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SECTION 1 

INTRODUCTION 

The purpose o f  t h i s  Data Supplement i s  t o  document data i n  g rea ter  

d e t a i l  than was p r a c t i c a l  i n  the  techn ica l  r e p o r t  f o r  t h i s  f i e l d  t e s t  (1) .  

It i s  intended t o  p rov ide  s u f f i c i e n t  d e t a i l  f o r  researchers t o  perform t h e i r  

own ana lys is  o f  t h e  data obtained. 

r e p o r t  f o r  ob jec t i ves ,  d e s c r i p t i o n  o f  t h e  source m i s s i o n  resu l t s ,  

i n t e r p r e t a t i o n  and conclusions. 

i n fo rma t ion  i n  corresponding sect ions:  

Readers a re  r e f e r r e d  t o  t h e  techn ica l  

The data supplement conta ins the  fo l l ow ing  

2.  PRELIMINARY EQUIPMENT CALIBRATION AND TESTS 

C a l i b r a t i o n  data f o r  the  d r y  gas meters used t o  sample exhaust gas 

f o r  bo th  EPA Method 5 and Source Assessment Sampling System (SASS) 

t r a i n s .  Exhaust gas v e l o c i t y  t r a v e r s e  data across exhaust duct. 

3. ENGINE OPERATING DATA 

Complete opera t ing  data o f  t e s t  engine i n c l u d i n g  f u e l  and a i r f l o w ,  

power ou tpu t  and i n l e t  and exhaust temperatures. Oata recorded by 

engine operators  (employees o f  C o l t  I ndus t r i es ) .  

k a s t a l d i n i ,  C. "Environmental Assessment o f  NOx Control on a Compression 
I g n i t i o n  Large Bore Reciprocat ing I n t e r n a l  Combusion Engine -- Volume I :  
Technical Results," Acurex Report TR-81-B1/EE, A p r i l  1984. 
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4. SAMPLING DATA SHEETS .I 

€ m i  s s i  on data obta ined w i t h  cont inuous mon i to r ing  ins t rumenta t ion .  

Operat ing data t a b l e s  f o r  EPA Method 5 ( f o r  p a r t i c u l a t e  mass 

emissions), €PA Method 8 ( f o r  SO2 and SO3 sampling) and Source 

Assessment Sampling System ( f o r  p a r t i c u l a t e .  t r a c e  element and 

organ ic  sampling). 

5. ANALYTICAL LABORATORY RESULTS 

U l t i m a t e  a n a l y s i s  o f  lube o i l  and d i s t i l l a t e  o i l  used i n  t h e  engine. 

Laboratory  ana lys i s  repo r t s  on p a r t i c u l a t e  emissions by g rav ime t r i c  

ana lys is ;  s u l f u r  emissions by t u r b i m e t r i c  analys is ;  t r a c e  element 

emissions by Spark Source Mass Spectrometry (SSMS) and Atomic 

Absorpt ion Spectroscopy (AAS) analyses; t o t a l  chromatographable 

organic  (TCO) and grav imetry  r e s u l t s  (GRAV); i n f r a r e d  (IR) spec t ra  

o f  t o t a l  sample e x t r a c t s ;  de termina t ion  o f  organic  compounds by Gas 

ChromatographylMass Spectrometry (GC/MS); l i q u i d  chromatography (LC) 

separa t ion  o f  se lec ted  sample e x t r a c t s  w i t h  TCO, GRAV. and IR 

ana lys i s  r e s u l t s  f o r  LC f r a c t i o n s ;  low r e s o l u t i o n  MSS spectrometry 

(LRMS) ana lys i s  r e s u l t s  f o r  se lec ted  LC f r a c t i o n s  and t o t a l  sample 

e x t r a c t s ;  and b i o l o g i c a l  assay r e s u l t s  o f  exhaust gas samples f o r  

both base l ine  and c o n t r o l l e d  NOx t e s t s .  
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SECTION 2 

PRELIMINARY EQUIPMENT CALIBRATION AND TESTS 
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PITOT TUBE COERECTION FACTOR AND CALIURkTION DATA - !j c 
P r o h e  D e s c r i p t i o n :  . 
P i t o t  Tube  Typc: ; ?Y?C 

I d e n t i f i c a t i o n  NO. : 6 4  P? +\ /;ca - &. .. 4 
C a l i b r a t i o n  Da te :  4 11718~ 

Calibrate . :  B y :  s 2IL -+ INS LXY 

IqI?!D TUNMEL I SPECIFICATIONS - 
Typc:  P l e x i g l a s s  (Round)  

I n s i d e  Iliameter: 12 i n c h k s  

L e n g t h :  1 0  feet 

Port. L o c a t i o n s :  8 feet  downstream 

Cp std = . 9 9  70° 



TkE A~MEGA COR~ORAT~ON 
PITOT TUBE CORRECTION FACTOR AND CALIBB4TION DATA 

Probe Descr ip t ion :  ' 
P i t o t  Tube Type: y 7WE 

I d e n t i f i c a t i o n  NO.: 4.3 \ \  '4' sibs fllJw k e d  
C a l i b r a t i o n  Date:  . + I l l  1st 
C a l i b r a t e d  By: € d k  A 3 E u S L S - j  

W I N D  TUNNEL . SPECIFICATIONS 

Type: Plexiglass  (Round) 

I n s i d e  Diameter: 1 2  i n c h e s  

RUN PIO. 

Lenqth: 1 0  feet  

P o r t  Loca t ions :  9 feet  downstream 

Cp s t d  = .99 70° 

Apstd 
(IN. €120) 

1 "A" SIDE CALIBRATION 1 
1 1 I I 

1 I c. ! '  1 E - I  j I C,UL(T/ 

"A" S i d e  Average Deviat ion = 
S i d e  Average Deviat ion = W R  ,I 

2-4 
Must  b e <  0 . 0 1  



i ThE A~MEGA Coqmxaiiow 
PITOT TUBE COr?RECTION F4CTOR AND CALTBR?,':ION DATA 

-. 

_- P r o b e  D e s c r i p t i o n :  

P i t .o t  Tube Type: 5' T y i G  

J d e n t i f i c a t i o n  N o . :  4. I p r o  

C a l i b r a t e d  B y :  5 2 I C  A\ l lUScS.Y  

C a l . i b r a t i o n  D a t e :  4 (17 I b'@ 

IVIMD TUP!NCL . S P E C I F I C A T I O N S  

T y p e :  P l e x i g l a s s  ( R o u n d )  

I n s ide  Diameter: 1 2  i n c h e s  

L e n g t h :  1 0  feet  

Port L o c a t i o n s :  8 feet  d o w n s t r e a m  

C p  s t d  = .996. 70° 
u 

" A "  Side  A v e r a g e  D e v i a t i o n  = 
S i d e  A v e r s g e  D e v i a t i o n  = n B  1s Must  b e <  0 . 0 1  
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Thr A ~ M E C ~ A  CoRpoRarioN 

PITOT TUBE CORRECTIOR FACTOR AND CALIBRATIOM nll?'?, 

-/ 
Probe D e s c r i p t i o n :  . 

