Enough should be added so that after 10
minutes a slight change in absorbance is observed.”: This
step may have to be repeated a number of times in order
to determine the required amount of potassium permangante-
~ that is required. From the change in absorbance,§‘=-- S

"‘needed to nuetralize the reducing agents found inm ‘the " '¢ *.:7°¢
reagents. Then pipette the proper volume of higher -°-- °°
concentration 0.1% potassium permanganate solution into - ¢
the reagents. This is done by assuming that the number
of milliequivalents of reducing agents in the reagents ---- - --
"are equal to the number of milliequivalents of 0.1%% - '*-<"- *° 7
potassium permanganate pipetted. This procedure is -~ ~ "¢
repeated with the 6N sulfuric acid solution.

) 6.3 Hexavalent Chromium sample preparation. T
Tt Sample digestion and preparation. To beaker (A) add 25 ShE ool
mlL of alkaline digestion solution (Section 4.3.2).  Shake _ )
fix---2%%--%-" golution at room temperature for 30 minutes. = .- - LE oIl
o .7 " Quantitatively transfer the solution to the filtration -EE
S et apparatus with water. Filter the solution through the RS
- - - ---gintered glass funnel into a 150mL recieving beaker. TrAL T
Transfer the filtrate from the filter flask R
quantitatively to a 100mL volumetric flask. Fill to a -
SRR volume of approximately 75mL to 85mL. TR E Ok

Adjust the pH to 1+ 0.2 with 6N percent sulfuric “acid. - I
Shake carefully to release carbon dioxide., Add 2.0 ml of =~ -~-°
diphenylcarbazide solution, and dilute to volume with e
--* -+ -7° water, Allow the solution to stand about 10 minutes for ‘* -7~°°-
"7 ' color development. For each set of samples analyzed, TET
fi-: *: - “-treat an identical aliquot of reagent blank solution in 73 :7
_*-'*--"" the same way. Transfer a portion of the sample to a 5-cm ~~-- "
",-%- " --" absorption cell, and measure the absorbance at the eLTEs
-f 7T - optimum wavelength of 540 nm. Measure and subtract the
reagent blank absorbance reading, if any, to obtain a net
reading. If the absorbance %f the sample exceeds the
absorbance of the 100 ug Cr*°® standard as determined in




Section 7.2.2, dilute the sample and the reagent blank
with equal volumes of water. Repeat this procedure for
beakers C and E.

6.3.1

6.3.2

Reagent Blank Preparation. Take a
representatative amount of acetone and a blank
Method 5 filter and proceed as in Section 6.3.

Silica Gel Weighing. Weigh the spent

silica gel (Container Number 3) or silica gel
plus impinger to the nearest 0.5 g using a
balance. This step may be conducted in the
field.

6.3.3 Analysis.,

6.3.&

Check for Matrix Effects op the cr*6 Results.
Since the analysis for Cr*° by colorimetry is
sensitive to the chemical composition of the
sample (matrix effects), the analyst shall check
at least one sample from each source using the
method of additions as follows: Obtain two equal
volume aliquots of the same sample solution. The
aliquozs should each contain between 6 and 10 ug
of Cr*% (less if not possible). Spike one of the
aliquots with an aliquot of standard soclution that
contains between 6 and 10 ug of Cr*°, Now treat
both the spiked and unspiked szmple aliguots as
desgribed in Section 6.3. Next, calculate the

Cr*® mass Cs, in ug in the aliquot of the unspiked
sample solution by using the following equation:

Cs = Ca As Eq. 1

t-As
where:
Ca = Cr+6 in the standard solution, ug.
As = Absorbance of the unspiked sample solution.
At ='Absorbance of the spiked sample solution.

Volume corrections will not be required since the
solutions as analyzed have been made to the same
final volume, If the results of the method of
standard additions procedure used on the single
source sample do not agree to within 10 percent
of the value obtained by the routine
spectrophotometric analysis, then reanalyze all
samples from the source using this method of
standard additions procedure.




6.4 Total Chromium Sample Preparation.

6.4.1

6.&.2.

6.4.3
6.&.4

6.4.5

6‘&.6

6.4.7

Add 10ml of cone¢. nitric acid to the sample in the
beaker(B). Cover the beaker with a watch glass.
Place the beaker on a hot plate and reflux the
sample down to 2-3ml. Add another S5ml nitric acid
to complete digestion. Reflu: the sample volume
down to 1lmL.

