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Memo t o :  L a l i t  Banker 
S t a n d a r d s  Development E.ranch 
M 3  - 13 

From: F rank  C1a.y 

S u b j e c t :  Annodizing T e s t  Repor t  
Boe i n g  Company 
P l a n t  2 
Chromic A c i d  Anodizing Tank 5 A  
Sea t t le ,  W a s h i n g t o n  
August-December 1989 

Robin B a r k e r  asked m e  t o  r e v i e w  t h e  Boeing  a n n o d i z i n g  t e s t  report  
and  I f i n d  it u n a c c e p t a b l e  a s  f a r  a s  correct t es t  p r o c e d u r e s  are 
conce rned .  While t h e  c a l c u l a t i o n s  w e r e  done p r o p e r l y  and  t h e  
r e p o r t  c o n t a i n s  a l l  the i n f o r m a t i o n  needed  t o  v e r i f y  e m i s s i o n  
r e s u l t s ,  t h e r e  are t w o  d e f i c i e n c i e s  i n  t h e i r  test  p r o c e d u r e .  
T h e s e  are t h e  p o r t  l o c a t i o n  and t h e  number of  p o i n t s  sampled .  An 
e x t e n s i o n  s h o u l d  have been  placed on t h e  s t a c k  s o  t h a t  t h e  p o r t s  
c o u l d  have been l o c a t e d  p r o p e r l y ,  a n d  24  i n s t e a d  of  12 sample  
p o i n t s  s h o u l d  have been used .  The i n c o r r e c t  l o c a t i o n  of t h e  
p o r t s  may n o t  be as  s i g n i f i c a n t  a s  t h e  l ack  of  s u f f i c i e n t  
s ampl ing  p o i n t s .  P a s t  e x p e r i e n c e  h a s  shown t h a t  the  d i s t r i b u t i o n  
of  c h r o m i c  a c i d  m i s - t  i n  t h e  s t a c k  gas  is n o t  u n i f o r m  and  t h u s  the  
number of  s a m p l i n g  p o i n t s  becomes s i g n i f i c a n t  i f  t h e  t r u e  
e m i s s i o n s  are t o  be known. 

There  is no p r e l i m i n a r y  v e l o c i t y  t r a v e r s e  data i n  t h e  r e p o r t  and  
c o n s e q u e n t l y ,  no e v i d e n c e  of  a n y  c h e c k  f o r  c y c l o n i c  f low.  
I f  s i g n i f i c a n t  c y c l o n i c  f l o w  d i d  e x i s t  and  t h e  ” b l i n d  m a n ’ s  
approach”  w a s  u s e d  i n  s a m p l i n g ,  t h e r e  is no way t o  s a l v a g e  t h e  
data .  

I t  is r e g r e t t a b l e  t h a t  t h i s  is t h e  o n l y  a n n o d i z i n g  t e s t  data t h a t  
w e  have ,  e s p e c i a l l y  s i n c e  a f e w  e l e m e n t a r y  changes  i n  t h e  t e s t i n g  
p rocedure  would have produced a n  a c c e p t a b l e  repor t .  
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INTRODUCTION 

I 
I 

The purpose of this testing program performed a t  the Boeing Company's Plant No. 

2 in Seattle, Washington was to  quan t i fy  the hexavalent chromium (Cr+*) and  total 

chromium (Cr) emissions exhausted f rom the #SA chromic acid anodizing tank 

which is one of the tanks i n  the 80 anodic tank line located in the 210 Building. 

.- The fumes which result f rom the plating process a r e  controlled by blowing air  

horizontally across the top of the tank and  pulling o f f  the fumes through ductwork 

with a n  axial f an  to the exhaust stack. T h e  plating cycle takes 55  minutes during 

which the vat is heated to a temperature of approximately 95O F. Samples were 

i 
1 

! 

collected over a four  (4) month period as  coordination would allow. 

Three (3) samples were collected while no parts were in the bath (passive or "blank" 

runs) on August 22, August 29. and  September 19, 1989. Eight ( 8 )  samples were 

collected during anodizing cycles on August 22, August 31, September 19, 

November 30 and December I .  1990. Three  ( 3 )  particle size distribution (droplet 

size) samples were collected du r ing  anodizing cycles on August 31 a n d  November 

30, 1989. An ambient workroom sample was collected over a 6.5 hour period on 

August 31. 1989. Samples of the acid in t h e  bath were collected on September 19 

and December 1.  1989. 

a 

3 

As part  of this study, the ventilation system which pulls off  a i r  a t  the surface of 

the acid bath into vents along one side of the tank was evaluated by measuring the 

gas velocity a t  the individual a i r  vents. T h e  velocity was measured on August 22. 

August 31 and November 30. 1989. 



The chromium sample mcthod used is similar to EPA Method 5 .  which is detailed 

i n  the Title 40 Code of Fcderal  Regulations, Part  60 (40 CFR 60). Appendix A. 

Thc  sample t ra in  was modif icd to  exclude the front-half  f i l ter  and  utilized 0.1 N 

sodium hydroxide (NaOH) solution in the f i rs t  two (2) impingers. followed by an 

impingcr containing 0.1 N ni t r ic  acid ("0s). followed by a n  empty impingcr. a 

f ina l  back-halr TeflonR f i l te r  to collect any  chromium which might brcak through 

the absorbing l iquid,  and a bubbler containing indicating silica gel desiccant. EPA 

Mcthods 1-4 were also performed during each chromium test. Methods I and 2 

were pcrformcd to measure thc stack gas velocity, temperature and volumetric flow 

rate. Method 3 was used to  calculate the  molecular weight of the  stack gas. 

Method 4 was performed to  measure the moisture content of the stack gas. 

Mr. Kris A. Hansen, Mr. J?:ncs A. Guenthoer,  Mr. K. Steven Mackey. Ms. Jan  M. 

Widmeycr and Ms. Angela F. Blaisdell of Am Test, Inc.'s Air Qual i ty  Division 

based in Redmond, Washington performed the f ie ld  sampling, da ta  reduction, and 

f inal  report preparation. Am Test, Inc.'s Trace  Metals Division performed the 

hexavalent chromium and  chromium analysis. Mr. Paul  Sicbenaler coordinated this 

project fo r  Boeing Aerospace & Electronics. 
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PRESENTATION OF RESULTS 
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This  report  is divided into separate sections fo r  each type Of test conducted. 

Please re fer  to the Table of Contents to locate information fo r  a specif ic  type of 

sample. Within each section a summary sheet is included for  each run. On the  

summary sheet the chromium emission concentration is presented in units of 

milligrams per d ry  s tandard cubic meter (mg/dscm) and in parts per million (ppm). 

The chromium emission rate is presented in units of pounds per hour ( Ib/hr)  and  

the chromium emission factor is presented in units of milligrams per amphere-hour 

(mg/amp-hr). Airflow is also presented in units of  d ry  s tandard cubic  feet  per 

minute (dscf/min). The corresponding computer printout and  f ie ld  da t a  sheet 

follow each summary sheet for  each run. The  run  numbers indicate the run  

number on a particular test day, not the  total  number of runs of a par t icular  

sample type. The  appropriate process information data  sheer follows the f ie ld  da ta  

sheet, where applicable. Laboratory analysis results a r e  included in Appendix A of 

this report. Example calculations of results a r e  included in Appendix B of this  

report. 

In some cases the hexavalent chromium concentrations were greater than the  total 

chromium concentrations. The explanation is tha t  there  is a d i f fc rencc  in accuracy 

between the 2 analytical  methods (colorimetric versus ICP). The ICP method would 

likely be thc more accurate method. 

A brief summary of the  chromium tests conducted without parts in the  bath and  

with parts in the bath is presented in Table  I below. 



Table 1. Summary of results f rom chromium emissions tests conducted at  the #SA chromic acid 
anodizing tank a t  Boeing Plant 2. 

Hex.  Hex.  Total  Total 
Chromium Chromium Chromium Chromium 

Date Time Condition mg/drcm mg/mnp-hr mg/drcm mg/amp-hr 

8/22 

8/29 

9/19 

8/22 

8/22 

8/3 I 

8/31 

9/19 
11/30 

11/30 

12/1 

1521-1722 

1008-1209 

1022-1 223 

1045-1 148 

1401- 1503 

1215-1 315 

1558-1659 

1300-1 401 

0803-0904 

1546-1649 

0729-0831 

Bath Off 

Bath Off 

Bath Off 
Bath On 

Bath On 

Bath On 

Bath On 

Bath On 

Bath On 

Bath On 

Bath On 

0. 109 

0.105 

0.008 
1.235 

1.389 X 

0.438 ;' 
0.457 

0.947 

0.26 I 

0.4 i 6 

0.263 

+ 

0- 
P 
U 

-- 0.094 

_ _  0.096 

_ _  0.018 - 
23.8 1 0.805 

0.759 

0.4 18 
17.7 0.916 

6.19 0.280 

I r . S i  . 0.273 
i 

_ _  
_ _  
_ _  

15.5 

14.0 

33.1 

33.3 

17.1 

6.64 

8.36 

6.17 

Average 0.512 19.7 0.4 10 16.8 
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SECTION 1 

" BLANK" R U NS 
(NO PARTS IN BATH) 

i 



/I Sample Type: Bath Off - Blank Run 1 

Sampling Date: August 22. 1989 

Sample Times: 15:21-17:22 (120 minutes) 

Run Number: 3 

Lab Numbers: 915092,915095, 915099, 915102 

Airflow: 20,499 dscf/min 

Hexavalent Chromium 
Concentration: 0.109 mg/dscm 
Concentration: 0.05 ppm 
Emission Rate: 3802.6 mg/hr 

Total Chromium 
Concentration: 0.094 mg/dscm 
Concentration: 0.04 ppm 
Emission Rate: 3261.7 mg/hr 
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TRAVERSE SAMPLING DATA 

- 
EQUIPENT CHECKS 

I n i t i a l / F i n a l  

Leak Rate Cfm L ,b / ... 

Leak T e s t  Vac &/ - 
Picots .  Pretest 

Pitocs ,  P o s t e s t  

Orsac Sampling Sys t em 

Ted la r  Bag 
Thermocouple @ OF 

SCHWTIC TRAVERSE LAYOUT 

S t a c k  Di-ter 
Dietnnce Upstream 

~ ~ 

D i s t a n c e  .Domacream 

F i l t e r  i ~ care QW 
F i n a l  I n i t i a l  Net 

)TAL WATER VOLUME 

Page I of 1 

S t a r t  ~ i m  / b P t (  
s t o p  rime w- 
Barometric 
P r e e s u r e  "Hg 3-(,3 
S t a t i c  Pres"H20 

- 

NOHOCRAPH SETUP 

X Moisture  

Xeter Temp. 

S t a c k  Temp. 

AH@ Y 

PiCOCt S ide0  - 
CP 
Nozzle Diameter 

F a c t o r  

Reference bP 
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Sample Type: Bath Off - Blank Run 2 

Sampling Date: August 29, 1989 
~ 

Sample Times: 10:08-12:09 (120 minutes) 

Run Number: 1 

Lab Numbers: 915486, 915487, 915489, 915491 

Airflow: 21,403 dscf/min 

Hexavalent Chromium 
Concentration: 0.105 mg/dscm 
Concentration: 0.05 ppm 
Emission Rate: 3818.9 mg/hr . 

Total Chromium 
Concentration: 0.096 mg/dscm 
Concentration: 0.04 ppm 
Emission Rate: 3492.5 mg/hr 

. . . . . .. 





EQUIPMENT CHECKS 
l n i t i ~ l / F i n a l  

Leak Rate Cfm L.  O /  /a 
Leak Test Vac Ib / 17 

P i t o t e .  p r e t e s t  

P i c o t s .  P o s t e s t  3 Orsat Sampling System 

T e d l a r  Bag 

Thermocouple @ OF 

S t a c k  Dia-ter 

Dietance.Dovnetream 

F i l t e r  f tare  mgs 

w t  . W t  . w t .  

DiSt6nCe UpStrCam 

F i n a l  I n i t i a l  Net 

S i l i c a  
kel 7 -  - ?&.I- 
)TAL WATER V O L W  

It 

Page 1 of I 

Barom t r l c  
P reeeure  "Hg q h 3  
S t a t i c  Pres"H20 
Produc t ion  Rate 

&<ti g,=c- 

NOMOGRAPH S E N P  
2 X H o l s t u r e  

:let e r Temp. 7-5- 
S t a c k  Temp. k3 
AH@ . 4 d 7 ,  Y : 9 ? 3  
P i t o t #  44 S i d e Q L  

CP z40 

K F a c t o r  5. :.g 
Nozzle Diameter ,> 1 5 - 
Reference AP 

C a s  Pump F i l t e r  Imp. 
I .... .. .. .. Dry C a s  P i t o t  O r i f i c e  .. 



Sample Type: Bath Off - Blank Run 3 

Sampling Date: September 19. 1989 

Sample Times: 10:22-12:23 (120 minutes) 

Run Number: 1 

Lab Numbers: 

Airflow: 20,651 dscf/min 

917067, 917068, 917069, 917077 

Hexavalent Chromium 
Concentration: 0.008 mg/dscm 
Concentration: 0.004 ppm 
Emission Rate: 272.0 mg/hr 

Total Chromium 
Concentration: 0.018 mg/dscm 
Concentration: 0.009 ppm 
Emission Rate: 645.4 mg/hr 

. I 2  
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EQUIPWCT CHECKS 

l n i t i a l / F i n a l  

Leak Pate Cfm .CP: I .OOq 
Leak Test Vac Zc) 1- 

J Picots ,  Pretest  

, I  

L~ P iCOCC,  P O 6 C e S C  

L/ Orsat Sampling System 

Tedlar Bag 

c.,' Thermocouple O F  

I Dry Cas P i t o c  Orif ice  Cas Pump Filcer 

Stack Diameter 
Diatance Upatream 
Distance .Downstream 

Imp. 

~ 

Fi l ter  t  IF tare mgs 
F i n a l  Initial Net 

OTAL WATER VOLlRe  

Stop Tim 
Barometric 

Prod_uction Rate 
- 

7.474 - ef- t= 

~ - 

NOflOCRAPH SETUP 

X Hoirture 

:le te r Temp. 

Stack Temp. 7,C 

. .  

AH@ 7 4 - 5  y ,  7 5 3  

Pitot l  U*G'-rbidet : 
CP , 8 4  

- 

Nozzle Diameter .=(%, 
K Factor 

Reference bP 



SECTION 2 

B A T H O N R U N S  

(PARTS IN BATH) 



Sample Type: Bath On - Run 1 

Sampling Date: August 22. 1989 

Samde Times: 10:45-11:48 (60 minutes) 

Run Number: 1 

Lab Numbers: 915089, 915090, 915093, 915097 
915100 

Aifflow: 20.704 dscf/min 

Process Data 
Bath  Amperage: 1825 amp-hr/hr 
Voltage: 22.7 volts D.C. 
Bath Temperature: 94' F 
Ambient Temperature: 74' F 

Hexavalent Chromium 
Concentration: 1.235 mg/dscm 
Concentration: 0.57 ppm 
Emission Rate: 43,457 mg/hr 
Emission Factor: 23.8 mg/amp-hr 

Total  Chromium 
Concentration: 0.805 mg/dscm 
Concentration: 0.37 ppm 
Emission Rate: 28,305 mg/hr 
Emission Factor: 15.5 mg/amp-hr 



i 
- 
f 

.. ,. 
L 

.. 

U 



0 
/ 

/ 

TRAVERSE SAMPLING DATA islWi:TA ; Y/ SOGiO 
1 " 

C l i e n t  ~ d c  1tJ6 . pLT @ ?/ 
D8te (3-72- 8 9  

EQUIPHMT CHECKS 

I n i t i a I / F I n a l  

Leak Rate Cfm l *ov l  C,O' 
Leak Test Vac 5'1 \ \ '  

/ P i c o t s .  P r e t e s t  

L P i c o t s ,  P o s t e s t  
+ 

Orsat Sampling System 

Ted la r  Bag 

Thermocouple @ OF 
S i l i c a  

''Cel 7 2 2 . 0  - 31 1.9 = - 

Page 1 of I 
S t a r t  TIM I ;4*-:, 
Stop  Tim 
Barometr ic  30.6 
P r e s s u r e  "Hg ?ft 3.- c 

S t a t i c  Prea"H20 
Product ion  Rate 

R r r u  0 t . A  

NOMOGRAPH SETUP 

x n o i s c u r e  a- 
: l e te r  Temp. Th) 

S t a c k  Temp. 80 
AH@ 1 4 4  ') Y . 4 4 3  
P i t o t 0  6 Side0  - 
CP IS4 
Nozzle Diameter * 3 (  3 

F a c t o r  s. 4' 
Reference AP 

I I I I I I I I I I I 1 

I I I I I I I I I 

I 
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Sample Type: Bath  On - Run 2 
~~ 

Sampling Date: August 22,1989 

Sample Times: 14:Ol-15:03 (60 minutes) 

Run Number: 2 
Lab Numbers: 

Airflow: 20,555 dscf/min 

915091, 915094. 915098. 915101 

Process Data 
Bath Amperage: 1889 amp-hr/hr 
Voltage: 22.7 volts D.C. 
Bath Temperature: 94O F 
Ambient TemDerature: 83' F 

Hexavalent Chromium 
Concentration: 1.389 mg/dscm 
Concentration: 0.64 ppm 
Emission Rate: 48.503 mg/hr 
Emission Factor: 25.7 mg/amp-hr 

Total  Chromium 
Concentration: 0.759 mg/dscm 
Concentration: 0.35 ppm 
Emission Rate: 26,494 mg/hr 
Emission Factor: 14.0 mg/amp-hr 





EQUIPXENI Q(uxS 

I n i c i a I f  F i n a l  

/ P i t o t s ,  Pretest 

/ P i t o t s ,  P o s t e s t  

Orsat Sampling System 

T e d l a r  Bag 
;r * '. 

Thermocouple @ OF 

SCHWTIC TRAVERSE LAYOUT 

S t a c k  Diameter 
Distance Upstream 
Dis tance .Dovns t ream 

Ut. u t .  W t  . 

'TAL WATER VOLLRiE 

Page 1 of 

BArOmtKiC 
Pres su re  "Hg 763 
s t a t i c  Pres"H20 

'Product ion  Rate  

NOl4OCRAPH S E N P  
x t i o i s t u r e  2 
:le ter Temp. 

S tack  Temp. 