. . -.. .: I \.' 'i - P i t o t  Tube Type: ,\ c 

I d e n t i f i c a t i o n  N o . :  J 2  P I G  p a  
C a l i b r a t i o n  Date: -i !,I \ T O  

C a l i b r a t e d  By: 51;:LL AWLS7 

WTND - T U N N E L  . SPECIFICATIONS 

Type: P l e x i g l a s s  (Round) 

I n s i d e  D i a m e t e r :  1 2  i nches  

Lenqth: 1 0  feet 

P o r t  Loca t ions :  8 f ee t  downstream 

C p  std = .99  70° 

1 AVERAGE 

"A" S i d e  Average Dev ia t ion  = 
"B" S i d e  Average Dev ia t ion  = 

2-6 
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TRAVERSE 
POINT 

NUMBER 

t 

TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

PRODUCT OF TRAVERSE POINT LOCATION 
COLUMNS 2 AN0 3 FROM OUTSIDE OF NlPPLE FRACTION IWLtt .  

OF STACK 1.D. STACK I.D. (TO NEAREST 14 INCH) DISTANCE B (SLIM OF COLUMNS 4 8 St 

PLANT c'e<r- RF,a',r. bJc, 
DATE . - - & - 2 / - l i D  
SAhlPLING LOCATION c I - < t n r  I <  
INSIDE OF FAR WALL TO 

INSIDE OF NEAR WALL TO 

STACK 1.0.. (DISTANCE A .  DISTANCE B) 
NEAREST UPSTREAM DISTURBANCE 2 .'3- . 0 
NEAREST DOWNSTREAM DISTURBANCE 

OUTSIDE OF NIPPLE. (DISTANCE A) k CrttcN\&, - ;/ 
OUTSIDE OF NIPPLE, (DISTANCE B) " 3 ,  

/C?3:,C avc- . 
Z .9 D & A  , 

C A L C U L A T O R J ~ ~ C  

- 

SCHEMATIC OF SAMPLING LOCATION 



PRELIMINARY 

TRAVERSE VELOCITY STACK 
POINT HEAD TEMPERATURE 
NUMBER (ap,). in.H20 m,). O F  

I 9 - c  66V 

\ 9.T &oL, 

?LANT -_ 61 0 1 1  WC 

LOCATION - 
STACK1.D. IC.?%- -- 
BAROMETRIC PRESSURE, in. Hg 
STACK GAUGE PRESSURE. in. n20 + 3.0 (9% ? 
OPERATORS b ni?-nrtJ 

L 

DATE 9 -a  I - .G/I 

I/ 

0 rpj,q 

PaT- s- l  

TRAVERSE VELOCITY 
POINT TEMPERATURE 

NUMBER (ap,), in.H20 

6-36 

S-2  

s- I 



PRELIMINARY VELOCITY TRAVERSE 

TRAVERSE VELOCITY 
POINT TEMPERATURE 

TRAVERSE VELOCITY STACK 
POINT TEMPERATURE 1 1 HEAD 1 
NUMBER bpSk in.Hz0 f l S A  O F  

I 

3 .  I &eo 

2 4  AVERAGE 

2-13 &*=til Gad. 



SECTION 3 

ENGINE OPERATING DATA 

Complete engine opera t ing  data were recorded dur ing  the  du ra t i on  of bo th  

t h e  base l ine  and low-NOx t e s t s .  

data sheets. The Method 8 base l ine  t e s t  f o r  s u l f a t e  m i s s i o n s  was no t  done 

concurrent  t o  t h e  Method 5 p a r t i c u l a t e ,  hydrocarbon, and SASS t e s t s  because 

o f  sampling equipment mal funct ions.  

da ta  l o g s  are  provided f o r  t h e  base l ine  Method 8 t e s t  and not  f o r  the  low-NO, 

t e s t .  

d i f f e r e n t  s l i g h t l y  i n  load and combustion a i r  f low. 

a i r  f l o w  were caused by changes i n  i n l e t  engine a i r  temperature which va r ied  

from an average o f  305 K (89'F) dur ing  the  f i r s t  base l ine  t e s t  t o  281 K 

(46OF) .dur ing the  second base l ine  t e s t  o r  Method 8 t e s t .  

temperature o f  i n l e t  combustion a i r  r e s u l t e d  i n  an 8-percent increase i n  

combustion a i r  f low. 

These f i e l d  da ta  appear i n  t h e  f o l l o w i n g  

That i s  why a separate set  o f  engine 

Engine opera t ing  data dur ing  both runs a t  base l ine  c o n d i t i o n  were 

Changes i n  combustion 

The coo le r  

3- 1 
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SECTION 4 

SAMPLING DATA SHEETS 

This  sec t i on  inc ludes  data sheets f o r  cont inuous mon i to r i ng  o f  gaseous 

emissions (02. CO2, NO, NO,, and TUHC), p a r t i c u l a t e  mass emissions us ing  

EPA's Method 5 and t h e  Source Assessment Sampling System, and s u l f u r  

emissions us ing  t h e  modi f ied High Volume Stack Sampler accord ing t o  EPA 

Method 8 procedure. 

order :  

The f i e l d  data sheets a re  arranged i n  t h e  f o l l o w i n g  

4.1 -- Continuous Mon i to r i ng  Emission Data 

4.2 -- P a r t i c u l a t e  Mass Emissions - High Volume Stack Sampler (HVSS) 

4.3 -- S u l f u r  Emissions - Mod i f i ed  HVSS, Method 8 

4.4 -- Trace Elements and Organics - Source Assessment Sampling System 

(SASS) 

4-1 



4.1 CONTINUOUS MONITORING EMISSION DATA 

4-3 



J 
U 
CI 
1L: 

/2, 
I 

b 
7 

l- a -  c 7  * <  n 

4-5 



‘7 
r >  r 

4-6 



4.2 PARTICULATE MASS EMISSIONS -- HVSS 
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4.3 SULFUR EMISSION DATA -- MODIFIED H V S S .  METHOD 8 
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4.4 TRACE ELEMENTS AND ORGANICS -- SASS 
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SECTION 5 

ANALYTICAL LABORATORY RESULTS 

This  sec t i on  conta ins  l abo ra to ry  repo r t s  and ca l cu la t i ons  o f  a n a l y t i c a l  

r e s u l t s  f o r  f u e l  and exhaust gas emissions sanples co l l ec ted  from t h e  

compression i g n i t i o n  engine d u r i n g  base l ine  and con t ro l l ed  NOx tes ts .  

repo r t s  are presented i n  t h e  f o l l o w i n g  order:  

The 

5.1 -- Fuel and Lube O i l  Analyses 

5.2 -- P a r t i c u l a t e  Mass Samples and Data Reduction 

5.3 -- S u l f u r  Emissions Data Reduction 

5.4 -- Trace Elements 

5.5 -- TCO. GRAV, and GC/MS Resul ts,  and I n f r a r e d  Spectra o f  To ta l  

Sample E x t r a c t s  

5.6 -- tias Chromatography Data Reduction 

5.7 -- LC F r a c t i o n a t i o n  o f  Selected E x t r a c t  Samples w i t h  TCO. GRAV, and 

I R  Resul ts  on LC Frac t ions  

5.8 -- LRMS Analyses o f  Selected LC Frac t ions  and Tota l  Sample Ex t rac ts  

5.9 -- Bioassay Ana lys is  Report 

5-1 



5.1 FUEL AND LUBE OIL ANALYSES REPORT 
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5.2 PARTICULATE MASS SAMPLES AND DATA REDUCTION 
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ACUREX 6 Corporation 
PARTICULATE CALCULATIONS 