Wash down the beaker walls and watch glass with
distilled water and filter the sample to remove
silicates and other insoluble material that could
clog the nebulizer., Filtration should be done
only if there is concern that insoluble materials
may c¢log the nebulizer. Adjust the volume to

50 mL or a predetermined value based on the
expected metal concentrations. The sample is now
ready for analysis., The applicability of a sample
preparation technique must be demonstrated by
analyzing spiked samples and/or relevant standard
reference materials,

The 357.9-nm wavelength line shall be used.

Follow the manufacturer's operating instructions
for all other spectrophotometer parameters.

Furnace parameters suggested by the manufacturer
should be employed as guidelines. Since
temperature~sensing mechanisms and temperature
controllers can vary between iastruments or with
time, the validity of the furnace parameters must
be periodically confirmed by systematically
altering the furnace parameters while analyzing a
standard. In this manner, losses of analyte due
to higher than necessary temperature settings or
losses in sensitivity due to less than optimuan
settings can be minimized. Similar verification
of furnace parameters may be required for complex
sample matices.

Inject a measured ul aliquot of sample into the
furnace and atomize., If the concentration found
is greater than the highest standard, the sample
should be diluted in the same acid matrix and
reanalyzed. The use of multiple injections can
improve accuracy and help detect furnace
pipetting errors.

Repeat procedure (6.4) for beakers D and F.




7. CALIBRATION

7.1 Sampling Train. Perform all of the calibrations
described in CARB Method 5, Section 5.

7.2 Calibration Hexavalent Chromium

7.2.1 Optimum Wavelength Determination, Calibrate the
wavelength scale of the spectrophotometer every 6
months. The calibration may be accomplished by
using an energy source with an intense line
emission such as a mercury lamp, or by using a
series of glass filters spanning the measuring
range of the spectrophotometer, Calibration
materials are available commercially and from the
National Bureau of Standards. Specific details on
the use of such materials should be supplied by
the vendor; general information about calibration
techniques can be obtained from general reference
books on analytical chemistry. The wavelength
scale of the spectrophotometer must read correctly
within +5 nm ‘at all calibration points; otherwise,
the spectrophotometer shall be repaired and
recalibrated. Once the wavelength scale of the
spectrophotometer is in proper calibration, use
540 nm as the optimum wavelength for the
measurement of the absorbance of the standards
and samples.

Alternatively, a scanning procedure may be
employed to determine the proper measuring
wavelength. If the instrument is a double-beanm
spectrophotometer, scan the spectrum between 530
and 550 nm using a 50 ug Cr*® standard solution
in the sample cell and a blank solution in the
reference cell, 1If a peak does not occur, the
spectrophotometer is malfunctioning and should be
repaired. When a peak is obtained within the 530
to 550 nm range, the wavelengthat which this
peak occurs shall be the optimum wavelength for
the measurement of absorbance of both the
standards and the samples, For a single-beam
spectrophotometer, follow the scanning procedure
described above, except that the blank and
standard solutions shall be scanned separately,
The optimum wavelength shall be the wavelength at
which the maximum differences in absorbance
between the standard and the blaank occurs.

7.2.2 Spectrophotometer Calibration. Either (1) run a
series of chromium standards and construct a
calibration curve by plotting the concentrations
of the standards against the absorbances or (2)
for the method of standard additions, plot added

10




concentration versus absorbance., See section
6.3.4 for the use of the method-of standard
additions, crw-

7.2.2.1 Spectrophotometer Calibration_ Quality ...
Control. Multiply the atsorbance value
. : obtained for each standard by the Ke... - - . . :
Teriizerac s - factor (least squares slope) to determlne cee iz
IR the distance each calibration point-lies. T
B : from the theoretical calibration line.
o These calculated concentration values ..
should not differ from the actual -
.o . concentrationg (i.e., 5, 10, 25, 50,. 75 -
. . . ' and 100 ug Cr*®) by more than _ percent: . .
(to be determined) for five of the six
standards.

M
i
i

7.3 Calibration of Total Chromiunm

.- . 7.3.1. Either (1) run a series of chromium standards and -
—a L - construct a calibration curve by plotting the- -- -
concentrations of the standards against the- sreriooooe
absorbances or (2) for the method of standard C e
additions, plot added concentration versus ... .--:--.- -
absorbance, For instruments that read directly-din.. --.
concentration, set the curve corrector to read:out-

the proper concentration. s -

7.3.2. Run a check standard after approximately every. 10.- - .-
sample injections. Standards are run in part- . .- .-
L to monitor the life and performance of the . _ -.-.-- _
LI graphite tube. Lack of reproducibility or :----------.-.
R significant change in the signal for the standard -~

- <z indicates that the tube should be replaced.-- --: ::--"

_;-;_;; 723.3. Duplicates, spiked samples, and check standards~:-;---:~;

Lo should be routinely analyzed. Terzires Sese

-7.3.4 Calculate metal concentrations by (1) the method_A__f_ -
_ of standard additions, or (2) from a calibration:--:. .- ---
- curve, or (3) directly from the instrument's-. .:--:

R concentration readout. All dilution or A
concentration factors must be takenm into account.-.:-
Concentrations reported for multiphased or wet - .