AH@ .tc)L Y , > ? %  

CP 86 
P i t o t l  I S i d e l  

Nozzle Diameter'2' 

K Factor  

Reference AP 
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Sample Type: Bath  On - Run 3 

Sampling Date: August 31, 1989 

/[Sample Times: 12:15-13:15 (60 minutes) 

Run Number: 2 

Lab Numbers: 915750. 915751, 915752. 915753 
915754 

11 Airflow: 21,546 dscf/min 

Process Data 
Bath Amperage: 
Voltage: 21.8 volts D.C. 
Bath  Temperature: 94' F 
Ambient Temperature: 82' F 

477 amp-hr/hr (small load) 

Hexavalent Chromium 
Concentration: 0.438 mg/dscm 
Concentration: 0.20 ppm 
Emission Rate: 16,029 mg/hr 
Emission Factor: 33.6 mg/amp-hr 

Total  Chromium 
Concentration: 0.431 mg/dscm 
Concentration: 0.20 ppm 
Emission Rate: 15,775 mg/hr 
Emission Factor: 33.1 mg/amp-hr 
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.-I I , - i '7 r,[) TRAVERSE SAMPLING DATA 
AT 

. 
-7 

Client Y, oce3\ 
Date . 7, v 

Operators J % e -  - 
Runt  * (j,A<'/CF 
6aarplc.Box I ('1 

EQUIPENT CHECKS 

Initial/Final 
Leak b t e  Cfm OD b 

-"Pitote. Pretest 

/ Picots, Postest 

Leak Test Vac 

Orsat Sampling System 

Tedlar Bag 
Thermocouple @ OF 

SCHEHATIC TRAVERSE I A Y O U T  

Stack Diameter 
Distance Upstream 
Dietance.T)wnstream 

. mgs Filter 0 tare 
Final Initial Net 

ut. ut. 
2%3 

1 Bubbler-y- l / A o , /  - - 

OTAL WATER VOLUME 

' 2 L  . 

Page I of 

stop Time 
Barome tric I ~~ 

Pressure "Hg 7! -  
Static Pres"H2O 
Production Rate 

NOMOGRAPH SETUP 

X Moisture 

:Le ter Temp. 

Picot# Side4 
CP ;. ; Lj 0 

Nozzle Diameter 7 '  3 
K Factor 

Reference AP 





Sample Type: Bath On - Run 4 

Sampling Date: August 31, 1989 

Sample Times: 15:58-16:59 (60 minutes) 

Run Number: 3 

Lab Numbers: 915755. 915756, 915757. 915758 
915759 

Aitflow: 21,746 dscf/rnin 
~ 

Process Data 
Bath Amperage: 
Voltage: 21.5 volts D.C. 
Bath Temperature: 94' F 
Ambient Temperature: 82' F 

464 amp-hr/hr (small load) 

Hexavalent Chromium 
Concentration: 0.457 mg/dscm 
Concentration: 0.21 ppm 
Emission Rate: 16.873 mg/hr 
Emission Factor: 36.4 mg/amp-hr 

Total Chromium 
Concentration: 0.418 mg/dscm 
Concentration: 0.19 ppm 
Emission Rate: 15,463 mg/hr 
Emission Factor: 33.3 mg/amp-hr 
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TRAVERSE SAMPLING DATA ? t30.#5C,T q l 5 7 < 5  

Operator0 
Sa@C.Box # f i  
R l m l  3 

EQUIP- CHECKS 

InicialfFinal 

Leak h t e  Cfm C.8' f . O d  

Leak Test Vac / 1'1 
/ Pitots, pretest 

Pitocs. Postest 

Orsat Sampling System 

Tedlar Bag 2 Themcouple @ O F  

~~ 

S C H W T I C  TRAVERSE LAYOUT 

Stack Diameter 
Distance Upstream 
D1stance.Dovnatream 

Filter t 3 tare mgs 

ut. ut. W C  . 
Final Initial Net 

3TAL WATER VOL1R3E - 

'36 

Stop Time 

Static Pres"H20 
Production Rate 

B a t h  

NOMOGRAPH SETUP 

X tioisture 

:le ter Temp. 

Stack Temp. 

AH@ .?43 Y ,ST', 
Pitot# Side# 

C P . 8 4 6  
Nozzle Diameter 513 

Factor 

Reference AP 

t 
I 1 I I I I I I I I 

I I I I I I I I I I I I - 1 ;- 
_c_ 
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Sample Type: Bath On - Run 5 

Sampling Date: September 19. 1989 

Sample Times: 13:OO-14:Ol (60 minutes) 

Run Number: 2 
Lab Numbers: 