1. Volume of dry gas sampled at standard conditions, 68°F. 29.92 inch Hg (scf) 

Or Vmstack = t: -+ Vwstd ) ( Ts'avg ++ z) (%) (acf at stack conditions) 
Tm,avg 

2. Stack gas moisture condensed at standard conditions (scf) 

Vwstd 2 0.04707 VIc J . O d ? 2 7  55 1) 

= I t .  r2.1 

3. Stack gas proportion of water vapor, by volume 

- Vwstd 
Vwstd %td Bwo - 

5. Stack gas molecular weight (Ib/lb-mole) 

MWs = MWd (1 - Bwo) + 18 (Bwo) 

= ?;.:j~ ( I -  L,>z<! i I:!>,c?:, : Z i . 5 7 7  

6. Pressure stack, in. Hg 

pst Ps = P +- b 13.6 

= 17.377 

- 5- 5 



7. Stack gas velocity at stack conditions (tvsec) 

8. Stack gas volume at standard conditions (scfm) 

or Qa = 60 Vsavg (acfm) = 

9. Test percent isokinetic 

17.33 (Ts,avg + 460) I0.04707 (Wlc) + Vmstd] 
%I = 

8 V, P, DnZ 

= 837 

10. Particulate matter concentration. gr/scf 

= 6707.8 

or Ca = 15.432 Mp (gr/act) = 
'%tack 

11. Emission rate of particulate matter, ib/hr 

/ /  

ER = 0.00857 (Q,) C, 

= o . ~ ~ ; i ( 6 7 ~ ~ . 8 ) ( 0 . ~ z ~ ~ j  flf  : \ , 5 3 %  M, 
L.,& i . L k  
I / 

I I  
12. Percent excess air at sampling point \w.* l a p  3p , p  

i 
E = 2.679 x 1od (&) F (20.tyio2) i I 

I 

I i 
I 
1 ;  



I 

S,~.SS - ChinaL c= 3 - 3 , E G '  ACUREX 0 Corporation 
PARTICULATE CALCULATIONS 

1. Volume of dry gas sampled at standard conditions. 68°F. 29.92 inch Hg (scf) 

= ($ + VwSt,-) (Tm,avg Ts,avg + + 460 ...> ( - )  (acf at stack conditions) 
Or Vmstack 

- - 

2. Stack gas moisture condensed at standard conditions (scf) 

3. Stack gas proportion of water vapor, by volume 

5. Stack gas molecular weight (Ib/lb-mole) 

MWS MWd (1 - Bwo) + 18 (Bwo) 

= 2:. ?2 

6. Pressure stack. in. Hg 

pst P, = P +- b 13.6 

5-7 



7. Stack gas velocity at stack conditions (Wsec) 

= 85q9 (0.04)pur(3) 613 t46J = 195.71 
1 p . 4  1~)LZO. q 2)  

8. Stack gas volume at standard conditions (scfm) 

9. Test percent isokinetic 

17.33 (Ts,avg + 460) [0.04707 (Wlc) + Vmstd] 
%I = e v, P, D,Z 

= 80.1 7 

10. Particulate matter concentration, gr/scf 

or Ca = 15.432 Mp (gr/acf) = 
‘%tack 

11. Emission rate of particulate matter, Ib/hr 



HE;, 33 5 -  r i 3 , + . I E L I J :  - 3 I E l F L  

ACUREX R Corporation PARTICULATE CALCULATIONS 

1. Volume of dry gas sampled at standard conditions, 68OF, 29.92 inch Hg (scf) 

Or Vmstack - - t: - +  Vwstd ) (::‘:g 1 z) ($0 (acf at stack conditions) 

2. Stack gas moisture condensed at standard conditions (scf) 

3. Stack gas proportion of water vapor, by volume 

- Vwstd . 

- vwStd + Vmstd 

5 0.05 
- 4 . q 3 1 . j  - 

c , ~ 3 7  j c  \PI,? < 
4. Stack gas dry molecular weight (Ib/lb-mole) 

MWd 0.44 (%CO2) + 0.32 (%02) + 0.28 (%N2 + %CO) 

= C,qq(G, \ )  + a,3!(\3.1) t 0.23(,C.1) : ..27,3$6 

6. Pressure stack, in. Hg 

pst 
‘s = ‘b ‘13.6 

5-9 



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

7. Stack gas velocity at stack conditions (WSW 

or Q, = 60 Vsavg A, (acfm) = = 702f,48 

or Ca = 15.432 Mp (gr/acf) = 
'%tack 

11. Emission rate of particulate matter, Ib/hr 

ER = 0.00857 (0,) Cs 

- - o,ODBS? (73~1.~3)(0.3645)d~ : 

12. Percent excess air at sampling point 

- - 100 [%O, - 0.5 (%CO)] 

% EA = 0.264 %N2 - (%02 - 0.5 X %CO) 

13. Emission rate of particulate matter, Ib/l(P Btu 

20.9 
E = 2679 lod (&) F(20.9 - %.,) 



u c  T e33 5 -  C L i n a t s a  d 3 k  - 3,;J;. 
ACUREX f i  Corporation PARTICULATE CALCULATIONS i 

1. Volume of dry gas sampled at standard conditions, 6 8 O F ,  29.92 inch Hg (scf) 

= (T + vwStd) ( Ts,avg + + 460 460)(%) (acf at stack conditions) 

Tm,avg 
Or '%tack 

- - 

2. Stack gas moisture condensed at standard conditions (scf) 

3. Stack gas proportion of water vapor, by volume 

5. Stack gas molecular weight (Ibllb-mole) 

6. Pressure stack, in. Hg 



7. Stack gas velocity at stack conditions (Wsec) 

8. Stack gas volume at standard condi ths (sctm) 

9. Test percent isokinetic 

17.33 (Ts,avg + 460) [OD4707 WlC) + VmStd] 
%I = e vs P, ~~2 

10. Particulate matter concentration, gr/scf 

or Ca = 15.432 Mp (gr/acf) = 
'%tack 

11. Emission rate of particulate matter, lblhr 

._ 
! 

12. Percent excess air at sampling point 

20.9 
E = 2.679 'O" (&) (20.9 - UOJ 



5.3 SULFUR EMISSIONS DATA REDUCTION 

5-13 



ySO4 Mist ond SO2 
Clean-Up and Anolysis 

Sample Number 

for Sample (ml) 
Volume of Ti18 * i t  

H$O4 Mist and SO2 Tmin Description ond Recovery Doto 

062 0 6 ~  * p & / A c E  

i 3 c3 2, ? 4 2  I 33 I 

Impinger Sequence 1 

G-S Stondord ( ) J 

C,mcentrotion (”,\ u=- 

lmpinger Number 

G-S Modified ( ) 
Contents 

In i t ia l  Volume ( t 4 . i )  

Fino1 Volume (ml) 
Di lut ion Volume (ml) 707 

TI% -.- 

Container Number 3tz 

Volume of Titront 
for BlonC (ml) 

TtI. VOI. of SoIn. (mi) 

Aliquot Titroted (ml) 

Performed ‘iy 

Normolity of Titront 

Volume of Sample 

5 6 - 

0 Of (2 OS G. / J  

VOCJ % 0 325 

/O / o  Zr; 

aO// 

I 
M f f  v y  f r r Y  I/ 

Total Condrnsote 
(NO. 8-7) 

- , . . Y  .._. r- _ _  ~. . . . 