. samples must be appropriately qualified (e'g., 5.-. -
ug/g dry weight). T

7.3.5. Calibration curves must be composed of 3 minimum
- of a blank and three standards. A calibratien::-:--.-:-.
: curve should be made for every hour of contlnuous S -

sample analysis. -

11




7.4

7.3-6|

7.3.7

7-3.8.

7.3.9.

7.3.10

7.3.11

7.3.12

7.3.13

Dilute samples if they are more concentrated than
the highest standard or if they fall on the
plateau of a calibration curve.

Employ 2 miniomum of one blank per sample batch to
determine if contamination or any memory effects
are occurring.

The blanks are prepared in the following manner.
Obtain a clean unused filter and follow the
procedure in Sections 6.4.1 and 6.4.2.

Analyze check standards after approximately every
15 samples., :

Run one duplicate sample for every 10 samples. A
duplicate sample is a sample brought through the
whole sample preparation.

Spiked samples or standard reference materials
shall be periodically employed to ensure that

correct procedures are being followed and that all
equipment is operating properly.

The method of standard additions shall be used for
the analysis of all EP extracts, or whenever a new
sample matrix is being analyzed.

The concentration of all calibratiom standards
should be verified against a quality control check
sample obtained from an outside source.

All quality control data should be maintained and
available for easy reference or inspection.

Emission Calculations

Carry out the calculations, retaining at least one
extra decimal figure beyond that of the acquired data.
Round off figures after final c¢alculations.

7.4.1

Total Cr*9 in Sample. Calculate m.,, the total
ug Cr*® in sample. This can be obtained from the
calibration curve or from the method of standard
additions. Note that m_, is the sum of the masses
of hexavalent chromium analyses performed on the
contents of beakers B, D and F. Also take in
account the dilutions when calculating m.,.

Total Chromium in the Sample. Calculate mct,the
total ug of Chromium in the sample. This can be
obtained from the calibration curve or from the
method of standard additions. Yote that R, is
the sum of the masses of total chromium analyses
performed on the contents of beakers A,C and E.

12




8.

OTHER
8.1

Also take into account the necessary dilutions
when calculating out m.,.

7.4.3 Average Dry Gas Meter Temperature and Average
Orifice Pressure Drop. Same as Method 5, Section
6-2.

7.4.4 Dry Gas Volume, Volume of Water Vapor, Moisture
Content. Same as Method 5, Sections 6.3, 6.4,
and 6.5, respectively,

7.4.5 Cr'"6 Emission Congentration. Calculate cg
(g/dscm), the Crt° concentration in the stack
gas, dry basis, corrected to standard conditions,
as follows:

cg = (1078g/ug)(m 1/ V o(sea))

7.4.6 Total Chromium Emission Concentration. Calculate
Cep (g/dsem), the total chromium concentration in
tﬁe stack gas, dry basis, corrected to standard
conditions as follows:

cgr = (107%8/ug)(m y/Vp(sea))

7.4.7 Isokinetic Variation, Acceptable Results, Saame
as Method 5, Sections 6.11 and 6.12,
respectively.,

METHODS.

Total chromium determination by atomic absorption
spectroscopy. This method uses the direct aspiration
method.

Hexavalent chromium by flameless atomic absorption
spectroscopy. This method complexes hexavalent chroamium
with ammonium pyrrolidine dithiocarbamate. This
¢hromium complex is then measured by atomic absorbtion
spectrophotometer equipped with a flameless accessory.

REFERENCES.

9.1

9.2

US. Environmental Protection Agency/0Office of Solid
Waste, Washington, D.C., "Test Methods for Evaluating
Solid Waste, Physical/Chemical Methods, "SW-846 (1980),
SW-846 Revision A4 (August 8, 1980), and SW-846 Revision
B (July 1981).

Cox, ¥.B., R.W., R.W. Linton, and F.E. Butler.
Determination of Chromium Speciation in Environmental
Particles- A Multitechnique Study of Ferrochrome
Smelter Dust. Accepted for publication in
Environmental Science and Technology.
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9.3

9.4

Same as in Bibliography of Method 5, Citations 2 to 6
and 7.

California Air Resources Board, Aerometric Data
Division. Method ADD1 006.
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