Airflow: 20,402 dscf/min 

917070, 917071, 917072. 917078 

~~~~~ 

Process Data 
Bath Amperage: 1853 amp-hr/hr 
Voltage: 21.1 volts D.C. 
Bath Temperature: 94' F 
Ambient Temperature: 80' F 

Hexavalent Chromium 
Concentration: 0.947 mg/dscm 
Concentration: 0.44 ppm 
Emission Rate: 32,818 mg/hr 
Emission Factor: 17.7 mg/amp-hr 

Total Chromium 
Concentration: 0.916 mg/dscm 
Concentration: 0.42 p p m  
Emission Rate: 31,747 mg/hr 
Emission Factor: 17.1 mg/amp-hr 
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E Q U I P W  CHECKS 

InitialIFinal 

Leak Fate Cfm s f  fJoz 

/Pitots, Pretest 

Leak Test Vac c/ 

/-- PitOtC. Postest 

1 I 

Orsat Sampling System 

Themcouple @ OF 

SCHU(AT1C TRAVERSE IAYOUT 

Stack Diameter 

Distance.DovnstKeam 
Distance Upatream 

Filter tare w 
Final Initial Net 

Page 1 of 1 

1 S t a r c  T ~ M  f , S ( l r ’  

Barometric 30, 
Pressure “Hg ‘4 (- %b,, 

Static Prcs”H20- a,,?L 
production Rate 

- 

NOHOCRAPH SETUP 

2 Hoirture 

:le t er  Temp. 

Stack Temp. 
C -  

AH@ ,?d’, Y I ’  od 

PitOtI Sidel 

CP ./’, 4- 
Nozzle Diameter 

Factor 

teference AP  
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Sample Type: 

Sampling Date: November 30, 1989 

Sample Times: 08:03-09:04 (60 minutes) 

Run Number: 1 

Lab Numbers: 922093, 922094, 922095 

Aidlow: 22.740 dscf/min 

Process Data 

Bath  On - Run 6 

Bath Amperage: 162G amp-hr/hr 
Voltage: 21.6 volts D.C. 
Bath Temperature: 94' F 
Ambient Temperature: 76' F 

~~ ~~ ~ 

Hexavalent Chromium 
Concentration: 0.261 mg/dscm 
Concentration: 0.12 ppm 
Emission Rate: 10,077 mg/hr 
Emission Factor: 6.19 mg/arnp-hr 

~ 

Total  Chromium 
Concentration: 0.280 mg/dscm 
Concentration: 0.13 ppm 
Emission Rate: 10,813 mg/hr 
Emission Factor: 6.64 mg/amp-hr 

Note: Acid in bath was drained and replaced prior to  th is test. 
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Cj lrRflRAVERSE SAMPLING DATA 

I I 

.,.. , ,  
I 

I I 

I r., L . 
Operators !I 

EQUIPMENT CHECKS 

Initial/Final 

1 

Leak Rate Cfm , ( . I 1 /  . ' 

Leak Test, Vac l'. I 1 '  

Pitots. Pretest 

Pitocs. Poscest 

,! i Orsat Sampling System 

,,>. Tedlar Bag 

Thermocouple @ OF 

SCHEMATIC TRAVERSE LAYOUT 

Stack Diameter y:' : 
Distance Upacream 
Distance.DovnsCream 
_ _ _ _ _ _ ~  

Filter 15. ' .  .,, tare mgs 
Final Initial Net 
ut. ut. ut. 

)TAL WATER V O L W  

30 

Page 1 of I 

Start Tim 

Barometric 
Pressure "Hg 
S t a t i c  Pres"H2O -, 

-- .. - r / l  

Pressure "Hg 
S t a t i c  Pres"H2O -, 

~ 

Product1 n Rate 8.. .n 

NOMOGRAPH SETUP 

X Moisture 

:leter Temp. 

Stack Temp. ." 

AH@ I,'. ' ,- Y 1 ,  . 
Pitot0 \:: Side0 .- 
CP , ?/-. 

Nozzle Diameter . 
K Factor I:..; 

Reference AP :-,'. 

Ja3 



I 

. . . . . . . . .  . . . .  ...... . . .  -:-. ., _.___ .... . . . . .  _. . . . . . . . . . . . .  ...... 

i .. 



40 

Sample Type: 

Sampling Date: November 30. 1989 

Sample Times: 15:46-16:49 (60 minutes) 

Bath On - Run 7 

Run Number: 4 

Lab Numbers: 922106, 922107,922108 

Airflow: 22.084 dscf/min 

Process Data 
Bath Amperage: 1896 amp-hr/hr 
Voltage: 21.2 volts D.C. 
Bath Temperature: 94.5' F 
Ambient Temperature: 77' F 

Hexavalent Chromium 
Concentration: 0.416 mg/dscm 
Concentration: 0.19 ppm 
Emission Rate: 15,601 mg/hr 
Emission Factor: 8.23 mg/amp-hr 

Total Chromium 
Concentration: 0.423 mg/dscm 
Concentration: 0.20 ppm 
Emission Rate: 15,853 mg/ht 
Emission Factor: 8.36 mg/amp-hr 

Note: Acid in bath was drained and replaced prior t o  th i s  test. 
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,.,, , ,. 9 T R A V E R S E  SAMPLING DATA 
Ar ' 4 2  ' 

Page I of 

SCHEMATIC TRAVERSE IAYOUT 

Stack  Diameter 
Distance Upstream 
Distance.Dovnstream 

F i l t e r  # W~..!!L t n r e  w s  
Final I n i t i a l  Net 

S t a r t  T ~ W  [,";;! 
Stop Time 
Barome t r l c  

S t a t i c  Pree"H20 
Production Rat: 

Pressure "Hg 30.y:; 

b..'. ( ) l .  

NOMOGRAPH SETUP 

x k i s t u r e  Z 

:Ieter Temp. 93 
Stack Temp. 7 f  
AH@ 1.77. Y / c ' $  
P i t o t +  Side# i\ - 
CP . t u  z 
Nozzle Diameter .30 
K Factor 1.' J 

Reference AP bk- I 
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Sample Type: Bath  On - Run 8 

Sampling Date: December 1. 1989 

Sample Times: 07:29-08:31 (60 minutes) 

Run Number: 5 

Lab Numbers: 922114, 922115, 922116 

Airflow: 22,318 dscf/min 
~~ 

Process Data 
Bath  Amperage: 1680 amp-hr/hr 
Voltage: 20.8 volts D.C. 
Bath  Temperature: 93.5' F 
Ambient TemDerature: 70' F 

Hexavalent Chromium 
Concentration: 0.263 mg/dscm 
Concentration: 0.12 ppm 
Emission Rate: 9,982 mg/hr 
Emission Factor: 5.94 mg/amp-hr 

To ta l  Chromium 
Concentration: 0.273 mg/dscm 
Concentration: 0.13 ppm 
Emission Rate: 10,371 mg/hr 
Emission Factor: 6.17 mg/amp-hr 

44 

Note: Acid in bath was drained and replaced prior t o  this test. 



f 
6 
- 
m 
I 
U 

c = 
w 2 
< > < x 
w I 

45 



T?4 I 1  JTRAVERSE SAMPLING DATA 
Y " Y ' I ,  

I 1 C l i e n t  ,p~c;;,. , 

1 Date, 
I Sample Location : S I  : . -  
I 

i Opera tors  '4:'' 
6 a M F B o x  i )  0 
R u n t  i- ~ 

. -  I . . . . .  

i 

EQUIPHENT CHECKS 
I n i t i a l / F i n a l  

. .  
Leak Rate C f m  ,C.I I . "  
Leak Test Vac ' !  1 i , .  

P i c o t s ,  P r e t e s t  

P i c o t s .  P o s t e s t  

\ ! Orsac Sampling Sys tem 

,;'+ T e d l a r  Bag 

,., Thermocouple @ OF 
i 

S t a c k  D1amSe.r 
Dla t ance  Upatream 
Diacance.DovneCream 

F l l c e r  # c a r e  mgs 
F i n a l  I n i t i a l  Net 
u t .  ut. ut. 

OTAL WATER V O L W  

, Page 1 of ' 

S t a r t  Timf C 7 : C  
s t o p  rim I. 

B a r o m t r i c  L 

P r e s s u r e  "Hg . . 
Static Pres"H20 
Product ion  Race 

~ 

NOMOGRAPH SETUP 

X Moisture  

:le ter Temp. 

S tack  Temp. 

AH@ Y 

P i t o t #  S i d e #  

CP 
Nozzle Diameter 

t( Fac to r  

Reference AP 
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SECTION 3 

PARTICLE SIZE DISTR!B;JTION RUNS 

BATH ON 
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The results of t h e  particle size distribution tests are presented 

graphically in Figures 1 and 2. Figure 1 is a plot o f  the 

distribution based on chemical analysis for to ta l  chromium of 

each filter which lined each stage of  the Cascade impactor. 

Figure 2 is a plot of the distribution based on the gravimetric 

weight gain on each filter prior to  chemical analysis. The detailed 

results are presented on computer printouts tit led "Pilat (U of  

W) Mark 5 Particle Size Analysis Results'' and computer 

printouts t i t led "Particle Size Analysis" which are included for 

each run. The column tit led "aerodynamic diameter" (in 

micrometers) was plotted against the columr. titled "percent less 

than" on semi-log versus probability graph paper t o  illustrate the 

particle size distributions. 

The aerodynamic mass mean diameter (MMD) value represents 

the size (in micrometers - microns) a t  which fifty percent o f  the 

particulate matter collected was composed of  particles of  less 

than that value. The average MMD based on chemical analysis 

of t h e  progressive size ranges was 4.9 microns. The average 

MMD based on gravimetric (weight) analysis of the  cut sizes 

was 3.0 microns. 

.. 



Percentage of Mass Less Than Stated Diameter (%) 

M M D  
Figure 1. Plot of particle size versus chromium Svmbol microns 

conccnrration at the #5A chromic acid I 5.1 
anodizing tank at Bocing Plant 2 in D 2 4.0 
Scattlc. Washington. A 3 5. I 

Average 4.9 



* I t  #.N a.1 a 1  e, , , s t o t a m  a o o m m r o  a o a a w  ## s a w  

Percentage of Mass Less Than Stated Diameter ( X )  

Figure 2. Plot of particlc size versus particlc 
mass (weight) a t  thc # 5 A  chromic acid 
anodizing tank at Bocing Plant  2 in 
Seattle. Washington. 

MMD 
Svmbol microns 

a I 5 7  . .- 

2 2.2 
A 3 I .s 

Avcragc 3.0 



Sample Type: Particle Size Distribution 
Bath On - Run 1 

Sampling Date: August 31.1989 

Sample Times: 10:26-11:26 (60 minutes) 

Run Number: 1 

Lab Numbers: 915962-915976,915744-915749 
~~ 

Airflow: 21,696 dscf/min 

Process Data 
Bath Amperage: 1892 amp-hr/hr 
Voltage: 22.4 volts D.C. 
Bath Temperature: 94.5' F 
Ambient Temperature: 78' F 

.- 

Distribution Cumulative Cr Chromium 
Stage d50's % Less Than Concentration 

# (microns) Stated Diameter (mg/dscm) 

1 17.54 96.85 0.009 
2 15.87 94.54 0.007 
3 5.90 52.90 0.117 
4 3.07 15.90 0.104 
5 1.76 7.93 0.022 
6 1.18 5.74 0.006 
7 0.95 5.29 0.001 
8 0.68 5.01 0.001 
9 0.56 4.72 0.001 
10 0.47 4.45 0.001 

final t 0 . 4 7  0.00 0.013 
TOTAL 0.280 
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**** INPUT DATA **** 

DATE OF TEST AUGUST 31, 1989 
TIME OF TEST 10:26-11:26 
LOCATION OF TEST BOEING PLANT NO. 2 ,  BLDG. 2-10 
TEST NUMBER 1 
PART. DUM. TYPE C (I=IMP AERO, C=CLAS AERO, -PHYSICAL) 
TEST TYPE 
RUN NUMBER 

OUTLET 
1-TANK 5 - FILE NAME: B:TlRl-TANK 5.OUT 

REMARKS : 
IMPACTOR TYPE MK5-78 

MARK 5 IMPACTOR WITH A 78 nom FINAL STAGE 
WATER VAPOR 0.81% 
CARBON DIOXIDE 0.10% 
CARBON MONOXIDE 0.00% 
OXYGEN 20.90% 
SULFUR DIOXIDE 0.00% 
NITROGEN 79.00% 
PARTICLE DENSITY 1.00 GRAMS/CM”3 

GAS METER VOLUME 18.911 CUBIC FEET 
IMPACTOR DELTA P 1.00 INCHES HG 
ORIFICE DELTA P 0.17 INCHES H2O 
STACK PRESS. (BELOW ATMOS.) 0.00 INCHES H2O 
BAROMETRIC PRESS. 30.16 INCHES HG 
STACK TEMPERATURE 80.2 DEGREES F 
METER TEMPERATURE 67.5 DEGWES F 
IMPACTOR TEMPERATURE 0 0 . 2  DEGREES F 
SAMPLE TIME 60.00 MINUTES 
AV. VELOCITY OF STACK GAS 1766.70 FEET/MINUTE 
GAS METER PRESSURE 0.00 IN HG 
NOZZLE DIAMETER 0.19 INCHES 
MAXIMUM AERODYN. DIAMETER 60.00 MICRONS 

MASS GAIN ON STAGE 
MASS GAIN ON STAGE 
MASS GAIN ON STAGE 
MASS GAIN ON STAGE 
MASS GAIN ON STAGE 
MASS GAIN ON STAGE 
MASS GAIN ON STAGE 
MASS GAIN ON STAGE 
MASS GAIN ON STAGE 
MASS GAIN ON STAGE 
MASS GAIN ON FINAL 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

FILTER 

0.01 MG 
0.22 MG 
0.57 MG 
0.43 MG 
0.14 MG 
0.03 MG 
0.01 MG 
0.12 MG 
0.06 MG 
0.16 MG 
0.03 MG 



**** RESULTS **** 

DATE O F  TEST AUGUST 31, 1989 
TIME O F  TEST 10:26-11:26 
LOCATION O F  TEST BOEING PLANT NO. 2, BLCG. 2-10  
TEST NUMBER 1 -  
RUN NUMBER 1-TANK 5 
ACTUAL FLOW RATE (STACK CONDITIONS) 0.325 CFM 
FLOW RATE (STANDARD CONDITIONS) 0.310 CFM 
PERCENT I S O K I N E T I C  SAMPLING 95.55 % 

VISCOSITY 
STAGE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

O F  GAS STREAM 
CCF 
1.009 
1.010 
1.028 
1.054 
1.094 
1.140 
1.175 
1.248 
1.306 
1.372 

0.0001830 GRAMS/CM-SEC 
DP(CLAS AERO) DP(1MP AERO) CUM FRACTION 

17.538 17.621 0.9944 
15.865 15.948 0.8708 
5.896 5.978 0.5506 
3.074 3.155 0.3090 
1.758 1.839 0.2303 
1.179 1.259 0.2135 
0.952 1.031 0.2079 
0.676 0.755 0.1404 

. 0.555 0.634 0.1067 
0.467 0.547 0.0169 

TOTAL MASS PER DRY NORMAL CUBIC METER 3.2958 MG/CUBIC METER 

PART. DIAM. TYPE C ( I = I M P  AERO, C=CLAS AERO, >PHYSICAL) 
'ARTICLE S I Z E  CUMFR CUMFR CUM.MAss dM/dLOG D 

(MICRONS) (STD. DEV.) (PER CENT) (MG/DRY N .  CY.METER) 

0.20 
0.25 
0.40 
0.50 
0.75 
1.00 
1.50 
2.00 
2.50 
4.00 
5.00 
7.50 
10.00 
15.00 
20.00 
25.00 
40.00 
50.00 

-9.8170 
-7.7933 
-3.5306 
-1.7166 
-1.0210 
-0.7962 
-0.7653 
-0.7254 
-0.6733 
-0.0619 
0.1987 
0.3707 
0.6623 
1.0733 
4.9321 
9.0597 

19.2740 
29.4350 

0.0 
0.0 
0.0 
4.3 
15.4 
21.3 
22.2 
23.4 
25.0 
47.5 
57.9 
64.5 
74.6 
85.8 
100.0 
100.0 
100.0 
100.0 

0.000 
0.000 
0.001 
0.142 
0.506 
0.702 
0.732 
0.772 
0.825 
1.567 
1.908 
2.124 
2.459 

3.296 
3.296 
3.296 
3.296 

2.829 

0.000 
0.000 
0.054 
3.926 
1.489 

0.444 
0.213 
1.127 
5.061 
1.252 
2.865 
2.464 
1.725 
0.000 
0.000 
0.000 
0.000 

0.488 



**** RESULTS (CONTINUED) **** 
TIME OF TEST 10:26-11:26 
LOCATION OF TEST BOEING PLANT NO. 2, BLDG. 2-10 
TEST NUMBER 1 
RUN NUMBER 1-TANK 5 

I 

57 

*** INHALABLE PARTICULATE MATTER *** 
:JM. MASS LESS THAN 2.5 MICRON: 0.83 MG/DRY NORMAL CU-METER ( 25.0 % )  
iJM. MASS LESS THAN 5.0 MICRON: 1.91 MG/DRY NORMAL CU-METER ( 57.9 % )  

3UM. MASS LESS THAN 10.0 MICRON: 2.46 MG/DRY NORMAL CU.METER ( 74.6 % )  
?JM. MASS LESS THAN 15.0 MICRON: 2.83 MG/DRY NORMAL CU.METER ( 85.8 % )  

IOTE: DIAMETERS FOR INHALABLE PARTICULATE ARE CLASSICAL AERODYNAMIC DIAMETERS. 
< 

LOG-NORMAL SIZE DISTRIBUTION PARAMETERS 

LEAST SQUARES LINE : Y = -1.04 + 2.13X 
MASS GEOMETRIC MEAN DIAMETER 3.077 
GEOMETRIC STANDARD DEVIATION 2.942 
CORRELATION COEFFICIENT 0.875 



TRAVERSE SAMPLING DATA 

EQUIPHarr CHECKS 

Initial/Final 

7- 
Leak Rate Cfmf  lo? 

Leak Test Vac 1 ' .  I 
'Pitots. Pretest 

/ PitOtS. postest 
Orsat Sampling S y s t e m  

Tedlar Bag 
Thermocouple @ OF 

\ 

F 

SCHEMTIC TRAVERSE LAYOUT 

Stack Diameter 
Dietance Upscream 
Distance.Downstream 

Filter f l-/K care mgs 
kina1 Initial Net 

3TAL WATER V O L W  3t3 

Page 1 of 
1 Starc  T i m  

Stop Time 
Barometric 
Pressure "Hg 3O.l (P 
Static Pres"H20 0.0 
production Ra e 

04 h A 

NOHOCRAPH SETUP 

x Moisture 2 
:leter Temp. 

Stack Temp. ,?.) 
,.I AH@ I c:'l', y , , ' 2  

CP ma+ - 
Pitotl Side# 

Nozzle Diawter . 188 
K Factor 
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Sample Type: Particle Size Distribution 
Bath On - Run 2 

Sampling Date: November 30, 1989 

Sample Times: 12:02-13:07 (65 minutes) 

/I Run Number: 2 

11 Lab Numbers: 922208-922219,922096-922100 

Airflow: 22,576 dscf/min 

Process Data 
Bath Amperage: 1883 amp-hr/hr 
Voltage: 21.5 volts D.C. 
Bath Temperature: 93.0' F 
Ambient Temperature: 73' F 

Distribution Cumulative Cr Chromium 
Stage d50's % Less Than Concentration 

# (microns) Stated Diameter (mddscm)  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

final 

16.58 
15.00 
5.57 
2.91 
1.66 
1.11 
0.90 
0.64 
0.52 
0.44 

t0 .44  

98.61 
97.65 
70.65 
30.51 
11.16 
8.26 
7.79 
7.54 
7.25 
7.25 
0.00 

0.003 
0.002 
0.052 
0.077 
0.037 
0.006 
0.001 
0.001 
0.001 
0.000 
0.014 

TOTAL 0.196 
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. ***** P 

DATE OF TEST 
TIME OF TEST 
LOCATION OF TEST 
TEST NUMBER 
PART. DIM. TYPE 
TEST TYPE 
RUN NUMBER 
REMARKS: 
IMPACTOR TYPE 

WATER VAPOR 
CARBON DIOXIDE 
CARBON MONOXIDE 
OXYGEN 
SULFUR DIOXIDE 
NITROGEN 
PARTICLE DENSITY 

GAS METER VOLUME 
IMPACTOR DELTA P 
ORIFICE DELTA P 

***** 
63 A R T I C L E  S I Z E  A N A L Y S I S  

**** INPUT DATA **** 

NOVEMBER 30, 1989 
12 : 02-13 : 07 
BOEING PLANT NO. 2, BLDG. 2-10 
1 
C (I=IMP AERO, C=CLAs AERO, PPPHYSICAL) 
OUTLET 
2-TANK 5 - FILE NAME: B:TlRZ-TANK 5.OUT 

MK5-78 
MARK 5 IMPACTOR WITH A 78 HOLE FINAL STAGE 

3.54% 
0.10% 
0.00% 

20.90% 
0.00% 

79.00% 
1.00 GRAMS/CMA3 

STACK PRESS. (BELQW ATMOS.) 
BAROMETRIC PRESS. 
STACK TEMPERATURE 
METER TEMPERATURE 
IMPACTOR TEMPERATURE 
SAMPLE TIME 
AV. VELQCITY OF STACK GAS 
GAS METER PRESSURE 
NOZZLE DIAMETER 
MAXIMUM AERODYN. DIAMETER 

MASS GAIN ON STAGE 1 
MASS GAIN ON STAGE 2 
MASS GAIN ON STAGE 3 
MASS GAIN ON STAGE 4 
MASS GAIN ON STAGE 5 
MASS GAIN ON STAGE 6 
MASS GAIN ON STAGE 7 
MASS GAIN ON STAGE 8 
MASS GAIN ON STAGE 9 
MASS GAIN ON STAGE 10 
MASS GAIN ON FINAL FILTER 

22.923 
1.00 
0.43 

-0.02 
30.42 
76.8 
88.7 
76.8 
65.00 

1862.50 
0.00 
0.19 

6 0 . 0 0  

CUBIC FEET 
INCHES HG 
INCHES H20 
INCHES H20 
INCHES HG 
DEGREES F 
DEGREES F 
DEGREES F 
MINUTES 
FEET/MINUTE 
IN HG 
INCHES 
MICRONS 

0.04 MG 
0.02 MG 
0.18 MG 
0.21 MG 
0.06 MG 
0.06 MG 
0.07 MG 
0.03 MG 
0 . 0 8  MG 
0.23 MG 
0.00 MG 



**** RESULTS **** 
64 

DATE OF TEST NOVEMBER 30, 1989 
TIME O F  TEST 12:02-13:07 
LOCATION OF T E S T  BOEING PLANT NO. 2, BLDG. 2-10 
TEST NUMBER 1 -  
RUN NUMBER 2-TANK 5 
ACTUAL FLOW RATE (STACK CONDITIONS) 0.358 CFM 
FLOW RATE (STANDARD CONDITIONS) 0.345 CFM 
PERCENT I S O K I N E T I C  SAMPLING 99.62 % 

VISCOSITY 
STAGE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

OF GAS STREAM 
CCF 
1.010 
1.011 
1.029 
1.055 
1.096 
1.143 
1.178 
1.253 
1.312 
1.380 

0.0001798 GRAMS/CM-SEC 
DP(CLAS AERO) DP(1MP AERO) CUM FRACTION 

0.9592 16.580 16.659 
14.998 15.077 0.9388 
5.573 5.652 0.7554 
2.905 2.983 0.5413 
1.661 1.738 0.4801 
1.113 1.191 0.4190 
0.898 0.975 0.3476 
0.638 0.714 0.3170 
0.524 0.600 0.2355 
0.440 0.517 0.0010 

TOTAL MASS PER DRY NORMAL CUBIC METER 1.5454 MG/CUBIC METER 

PART. DIAM. TYPE C ( I = I M P  AERO, C=CLAS AERO, P=PHYSICAL) 
'ARTICLE S I Z E  CUMFR CUMFR cuM.MAss dM/dLOG D 

(MICRONS ) (STD. DEV.) (PER CENT) (MG/DRY N . CU. METER) 

0.20 
0.25 
0.40 
0.50 
0.75 
1.00 
1.50 
2.00 
2.50 
4.00 
5.00 
7.50 
10.00 
15.00 
20.00 
25.00 
40.00 
50.00 

-23.0317 
-17.3927 
-5.5153 
-1.1746 
-0.5342 
-0.2907 
-0.0709 
-0.0213 
0.0317 
0.3785 
0.5984 
0.8744 
1.0497 
1.5456 
2.1875 
2.7887 
5.6261 
12.3087 

0.0 
0.0 
0.0 

12.0 
29.7 
38.6 
47.2 
49.2 
51.3 
64.7 
72.5 
80.9 
85.3 
93.9 
98.6 
99.7 
100.0 
100.0 

0.000 
0.000 
0.000 
0.186 
0.458 
0.596 
0.729 
0.760 
0.792 
1.001 
1.121 
1.250 
1.318 
1.451 
1.523 
1.541 
1.545 
1.545 

0.000 
0.000 
0.000 
8.410 
0.472 
1.209 
0.352 
0.225 
0.504 
1.324 
1.093 
0.519 
0.620 
0.790 
0.318 
0.089 
0.000 
0.000 



**** RESULTS (CONTINUED) **** 
TIME OF TEST 12:02-13:07 
LOCATION OF TEST BOEING PLANT NO. 2, BLDG. 2-10 
TEST NUMBER 1 
RUN NUMBER 2-TANK 5 

65 

*** INHALABLE PARTICULATE MATTER *** 
XJM. MASS LESS THAN 2.5 MICRON: 0.79 MG/DRY NORMAL CU.METER ( 51.3 % )  
-WM. MASS LESS THAN 5.0 MICRON: 1.12 MG/DRY NORMAL CU.METER ( 72.5 % )  