1 I 



v?S04 Mist and SO2 
Clean-Up ond Analysis 

* 
.t A- H@O4 Mist ond SO2 Tmin Description and Recovery Doto . 

lmpinger Sequence 
lmpinger Number 
G-S Standord ( ) 
G-S Modified ( ) 
Contents 
C.mcentration (a'-\ 

Initial Volume ( i 4 . i )  

F i n a l  Volume (ml) 
Dilution Volume (ml) 
Contoiner Number 

2 3 4 - 5 6 

Toto1 Condrnsate 
(No.  6-71 



5.4 TRACE ELEMENTS 
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COMMERCIAL TESTING & ENGINEERING CO. 
mEMEW4L OFFICL8: ¶¶e M O W M  LA 04LLL ST.EE1. CMICAOO. ILLIMOI8 00001 . A.EA COOL 89¶ ?¶&0bD4 

Reply to IWRUytNl41 W L Y S l l  DIVISION, IPU -57 UTI4 AMNUI. tQLD€N. COLQ4DO MI. -1. -1 

' 0  Hr. Brent Higginbotham 
Acurex Corporation YI. ..D. 

485 Clyde Ave. 
Uounta in  V i e w .  CA 94042 

Dste September 23. 1980 

h*lytt :  T. Bouts 
P. 0. No.: 
SImple No.: 80-1535 IAD No.: 97-E697-116-28 

(~pm B(XRCE UISB (IPECTRWR*R#: w v a s  
XI93 - 3L%G 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

CONCENTRATION IN PPM WEIGHT 

Uranium 

Thorium 

Bismuth  

Lead 

Thal l  i um 

Mercury 

I31 d 

P1 a t inum 

Iridium 

Osmium 

Rheni M 

Tungsten 

Tantalum 

Hafnium 

Lute ti um 

Ytterbium 

Thul i (rm 

Erbium 

Holmium 

Dysprosium 

Terbium 

Gadolinium 

eo. 1 Europium 

0.6 Samarium 

Neodymi um 

NR Praseodymium 0.2 

Cerium 0.9 

Lanthanum 2 

Barium 1 

Cesium 

Iodine <o. 1 

Tell uri um 

- c0.6 An ti mony 0.2 

Tin  0.1 

Indium STO 

Cadmium 

Si 1 ver 

Pal 1 ad i um 

Rhodium 

Ruthenium 

Uolybdenum 

Niobium 

Zirconium 

Vttri um 

Stront ium 

Rubidium 

Bromine 

Selenium 

Arsenic 

Germanium 

G a l l i u m  

Zinc 

Copper 

Nickel 

Cobalt 

Iron 

Manganese 

Chromium 

0.4 

1 

CO.1 

0.2 

co.1 

0.4 

0.2 

co.1 

0.2 

0.1 

6 

13 

MC 

3 

120 

39 

29 

,Vanadium 

Ti  t an i  um 

Scandium 

Calcium 

Potassium 

Chlorine 

Sulfur 

Phosphorus 

Silicon 

A1 uminum 

Magnesium 

Sodium 

F1 uori ne 

Oxygen 

Nitrogen 

Carbon 

Boron 

Beryl 1 i um 

L i t h i u m  

0.3 

2 

<0.1 

170 

24 

1 

9 

26 

.MC 

13 

17 

98 

33 

NR 

N R  

NR 

CO.1  

0.1 

Hydrogen NR Heterooeneous 



COMME'RCIAL TESTING & ENGINEERING CO. 
.,.ME~AL DWlCCB: IS@ UDWU LA *ALL€ 8TRCf-I. CMICAOO. ILLIUOII @0*0l . AREA CODE at¶ Vnm.rn484 

i ~ m u w u l u  ANALI I IS  DIVIIIOU. I- WCSl MI* AVINUf. GOLDTU. COLORADO -1, N O N E :  lmJ7wSi 
- .. -. . .. . , bPlY 

W C I  ..?. 
Date' September 22, 1980 

~ I Y * ? :  L. Jacobs 

Hr. Brent  Higginbotham Aii TO: 

Acurex Corporation 
485 Clyde Ave. 
mountain View, CA 94042 

P. 0. No.: 

Sample No.: 80-1544 (AD No.: 97-E697-116-28 
- ,  WAR(( BOLRCE UASS SPECIRo(1(uR(Ic I S I U Y D S  
t i rsTI-?,d&ER &&dk CONCENTRATION IN ug/ml 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Urani um 

Thorium 

Bismuth 

Lead 

Thal l ium 

Mercury 

Go1 d 

P1 a t i  num 

I r i d i u m  

Osmi um 

Rhenium 

Tungsten 

Tantal i um 

Hafnium 

Lutetium 

Ytterbium 

Thul ium 

Erbium 

Holmium 

Dysprosium 

Terbium 

Qdol i n i  um 

Europium 

0.07 Samarium 

Neodymium 

NR Praseodymium 

Cerium 

Lanthanum 

Barium 0.04 

Cesium 

Iod ine 

Tel lur ium 

Antimony 

T in  

Indium STD 

Cadmium - co.01 
S i  1 ver 

Palladium 

Rhodi um 

Ruthenium 

Wolybdenum 

Niobium 

Z i  r con i  um 

Yt t r ium 

Stron ti urn 

Rubidium 

Bromine 

Selenium 

Arsenic 

Germanium 

Gall ium 

Zinc 

Copper 

Nickel  

Cobalt 

I r o n  

Manganese 

Chromium 

Vanadium 

0.01 Titanium 

Scandium 

t a l  c i  um 

Potass i um 

Chlorine 

<o.o01 Sulfur 

O-Oo3 Phosphorus 

S i l i c o n  

A1 uminum 

Magnesium 

Sodium 

Oeo3 Fluor ine 

co*ool Oxygen 

Oeo3 Nitrogen 

0*007 Carbon 

1 

OSo2 Bery l l ium 

Oeool Li th ium 

Boron 

0.001 

0.09 

2 

0.5 

0.1 

0.2 

0.9 

2 

MC 

*0.9 

0.5 

NR 

NR 

NR 

<0.001 

~0.001 

co . DO1 



COMMERCIAL TESTING & ENGINEERING CO. 
OENLIAL D W I C E l :  111 NORTH LA 8ALLL lfWEE1. CWICAOD. ILLIDIDII 80eDI , AREA CODE a11 710-84B4 

Reply to INSIWMfNlAL ANALYSIS DIVISION, IUS5  WSl Y I Y  AVENUE. GOLD€N. COLWADO M I .  PHONE - S I  

l o  Mr. Brent Higginbotham 
Acurex Corporat ion 
485 'Clyde Ave. Date: September 25, 1980 
Mountain View, CA 94042 

Analy*t: T. Bouts 
P. 0. No.: 

No.: A-45 Blank SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS IAD No.: 97-E697-116-28 
CONCENTRATlON IN pg/cm2 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