CUM. W S S  LESS THAN 10.0 MICRON: 1.32 MG/DRY NORMAL CU.METER ( 85.3 % )  
YUM. MASS LESS THAN 15.0 MICRON: 1.45 MG/DRY NORMAL CU.METER ( 93.9 % )  

NOTE: DIAMETERS FOR INHALABLE PARTICULATE ARE CLASSICAL AERODYNAMIC DIAMETERS. - 
LOG-NORMAL SIZE DISTRIBUTION PARAMETERS 

LEAST SQUARES LINE : Y = -0.69 + 2.02X 
MASS GEOMETRIC MEAN DIAMETER 2.193 
GEOMETRIC STANDARD DEVIATION 3.124 
CORRELATION COEFFICIENT 0.763 



%7,2 8 TRAVERSE SAMPLING DATA "\. 
C l i e n t  
Date 

Operators j!:'!' 
S.arplc..Box I t. 
R u n t  2 - P w  < //,*,; y c 

-'u 
EQmPHEKT CHECKS 

l n i t i a l / F i n e l  

Leak h t e  Cfm , I ._ '  / 
Leak T e s t  Vac I ; . ' ' /  

-- 

P i t o t s .  Pretest  

-; P i t o t s .  P o s t e s t  

b'lt orsat s a m p l i n g  System 

N/!p T e d l a r  Bag 

J The-couple e O F  

SCHEMATIC TRAVERSE LAYOUT 

S t a c k  Diameter 4!: I!; 

D i s t a n c e  Upstream 
D i s t a n c e  .Downstream 

F i l t e r  # care  mg= 

7-  hf. 8 

~ I n a l  I n i t i a l  Net 
ut. ut. u t .  

1 B u b b l e r m I -  117I.L - - 
2 I m p i n g e r m \ -  621.; - - I 6': . 

3 Bubbler+!./ - 475.*: - - 
' G e l  ~ q -  7 ' 1 , Z  
OTAL WATER VOLUME rl.2 

s i l ica  

-- . 

Page 1 of I 

Stop  Time 

Pressure "Hg 3 c . Y .  
S t a t i c  Pres H20 -, 
Produc t ion  R a e  

Baromt r i c  

I, 

,, 

NOHOCRAPH SETUP 
. .  x M l i s t u r e  

:leter Temp. " 

S t a c k  Temp. -;'" 

.. 

AH@ /. 9" y /./" 
P i t o t t  : Sidel- 

\7:, -.. 
CP 
Nozzle Diameter ,. / z .: 
K F a c t o r  / . V i  

Reference AP (./! 

. < ~ .  ~ ,--:. 

E x i t  Stack 



G 7  

. . . . . .  



~ 

Sample Type: Particle Size Distribution 
Bath  On - Run 3 

Sampling Date: November 30, 1990 

Sample Times: 14:15-15:15 (60 minutes) 

Run Number: 3 

Lab Numbers: 922220, 922223-922233, 922101- 
922105 

Aifflow: 22,433 dscf/min 

Process Data 
Bath Amperage: 1920 amp-hr/hr 
Voltage: 20.8 volts D.C. 
Bath Temperature: 94.0' F 
Ambient Temperature: 78' F 

Distribution Cumulative Cr Chromium 
Stage d50's % Less Than Concentration 
# (microns) Stated Diameter (mg/dscm) 

1 16.44 99.67 0.001 
2 14.87 98.84 0.002 
3 5.52 56.28 0.096 
4 2.88 19.09 0.084 
5 1.65 2.22 0.038 
6 1.10 0.69 0.004 
7 0.89 0.31 0.001 
8 0.63 0.00 0.001 
9 0.52 0.00 0.000 
10 0.44 0.00 0.000 

final t0 .44  0.00 0.000 
TOTAL 0.229 



Cn c 

2 
Y 
II 

c 
L 



70 



' ***** P 

DATE OF TEST 
TIME OF TEST 
LOCATION OF TEST 
TEST NUMBER 
PART. DIAM. TYPE 
TEST TYPE 

REMARKS : 
IMPACTOR TYPE 

i RUN NUMBER 

- WATER VAPOR 
CARBON DIOXIDE 
CARBON MONOXIDE 
OXYGEN 
SULFUR DIOXIDE 
NITROGEN 
PARTICLE DENSITY 

GAS METER VOLUME 
IMPACTOR DELTA P 
ORIFICE DELTA P 

A R T I C L E  S I Z E  A N A L Y S I S  ***** 
71 

**** INPUT DATA **** 

NOVEMBER 30, 1989 
14 : 15-15: 15 
BOEING PLANT NO. 2, BLDG. 2-10 
1 
C (I=IMP AERO, C=CLAS AERO, >PHYSICAL) 
OUTLET 
3-TANK 5 - FILE NAME: BZTlR3-TANK 5.OUT 
MK5-78 
MARK 5 IMPACTOR WITH A 78 HOLE FINAL STAGE 

4.00% 
0.10% 
0.00% 

20.90% 
0.00% 

79.00% 
1.00 GRAMS/CM"3 

STACK PRESS. (BELOW ATMOS.) - BAROMETRIC PRESS. 
STACK TEMPERATURE 
METER TEMPERATURE 
IMPACTOR TEMPERATURE 
SAMPLE TIME 
AV. VELOCITY OF STACK GAS 
GAS METER PRESSURE 
NOZZLE DIAMETER 
MAXIMUM AERODYN. DIAMETER 

MASS GAIN ON STAGE 1 
MASS GAIN ON STAGE 2 
MASS GAIN ON STAGE 3 
MASS GAIN ON STAGE 4 
MASS GAIN ON STAGE 5 
MASS GAIN ON STAGE 6 
MASS GAIN ON STAGE 7 
MASS GAIN ON STAGE 8 
MASS GAIN ON STAGE 9 
MASS GAIN ON STAGE 10 
MASS GAIN ON FINAL FILTER 

- 

21.480 CUBIC FEET 
1.00 INCHES HG 
0.43 INCHES H20 

-0.02 INCHES H20 
30.45 INCHES HG 
80.0 DEGREES F 
92.3 DEGREES F 
80.0 DEGREES F 
60.00 MINUTES 

1868.80 FEET/MINUTE 
0.00 IN HG 
0.19 INCHES 
60.00 MICRONS 

0.46 MG 
0.09 MG 
0.31 MG 
0.32 MG 
0.26 MG 
0.14 MG 
0.10 MG 
0.14 MG 
0.06 MG 
0.05 MG 
1.04 MG 



**** *+e*  RESULTS 

DATE OF TEST NOVEMBER 30, 1989 
TIME OF TEST 14 : 15-15: 15 
LOCATION OF TEST BOEING PLANT NO. 2, BLDG. 2-10 
TEST NUMBER 1 -  
RUN NUMBER 3-TANK 5 
ACTUAL FLOW RATE (STACK CONDITIONS) 0.365 CFM 
FLOW RATE (STANDARD CONDITIONS) 0.348 CFM 
PERCENT ISOKINETIC SAMPLING 101.21 % 

3 2  

VISCOSITY OF GAS STREAM 
STAGE CCF 

1 1.010 
2 1.011 
3 1.029 
4 1.055 
5 1.097 
6 1.145 
7 1.180 
8 1.256 
9 1.316 
10 1.385 

0.0001802 GRAMS/CM-SEC 
DP(CLAS AERO) DP(1MP AERO) CUM FRACTION 

16.438 16.518 0.8451 
14.870 14.949 0.8148 
5.524 5.604 0.7104 
2.879 2.958 0.6027 
1.646 1.724 0.5152 
1.103 1.180 0.4680 
0.890 0.967 0.4343 
0.631 0.708 0.3872 
0.518 0.595 0.3670 
0.436 0.513 0.3502 

TOTAL MASS PER DRY NORMAL CUBIC METER 5.0209 MG/CUBIC METER 

PART. DIAM. TYPE C (I=IMP AERO, C=CLAS AERO, P=PHYSICAL) 
'ARTICLE SIZE CUMFR CUMFR CUM. MASS dM/dMG D 

(MICRONS) (STD. TrZV.) (PER CENT) (MG/DRY N.CU.METER) 

0.20 
0.25 
0.40 
0.50 
0.75 
1.00 
1.50 
2.00 
2.50 
4.00 
5.00 
7.50 
10.00 
15.00 
20.00 
25.00 
40.00 
50.00 

-0.5795 
-0.5236 
-0.4059 
-0.3487 
-0.2300 
-0.1177 
0.0114 
0.1027 
0.1934 
0.4290 
0.5246 
0.5958 
0.6416 
0.9054 
1.3140 
1.7271 
4.1752 

10.6763 

28.1 
30.0 
34.2 
36.4 
40.9 
45.3 
50.5 
54.1 
57.7 
66.6 
70.0 
72.4 
73.9 
81.7 
90.6 
95.8 
100.0 
100.0 

1.412 
1.508 
1.719 
1.826 
2.054 
2.275 
2.533 
2.716 
2.895 
3.344 
3.515 
3.637 
3.713 
4.104 
4.547 
4.810 
5.021 
5.021 

0.977 
1.007 
1.064 
1.125 
1.596 
1.838 
1.276 
1.683 
2.018 
2.065 
1.394 
0.343 
1.069 
3.446 
3.116 
2.309 
0.009 
0.000 



7 3  **** RESULTS (CONTINUED) **** 
TIME OF TEST 14:15-15:15 
LOCATION OF TEST BOEING PLANT NO. 2, BLEG. 2-10 
TEST NUMBER 1 
RUN NUMBER 3-TANK 5 

*** INHALABLE PARTICULATE MATTER *** 
2UM. MASS LESS THAN 2.5 MICRON: 2.90 MG/DRY NORMAL CU-METER ( 57.7 % )  
ZUM. MASS LESS THAN 5.0 MICRON: 3.51 MG/DRY NORMAL CU.METER ( 70.0 % )  
CUM. MASS LESS THAN 10.0 MICRON: 3.71 MG/DRY NORMAL CU.METER ( 73.9 % )  
-2UM. MASS LESS THAN 15.0 MICRON: 4.10 MG/DRY NORMAL CU.METER ( 81.7 % )  

NOTE: DIAMETERS FOR INHALABLE PARTICULATE ARE CLASSICAL AERODYNAMIC DIAMETERS. 

LOG-NORMAL SIZE DISTRIBUTION PARAMETERS 

LEAST SQUARES LINE : Y = -0.11 + 0 . 8 8 X  
MASS GEOMETRIC MEAN DIAMETER 1.329 
GEOMETRIC STANDARD DEVIATION 13.741 
CORRELATION COEFFICIENT 0.996 



TRAVERSE SAMPLING DATA q t z s 2 3  
i! " 

SCHEHATIC TRAVERSE LAYOUT 

F i l t e r  I tare mg= 
Fine1  I n i t i a l  Net 

)TAL WATER V O L W  18.r 

.74 . 

Page I of I 

~ 

NOHOCRAPH SETUP - x Hoiscure f. 
:feter Temp. I S  
Stack Temp. 7 -  

AH@ J !I- Y 1.: . 

CP ,?-7 

Pi to t0  L Side4 i - 
Nozzle Diameter . fgx '  
K Factor 

Reference AP . 
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SECTION 4 

AMBIENT WORKROOM SAMPLE 



Sample Type: 

Sampling Date: August 31.1989 

Ambient Workroom Sample 1 

Sample Times: 10:22-16:52 (390 minutes) 

Run Number: 1 . 

Lab Numbers: 915740, 915741, 915743 

Process Data 
Bath Status: 
Ambient Temperature: 80' F 

Bath On and Of f  During Test  

Hexavalent Chromiu m 
Concentration: 0.295 mg/dscm 
Concentration: 0.14 ppm ' 

Total  Chromium 
Concentration: 0.249 mg/dscm 
Concentration: 0.12 ppm 

Description of sampling set-up: Sampling site was 53 inches 
above ground, 7 feet from the north end on tank #5. 10 inches 
away from east edge of tank, adjacent to  ventilation opening 
#56. The top edge of t h e  tank is 43 inches above t h e  ground. 
The acid liquid level was approximately 6 inches below the top 
of the  tank. 



METHOD 1-5 - HEXAVALENT AND TOTAL CHROMIUM EMISSIONS 
AM TEST, INC. - AIR QUALITY DIVISION 

FILE NAME: 
CLIENT: 
LOCATION: 
SAMPLE SITE: 
SAMPLe DATE: 
RUN # :  
OPERATORS : 
CONTACT : 

3B0#5WR1 
BOEING PLANT #2 
SEATTLE, WASHINGTON 
BLDG 210/TANK #5 
AUGUST 31, 1989 
1-CR+6 
S. MACKEY 
P. SIEBENALER 

FINAL WT. 1NIT.WT. NET WT. 
OF H20 G. OF H20 G OF H20 G. 

1274.9 1250.4 24.5 
629.0 629.9 -0.9 
475.3 473.4 1.9 
817.4 783.8 33.6 

TOTAL HZO GAIN: 59.1 
TOTAL VOLUME (SCF) 2.79 
PERCENT MOISTURE: 1.45 
BWS : 0.0145 

INIT. METER VOL.: 830.633 
FINAL METER VOL.: 1045.964 
VOLUME SAMPLED: 215.331 
STD VOLUME (DSCF) : 189.298 
STD VOLUME (DSCM) : 5.361 
Y FACTOR: 0.999 

+XAVALENT CHROMIUM 

LAB # :  
START TIME: 
STOP TIME: 

CONDITION: 
SAMPLE TIME: 

PITOT Cp: 

NOZZLE AREA FT"2: 
STACK DIA. INCHES: 

METER TEMP. DEG F: 
BAROM. PRES. "HG : 
STATIC PRES. '"20: 
STACK PRES. "HG : 
ORIFICE PRES "H20: 

NOZZLE DIA INCHES: 

STACK AREA FT"2: 

METER PRES. "HG : 

AVERAGE % C02: 
AVERAGE % 02: 
AVERAGE % CO: 
STACK GAS MW. DRY: 
STACK GAS MW. WET: 

915740 
10:22 O'CLOCK 
16:52 O'CLOCK 
390.0 MINUTES 
BATH ON & OFF 

NA 
NA 
NA 
NA 
NA 

147.1 
30.20 
0.00 

30.20 
1.0 

30.27 

0.1 
20.9 

0 
28.85 
28.69 

$------------------------------------------------------------ 
HEXAVALENT CXROMILW CONCENTRATION (Ug) : 1581.3 
HEXAVALENT CHROMIUM CONCENTRATION (mg/dscm): 0.295 
HEXAVALENT CHROMIUM IN SAMPLE (ppm): 0.14 

TOTAL CHROMIUM 

TOTAL CHROMIUM CONCENTRATION (ug) : 1336.7 
TOTAL CHROMIUM CONC. ON FILTER (ug): < 0.30 
TOTAL CHROMIUM CONCENTRATION (mg/dscm) : 0.249 

-------_________________________________---------------------- 

TOTAL CHROMIUM IN SAMPLE (ppm): 0.12 

*Note: Slight differences in total chromium and hexavalent 
chromium concentrations are due to different methods of analysis. 



3RW5 kJm T R A V E R S E  SAMPLING DATA 

Operatore VS ri . 
A /, 

* r p h  

EQIJIPHENT CHECKS 

o b  r ,$ f i t  
\ I 

I n i t i a l l F i n a l  

Leak Rate Cfm c .bT I .p.> 

Leak Test Vac J'' I / I " 
P i c o t s .  Pretest 

P i t o t s .  Postest 

Orsat Sampling System 

T e d l a r  Bag 

-q- 

T h e m c o u p l e  @ 'F 

SCHMTIC TRAVERSE LAYOUT 

I Distance U p e t r z m  
D i e r a n c e . D o m e t r e a m  

F i l t e r  0 -k+L tare  mg= 
F i n a l  I n i t i a l  Net 

W t  . ut. fi 
I 1  Bubb le r  (7. - 125O.'I- - 
12 ImpingermO- 629.9 - 
13 Bubble&-- - 

S i l i c a  
 el - 783.E = 

:OTAL WATER V O L W  
~ f 

74 
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 star^ Time Io:z% 
Stop Time lb: 52- 
B a r O ~ t r i C  

NOHOCRAPH SETUP 

3%- I Holsture 

:leter Temp. 

S t a c k  Temp. 

AH@ Y 

PiCOC0 Side9 

Nozzle Diameter 

K Fac to r  

Reference AP 

(7: f'i ! , / A .  c I . / .  t u .  

e -  
.. 

I Drv Cas P i c o t  I O r i f i c e  Cas Pump F N d f  
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SECTION 5 

VENT I L A T  I 0 N S Y ST E h11 EVA L U A T  I 0 N 



N 

t 

Figure  3. D iagram o f  t h e  # 5 A  chromic  ac id  a n o d i z i n g  lank a n d  ven l i la l ion  s y s l e m  
a t  Boe ing  Plant  2 in S e a t t l e ,  Wash ington .  
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1) Sample Type: Ventilation Opening Velocities 11 Sampling Dates: August 22, August 31. November 
30, 1989 

~ 

Description of sampling procedure: A Kurz velometer with a 
digital readout in feet per minute was used t o  measure the 
velocity a t  each vent opening along the  east side of  the  #5 
chromic anodize aluminum tank. There are 62 openings along 
the east side. The measurement was taken a t  the centroid of  
each 3.375 by 11.625 inch opening. The velocity was lowest 
from openings 54-58. therefore, the ambient workroom sample 
was taken at  that  point. 
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SECTION 6 

CHROMIC ACID SAMPLES 

TAKEN FROM THE BATH 



Sample Type: Acid Sample 
~ 

Sampling Date: September 19, 1989 

Lab Number: 917176 

5,292,000 micro rams/sample 
5.3 grams/samp e 

48,470,000 micro rams/sample 
48.5 grams/samp e 

s 
s 

Hexavalent Chromium: 

Total Chromium: 

Sample Type: Acid Sample 

ll Sampling Date: November 30, 1989 II 
Lab Number: 922117 

Hexavalent Chromium: 6,578.000 micro rams/sample 
6.6 grams/samp e s 
6,325.000 micro rams/sample 
6.3 grams/samp e s Total Chromium: 



METHODOLOGY REFERENCES 

i 

Hexavalent chromium testing and analysis methods detailed i n  a paper t i t led 

"Method Development and  Testing fo r  Measurement of  Source Levels of Hexavalent 

and  Total  Chromium' by Daniel G. Bivens and  W.G. DeWees were utilized for  this 

project. Sampling procedures specified in the  Ju ly  I. 1988 Ti t le  40 Code of Federal  

Regulations, Par t  60 (40 CFR 60). Appendix A, Methods 1-5 were also used. 

Quality assurance procedures fo r  source testing a re  outlined in  the EPA's reference 

manual titled p k  lor A i r  Pollution Measurement Svs-, 

Volume 3, EPA-600/4-77-027b. 

The  specific sampling and  analysis procedures utilized for  the particle size 

distribution tests detailed in the operations manual for  the Mark 3-5 impactor by 

Dr. Michael J. Pilat and  the "Procedures fo r  Cascade Impactor Calibration and  

Operation in Process Streams - Revised 1983 to Include PMlo Source Sampling" 

prepared by Mr. D. Bruce Harr is  for  the U.S. €PA. February 1984. Methodology 

and procedures specified in "Recommended Methodology fo r  the Determination of 

Particle Size Distributions i n  Ducted Sources" prepared by the Southern Research 

Insti tute fo r  the  California Air Resources Board. ARB Contract A3-092-32, May 

1986 were also referenced for  sampling strategies. 



SAMPLING A N D  A N A L Y S I S  P R O C E D U R E S  

7 
The sample t ra in  used f o r  collecting chromium (Cr)  and  hexavalent chromium 

(Cr+6) samples was a n  EPA Method 5 design with modifications. A typical Method 

5 sample t ra in  schematic  is included as Figure 5 i n  Appendix B of this report, The 

sample t ra in  d id  not include a heated front-half  filter. A quar tz  probe with an 
,hat +,#e u ~ - e l t  .s.S.' 

' 1 .  1 -  . 
attached nozzltkwas inserted into the stack to draw a sample into the impingers. 

The probe was equipped wi th  "S" type pitot tubes to measure velocity and  a 

thermocouple sensor to  measure the stack temperature a t  each sample point. The  

thermocouple probe was connected to a FlukeR digital  thermocouple indicator 

which is accurate  to within +I degree Fahrenheit. The condenser section of the 

sample t ra in  consisted of a modified Greenburg-Smith bubbler containing 100 

milliliters (ml) of 0.1 N sodium hydroxide (NaOH) absorbing solution. a second 

impinger containing IO0 ml of NaOH absorbing solution. a third impinger 

containing 100 ml of 0.1 N n i t r ic  acid ("Os). a n  empty bubbler, a back-half f i l ter  

holder containing a Tef lonR f i l ter ,  and a f ina l  bubbler containing indicating silica 

gel desiccant. The  condenser section was maintained a t  a temperature  below 6 8 O  F 

by adding ice to  the condenser section throughout sampling. 

The sample t ra in  was connected to a control box by means of  an umbilical cord 

which contains a vacuum hose, pitot lines, thermocouple wires and a 4-wire 

electrical cord. The  control  box (meter box) was used to monitor stack conditions 

and to faci l i ta te  isokinetic sampling. The control box consists of  a diaphragm 

pump which is used to  pull the stack gas through the sample train.  f i ne  and coarse 

metering valves to control the sampling rate, a vacuum gauge which measures the 

Pressure drop  from the  sampling nozzle to the metering valves, and  a calibrated 
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dry gas meter. At the outlet  of  the dry gas meter is a cal ibrated or i f ice  which is 

used to isokinetically control the flow of gas through the metering system. T h e  

pressure drop  across the  or i f ice  was monitored with both low and  h igh  range 

magnehelic gauges. T h e  pitot  tubes utilized to measure s tack gas velocity a re  

connected to the control box via  the umbilical cord. The control box contains low 

and  high range magnehelic gauges which  a re  used fo r  the velocity measurement. 

The chrome anodizing tank  ventilation system exhausts to  a a 48 inch diameter 

circular stack wi th  two ( 2 )  sampling ports available 90 degrees apart. T h e  

sampling ports  a r e  located 2 f ee t  upstream and 6 feet  downstream rom he nearest 
5 l f i b D I d  h4 u p  clsei a0 .px-!e*s:w 

flow disturbance. Two (2) traverses of six ( 6 )  points each were performed during 

each chromium test. Figure 4 located in Appendix B of this report  is a schematic 

of the stack and  the point locations selected. The  sample probe was marked with 

felt pen to  indicate  the proper point location. 

I . - 
B 

Stack condition measurements were made prior to collecting a sample. The 

appropriate sample nozzle was selected and  isokinetic operating parameters were 

- established uti l izing a Hewlett-Packard programmable calculator. The sampling 

nozzle, probe and  condenser section glassware were all cleaned and  rinsed with 

dilute n i t r ic  acid and  deionized water prior to assembling the  sample train. The 

-;ample t ra in  was assembled and  leak tested following the procedures outlined i n  

- 

Method 5. Before each test, a f ina l  check was made to  assure that  the process was 

operating at the  desired production rate and the desired operating parameters (e.8. 

whether par ts  were in the bath or not). Ice was added to the condenser section. 

The sample nozzle was positioned i n  the stack a t  the first sample point. The  

sample pump was then turned on and the gas sampling rate was adjustcd fo r  

isokinetic sampling. Sampling proceeded isokinetically a t  each of the 6 traverse 
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points. The pump was then turned off and the sample train was carefully moved 