- 7 ,  LY! fc ih,a;k 

Uranium 

Thorium 

Bismuth  

Lead 

Thal 1 i urn 

Mercury 

Gold 

Platinum 

I r id ium 

Osmi urn 

Rhenium 

Tungs ten 

Tantalum 

Hafnium 

Lutetium 

Ytterbium 

Thul  i um 

Erbium 

Holmium 

Dysprosium 

- ~0 .008  

0.01 

0.007 

NR 

co.001 

0.01 

Terbium 

Qdol in ium 

Europium 

Samarium 

Neodymi urn 0.004 

Praseodymi urn 0.003 

Cerium 

Lanthanum 

Barium 

Cesium 

Iod ine  

Tell uri urn 

Antimony 

T i n  

Indium 

Ca dmi urn 

S i  1 ver 

Pal 1 ad i um 

.Rhodi um 

0.01 

0.02 

0.2 

0.001 

STO 

0.001 

Ruthenium 

Molybdenum 

Niobium 

Zirconium 

Y t t r i u m  

S t r o n  t i  urn 

Ru b i  d i urn 

Bromine 

S e l e n i  urn 

Arsenic 

Germani urn 

G a l l i u m  

Zinc 

Copper 

Nickel 

Cobal t  

I ron  

Manganese 

Chromium 

0.005 

0.01 

0.05 

0.003 

0.04 

<o. 001 

0.03 

0.005 

0.001 

0.008 

0.01 

0.01 

0.01 

~ 0 . 0 0 1  

-0.2 

0.003 

0.02 

Vanadium 0.02 I 

Titanium 

Scandium 

Calcium 

Potas  s i urn 

Chlor ine  

S u l f u r  

Phosphorus 

S i l i c o n  

A1 uminum 

Magnesium 

Sodi urn 

F1 uo r i  ne 

Oxygen 

Nitrogen 

Carbon 

Boron 

Beryl 1 i urn 

L i t h i u m  

Hydrogen 

0.9 

0.002 

MC 

0.5 

0.4 

0.8 

0.07 

MC 

MC 

1 

>2 

=O. 005 

NR 

NR 

N R  

0.9 

~ 0 . 0 0 1  

N R  



C O M M E R C I A L  TESTING & ENGINEERING CO. 
OENERAL OFFBCES: SIO YOUTH LA SALLE STUEET. CMIC.QO, ILLINOIS aoeot . AREA CODE wa n a - 0 4 a a  , 

Reply to (WSIIUYENIAL ANALISIS DIVISION. 1 4 3 s  w w  uw AVENUE. GOLDEN. COIOPADO -1. PHONE: 3 m . m . v w  

.*c, ..r. 

Date: September 26, 1980 

A n e W  T. Bouts 

To: Mr .  Acurex Brent Corporation Higginbotham kti 
485 Clyde Avenue 
Mountain V iew,  Ca l i f o rn ia  94042 

P. 0. NO.: 

Sample - No.: 1508 SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS IAD No.: 97-E697-116-28 
it? bi  L t d j G \ r J T .  

CONCENTRATION IN pg/cm2 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 
- ,-: , i L > I _  - : TILT;& . , -  

Urani um 

Thorium 

Bismuth 

Lead 

Thal 1 i um 

Mercury 

Gold 

P1 atinum 

I r i d i  um 

Osmi urn 

Rhenium 

Tungsten 

Tan t a  1 um 

Hafnium 

Lute ti um 

Ytterbium 

Thul i  um 

Erbium 

Holmium 

Dysprosium 

Terbium Rutheni um 

0.005 Gadolinium Molybdenum 

~0.001 Europium N i  ob i  um 

0.1 Sam r i  urn 0.001 Zirconium 

Neodymi urn 0.002 Ytt r ium 

NR Praseodymium 0.002 Strontium 

Ceri urn 

Lanthanum 

Barium 

Cesium 

Iod ine 

0.003 Tel lur ium 

Antimony 

T in  

Indium 

Cadmi urn 

S i l v e r  

Pal 1 adi  urn 

Rhodi urn 

STO - internal Standard 
NR - Not Reoorted 

0.006 

0.008 

0.1 

co.001 

0.003 

0.005 

0.006 

STD 

co.001 

Rubi d i  urn 

Bromine 

Selenium 

Arsenic 

Germani um 

Gal 1 i um 

Zinc 

Copper 

Nickel 

Cobalt 

I r o n  

Manganese 

Chromium 

Vanadium 

0.009 Titanium 

0.004 Scandium 

0.08 Calcium 

0.002 Potassium 

0.04 Chlorine 

~0.001 Sul fu r  

0.03 Phosphorus 

0.004 S i l i c o n  

0.002 Aluminum 

~0.001 Magnesium 

0.006 Sodium 

0.1 Fluor ine 

0.09 Oxygen 

o m o 2  Nitrogen 

<o.ool Carbon 

0.5 Boron 

O s o o 7  Bery l l ium 

O e o 3  Li th ium 

Hydrogen 

0.01 

0.8 

0.002 

MC 

0.4 

0.1 

MC 

0.2 

MC 

MC 

3 

MC 

=O .4 

NR 

NR 

NR 

2 

co.001 

0.009 

NR 

2 - ~- 
AII elements mat &teed< 0.001 q / c m  
MC - Major Component >IOyg/Cm 
IN1 - Interference 



COMMERCIAL TESTING & ENGINEERING CO. 
O E N E I b L  OCf lCES:  I98 NORTH LASALLE STREET. CYICbOO. ILLINOIS 00801 , b R E b  CODE BIP 72&84m 

Reply to INSlIUUtNlbL ANALYSIS DIVIStON. 1 L I I  WESl U T H  *VENUE. GOLDEN. COlOPADo 80401. VMONE 303.Z78.9UI 
~~~ 

'0 Mr. Brent Higginbotham 
Acurex Corporation ... r ,  ,.*. 
485 Clyde Ave. 
Mountain View, CA 94042 

Date: September 25, 1980 

Analyst: T. Bouts 
P. 0. NO.: 
Sample - No.: 80-1516 SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS IAD No.: 97-E697-116-28 

3 & i a z L  t h c 1 . j :  - 
L?I< \:x t I , ' ;L  - CONCENTRATION IN !Jg/cm2 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Uranium - <0.002 Terbium Rutheni um Vanadium 0.007 

Thorium 0.004 Gadolinium Molybdenum 0.009 Titanium 0.3 

Bismuth <0.001 Europium Niobium 0.004 Scandi um <0.001 

Lead 0.09 Samarium 0.001 Zirconium 0.06 Calcium MC 

Thal l  i um Neodymi um 0.001 Yt t r ium 0.002 Potassium 0.8 

Mercury NR Praseodymium <0.001 Strontium 0.08 Chlorine 0.06 

Gold Cerium 0.006 Rubidium <0.001 Su l fu r  2 

Platinum Lanthanum 0.01 Bromine 0.02 Phosphorus 0.09 

I r i d ium Barium 0.2 Selenium 0.001 S i l i c o n  6 

Osmi um Cesium Arsenic 0.002 Aluminum MC 

Rhenium Iodine 0.002 Germanium <0.001 Magnesium 0.5 

Tungs ten Te l l  u r i  um Gall ium 0.003 Sodium. >0.06 

Tan t a  1 um Antimony <0.001 Zinc 0.07 Fluorine I NT 

Hafnium Tin 0.002 Copper 0-04 Oxygen NR 

Lute t i  um Indium STD Nickel 0.01 Nitrogen NR 

Yt terb i  um Cadmi um <0.001 Cobalt <0.001 Carbon NR 

Thulium S i  1 ver <0.001 I r on  0.2 Boron I NT 

Erbium Pa l  1 adi  um Manganese 0.006 Beryl 1 ium I N 1  

Holmium Rhodi urn Chromi um 0.02 Lithium I NT 

Dysprosium Hydrogen NR 
STD - Internal Standard I n l  A 
NR - Not Reported 
AII elements not +tectd<O.O01 d c m 2  
MC - MaiDr Component >IO pg/cm2 
1~ - lnlerfemnm 

Approved: 
5-23 



C O M M E R C I A L  TESTING & ENGINEERING CO. 
Oc*LnAL OwIccm: 111 *DmTu u #ALL€ mTncET. CMICAOD. ILLI*OII momm . 4 . ~ 4  CODE 81s 1sm.m4D4 

# ~ “ U ~ N l A L  AN4LVSll DIVISION. 1- W!Sl U 1 W  4VENUI. GOLDEN, COLORADO IDOI. M O N E :  -.-I 
.. - . .. . , 

Reply m 

T o  Mr .  Brent Higginbotham 
Acurex Corporation 
485 Clyde Ave. 
Mountain View, CA 94042 

.-<* ..”. 
Date: September 22, 1980 

Analyst: C. Wilson 

kti 
P. 0. No.: 

Sample No.: 80-1556 IAD NO.: 97-E697-116-28 - 
I > L ~ < E  c * J i  SPARK SOURCE MASS SPECTROORARDC ANALYSIS J 8 C  ~z L CONCENTRATION IN PPM WEIGHT 

F k C L  3 ; c  

Urani um Terbium Ru theni  um Vanadi um 0.04 

Thorium Qdol in ium Molybdenum 2 Titanium 2 

Bismuth Europium Niobium Scandium 0.02 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

bead 0.2 Samarium Zirconium 0.09 Calcium 51 

Thal l ium Neodymi um Yt t r ium Potassium 44 

Mercury Praseodymium Strontium 0.1 Chlorine 0.7 

Gold Cerium Rubidium Su l fu r  MC 

Platinum Lanthanum Bromine 0.4 Phosphorus 7 

I r i d i u m  Barium 0.8 Selenium S i l i c o n  *15 

Ces i um Arsenic A1 uminum >21 Osmium 

Rheni urn Iod ine - ~ 0 . 0 3  Germanium Magnesium 2 

Tungsten - <0.1 T e l l  u r i  um Gall ium Sodium I 

=0.2 Tantal i um Antimony Zinc 0.9 Fluor ine 

Hafni urn T in  Copper 0.6 Oxygen NR 

. Lutetium Indium STD Nickel Nitrogen N R  

Ytterbium Cadmi um Cobalt 0-O8 Carbon N R  

Thul i um S i  1 ver I r o n  10 Boron 0.02 

Erbium Palladium Manganese *os2 Beryl  1 $urn 

Rhodi um Chromium Holmium 

Dysprosi um 

o-05 Li th ium 0.06 

Hydrogen NR 
- .  Heterogeneous 

-- 
STO - lntenwl Standard 
NR - Not Repomd 
All o l m t ~  not denad< 0.02 ppn 
M C - ~ i w b m ~ o n e n t  > 100 ppn 5-24 
INT - lnhrfsnnm 

Approved: 711 



C O M M E R C I A L  TESTING & ENGINEERING CO. 
OCNCR4L OWICEB SSD N O R I M  L 4  B4LLE STREET. CMlC4OD lLLlNOlB 00a01 4 R E 4  CODE #I2 7¶B-#484 

Reply to lNSRu#SNlAL ANILYSIS DIYISIOU. 14335 WEIT U T *  4V1NUL GOLDEN COLORADO SOMI MONE X)).27B.VUI - - 

TO 

P. 0. 

Hr. Brent Higginbotham 

485 Clyde Ave. 
Mountain View, CA 94042 

Acurex Corporation ,..e* ..I. 

NO.: 

September 22, 1980 

Analyst: C. Wilson 

Sample No.: 80-1558 IAD NO.: 97-~697-116-2e 
WARK SOLACE MASS SPECTRODRAWIC ANALYSIS 3 i 5 5 E . ~  C;J;R~LL;S 

x - h '  CONCENTRATION IN PPM WEIGHT 
TUIL JCL 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC ELEMENT CONC 

Uranium 

Thorium 

Bismuth 

Lead 

Thall ium 

Mercury 

Go1 d 

Platinum 

I r i d i u m  

Osmi um 

Rhenium 

Tungs ten 

Tantal i um 

Hafnium 

Lute ti um 

Ytterbium 

Thul 1 um 

Erbium 

Holmium 

Dysprosium 

Terbium 

Qdolinium 

Europium 

0.3 Samarium 

Neodymium 

Praseodymi urn 

Cerium 0.02 

Lanthanum 0.02 

Bari  urn 0.3 

Cesium 

Iod ine 

Tel lur ium 

Antimony 0.07 

T in  

Ind i  urn STO 

Cadmi urn 

S i  1 ver 0.2 

Pa 1 1 ad i urn 

Rhodium 

Ruthenium 

Mo 1 y bden urn 

Niobium 

ZS rcon i urn 

Yt t r ium 

Stron ti urn 

Rubidium 

Bromine 

Selenium 

Arsenic 

German i urn 

Gal  1 i urn 

Zinc 

Copper 

Nickel 

Cobalt 

I ron  

Manganese 

Chromium 

0.2 

0.2 

0.01 

0.08 

0.6 

0.2 

0.4 

0.04 

0.04 

0.05 

0.1 

Vanadi urn 

Titanium 

Scandi urn 

Calcium 

Pota s s i urn 

Chlorine 

Su l fu r  

Phosphorus 

S i l i c o n  

A1 umi num 

Magnesium 

Sodi urn 

F1 u o r i  ne 

Oxygen 

Nitrogen 

Carbon 

Boron 

Beryl 1 i urn 

Li th ium 

Hydrogen 