to the second port. The  nozzle was then positioned a t  the first point of the sccond 

traverse. the pump was again turned on and  isokinetic sampling was performed a t  

the 6 traverse points. Upon completion of the second traverse the sample probe 

was removed from the stack a n d  a post-test leak check was performed according to 

Method 5 procedures. 

Following sample collection, the samples were transferred to a temporary 

laboratory area fo r  clean up. T h e  back-half filters were transferred to  glass petri 

dishes labeled with the sample date, client name and  run number. These filters, 

along with a n  unused f i l t e r  to be analyzed as a blank, were submitted to t h e  Am 

Test laboratory fo r  washing a n d  chromium analysis. 

The contents of the nozzle, probe liner and connective glassware were 

quantitatively transferred to a glass storage container using 0.1 N NaOH. An 

iodine flask with a female ball joint end was attached to the male ball joint end  of 

the probe to assure tha t  no  material  collected inside the glassware was lost during 

the rinsing a n d  brushing of the probe. The  contents of the iodine flask were 

quantitatively transferred to the storage container labeled with sample date,  client 

name, and  run number. A portion of the reagent was placed in a glass storage 

container and  submitted with the samples to the Am Test laboratory fo r  analysis 

for  chromium. 

The bubblers a n a  impingers utilized for  the condenser section of the sample train 

were weighed w i t h  a readabili ty of +O.l grams before and  a f t e r  sampling on a 

Mettler PE3000 electronic top loading balance. The difrerence between the initial 

and  final weights of the condenser section constitute t h e  amount or moisture gain 
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during the r u n .  The contents of the f i rs t  two (2) impingers containing sodium 

hydroxide absorbing solution were then transferred to a 1000 ml glass graduated 

cylinder. The  bubblers and  impingers were rinsed with 0.1 N NaOH reagent into 

the graduated cylinder, and  the  l iquid level was recorded. The liquid was then 

transrerred to the corresponding sample container for each run  which contained 

the probe wash. For some samples, the solutions from the probe rinse. 1st impingcr 

and 2nd impingcr were analyzed separately to evaluate collection eff ic iency for  

this method. The liquid i n  the  3rd and 4th impingers containing HNOs were 

transferred to  a 1000 ml glass graduated cylinder. The bubblers and  impingers 

were rinsed with 0.1 N HNOs reagent into the graduated cylinder,  and  the l iquid 

level was recorded. The  sample was then transferred to a labeled sample container. 

The samples were then t ransferred to the Am Test. Inc. laboratory fo r  chromium 

analysis. The  sodium hydroxide solutions were analyzed f o r  both hexavalent 

chromium and total chromium. The  ni t r ic  acid solutions and  the teflon f i l ter  were 

analyzed f o r  total chromium only. Hexavalent chromium (CrC6) analysis was 

performed using EPA Method 7176. which is a diphenylcarbazide colorimetric 

method. T h e  hexavalent chromium analyses were completed within 48 hours a f t e r  

collecting the samples. Total  chromium (Cr) analysis was performed using EPA 

Method 200.7, which utilizes inductively coupled plasma (ICP) spectroscopy. The  

laboratory results werc presented in  units of micrograms per sample. Those units 

wcrc converted to  concentrations in  air. 

-LITION SAh(PGES 

Cascade impactors separate the sampled aerosol particles into size increments by 

inertial impaction of the particlcs onto a collection surface, i n  this case ul t rapure 

microfiber quartz  fi l tcr  paper. This occurs a t  succcssive stages through the 

impactor. hence the name "Cascade". The  resulting index of the measured particle 



size is t radi t ional ly  separated by the particle diameter collected with 50% 

collection eff ic iency by each jet stage. and  this diameter is usually called the "cut 

diameter' and  is characterized by the symbol 'D60'. The aerodynamic cu t  diameter  

is the  d iameter  of a u n i t  density sphere which wil l  be collected with 50% 

eff ic iency by the specific impactor jet stage. 

For these tests Am Test used s t ra ight  nozzles a t  the inlet to a Pilat (U or W) Mark 

5 source test Cascade impactor. A photograph of the Mark 5 impactor with a 

s t ra ight  nozzle is illustrated i n  Figure 6 in Appendix B of this report. A complete 

Cascade impactor  sampling t ra in  is illustrated in  Figure 7 in Appendix B of this 

report. T h e  Mark 5 impactors were assembled using the jet stages listed f o r  

configurat ion #78, which has a 78 hole f ina l  stage. In this configuration, the Mark 

5 impactor provided e1eve.n ( 1  1 )  aerodynamic particle size cut diameter>, of sizes 

between 0.25 and  20 microns in diameter,  

Whatman QM-A ultra-pure qua r t z  microfiber fi l ter  substrates which were mounted 

on stainless steel inserts and  baked a t  50OD F for  2 hours, desiccated f o r  24 hours 

and  weighed to a constant weight on a Mettier AE163 electronic balance (set to a 

time integrat ing mode w i t h  a readabili ty of 0.01 milligrams) were used to  l ine each 

collection plate. Following the impactor run, the substrates were desiccated for  24 

hours and  weighed again. 

The  impactor probe was connected to a condenser section ident ical  to  the 

chromium samples. The  sample t r a i n  was connected to a control box as  described 

for  the chromium samples. The impingcrs were weighed before and a f t e r  each test 

f o r  calculating the percent moisture i n  the gas stream. The condenser section was 

h k - c h e c k e d  pr ior  to staring a test. The f low ratc through the impactor was prc- 



97 

set to  thc rate necessary for  isokinetic sampling at the specific velocity point. The  

particle size distribution samples were collected at a point of average velocity in 

the  stack. T h e  impactor was positioned in the stack a t  the sample point with the 

nozzle facing away from the gas stream and  was allowed to come to stack 

temperature fo r  approximately onc-half (1/2) hour. Ice was added to  t h e  condenser 

section of the particle size sample train. The nozzle was then turned to f ace  the 

flow and  the sample pump was turned on and  the sampling rate was maintained a t  

the pre-set ra te  ncccssary for  isokinetic sampling. 

After  a sample had been collected the pump was then turned off  a n d  the impactor 

was removed f rom the stack, taking care that the nozzle t i p  did not touch the port 

nipple. T h e  impactor was detached from the probe and carefully transferred to  

Am Test's temporary laboratory. The impactor was allowed to cool and  w ~ l s  

carefully disassembled and inspected. Each stage was inspected fo r  proper 

particulate mat ter  deposition. All interior impactor surfaces were checked fo r  wall 

loss. T h e  stainless steel inserts, onto which the substrates are  mounted, were 

transferred to  individual petri dishes and placed into a LabconcoR desiccator. Two 

(2) substrate blanks Tor each sample set were kept with the sample to audi t  

desiccation a n d  weighing techniques. To obtain final weights, the substrates were 

desiccated f o r  24 hours and  weighed. The weights were recorded on the da ta  sheet 

and  in a bound laboratory notebook. The  total weight of each substrate and 

stainless steel insert is approximately I gram. The low tare  weight a n d  simple 

donut-like shape of the Pilat (U of W) Mark 5 Cascade impactor insert-substrate 

combination allows for  a great degree oT weighing accuracy. 

Once f inal  weights were obtaincd Tor the substrates. each filter which lincs the 

substrates was placed i n  a separate glass jar f o r  submittal to thc laboratory for  



chromium analysis.  The substrates were collectively rinsed into a scparatc j a r .  

The appropriate blank Ciltcrs and reagents were submitted along with the samplcs. 



Q U A L I T Y  ASSURANCE 

i 

A strict qual i ty  assurance program was followed throughout preparation, sampling, 

analysis, da t a  reduction, and  report preparation. This  program includes recent 

equipment calibrations, careful chain-of-custody procedures, the use of ACS 

quality or better reagents, analysis of control samples, and "by-hand" calculation 

checks of  computerized results. 

The sample nozzles used to  collect isokinetic s a m ~ l e s  were calibrated on-site before 

sampling using inside calipers readable to 0.001 inches. The d r y  gas meters used to 

accurately measure sample volumes have  been recently calibrated using a 

spirometer a t  the Washington State Department of  Ecology (DOE) laboratory in 

Redmond, Washington. The  "S" type pitot tubes used for  velocity measurement 

have also been recently calibrated utilizing a wind tunnel and  a s tandard "P" type 

pitot tube and  are  inspected regularly for proper  alignment. The  digital  Fluke 

thermocouple indicators used to  obtain temperature  measurements a re  accurate  to  

+ I  degree Fahrenheit .  Each thermocouple probe used to monitor temperatures is 

checked quarter ly  a t  3 d i f fe ren t  temperature settings. 

In  addition to  quant i ta t ive clean-up and analysis  procedures, f i l ter  and  reagent 

blanks, as  well as s tandard solutions were car r ied  throughout the analysis 

procedures. T h e  samples were weighed to  constant weights of kO.05 milligrams 

following desiccation in a Labconco 'Autodry Cabinet"  desiccator. This desiccator 

is an electronic dehumidif ier  which automatically maintains t h c  humidity inside 

the desiccator. The dehumidifier automatically recharges the internal desiccant 

every 5.5 hours w i t h  il small heater and f a n  inside thc chamber.  A n  Airguidc 

humidity indicator accurate to + I %  is used t o  check the humidity inside t h c  



desiccator when obtaining tare and f ' inal  weights. Indicating silica gel desiccant is 

added to the chamber  as necessary to  maintain the humidi ty  a t  the desired level. 

T h e  Mettler AE163 electronic balance used to  obtain weights was set to a time 

integrating mode (lOO.000 readings per minute) with a readabili ty of' 0.01 

milligrams. T h e  balance was calibrated prior to every use. T h e  calibration of' Am 

Test's Mcttlcr balances is checked by the manufacturer  on a yearly basis. 

Each stage of' the  Mark 5 cascade impactor has been calibrated using a 

polydispersed aerosol and  optical size analyzer at a range of temperatures and flow 

rates to  determine the  iner t ia l  impaction parameter f o r  that  particular stage. This 

parameter is intr insic  fo r  each stage being controlled by the physical configuration 

of' the stage and  other  per t inent  aerodynamic values. The  stages a re  periodically 

examined fo r  wear  and corrosion and are replaced as necessary. 

Additional information wi th  respect to Am Test, Inc.'s laboratory qual i ty  assurance 

and quality control  protocol programs is included i n  t he  Appendix of this report. 



CALCULATION OF RESULTS 

The  velocity. airflow, molecular weight, and  moisture results were calculated using 

EPA 40 CFR 60 Method 1-5 cri teria.  Copies of pertinent equat ions a r e  included i n  

the Appendix of this report. Final results calculations were performed using 

sprcadshcet programs r u n  on a Hewlett-Packard Vectra computer  system. Sample 

'by-hand" calculations of results were completed using a Hewlett-Packard 

calculator. and  may be found in the Appendix of this report. 

The  particle size distribution results were computer generated in the  Am Test Air 

Quality Division of f ice  uti l izing a Cascade impactor da ta  reduct ion program. This  

computer program is considered as "state-of-the-art" by particle sizing experts 

throughout the  United States. Computer pr intouts  of the particle s i i ;  distribution 

results a re  included in Appendix A. To plot the  particle size distribution. the 

column titled "aerodynamic diameter" (in micrometers) was plotted against  the 

column titled .percent less than" on semi-log versus probabili ty graph paper to 

illustrate the particle size distribution for  each Mark 5 run. 



i ANALYSIS REPORT 

: CLIENT: Am Test, Inc. - Air Quality Division DATE RECEIVED: 8/23/89 
4 

REPORT TO: Kris Hansen DATE REPORTED: 9/11/89 - 
BOEING PLANT # 2  

. Laboratory Client Total Hexavalent Volume 
’ Sample Identification Chromium Chromium (ml) 

Numbers (ug) (ug) 

915088 Blank 
(0.1N NaOH) 

915089 Run 1 Probe 

~ 915090 Run 1 - First Impinger 

- t 915091 
First Impinger 

, 915092 Run 3 Probe & 
First Impinger 

Second Impinger 

Second Impinger 

Second Impinger 

Run 2 Probe & 

915093 Run 1 

915094 Run 2 

915095 Run 3 

DETECTION LIMIT* 

€PA Method used 

<0.60 

1,040. 

78.6 

1,030. 

283. 

102. 

113. 

2.2 

0.006 

200.7 

0.036 100. 

1,670- ] /e’o 215. 
1,650. 

94. 130. 

1,970. 285. 

321. 329. 

120. 130. 

139. ] 122.5 123. 

11.5 144. 

0.025 - 

7176 - 

< = less than 
*Values reported in mg/l. 

REPORTED BY 
JTD/pb 



CLIENT: Am Test, Inc. - Air Quality DATE RECEIVED: 8/23/89 
Division 

REPORT TO: Kris Hansen DATE REPORTED: 8/31/89 

BOEING PLANT #2 

Laboratory Client Total Volume 
Sample Nos. Identification Chromium (ml) 

915096 Blank Filter <0.15* - 
915097 Run 1 Filter <O. 15* - 
915098 Run 2 Filter <0.18* - 
915099 Run 3 Filter <O. 15* - 
915100 Run 1 HN03 

Solution 
<1. oo* *  166. 

915101 Run 2 HN03 <1.02** 170. 
Solution 

915102 Run 3 HN03 <0.894** 149. 

915103 Blank Solution <O. 600** 100. 

Solution 

(0.1 N HN03) 

- DETECTION LIMIT 0.006 

EPA Method used 200.7 (ICP) - 

*Reported in ug/filter. 
**Reported in ug. 

REPORTED BY 
KF/pb 
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ANALYSIS REPORT 

CLIENT: Air Quality Division DATE RECEIVED: 8/30/89 

REPORT TO: Kris Hansen DATE REPORTED: 9/7/89 

BOEING PLANT 2 

Total Hexavalent 
Labor at ory Client Chromium Chromium 
Sample No. Identification (ug) * (ug) 

915486 

915487 

915488 

915489 

915490 

915491 

915492 

EPA Method 

Run 1 1st Impinger 
& Probe 

Run $ 2nd Impinger 

0.1 N NaOH Blank 

Run 1 HN03 

0.1 N HN03 Blank 

Run 1 Teflon Filter* 

Teflon Filter Blank* 

3rd & 4th 
InP 

297. 

4.16 

0.70 

<1.06 

<0.60 

2.0 

<0.30 

200.7 

*Filter samples reported as (ug/fjlter). A 

KF/ j a 
REPORTED BY: 

324. 

7.49 

2.2 

- 

- 
- 
- 

7196 



ANALYSIS REPORT 

CLIENT: Am Test, Inc. - Air Quality Division DATE RECEIVED: 9/1/89 

REPORT TO: Kris Hansen DATE REPORTED: 9/12/89 

BOEING PLANT # 2  - BUILDING 210 
Laboratory Client Hexavalent Total Volume 

Numbers 
Sample Identification Chromium Chromium (ml) 

Blank 
915737 0.1N NaOH 
915738 0.1N HN03 
915739 Teflon Filter 
R1 Workroom (Bath #5)- 
915740 NaOH Imp #1 
915741 NaOH Imp # 2  
915742 NHp3 Imp #3 & #4 
915743 Filter 
R1-PS 
915744 Impactor Rinse NaOH 
915745 Probe Rinse 
915746 Imp #1 
915747 Imp #2 
915748 Imp #3 & #4 
915749 Filter 
- -2 2 

915750 Probe Rinse 
915751 Imp #1 
915752 Imp #2 
915753 Imp #3 & #4 
915754 Filter 

1,553. 
28.3 
- 
- 

156. 
1.16 

<3.7 
<3.3 
- 
- 

620. 
26.1 
43.2 
- 
- 

<0.60 
<0.60 
<0.30 

1,3ii. 
25.7 
<0.87 
<0.30 

162. 
4.45 

<0.90 
<O. 79 
<0.83 
<0.30 

603. 
32.0 
42.3 
1.09 

<0.30 

100. 
100. 

- 

187. 
133. 
145. 

183. 
89. 
150. 

132. 

138. 

178. 
130. 
137. 

121. 
- 
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CLIENT: Am Test, Inc. - Air Quality Division DATE RECEIVED: 9/1/89 

1 REPORT TO: Kris Hansen DATE REPORTED: 9/12/89 

BOEING PLANT #2 - BUILDING 210 

Laboratory Client Hexavalent Total Volume 

Numbers 
Sample Identification Chromium Chromium (ml) 

- R3 
915755 Probe 
915756 Imp #1 
915757 Imp #2 
915758 Imp # 3  & #4 
915759 Filter 

654. 596. 143. 
35.3 34.0 141. 
44.2 42.2 141. 
- <0.96 160. 
- <0.30 - 

Liquid Solutions are reported in units of ug. 
Filter Samples are reported in units of ~g/- ( ; I ter .  
Volumes are reported in units of ml. 

REPORTED BY 



ANALYSIS REPORT 

CLIENT: Am Test, Inc. - A i r  Quality DATE RECEIVED: 9/6/89 
Division 

DATE REPORTED: 9/18/89 
REPORT TO: Kris Hansen 

BOEING PLANT #2 

Laboratory Client Total Volume 
Sample Nos. Identification Chromium (ml) 

915962 
915963 
915965 
915966 
915967 
915968 
9 15969- 
915970 
9 1597 1 
915972 
915973 
915974 
915975 
915976 
Filter Reagent 
EPA Method No. 

Rinse 
Blank 
Blank 
1 
2 
3 
4 

5 
6 
7 
a 
9 
10 

12 
Blank 

of Substrates 0.75 ug 
solution <0.60 Ug 
Filters 0.65* 

4.75* 
3.47* 

62.7* 
55.7* 
12.* 

3 . 3 *  

0.67* 
0.42* 
0.45* 
0.40* 
6.7* 
0.20 ug 

200.7 (ICP) 
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ANALYSIS REPORT 

I .*. Ah "".< .UY.. 
CLIENT: Air Quality Division DATE RECEIVED: 9/20/89 

REPORT TO: Kris Hansen DATE REPORTED: 9/29/89 I.., :w:m., ).:...I 

BOEING PLANT 2 

Chromic Acid Bath #5 
Laboratory Client Total Hexavalent 
Sample No. Identification Chromium Chr om i um 

917067 Run 1 Imp 1 & 2 24.5 <6.25 