0.02 

2 

<0.01 

19 

58 

0.3 

1 

0.5 

5 

5 

1 

4 

=3 

NR 

NR 

NR 

co.01 

0.04 

NR 



C O M M E R C I A L  TESTING & ENGINEERING CO. 
oLMERAL O l r l C C l  198 NORTH L A  S A U L  STREET. CWICAOO. ILLINOIS SO*Dl ' AREA CODE 81% T S e - S b D a  

~ y ~ ~ M f N I A 1  ANALVSIS DIVISION 1- W€Sl U I U  AYENU€ =LOIN. COLoPLso lolDl PMWI D l 7 b V 5 Y l  hPlY to 

TO: Hr. Brent Higginbothm 
Acurex Corporati  on 
485 Clyde Ave. 
Mountain View, CA 94042 

- __ - 

..r, .r. 

Date September 22, 1980 
kti 

Analyst: L.  Jacobs 
P. 0. No.: 
Snmple No.: 80-1560 IAD No.. 97-E697-116-28 

SPARK SOURCE MASS SPECTROORIRUC ANUVSIUS DaF b; L CONCENTRATION IN PPM WEIGHT 
L L!\3S S'tc 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Urani um Terbium Ruthenium Vanadi um 0.04 

Thorium Gadolinium Molybdenum 0.4 Titanium 7 

Bismuth Europi um N i  ob i  um Scandium - C0.02  

Lead 

Thal l  i um 

Mercury 

Go1 d 

61 a t i  num 

I r i d i u m  

Osrni um 

Rheni urn 

Tungsten 

Tantal i um 

1 Samari um 

Neodymi um 

Praseodymium 

Cerium 

Lanthanum 0.03 

Barium 50 

Cesium 0.01 

Iod ine 

l e 1  1 u r i  um 

Antimony 0.02 

Zirconium 

Yt t r ium 

S t r o n t i  um 

Rubidium 

Bromine 

Sel eni  um 

Arsenic 

Germanium 

Gall ium 

Zinc 

Ca 1 c i  um 

Potassi um 

23 Chlorine 

0.04 Su l fu r  

0.7 Phosphorus 

0.3  S i l i c o n  

1 A1 umi num 

Magnesium 

0.05 Sodium 

18 F1 u o r i  ne 

MC 

MC 

53 

MC 

6 

96 

0.7 

3 

MC 

=0.2 

Hafnium T in  0.2 Copper 5 Oxygen NR 

NR 

Ytterbium Cadmi urn 0.07 Cobalt 0.7 Carbon NR 

Nitrogen Lutet ium Indium STD Nickel 2 

Thul i um S i  1 ver 0.01 I r o n  85 Boron <0.01 

Erbi  urn Pa 1 1 ad i um Manganese 0.5 Bery l l ium <0-01 
Holmium Rhodi um Chromium 7 L i t h  i urn 0.07 

Dysprosium Hydrogen NR 
ST0 - Internal Standard 
NR - Nol Reported 
All elements not do-< 0.01 p p  



COMMERCIAL TESTING & ENGINEERING CO. 
OLMEWAL O l r l C L S '  1 S 8  IIOWTM LA 8ALLL SIWLEI. CMICAOO. I L L l M O I 8  80801 . AaEA CODE a11 TP8-84W4 

Reply to INSl1UMiNlAL ANALISIS OIVISION. IU35 WZSl Y 1 M  AVWUI.  tOlD€N. COLMAW 0 4 1 .  WON€ 01-J?&9%'I 
. .. -.- __ - _ _  - . . . 

To Mr .  Brent Higginbotham 
Acurex Corporation _ < I  ..0. 

485 Clyde Ave. 
Mountain View, CA 94042 

September 23, 1980 

Analyst: T. Bouts 
P. 0. No.: 
Sample No.: 80-1533 !AD NO.: 97-E697-116-28 - SPARK SOURCE MASS SPECTROORAPI4C A U U Y S I S  ) IF '?<  ;5<%zL: .Jr 

CONCENTRATION IN PPM WEIGHT xi? b 
ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Urani um 

Thorium 

Bismuth 

Lead 

Thall ium 

Mercury 

Gold 

P1 a t i  num 

I r i d i  um 

Osmium 

Rhenium 

Tungsten 

Tantalum 

Hafnium 

Lutetium 

Ytterbium 

Thul i um 

Erbium 

Holmium 

Dysprosium 

Terbium 

Gadolinium 

Europium 

0.3 Samarium 

Neodymi urn 

NR Praseodymium 1 

Cerium 0.5 

Lanthanum 0.6 

Barium 1 

Cesium 

Iod ine 

T e l l  u r i  um 

- c0.4 Antimony 

T in  co. 1 

Indium STD 

Cadmi um 

S i  1 ver 0.3 

Pa 1 1 adi  um 

Rhodium 

Heterogeneous 

Ruthenium 

Molybdenum 

N i  obi  um 

Zirconium 

Yttr ium 

S t ron t i  um 

Rubidium 

Bromine 

Selenium 

Arsenic 

Germanium 

Gallium 

Zinc 

Copper 

Nickel 

Cobalt 

I r o n  

Manganese 

Chromi um 

*0.3 

0.3 

0.4 

<o. 1 

0.9 

4.1 

co.1 

co.1 

co.1 

5 

21 

MC 

2 

110 

3 

13 

Vanadium 

T i  t a n i  um 

Scandi urn 

Cal c i  um 

Po tass i  um 

Chlorine 

Su l fu r  

Phosphorus 

S i l i c o n  

A1 uminum 

Magnesium 

Sodium 

F1 u o r i  ne 

Oxygen 

Nitrogen 

Carbon 

Boron 

Beryl 1 i um 

Li th ium 

co. 1 

1 

co.1 

130 

MC 

0.9 

48 

9 

270 

MC 

9 

>59 

=2 

N R 

NR 

NR 

*co.1 

co.1 

Appro&: 
5-27 
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C O M M E R C I A L  TESTING & ENGINEERING CO. 
OLNEaAL O I T I C E I :  11. NORTH Lb 8bLL.f BTRfET. CYICbOO. ILL IMOI I  .Om01 . b R E b  CODE a11 71#-84#b 

Reply to iwnuufNlAl ANbLVI IS  DIVISION. 1- WtSl U W  bVINUE. GOLDIN. COLO(AW -I. WONE lorrwl 

To: Mr. Brent Higginbotham 
Acurex Corpora t ion  
485 Clyde Ave. 
Mountain View, CA 94042 

Date: September 23, 1960 

Analyst: . o u t s  
B. 0. No.: 

Sample No.: 80- 1534 [AD NO.. 97-E697-116-26 
SPARK SWRCE MASS SF'ECTRWRAPWK: ANALYSIS 3 , € $ T L  CO,-Tr?G-L:~ 

CONCENTRATION IN PPM WEIGHT x A ,., . -  
ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Urani um 

Thorium 

Bismuth 

Lead 

Thal l ium 

Mercury 

Gold 

P1 a t 5  num 

I r i d i u m  

Osmi urn 

Rhenium 

Tungs t e n  

Tan ta  1 um 

Hafni um 

Lute t ium 

Ytterbium 

Thul i um 

Erbium 

Holmi um 

Dysprosium 

Terbium 

Gadolinium 

Europium 

2 Samarium 

Neodymi um 

NR Praseodymium 0.2 

Ceri um 0.7 

Lanthanum 1 

Barium 4 

Cesium 

I o d i n e  

T e l l  uri um 

- <1 An ti mony 

Tin 

Indium STD 

Cadmi urn 

S i  1 ver co .1  

Pa 1 1 ad i um 

Rhodi um 

STD - lntenul Standard 
NR - No( R.pohd 
All d.nmh not bnchd< 0.1 ppm 
MC - &jor Component 
IM - Inhrfwwm 

Rutheni um 

Molybdenum 

Niobi um 

Zirconium 

Yttrium 

S t r o n  ti um 

Rubidium 

Bromine 

Selenium 

Arsen ic  

Germanium 

Gall ium 

Zinc  

Copper 

Nickel 