( .1N NaOH) 

- 917068 Run 1 Imp 3 & 4 1.33 
(0.1 "03) 

917069 Run 1 Teflon Filter 0.175 - 

917070 Run 2 Imp 1 & 2 268. 
(0.1 NaOH) 1 

247. 
246. 

917071 Run 2 Imy 3 & 4 1.64 - 
(0.1 HNO ) 

917072 Run 2 Teflon Filter 0.275 - 
917073 Blank Solution <1.00 <2.5 

(0.1 NaOH) 

- 1.2 Blank Sol tion 
(0.1 NHCO ) !I 

917074 

917075 Blank Teflon Filter 0.175 - 
917076 Bath #5 Sample 48,470,000. 5,292,000. 

917077 Run 1 Probe 28.8 23.1 
(0.1 N NaOH) 

917078 Run 2 Probe 
(0.1 N NaOH) 

1,141. 1,212. 

Detection Limit (ug/ml) 0.006 0.025 

EPA Method 200.7 (ICP) 7196 

Solutions reported in ug, filter reported as ug/filter. 

REPORTED BY: ~ 

KF/ja 

1 7 )  \ 



ANALYSIS REPORT 

CLIENT: AM TEST, INC. - AIR QUALITY 
DIVISION 

REPORT TO: Kris Hansen 

Laboratory Client 
Sample Nos. Identification 

BOEING PLANT #2 

I10 

DATE RECEIVED: 12/4/89 
DATE REPORTED: 12/11/89 
DATE REVISED: 1/30/90 

Chromium Volume 
(ug/ f i 1 ter) (ml) 

922208 

922209 

922210 
922211 
922212 

922213 
922214 
922215 
922216 
922217 
922218 
922219 
922220 

922221 
922222 
922223 
922224 
922225 

Stage RB-1 
Stage RB-2 
Stage RB-3 
Stage RB-4 
Stage RB-5 
Stage RB-6 
Stage RB-7 
Stage RB-8 
Stage RB-9 
stage RB-10 
Stage RB-12 
Rinse of RB Substrates 
Rinse of H Substrates 
Blank Sol. 
Blank Filters** 
Stage H-1 
Stage H-2 
Stage H-3 

1.72 
1.20 
33.5 
49.8 

24.0 

3.60 

0.58 
0.32 

0.35 
<O. 15 
9.0 
1.62* 

<O. 6* 
<O. 6* 
<0.15 
0.45 
1.12 

57.8 

*Results are in ug. 
**4 Mark 5 filters. 
Filters were brought to 25 mls. total volume. 
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CLIENT: AM TEST, INC. - AIR QUALITY 
DIVISION 

REPORT TO: Kris Hansen 

- 
BOEING PLANT # 2  

ws I l l  

Laboratory Client 
Sample Nos. Identification 

Chromium 
(ug/f ilter) 

DATE RECEIVED: 1 2 / 4 / 8 9  
DATE REPORTED: 1 2 / 1 1 / 8 9  
DATE REVISED: 1 / 3 0 / 9 0  

9 2 2 2 2 6  

9 2 2 2 2 7  

9 2 2 2 2 8  

9 2 2 2 2 9  

: 9 2 2 2 3 0  

9 2 2 2 3 1  

: 9 2 2 2 3 2  

- 9 2 2 2 3 3  

BLANK 1 
BLANK 2 

Stage H-4 

Stage H-5 

Stage H-6 
Stage H-7 

Stage H-8 

Stage H-9 

Stage H - 1 0  

Stage H-12 

5 0 . 5  

2 2 . 9  

2 . 0 8  

0 . 5 2  

0 . 4 2  

<O. 1 5  

C 0 . 1 5  

<0.15 

<O. 15 

<O. 1 5  

Filters were brought to 2 5  mls. total volume. 

A 

JTD/pb 
REPORTED BY 



ANALYSIS REPORT 

CLIENT: AM TEST, INC. - AIR QUALITY 
DIVISION 

DATE RECEIVED: ll/30/89 
DATE REPORTED: 12/1/89 
DATE REVISED: 1/30/90 

REPORT TO: Kris Hansen 

BOEING PLANT #2 

Laboratory Client Chromium Hexavalent Volume 
Sample Identification (U9) Chromium (ml) 
Numbers (ug) 

922090 Blank 
0.1 N NaOH 

<0.6 

922091 Blank <0.6 
0.1 N UNO3 

Teflon Filter 
922092 Blank <O. 15* 

922093 Run 1 <O. 15* 
Teflon Filter 

922094 Run 1 NaOH 
Imp 1 & 2 

470. 

922095 Run 1 HN03 c1.1 
Imp 3 & 4 

922096 R2-PS <O. 15* 
Teflon Filter 

922097 R2-PS NaOH 
Imp 1 & 2 

6.08 

922098 R2-PS UNO3 <0.8 
Imp 3 & 4 

922099 R2 Impactor 
Stages Rinse 

24.2 

*Results are in ug/filter. 
Filters were brought to 25 mls. total volume. 

100. 

100. 

- 

- 

395. 

177. 

- 

380. 

133. 

212. 
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. 922108 R4 HNO 
Imp 3 2 4 

ws 
j CLIENT: AM TEST, INC. - AIR QUALITY DATE RECEIVED: 11/30/89 

DIVISION DATE REPORTED: 12/1/89 
DATE REVISED: 1/30/90 j REPORT TO: Kris Hansen 

BOEING PLANT #2 - 
Laboratory Client Chromium Hexavalent Volume 
Sample Identification (ug) chromium (ml) - Numbers (ug) 

922100 R2 Straight 
Nozzle Rinse 

86.6 68.4 38. 

922101 R3 -PS - 
Teflon Filter 

922102 R3-PS NaOH 
Imp 1 ti 2 

<2.16 <go. 360. 

- 922103 R3-PS HN03 1.34 - 168. 
Imp 3 & 4 - 

- 922104 R3-PS 26.1 <32. 128. 
Impactor Rinse 

922105 R3-PS 30.2 22.6 20. I 

Nozzle Rinse 

- 922106 R4 I 

I Teflon Filter 
<O. 15* - 

6.90 679. 350. 

<0.9 - 157. 

*Results are in ug/filter. 
Filters were brought to 25 mls. total volume. 

I , - .  . 
REPORTED BY G-c 7 /)A//& 

John T:’DLil& 
- 

L/ 
JTD/pb 

*Results are in ug/filter. 
Filters were brought to 25 mls. total volume. 

-. 
REPORTED BY [ 7 , ,  )A//;/ 

John T.’Dail& ..- 
L/ 

JTD/pb 



ANALYSIS REPORT 

CLIENT: AM TEST, INC. - AIR QUALITY 
DIVISION 

REPORT TO: Kris Hansen 

DATE RECEIVED: 12/1/89 
DATE REPORTED: 12/11/89 
DATE REVISED: 1/30/90 

BOEING PLANT #2 

Laboratory Client Chromium Hexavalent Volume 
Sample Identification (U9) Chromium (ml) 
Nos. (ug) 

922111 Blank 
0.1 N NaOK 

922112 Blank 
0.1 N HN03 

922113 Blank 
Teflon Filter 

<0.6 25. 100. 

<0.6 - 100. 

< O .  15* - 

922114 Run 5 NaOH 458. 442. 409. 
Imp 1 & 2 

922115 Run 5 HN03 
Imp 3 & 4 

1.20 - 171. 

922116 Run 5 <O. 15* - - 
Teflon Filter 

922117 Chromic Acid 6,325,000. 6,578,000. 253. 
Bath #5 

*Results are in ug/filter. 
Filters were brought to 25 mls. total volume. 

JTD/pb 
REPORTED BY ’ John T . . d a i l e y  // 

/ / L 
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S A M P L E  CALCULATION S t I E E l  
hlETIIODS 1-5 

LOCATION: s& hJ&. RUN # :  / S0#5& I d. U cT,ll,70 bd 
I- l34k or, 

Particulate Matter Emission Concentration - Equation 5-1 

"%td = 
1 7 . 6 4 7 ° R / " H g * N . 1 ~ f t S * ~ * ( ~ ' H g  + ( J . 2 3 8 " H 2 0 / 1 3 . 6 )  ) / ( 4 6 0  + 7 u - O  F) 

= S3.>@7l? dscf 
dscm = $5.570 dscf/35.31 fts/ms 

= I ,  5 / 7  dscm 
Substitution of Equation 5-4 into 5-5 

w, = mg * ml / ml 

mg - - 

M n  = (net weight filter catch) + (net weight "B" section) - Wa + Back-half 

mg = mg + mg - mg + mg - - 

C,= (0.001 g/mg) * (15.43 grains/gram) * mg / dscf 

- - gr/dscf (Equation 5-6) 

gr/dscf @7% 0, = gr/dscf ( 2 0 . 9 %  - 7%02)/(20.9% - %O,) 

gr/dscf @ 7% 0, - - 

gr/dscf @ 12% co, = gr/dscf 12% / %CO, 

gr/dscf @ 12% CO, - - 

mg/dscm = mg/ dscm 

mg/ d scm - - 

particulate Matt er Emi ssion Rate 

pounds/hour = gr/dscf dscf/min * 60 rnin/hr 1 lb/7000 grains 

lb/hr - - 

Moisture - Eauation 5-2 and 5-3 
""std 0.04715 ft'/g j ( o . >  grams of H,O collected in impingers 

= e7st  scf 



I17 
SAMPLE CALCULATION SHEET (continued) 

METHODS 1-5 

i 

- Bws = ( , T f ?  scf)/( .?f? scf + 53.qWdscf) 
i 

= O . O t 4 C  - 
%Moisture = 0,0/45 100 

= / ,Yc % 

Molecular weiqht - Equation 3 - 2  

Q = 0.440 ( u % C O , )  + 0.320 (20.9 %O,) + 0.280 ( z o _ %  CO + %N,) 

Kj = 2g.E;S g/g-mole (dry) 

: % = 2f.85 g/g-mole * (1 - , 0 1 4 5 )  + la.og/g-mole * .o"f5 
. % = ai.  6Li g/g-mole (wet) 

.r v, = 85.49 * . t v  * ,430 539.5 0 R / d ~ .  bq g/g-mole / 3 0 . W ~ g  

- Stack qas velocity and volumetric flow rate - Equation 2-9  and 2-10 

- 
V, = a,Yoft/sec (std) 

=I242 J*scf/hr / 60 min/hr 

= ;1070c/.Idscf/min (dry standard cubic feet per minute) 

acfm = a y 8 3 0  ft/sec l a .5bb  ftl* 6 0  sec/min 

= b/;?qo.7 acfm (actual cubic feet per minute) 
Isokinetic variation - E m  ation 5-8 

A l l  Of the above numbered equations are from the 40 CFR 60 and assume 
English units. 
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STACK D IMENSIONS 
48 inch diameter circular stack 
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A = 2 feet 

B = 6 feet 
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Figure 4 .  Location of sampling ports and traverse points. 
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Figure 5. Method 5 Sample Train. 

1. 

1. 
s. 
4. 

6 .  

6 .  

7. 

8 .  
0.  

10. 

11. 
11, 

IS. 
14. 

16. 

10. 

17. 

IS. 
IO. 
10. 

I2 



Figure 6. IllustrHtioii o f  I’ilal ( ( 1  of  W) hlark 5 C a w n i l e  impnctor .  Mark 3 impactor  
equipped wi th  a I’CSC prccuttrr at tachi i ie i i t .  a n d  nil  eii lorgenient o f  l h c  PCS<: 
prccu I tcr a t  t 8 c 11 111 * t i  I .  
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h l E T I I O D  I - I.OCATION OF TRAVERSE POINTS 
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h l E T H O D  I - M I N I M U M  N U M B E R  OF T R A V E R S E  P O I N T S  
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I t s  

METHOD 2 - STACK G A S  VELOCITY A N D  VOL.UMETRIC FLOW CAI,CUI.ATIONS 

lor t h e  mclrlc ayllern and 

Ea. 2-0 
P--SL.ndud C m ~ l U t e  Drcuurc. 700 rnm 

Hr (29.92 In. Hgl. 
O..-Dry volumclrlc aUck g u  flow me cor. 

rcclcd In mlandud condllloru. dwmlhr 
(du f lh r ) .  

L-8Uck lcmpentum. 'C  ('PI. 
7.- Abmolutc slack 1cmper.lurC. 'K. (XI. - n 3  + L for mrtrlc. 

Ea. 2-7 
-46O+L for Englbh. 

Ea. 2-8 
T...-Smdud ah.01utc temperalum. 293 'K 

~ ~ A v ~ r u e  slack g u  vcloclly. m / m  lit/ 

e-Velocl ly he.d 01 suck g u .  mm H.0 (In. 

3.600-Convenlon 1 ~ L o r .  m/hr. 
l O . O - M ~ l e c u I u  v e l i h t  of water. g/g.rnole 

5.2 A v e r u e  S l a c k  Gu VelocllY. 

t52V Rl. 

M I .  

H.01. 

(Ib/lbmolcl. 

Equtlon 2-9 

5.3 A v e n g e  S t v r  G i  DrY Volumrtrlc 
Flow R a k  

Ea. 1-10 

METHOD 3 - MOLECULAR WEIGHT AND EXCESS A I R  CALCULATIONS 

a w- 
0.1 Nomenclalum. ~. 

&-Dry molrculu vel rh l .  rlrmolr (Ibllb. 

'LEA-Prmnl  ex- dr. 
%CO.-Rmnl  CO. by volume (dry buhi. 
'LO.-Pcmnl 0. by volume (dry bub). 
I C O - P e m n l  CO by volume (dry hub). 
% N . - R m n l  N. by volume tdry buh). 

0.2M-)dOleculu Vtlihl Of N. or CO. dlvld. 

0.12O-YOlcculu v e k h l  01 0. dlvldcd by 

0.440-MOlecUhr weigh1 Of COB dlvlded by 

0.2 F'emnl EX- AL. Calculale t h e  per. 
Cent c x e n  alr (If LoDIIC.blel. by 1ub.lll~1. 
trY the  ~ D D r O D r l ~ k  Values 01 percenl 0,. 
CO. and N. tobWncd fmm section 4.1.3 or 
4 2 . 4 1  Into Esuailon 3-1 

mole). 

O . ~ - F U O  01 a to N. ~n ~ l r .   VI^, 

ed by 1W. 

100. 

IW.  

%0.-0.5% CO 
x I W  

O . ? M %  NA'LO.-O.S% COI 



hlETlIOD 4 - STACK GAS MOlSTlJRE CAI.CIII,ATIONS 

.- 

2.3.1 Nomenclature. 
B..-ROportlon of water vnmr .  by volumc. 

A V I  - InCrCmenUl dry ELI volume meMured 
by dry IU meter at e u h  tnverse polnl. 
dcm (del). 

V..,.l=Dry n u  volume meuured by the dry 
6% meter. corrected la r u n d a r d  condl. 
llons. d y m  (dyl). 

I ' . . -M~-  Volume of w a e r  vtpor  condensed 
corrected to s lmdsrd  mndll loN.  scm 
(scr). 

L',-s-Volume 01 w a e r  vapor colleCled In 
S I l i C l  KC1 Corrected to sh l ld l rd  condl. 
Lions. m (scf). 

V I =  Final volume of condenser water, ml. 
V.=lnltlrl volume. 11 m y .  of cbndcnser 

vater. rnl. 

. 
D I U  hDlrUe?. a. 

y - N mekr CLllbnUon f u t o r .  
P - - * M l t Y  01 v.1cr. 0.0981 I/ml (0.002201 

Iblmll .  

~, -o .001333 m*/ml for mctrk unlu 
-0.04701 fITml for ErUlbh unlu 

2.3 .1  
SlllC. 0-1 

Volumr 01 Water Vapor C a l l ~ l m  In 

- K.1 W,- W,) 
FA 4.2 

.. .... . 
K.-0.001335m'/1 formcvlc unlu 

2 5 4 S Y n ~ l e  On Volume 
-001115 fl'lr for Erylbh unlU 

v. P. 
. " --.- 

T- 
, 

Eq 4.3 
Where: 
K ,-0.3858 ' K / m  HI for metrlc un lb  - 11.61 'R/ln. HE for Ennllrh unlu  

NOTE If the po.l.tQt leak nte (Sut lon 
22 .6 )  ex& the rllovable nte. m n u l  the 
YSIYC of V. In Csuauon 4-3. u descrlbcd In 
Srcuon 6.3 01 Method 5. 

2.3.5 MoLTtur~ Content. 

a. 4-4 

Nan: In uLuraLed or moklure drODIc1. 

mokture content of the slack r u  shall bc 
made. one u l n r  a rtlue b d  u w n  the 

mother  bved upon the  rnulu of the Im. 
Dlnner m.IIy.ls. The lower 01 lheY two 
d u e s  of B 

l d e n  g u  Itre-. 1.10 U I C U h t l O N  O f  1hC 

L L l Y n t e d  COndltlON 1- SeFllOn im. M d  

shall be mruldered m m t .  



METtIOD 5 - P A K T I C U L A T E  E M I S S I O N  C A L C U L A T I O N S  - ( I )  

,Crouwctloiml a m  of nonlc. m'(rt'1. 
B . ~ .  w.tbr vamr In t h e  1- streun.  prowr.  

110" b? wlumc. 
c. Acetone blank mldur concrnlr.tlon. 

Iblml). 
*-Told umDllnr t h e .  mln. 
r,-&mpllnr Ume In tend .  rmm l h e  b w n .  

nlns of a run unlll t h c  f l n l  CompOncnl 
C~MKC. mln. 

. . ~ ~  . 
i r d  mndliloni. e/& (./dun. 

L. Maximum YCCpuble leskace rmte lor 
CllhCr a pmlesl IC& check or for a 1c.k 

mu.1 l o  0.0057 mVmln (0.02 cfm) or 4 
m r ~ e n l  or the ~ Y C ~ S K C  sunpllna rate. 
vhIchcver Ir I C s .  

L. - Indlvldud leakwe raw obsrrved d u d n e  
the kit chcck conducted Prlor lo lhe .. ( ,... component change (1-1. 2. 3 .... n). 
m'/mln tcfm). 

test I& check. m'/mln tcfm). 

rsUon. nu. 

lecled. me. 

molc (I8.Olb/lbmolc). 

rile. mm H e  (In. Hu). 
r.-AbsoIuLe s u c k  nu pressure. mm Siu (In 

H K I .  
F...--Sund~rd abs~Iu(e D ~ C S S U ~ ~ .  760 m m  

Hu (29.91 In. He). 
R=ldeal iru mnssLLnl. 0.08236 nun H g m ' /  

'K-Omole (21.85 In. Hg.ll'/'R.lb.mole). 
T.-AbsOlUle svcrwe dry KU meter (emper. 

&lure (see FWuure 5-2). 'K VR). 
T.=Ahwlute avenue s u c k  g u  tempemlure 

(see nrure 5-1). 'K (Tl). 
T,-SUndsrd a h l u t e  tempenlure .  293' K 

(52V R). 
V. = VOlUmC of e l o n e  blank. ml. 
V.. - Volume or uctone -d In w u h .  ml. 
I:. -Told volume of Ilauld mllecled In Im- 

Pinucn and rlllcs re1 (MC FIpure 5-3). 
ml. 

I'. Volume of e- m p l e  u memured by 
dry 9.6 meter. dcm tdscr) .  

L'...,-VoIumc or -pie meuured  by 
the dry g u  metcr. m m c t e d  l o  sLLndLrd 

V..*I-VoIume or water vapor I" m e  gas 
m P k .  corrected lo i u n d v d  condl- 

I'.ASLLch gas vcloclty. c.IcuI.led by Melhod 
1. Eauatlon 2-8. uslng d a u  obulned 
from Melhod 5. m / w  trt/.u). 

W.-welght of ru lduc  In acelone wash. me. 
Y-Dw s u  meter CIllbnllon r.clor. 
~ H - A V C N C  preaurc  dirfcrcnu.1 .cr 

the o r m a  m e k r  t u =  FIKw~ 5- i i .  4 
11.0 (In. H.01.  

p. = DFnal t~  or uetonc. mg/ml (sec label on  
bottle). 

. percent or boklncllc umpllnu.  

check following a COmPOncnl ChLngc: 

~ - L c - e  ntc obrcrved durlru the ~ 0 . 1 -  

m - ~ ~  or ru ldue  of u e l o n e  mrur CVLP 

,,,.-TouI m o w 1 1  or p l l t l ~ ~ l ~ t e  malter w l .  

M.PMoleculu welghl of wster. 18.0 e/o- 

i.. ,=Baromelrlc D R ~ S U ~ C  at lhe  ~ D l l l l O  

COndlllON. dum t d u f ) .  

LION.  Ym (.Cf). 

-1ve m m w n c n l  chansci. beelnnlng 
vllh the lnlcrvll between lhc  flnl and 
w n d  ChansCs. mln. 

d.-Sunpllns llme Interv.1. from lhe  flnrl 
(n'.) wmponent chmue m i l l  ilic cnd or 
lhe umpl lns  run. mln. 

I3.6-Speclflc g n v l w  of mercury. 
0O1Su/mln. 
100-Convcnlon lo  Dercenl. 

6.1 AVC~IIC Dry Ou M e w  Tempcr81urc 
.nd A v c r u e  Orlflct Preuurc Drop. sct 
d a u  sheet (Rmm 5-1). 

6.3 Dry O n  Volume. Correct the  umplc 
volume meuuml by t h e  dry KY meter lo  
s u n d u d  condlUo~ (20' C. 7m mm HI or 
88' P. 29.91 In HI) by u l n r  mual lon  5-1. 

F.gu.Ll.3" ,-I 

Where: 
K.-0.3858 'Klmm Ha lor melrlc uniU 

= 11.84 'R/ln. H g  ror Engllsh units 
N o m  Equarlon 5-1 can be ued u wrillen 

unless Ule I c d u e  n t e  observed durlne m y  
or the m d a l o r y  leak c h e c k  (i.e.. the DOSL. 
l e a l  l e b  check or leak check3 conducted 
prlor to m m w n c n l  changer) exceedr L. I! 
L. or , c x m d r  L. Equatlon 5-1 must be 
modlfled Y follows: 

(a1 C u e  1. No comwnenl  c h m e a  madc 
durlng ~ m p l l n ~  run. In lhlr cue.  mulace 
v- in EquaUon 5-1 wllh t h e  crprcuion: 

I v - - ~ - ~ ) e i  
( b )  Cue 11. One or more componenl 

chmgez made durlng the umpl ln r  run. In  
thlr cyc. replace V. In Equallon 5-1 by t h e  
cxprehslon: 

I..--(LD. L.18, c 
and sUbslIlutc only lor lh-r Icnkagc r.m 
(I. or L) whlch exceed L. 

6.4 Volume of Waler Vapor. 
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M E T l l O D  5 - P A R T I C U L A T E  E M I S S I O N  C A L C U L A T I O N S  - ( 2 )  

Eq. 5-7 
Ea. 5-3 ..I%._-. 

pmcedum for determlnlna lhe moblure 
content bwd upon wumptlon of uturs1Ld 
condltlom b dvcn In the Hole  of GecUon 1.2 
of Method 4. For l h e  p u m s  01 thb 
method. the we-e 6- cy tempemlure 
from Figure 5-2 may be u d  lo make thh 
detennhllon. provlded th.1 the L D C U ~ Y  
of lhe i n 4 u k  tempenturc e m o r  b 21' C 
(1'F). 

6.6 Acelone Blurt ConoenrnUon 

m. 
C - -  I%. 6-4 

V.& 

E"Y.LWI, ;.a 

where: 
K.-4.120 lor mclrlc unlls 

-0.00450 lor hglhh unlU. 
8.11 Amvlrble Ruulu.  If W percent' I 

< 110 pemnt. lhe muIu ye ur+puble. I! 
me m c u L . l e  mulb low in 0mrP.rl. 
um LO the s h n d u d ,  m d  I b over 110 per. 
cent or I- lhan W peemnl. the A d m h b t n .  
lor m y  MPL the m u l u .  



NOMENCLATURE 
METHOD 5 CALCULATIONS 

- Volume of gas sample mcasurcd by thc d ry  gas mctcr. corrcctcd 
to s tandard conditions, dscm (dscf).  

" T t d  

Y - Dry gas meter calibration factor  

P, 

H - Average pressure d i f fe ren t ia l  across the or i f ice  meter, 

- Barometric pressure a t  the sampling site. m m  Hg ( in .  Hg) 

m m  H,O (in. H,O) 

Tm - Absolute average d ry  gas meter temperature,  K (" R) 

dscm - Dry s tandard cubic meters 

dscf - Dry s tandard cubic feet  

W, 

Ma 
C, = Acetone blank residue concentration, mg/g 

V. - Volume of acetone blank 

- Weight of residue in acetone wash 

- Mass of residue of acetone a f t e r  evaporation, mg 

= Volume of  acetone used in wash, ml 
.w 

V 

Mn - Total amount  of particulate matter collected. mg 

C, - Concentration of par t iculate  matter in  stack gas, d r y  basis, 
corrected to s tandard conditions. mg/dscm (gr/dscf) 

gr/dscf - grains per d r y  s tandard cubic  foot  

VW'td - Volume of water vapor in the  gas sample, corrected to  
s tandard conditions, scm (scf) 

- Water vapor in the gas stream, proportion by volume 

- Molecular weight of stack gas, g/g-mole on d r y  basis 

- Molecular weight of stack gas. g/g-mole on wet basis 

- Stack gas velocity. calculated by Method 2, Equat ion 2-9. 
using da ta  obtained from Method 5. m/sec (f t /sec)  

Bw. 

M,, 

MI 

v, 

Cp - Pitot tube coefficient. dimensionless 

A ,  = Vclocity head or srack gas. mni H,O ( i n .  H,O) 

P. - Absolute stack gas pressure. m m  H g  ( i n .  Hg) 



NOMENCLATURE (coolloucd) 
METHOD 5 CALCULATIONS 

Q,,d - Dry volumetric stack gas f l o w  rate corrcctcd to standard 
conditions, dscm/hr (dscf/hr) 

dsc f lmin  - dry standard cubic feet per minute (also identified 
as  d c f m  or scfm) 

acfm - actual cubic feet per minute 

I - Percent of isokinetic sampling 

A. = Cross-sectional area of nozzle, m' (ft') 
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scheduling. sample collection, analysis and  report  preparation. 
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and has had I2 years of professional experience.. Mr. Guenthoer  specializes in  
performing f ie ld  sampling fo r  source emission evaluations. He  is experienced in  
the collection of samples to be analyzed fo r  par t iculate  matter,  particle size 
distribution, su l fu r  and  nitrogen oxides, hydrogen sulfide.  semi-volatile and 
volatile organic compounds (including dioxins and  furans) ,  toxic a i r  pollutants, and 
other chemical species. Mr. Guenthoer was the  recipient of t he  1989 PNWIS/APCA 
'Hardhat Award' which is presented each year to  an individual  to recognize his 
contribution to the  advancement  of source sampling technology in the Pacific 
Northwest. 

- 

- 
7 

Mr. Guenthoer was former ly  t h e  Operations Manager  f o r  Mlu t ion .Con t ro1  Systems, 
Inc. of Seattle. Washington f o r  4 years and handled the  design. technical services 
and sales of in-stack source test Cascade impactors. H e  assists in the instruction of 
EPA 450 and €PA 468 Source Sampling Short  Courses f o r  particulate and gaseous 
pollutants which a r e  offered each year by the €PA in cooperation with the 
University of Washington. He  has also assisted in presenting workshops to 
demonstrate the use of  in-stack source test Cascade impactors. 

Mr. Cuenthoer was formerly associated with Ai r  Pollution Systems of Kent, 
Washington conduct ing research and  development s tudies  on novel particulate 
control technology. Pr ior  to  his auociat ion with Ai r  Pollution Systems, Mr. 
Guenthoer was the Testing Manager f o r  Rossnagel and Associates of Medford. New 
Jersey and was in charge of all water quality. industr ia l  hygiene. and source 
testing fo r  3 branch off icer .  During his 5 ycars wi th  this  environmental  testing 
firm, Mr. Guenthoer  conducted compliance source tests fo r  local, state and federal 
govcrnmcnt i n  over 20 states and served as  a prorcssional cxpcrt witness in 
environmental legal cases. Othcr professional expericncc w i t h  thc State or 
Washington's Dcpartmcnt of Ecology involved sur face  water quali ty studies. Mr .  
Gucnthoer was also involved i n  statewide limnological invcstigations a n d  
bathymctric mapping over a period of 2 ycars with the United States Geological 
Survey i n  Tacoma, Washington. 

- 
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RESUME OF 
K. STEVEN MACKEY 

SENIOR AIR QUALtTY SPECIALIST 

EDUCATION 

- 
- A.S.. Mathematics, North Idaho College. Coeur d'Alene. Idaho, 1978 

Professional training courses and specialty conferences 

PROFESSIONAL MEMBERSHIPS 

- Source Evaluation Society (SES) 

PROFESSIONAL EXPERIENCE 

Mr. Mackey is a Senior Air Quality Specialist fo r  Am Test Inc.'s Air Quality 
Division, and  has ten (IO) years experience in the field of a i r  qual i ty  and 
industrial source emissions testing. Mr. Mackey conducts source testing and 
activities related to source emission testing. including field sampling. test 
equipment maintenance and  calibration, test planning and preparation. and  data  
reduction and  evaluation. He has performed sampling for  particulates. particle 
s k  distribution, su l fur  and  nitrogen oxides, reduced su l fur  compounds, semi- 
volatile and volatile organic compounds. toxic a i r  pollutants, opacity. and  other 
EPA methodology. 

Prior to joining Am Test, Inc.. Mr. Mackey was the Source Testing Coordinator for 
the State of Oregon Department of Environmental  Qual i ty  (ODEQ fo r  1.5 years. 
This  position was responsible for coordinating a s ta tewide source sampling program 
and source qual i ty  assurance program fo r  industr ia l  a i r  pollution sources. His 
work with ODEQ's Air  Quality Division involved evaluat ing source tests, plant  site 
source test observations. approving source t a t  methods, and  evaluat ing source self- 
monitoring practices 

Prior to his position with the State of Oregon. Mr. Mackey was a Field Supervisor 
for  Omni Environmental  Services in Beaverton. Oregon for  4 years. Experience 
with this f i rm  was primarily in industrial source emission testing and field and 
laboratory woodstove emissions testing. In addi t ion to source testing a t  a wide 
variety of industr ia l  facilities, Mr. Mackey ran an extensive field study on 
woodstove performance in Vermont and  New York involving specially designed 
sampling equipment. Prior to working with Omni,  Mr. Mackey worked 4.5 years as 
a Project Leader and  Field Technician for  an environmental  consulting f i r m  which 
specialized in air qual i ty  studies. Experience with this f i rm  involved extensive 
Source testing and  o ther  emissions monitoring projects. 
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RESUME OF 
ANGELA F. BLAISDELL 

ENVIRONMENTAL CHEMIST/TECHNICAL WRITER 

EDUCATION 

- 

- 
- 

B.S.. Marinc Rcsourccs, Western Washington University. 
Bellingham. Washington, 1980 
Minors i n  Chcmistry and  Biology 
Professional training courses and  spccialty confcrcnccs -- 

PROFESSIONAL MEMBERSHIPS 

- 
- Air and  Wastc Management Association (AWMA) 

Pacific Northwest International Section of A W M A  (PNWIS) 

PROFESSIONAL EXPERIENCE 

Ms. Blaisdcll has worked with Am Test. Inc.'s Air  Quality Division fo r  the past 5 
Y 

years. Her main rcsponsibility is to  assure that  thc administrative functions of thc 
Air Quality Division a r c  in ordcr. She communicates with clicnts by tclcphone, - .?rafts all Icttcrs. proposals, test plans, reports. and  invoiccs for  review by the 

.3 
i Director. She rcvicws current  l i terature f o r  each test method and  incorporates t h e  

mcrhodology into ou r  testing and  rcporting protocol. 

In  addition to her administrative rcsponsibilities. Ms. Blaisdcll ovcrsccs the ficld 
technicians in prc-ficld preparation activit ies fo r  Air  Quality Division projccts. 
and  assists in clean-up a n d  analysis of samplcs collcctcd by the iest crcw. On 
larger projects she travels with thc test team t o  assist in samplc collcction, in-ficld 
analysis a n d  data  reduction in Am Tcst's mobile laboratory. Ms. Blaisdcll has 
performed analysis of particulate matter a n d  particle size distribution samples, 
sulfur oxidcs (SO, and  SO,). nitrogen oxides (NO.). hydrogen sulfide (HsS), lead, 
metals. urea, ammonia. formaldchydc, arsenic. semi-volatile a n d  volatile organic 
compounds, and other chemical spccics collected i n  air .  The  data  collcctcd is then 
transfcrrcd to computcrizcd data  reduction programs, which Ms. Blaisdcll hclps 
write and tailors fo r  cach project. 

Prior to joining Am Test, Ms. Blaisdcll actcd as a Projcct Lcadcr and Officc 
Manager fo r  an cnvironmcntal  cnginccring consulting firm in the Seattle area for 2 
years. Expericncc with that  f i rm  involved samplc collection, analysis and rcport 
preparation fo r  source a n d  ambient air. water a n d  industrial hygicnc studies. 
Other professional experience includcs a ycar long project with thc Institute of 
Frcshwater Studies in Bellingham, Washington which involved wcckly sampling by 
boat and subscqucnt laboratory analysis of Lake Whatcom's water fo r  various 
watcr quali ty paramctcrs. Shc was also a n  Off ice  and  Property Manager for  a 
property managcmcnt f i rm,  whcrc rcsponsibilitics included word proccssing. 
computcr program dcvclopmcnt. accounting dutics and various cxccutivc secretarial 
dutics. Ms. Blaisdcll 3150 worked on 
various rcscarch projccts i n  t h c  Chcmistry dcpartmcni while attending Wcstcrn 
Washington Univcrsity. 

A 

._ 

* 

Shc has 9 years of profcssional cxpcricncc. 

I -  
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R E S U M E  OF 
J A N  M. WIDMEYER 

PROJECT ASSISTANT 

E D U C A T I O N  

- 
- Minor in Biology - 

B.S.. Marine Resources, Western Washington University.  
Bellingham. Washington, 1980 

Professional training courses and  specialty conferences 

P R O F E S S I O N A L  E X P E R I E N C E  

Ms. Widmeyer has been with Am Test, Inc.3 Air Qual i ty  Division f o r  the past 3 
years. She is responsible fo r  pre-field preparation f o r  Air  Qual i ty  Division 
projects and prepares the  sample trains, glassware, l abware  and sampling hardware 
to be used on each specific project. I n  t he  field, Ms. Widmeyer acts as a Project 
Assistant. assisting the  Project Manager, Project Engineer,  or Project Leader in 
setting up the  equipment  a t  each sample site, performing the  tests, recovering the 
samples a f t e r  each test. en! i n  demobilizing. She is responsible for properly 
labeling and ident i fying cacn sample. and initiates chain-of-custody procedures. 

In  the laboratory, Ms. Widmeyer is cxperienccd i n  gravimetr ic  analysis of 
particulate matter samples and  particle size distribution samples. She assists in 
preparation and analysis of samples fo r  quant i fy ing  su l fu r  oxides, nitrogen oxides, 
hydrogen sulfide. lead, toxic metals ( including hexavalent chromium), semi-volatile 
compounds (including dioxins  and  furans), and volatile organic  compounds. 

In the  office. M. Widmeyer reduces the  field da t a  and inputs  values into data  
reduction programs and performs by-hand calculations t o  ver i fy  computer program 
integrity. She assists i n  technical wri t ing and word processing of proposals, test 
plans, and  reports. Mz. Widmeyer also performs many adminis t ra t ive  dut ies  to  keep 
the Air Quality Division off ice  organized and operating e f f ic ien t ly .  



3 . A M  TEST LABORATORIES, INC. 

AIR QUALITY DIVISION 

A m  Test, Inc.'s Air Quality Division has full-service source testing capabilities. A n  
experienced s ta f f ,  utilizing state-of-the-art equipment conducts field testing and  
laboratory analyses. Some of the types of tests we perform include measurements 
of particulate mattcr. particle size distribution (including PMio). acid gas emissions, 
metals emissions, sulfur  and  nitrogen oxides. hydrogen sulf ide and  total reduced 
sulfur.  volatile organic compounds (VOC). and semi-volatile organic  compounds 
(including dioxins, furans,  PCB. and PAH). We perform continuous emission 
monitoring system (CEMS) performance evaluations and  relative accuracy test 
audits (RATA) for  our  clients using CEMS to demonstrate compliance. The  Air 
Quality Division of Am Test provides testing services to  a variety of  industrial  
clients including: oil aed  gas refineries;  gas, oil. coal, and  nuclear-fired power 
plants; chemical plants; wood products industrics;  smelters; cement plants; landfills; 
and municipal waste incinerators. 

Services provided by the Air  Qual i ty  Division of Am Test include: 

- Source Industr ia l  Atmospberlc Emlulon  Evaluations 

- Particle Size Distrlbrtlon Studies  (PMlo) - Contlnuous Emlssloa Monitoring System (CEMS) Evaluatlons 
- Vapor Recovery System Efficiency Evaluations 

- Englneerlng and  Control Technology Evaluations 

- Industrial  Hygiene Studies  - SARA Tit le  111 Emlsslons Measurements - Mobile Source Test Laboratory Includes 

- TOXIC P o l h t a ~ t  Edssions Studies  

- Pilot Plant  Studies  

- Ambient Air Q ~ a l i t y  E*a lua t lo~S  

'real tlme. gaseous consti tuent analyzers, 
capablll ty of in-flcid analysis and  data reduction 

I36 

Phonc Mr. Kris A. Hansen. Director, A i r  Quality Division. A m  Test, 
a t  (206)885-1664 or (206)333-4054 for  more details, or  a f i rm price quotat ion,  
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Am Tcst. Inc.  is a ful l  scrvicc analytical testing laboratory locatcd in Rcdmond. 
Washington. I t  was organized to provide t h e  highcst caliber iaboratory testing or 
environmental  and industrial  samplcs. Expcrienccd cnvironmcntal  chcmists and 
microbiologists have the best available cquiprncnt at  thcir disposal. Expcricnced 
pcrsonncl. top-notch instrumentation, and  a personal intcrcst in y o u r  tcsting 
rcquiremcnts assurcs: 

- Q u i c k  turnaround tlme for sample analysls 
- Maximum quality control on projects - Direct dialogue w i t h  t h e  analyllcal  s t a f f  - Reasonable rater 

Am Test's laboratory is departmentalized into the following disciplines: 

AIR QUALITY 
ENVIRONMENTAL 
INDUSTRIAL 

O I L  AND FUELS 

TRACE ORGANiCS 

MICROBIOLOGY 

Source and Ambient Testing 
Water, Wastes, Tissue, Vegetation 
Food, Materials Testing, Industrial  
Hygiene, Speclal Projects 
Lubricatlng Oil, Fuel Analysis, 
Hydraulics, Contamlnatlon Analysis 
PCB's, Pesticides, Hazardous Waster, 
Priorlty Pollutants 
Water, Wells, Food, Product Evaluation 

A m  Test's laboratory utilizes the following instrumentation: 

Finnic- Inca# 60 CC/MS 
J m l l  A.h ICP Plum. Emivion S p c l l o ~ I e r  

C u  Chromatorr.phs: FID, EC, TC, N1, P 
Jurrll  h h  Arc. Spark Emission Sprctmmelrr 
Xertex TOX hn.ly.er Infrved Spctrom.t*r 
Sourr. 1 . ~ 1  Equipment-EPA Apprord 

Atomic Abrpt ion  Sp.ctmrnet*r-FIum 
Atomic A b r p t i o n  3p.ctronuIer-Gr.phito Furnu. 
Atomic Aborplion Spctmmekr-Hydride Cenwstion 
UV/Viiibl. Sp.ctmm*ter 

Hirh Pedommc. Liquid Chrom.lorr.ph 

Am Tcst is onc laboratory i n  a group of  laboratorics scrving t h e  West. Other 
facilities includc: 

Amtest, Inc., Portland, Oregon 
Amtcsl o f  Arlzona, Phoenlx, Arlzona 
Can Test Ltd.. Vancouver, B.C. 
Lorlng Laboratorles, Calgary, Alberta 
Metropolitan Clinlcal Laboratories, Ltd.. Vancouver, U.C 

I'honc M r .  S h a w n  Moorc. General M3n3gcr o r  h l r .  Mark Fugicl. Technical Dircctor. 
31 (206)885-1664 for rnorc d c l o i l s  or 3 price quoration. 
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A M  TEST, INC. - A I R  Q C J A L I T Y  DIVISION 

QUALITY A S S t J W A N C E  PLAN 

I n  t rod uct ion 

Thc purpose of the  qual i ty  assurance p lan  is to provide guidclincs Tor achieving 
quality control i n  a i r  pollution measurcmcnts. The  detailed procedures to bc 
utilized a rc  included i n  thc Environmental Protection Agency's (EPA's) rcfcrcncc 
manual titlcd Qua l i t v  Assurance Handbook fo r  A i r  Pol lution Mcasurcmcnts 
Svsrcms. Volume 3, EPA-600/4-77-027b. along with cur ren t  updates. The accuracy 
of cmissions test data  depends upon propcr equipment pcrformancc and on thc 
proriciency and  conscientiousness of thc operators. All aspects of tcsting. analysis, 
data rcduction and rcport preparation should be pcrformcd by cxpcricnccd and 
wcll-trained pcrsonncl. 

Methods 

Am Tcst, Inc.'s Air Qua l i ty  Division typically uscs published test methods; e.g.. 
Ncw Source Performance Standards (NSPS) test methods published i n  thc current  
edition of Ti t le  40 Codc of Federal Regulations, Part  60 (40 CFR 60). and  the 
methods adopted fo r  s ta te  and local code enforcement.  Specialized test work, such 
as particlc sizc testing, requires special tcst methods. Am Tcst uscs thosc 
methodologies and  sampling hardware w h i c h  a re  considered by the cxpcrts i n  the 
ricld to be state-of'-the-art. Procedures and  protocol a rc  updated regularly as 
research groups refine tho testing mcthodology. analytical  proccdurcs and 
calibration tcchniqucs. A high lcvcl of qual i ty  control is maintained i n  both our  
standard NSPS testing and  specialty testing areas. 

Samples a re  rccovercd f rom the sampling t r a in  a f t e r  each tcst. Samplc rccovcry is 
carried out  i n  a suitable arca sheltered from wind and  dust to prevent 
contamination of samples. Sample recovery procedures outlined i n  the applicable 
test method are  followed in detail (usually 40  CFR 60). All  sample containers arc 
identified using a sample label. Aftcr recovery, all sample containcrs a rc  scalcd. 
Most sarnplc rccovcry and  analysis is pcrformcd i n  the ficld to prevent sarnplc loss 
or contamination dur ing  shipment and to provide thc clicnt with prcliminary 
results. The da ta  is t h e n  input into the f ie ld  computer  and  hard copy, disc copy 
and back-up a re  produced. Data relative to samples. collcctcd during cach test, a re  
immediately inspected fo r  completeness a n d  placed under t h c  custody of the 
Projcct Manager or Project Engineer u n t i l  custody is transferred when the samples 
are turned ovcr to  the  laboratory. Sample storage boxes with locks a re  used to 
store samples in  the field prior to in-ficld analysis. A chain of custody sheet 
follows cach sample through the above procedures. Thc  samples a re  then turned 
over to the Am Test Laboratory or subcontract laboratory i f  additional analysis is 
to bc pcrrormed. The chain or custody f o r m  must be signcd cach time the samples 
changc hands to couriers or laboratory pcrsonncl. 



Qvalitv I 

Reliability i n  stationary source tcsting is maintained through strict adhcrcnce to 
q u a l i t y  control procedures. A m  Test's procedures a rc  designed to control both the 
accuracy and precision of the tcst results. 

Accuracy is maintained through rigorous calibration proccdurcs using thc 
standards specified i n  the methods and/or  Volume 111 of the Qualitv Assurancg 
-0 k fo r  Air PQlh!.UQn Mea- , use of control samples where 
appropriate, and performance and  systems audits.  The accuracy of sourcc tcst 
capabilities is monitored through voluntary participation i n  EPA's stationary 
source audi ts  for coal and  Methods 5 .  6 and  7. 

Performance audi ts  a re  conducted during the sampling and analytical  phases or the 
test program. The volumetric flow metering device is audi ted dur ing  the sampling 
phase u s i n g  a s tandard d ry  gas meter. Th i s  audi t  is conducted once on each 
metering device during each set of f ie ld  tests, using procedures outlined i n  Volume 
111 of the Qua l i t v  Assura nce Handbook . Barometers, thermocouple indicators. 
nozzles, and  other  equipment used du r ing  the field test phase a re  audited 
periodically to ensure the collection of acceptable data .  

Blanks of reagents used to  collect, recover, and  analyze samples a re  collcctcd to 
check the  qual i ty  and  ensure that reagents meet cr i ter ia  established i n  the test 
methods. Fil ter blanks and substrate blanks a re  also carr ied through analysis 
procedures. When analyses a re  conducted i n  the f ie ld ,  blank samples a rc  annlvzcd 
to ensurc the accuracy of results. Samples analyzed i n  the laboratory a rc  subject to 
the stringent quali ty controls exercised in  the laboratory (see A m  Test,  Inc.'s 
Laboratory Quality Assurance/Quality Control Plan). 

A systems audi t  is performed, consisting of a n  on-site qual i ta t ive inspection and 
review of the total measurement system. T h i s  inspection is conducted on a daily 
basis by the quali ty assurance coordinator.  During the systems audi t ,  t h e  audi tor  
observes the  procedures and  techniques of  t he  field team i n  thc  following general 
areas: 

- Setting u p  and  leak tcsting the sampling t ra in  - lsokinetic sampling check of the sampling t ra in  - Final leak check of t r a i n  - Sample recovery 

Results of the systems audi t  are summarized on the ficld data  shccrs and  discusscd 
i n  the rinal report. 

Acceptable precision is maintained through strict  adherence to acceptable limits of 
difference in replicate measurements a t  each step of the  procedure f rom initial 
calibration of sampling equipment to  the  f ina l  analyt ical  determinations.  These 
limits a re  specified i n  the methods and  i n  Volume 111 of the Qua l i t v  A s u r a n c c  
!imm.Qk. 
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Data validations a r c  accomplishcd by u s i n g  intcrnal quali ty control chccks and 
performing intcrnal systems, pcrformance. and da ta  audits.  For each major 
mcasuremcnt parameter. the frequency and type of quali ty control checks with 
control limits and corrective action are established. An example of an  internal 
quality control check would be to analyze a s tandard solution a f t c r  cvcry tenth 
analysis for projects requiring a large number of repetitious analyses. Audit 
samples a re  used in projects where appropriate. T h i s  applies most specifically to 
chemical analyses (i.e., Methods 6. 7). I f  the control sample analytical  results a r c  
not within the control limits, corrective action is taken to ident i fy  and resolve the 
problem before cont inuing with analyses. 

Field calibration checks a r e  performed on t h e  control box (using a standard d r y  
gas meter), thermocouples, and digital readouts. Visual inspcctions Of pitot tubes. 
glassware. and other equipment a re  also made. The  main purpose Of a Systems 
audit is to ensure that the measurement system will generate valid data i f  operated 
properly. By performing pre-tcst, on-sitc, a n d  post-test calibrations of the 
measurement systems, d a t a  validation checks of the  pcrformance Of the test 
equipment can be easily performed. 

Data reduction and  reporting have been shown to be significant potential sources 
of system error. Most of Am Test's calculations a r e  pcrformcd by a validated 
computer program to  minimize error. Data en t ry  is performed by individuals 
f'amiliar with testing proccdurcs. The data  printouts a r e  then validatrd by 
comparison with the field and analytical data  sheets. In addition. hand calculation 
checks a rc  made to validate the computcr output.  

All data generated by each phase of a laboratory or field sampling program are 
reviewed by a senior rcvicwer. The  data must be signed off by thc senior reviewer 
prior to releasing the data f o r  report preparation. 

Callbratlon 

All sample t ra in  components requiring calibration a r e  calibrated at the 
recommended intervals using approved mcthods. Standardized calibration 
procedures a re  in accordance with calibration cr i ter ia  outlined in the test method 
and Volume 111 of the Q u a l  i t v  Afsura ncc Ha ndbook. The  following samplc train 
components a r e  cal ibrated using standardized procedures  

- Pitot tubes 
- Different ia l  prcssurc gauge and magnehelic gauges 
- Barometer 
- Rotameter ( ra te  meter) 
- Digital indicators 
- Thermocouples 
- Meter box d r y  gas meters 
- Sampling nozzles 

Calibration proccdurcs fo r  spccial equipment and  components such as the 
analytical system used in particlc sizc dcterminations a rc  calibrated using 
procedures tailored to the specific system bascd on accepted mcthods publishcd i n  
thc literature. or manufacturcr 's  spccifications. 

I40 



The general calibration program consists or conducting a iull-scalc laboratory 
calibration proccdurc on each new or repaired componcnt requiring calibration. 
prior to its usc i n  the ficld.  A t  the completion of  a ficld tcst. each componcnt 
requiring calibration reccivcs a post-test cal ibrat ion chcck. A n y  component not 
meeting the calibration cri tcria is thoroughly checked and  calibrated using thc 
full-scale laboratory procedure. 

For particle sizc impactor calibration. cach impactor stage has been calibrated by 
the manufacturer  using a polydispersed aerosol and  optical  size analyzer a t  a range 
of temperatures and  f low rates to determine the iner t ia l  impaction parameter Cor 
that particular stage. This  parameter is intrinsic for cach stage. being controlled 
by the physical configurat ion of the stage a n d  other  pertinent aerodynamic valucs. 
The stages a re  pcriodically cxamincd fo r  wear and  corrosion and replaced as 
necessary. 

Preventative Maintenance 

All equipment used in emission measuring systems is maintaincd i n  good operating 
order. I n  order  to achieve this objective. a n  e f fec t ive  preventative maintenance 
program is necessary. Am Test's preventative maintenance program consists of 3 
major components: ( 1 )  short  interval inspcction: ( 2 )  replacement of obsolete or  
damaged components; and  (3) scheduled disassembly a n d  overhaul.  Procedures used 
i n  this program follow those outlined i n  Volume 111 of the Qua l i t v  Assurance 
Handboo k.  

Train i np, 

T h e  level of t ra ining of  the personnel pcrforming thcir  various tasks on a source 
testing project is as important  as  any o ther  aspect of  a qual i ty  assurance program. 
Only those persons who have had cxtensivc experience a rc  able to judgc the 
credibility of a sourcc test or to  recognize problems as  they arise. Only pcrsonncl 
who are suff ic ient ly  t ra ined to perform thc  source tcsts a r e  utilized. 
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A M T E S T  INC. 
LABORAf ORY 

QUALITY ASSURANCE PROGRAM 

INTROD UCTION 

Am Test, Inc. provides a comprehensive program of laboratory scrviccs in  thc areas 
of environmental, industrial ,  microbiological, oils, and  a i r  qual i ty  testing. 
Conclusions based on data  generated by Am Test may have a significant impact on 
the assessment of cnvironmcntal  qual i ty  and  workspace safety,  as well as on the 
economic burden placed on industry and the  public. Therefore,  the establishment 
of a continuing program to insure the reliability and validity of results is one of 
the fundamental  responsibilities of the laboratory. 

This Quality Assurance (QA) Program outlines the policies, organization and 
operations established fo r  assuring the  integrity of the analyt ical  da ta  Am Test 
produces and uses. 

ANALYTICAL METH O D s  

Sample analyses ai'; performed in accordance with widely accepted procedures such 
as those of the US. Environmental  Protection Agency (EPA), the U.S. Geological 
Survey (USGS). the American Society fo r  Testing and  Materials (ASTM). thc 
Association of Off ic ia l  Analytical  Chemists (AOAC). and  the  U.S. Food and Drug 
Administration (FDA). 

DOCWE- 

Field sampling performed by laboratory personnel is documented with specific 
sample identification, da t e  and  ini t ia ls  of the  individual performing the sampling. 
This information (or a n y  information provided by the client when they perform 
their own sampling) accompanies the  sample and is eventually included with the 
project record. 

Upon receipt a t  the laboratory, the  sample is given a unique (spcciric) identifying 
number f rom the log book and  the date. client identification. and  parameters 
required a re  recorded next to  the number and  initialed by the person receiving the 
sample. A project record is ini t ia ted dur ing  the log-in procedure and  includes the 
date received. laboratory sample numbers, client identification and  analysis 
parameters required. The  sample is then preserved, split and  stored as  required by 
the client to maintain the  viabil i ty of the parameters being analyzed. Special 
storage facilities a re  available fo r  samples requiring security storage. 

As analyscs a re  performed. all da t a  is recorded a n d  initialed i n  bound, datcd. a n d  
specilically labeled laboratory notebooks which arc kept on pcrmancnt file. 
Notcbooks include qual i ty  control data ,  analytical  calculations. and results for  t h e  
speciric analyscs. Sample analysis records arc cross-referenced bctwcen books 
whcrc necessary. The results a rc  also recorded on thc 'pro jec t  rccord as thcy arc 
obtained. 



When a project is completed. a report is generated. This  report includes methods 
summaries. results, r aw  data.  graphs and/or  quali ty control information. where 
applicable. Copies a r e  kept on fi le with the project record. Information is filed in 
three separate f i l ing systems: a quick-reference f inal  report file. the project record 
and final report file, a n d  raw data laboratory notebooks. T h e  samples are retained 
Tor 30 days artcr the  f ina l  report has been rcccivcd by the client. Longer storage 
times may be obtained upon request. 
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SUPPLIES 

R e a n c n b  - All reagents. chemicals. and gases used a rc  of the purity required Tor 
t h e  specific analyses. Each chemical is dated when received. and whcn opened. 
Chemicals a r e  stored compatibly and a re  isolated where needed to insure stability 
and to avoid contamination and  hazardous environments.  

Standards - All pr imary s tandards a r e  obtained f rom reliable sources (i.c., EPA, 
FDA, chemical suppliers), handled. prepared. and  stored appropriately. Standards 
are prepared a n d  s tandardizcd against pr imary s tandards f rom alternate sources. 
Primary. stock, and  working standards are  checked init ially and regularly for 
accuracy. Thcsc solutions a re  rcs tandardizcj  or prepared fresh as  rcquircd by 
their stability, or whcn inaccuracies fall outside set control limits. Al l  
standardizcd solutions are  labeled with the name of the solution, concentration. 
solvent. preservative, date, a n d  initials of the individual preparing the solution. 

- Deionized or distilled water is used in  the laboratory for dilution. 
preparation of reagent solutions. and f inal  r insing of glassware. Conductivity of 
thc deionized water  is monitored daily to insure good quality. Possible 
contaminants in  the  deionized water a r e  analyzed Tor on a monthly basis. 

Glasswar€ - Volumetric glassware, Class A, is used in a l l  precise measuremenIS of 
volume. Glassware f o r  general use in the laboratory is washed with detergent. 
rinsed with t a p  water. and  finally rinsed twice with deionized water. Any acid or 
solvcnt rinsing required prior to analysis is performed. Glassware Tor individual 
analyses a r c  ident i f ied and stored separately. 

INSTRUMENTATIOE 

A l l  instruments a r e  adjusted and  calibrated to the  manufacturer 's  specifications. 
Once the instrument  is optimized, and is performing at t he  desired sens i t i v i ty ,  the 
sample set is analyzed. T h e  s tandard curve  serves as a n  additional check on 
instrument funct ion.  

Maintenance is pcrformcd a t  intervals specified by the manufacturer.  or more 
frequently whcn necessary. The majority or Am Test's instruments a r c  covered 
under maintenance scrvicc contracts w i t h  thc manufacturer .  Performance and 
maintenance records a r c  maintained Tor each instrument. 
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LABORAf ORY 

QUALITY CONTROL PROGRAM 

JNTRODUCTION 

Qual)ty Control (QC) consists of specific activit ies and procedures designed to 
measure and  control the qual i ty  of the da t a  being produced. Am Test USES a 
systematic a t tempt  to assure the precision and  accuracy of analyses by detecting 
errors and  preventing their  recurrence or by measuring the degree of error 
inherent i n  the methods applied. Confidence in the accuracy of ana ly t ica l  results 
and improvements in analytical  precision is established by the identification of the 
determinate sources of error. Precision is governed by the indeterminate errors 
inherent i n  the procedure and  can be monitored by statistics/ methods. 

Am Test uses any o r  all of the following qual i ty  control techniques to  assure 
accurate. precise, and  unbiased analytical  data.  

Blanks a re  carr ied with the samples through the entire analytical procedure to 
serve as a check on reagent puri ty  and  possible laboratory contamination. If a 
blank is found to be contaminated. steps a re  taken  to identify the sourcc and 
eliminate or minimize the contamination which was detected. Sample values a re  
not quant i ta ted u n t i l  the  blank value is reduced to a n  acceptable level. The 
magnitude of the blank is taken into account when calculating the results of the 
analysis. 

ACCURACY 
Accuracy refers  to the relationship of the analyt ical  value to  the actual value for  a 
standard o r  well-defined control sample, expressed as a percentage. In applicable 
tests, s tandards  obtained from reliable sources (Le., NBS, EPA) arc run through the 
analytical procedure to serve as a check on the accuracy of the f inal  analysis. 
Where s tandards  are  not available. laboratory blanks a re  ‘spiked’ with a known 
quantity of the  parameter being analyzed for.  I f  the  values obtained for  t h e  
standard or spiked sample a re  not within a statistically acccptablc range of the 
actual value. the  procedure is reworked to ident i fy  and correct the problem. 

PRECls loN’  

, Precision is t h e  degree of agreement of repeated measurements of the same 
property. expressed i n  terms of dispersion of test results about I h c  mean result 
obtained by repeti t ive testing of a homogeneous sample under specific conditions. 
Replicate analyses of samplcs and  s tandards a rc  performed i n  conjunction w i t h  
normal sample procedures to monitor the precision obtainable for t h a t  parlicular 
analytical method. I f  t h c  percentage variation is not w i t h i n  thc acccptablc limits 
determined fo r  the specific test, the procedure is reworked to make the precision 
acceptable. 
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RECOVERZ 

'Spiked' samples or NBS certif ied malrix s tandards a re  run w i t h  rhc sample 
analyses to  determine recovery data and matrix effects. 

CURVES 

With each analysis, a minimum of  three s tandards  a re  run i n  conjunction wi th  the 
samplcs to provide a working s tandard curve. The samples a rc  quantitatcd using 
values obtained f rom thcir  concurrently developed standard curvc. The standard 
curve also funct ions as  a chcck on thc proper operation of thc analyrical 
instrument. the  viabil i ty of the procedure Tor that paramctcr, and as a method for 
determining the  linear range of the analysis. Samples a re  diluted or  concentrated 
when necessary 10 fa l l  within the  limits of the  s tandard curve. 