C o b a l t  

I ron  

Manganese 

Chromium 

0.9 

0.4 

0.4 

co.1 

0.4 

- cO.2 
co.1 

co.1 

0.2 

17 

35 

MC 

4 

310 

30 

30 

Vanadium 

Ti t a n i  urn 

Scendi um 

Calcium 

Potas  s i um 

Chlo r ine  

S u l f u r  

Phosphorus 

S i l i c o n  

A1 uminum 

Magnesium 

Sodium 

F1 u o r i  ne 

Oxygen 

Nitrogen 

Carbon 

Boron 

Beryl 1 i u m  

Li thium 

Hydrogen 

0.2 

2 

co.1 

130 

36 

1 

22 

34 

200 

15 

9 

25 

NR 

N R  

NR 

0.2 

0.3 

NR 



COMMERCIAL TESTING & ENGINEERING CO. 
OLNERAL OFflCES: I t a  N O R I Y  LALALLE aTREE1. CYICAOO, ILLINOID 8000I . AREA CODE 191 ?S@-BID4 

INSNUWNIAL ANALYSIS DIVISION. I . I u  YES1 U1Y AVfNUI. GOLOEN. COLORADO -1. WON€: ~ Y 7 W S I  
. _. 

Reply to 
- 

Mr. Brent Higginbotham 
Acurex Corporation 
485 Clyde Ave. 
Hountain View, CA 94042 

TO 

September 22, 1980 

Analyst: L. Jacobs 
P. 0. No.: 

Sample No.: 80-1545 IAD No.: 97-E697-116-28 
SPARK SOURCE MASS SPECTROQRAMC ANALYSIS a z s ;  L >AS;Lt,!; 

CONCENTRATION IN u g h 1  
i s +  i w T , , > b F : .  g x.~.w~c nsiu ,?  C L J Q ; ~ ~ ~ ; ~  
ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Urani um 

Thorium 

Bismuth 

Lead 

Thal 1 i um 

Mercury 

Go1 d 

Platinum 

I r i d ium 

Osmi um 

Rhenium 

Tungs ten 

Tantal i um 

Hafnium 

Lutetium 

Yt terb i  um 

Thul i um 

Erbi  um 

Holmium 

Terbium 

6adol i n i  um 

Europium 

0.03 Samarium 

Neodymi um 0.003 

NR Praseodymium 

Cerium 0.001 

Lanthanum 0.003 

Barium 0.05 

Cesium <o . 001 

Iod ine 

Tel lur ium 

Antimony 0.002 

T in  0.07 

Indium STO 

Cadmium 0.02 

S i  1 ver 0.1 

Pal 1 ad i  um 

Rhodium 

Ruthenium 

Mo 1 y bden um 

Niobium 

Zirconium 

Yttr ium 

S t ron t i  um 

Rubidium 

Bromine 

Sel en i um 

Arsenic 

Gennanium 

Gallium 

Zinc 

Copper 

Nickel 

Cobalt 

I r o n  

Manganese 

Chromium 

0.02 

<0.001 

0.009 

co.001 

0.002 

0.01 

0.01 

0.3  

0.001 

<0.001 

0.005 

1 

0.2 

0.2 

0.01 

4 

0.1 

0.03 

Vanadi um 

Titanium 

Scandi um 

Calcium 

Potassi um 

Chlorine 

Sul fur  

Phosphorus 

S i l i c o n  

A1 uminum 

Magnesium 

Sodi urn 

Fluor ine 

Oxygen 

Nitrogen 

Carbon 

Boron 

Beryl 1 j um 

Lithium 

0.002 

0.4 

0.1 

10 

MC 

0.2 

MC 

MC 

6 

MC 

1 

MC 

10.009 

NR 

NR 

NR 

0.005 

NR 
f /yen Dysprosium 

go - Inmrul Standard 



C O M M E R C I A L  TESTING & ENGINEERING CO. 
OLNERbL DCIICLa IIS NORTH Lb mbLLL ITRLET. CHICAOD. ILLINOIS .0a01 , A R f b  C O O L  SI2 T*#.#bSa 

Reply to IYIRUMENIbL ANbLYSII  OIVlSlW.  1-5 WESl Y I H  bVWUf .  GOLDEN. COLOIbW -1, MWf XQ.?7&9UI 
- .- 

lo: Mr. Brent Higginbotham 
Acurex CorDoration 
485 Clyde Ave. 
Mountain View, CA 94042 

September 22, 1980 

Analyst: L. Jacobs 
P. 0. No.: 
Sample No.: 80-1546 IAD NO.: 97-E697-116-28 

SPARK SOURCE MASS 8PECTRoaRAPHIC ANALYSIS ,-d; C z c r p  ac\ E J 
CONCENTRATION IN pg/ml 

. + 3 1 f B !  *,Jc.;;. 6. J:c,+,.,c tI&L;-. C&jJFd(,>Y7 
ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Uranium 

Thorium 

Bismuth 

Lead 0.05 

Thal 1 i urn 

Mercury NR 

601 d 

Platinum 

I r i d i u m  

Osmium 

Rhenium 

Tungs ten 

Tantal ium 

Hafnium 

Lutetium 

Ytterbium 

Thulium 

Erbium 

Holmium 

Dysprosium 

Terbium 

Gadolinium 

Europi um 

Samarium 

Neodymium 

Praseodymium 

Cerium 

Lanthanum 

Barium 0.05 

Cesium eo. 001 

Iod ine 

Tel lur ium 0.002 

Antimony 0.007 

T in  0.08 

Indium STD 

Cadmi urn 0.006 

S i  1 ver 0.02 

Palladium 

Rhodium 

Ruthenium 

Molybdenum 0.01 

Niobium 0.002 

Zirconium 0.006 

Yt t r ium 0.001 

Strontium 0.009 

Rubidium 0.001 

Bromine 0.02 

Selenium 0.4 

Arsenic co.001 

e n n a n i  um eo. 001 

Gall ium 0.01 

Zinc 3 

Copper 4 

Nickel  0.09 

Cobalt 0.02 

I r o n  1 

Manganese 0.04 

Chromium 0.1 

Van ad i um 

Titanium 

Scandium 

Calcium 

Potassi um 

Chlorine 

Su l fu r  

Phosphorus 

S i  1 icon 

A1 uminum 

Magnesium 

Sodi urn 

F1 uo r i  ne 

Oxygen 

Nitrogen 

Carbon 

Boron 

Beryl  1 i u m  

Li th ium 

Hydrogen 

0.002 

0.1 

- eo. 002 

2 

MC 

0.1 

M C  

1 

11 

M C  

0.4 

MC 

EO.9 

NR 

NR 

NR 

0.001 

0.004 

NR 
S O  - lntarul Srandard 

. AII MC NR - a~ombnts - No? k i o r  Reported not Component d.tschd< > 0.001 10 vg/ml vg/ml 
A P P ~ ~ :  5-30 I p f i y w  -- INT - lnhrhnnce 



AAS ANALYSIS SHEET 

r- 

lnnrument Used 

Wavelengrh Setting Inm) 

Acurex 
Contractor 

Sample Sits [LLr J a . 3 u d ; n 8 c ~  Lmpla Aquisiiion Date y-zz /> -&= 

Typ8 Of Source CL-f/,?iJ, ,>J r G . 4 ,  F J,,/ aJL: ,JS 

T a r  Number Sample IO Number 

tmp la  Description 

Original Lmple Volume or MXI 

Analyrt Rspomiblc 6. Ni toll D I E  Analyzed 7-9-80 Time 

Calculations and Repon Rnbd By G. Nicoll b p o n  Oate 

At Hg - Sb 

PE 460 PF 460 PF 460 
193.7 253.7 217.6 

Lamp Current (ma) 

FueltOxidher hcnures (psi) 

P M  Vokaqe (volts) 

Detection Limit ug/L 

8 w a t t s  6 20 

10 1 1 3  
~~~ 

Sanritivity lebr units/ppm/ i 
smple wlumel 
Hightlow Calibration Standards IpPm) 0.050 0.050 0.100 

Dilution Factor 

Uncorncted Sample Aliquot Value (ppml I I 

,Sample Aliquot Volume (mL1 0.02 25. 0.02 I 

-~ 
ppM 
(<& b h k  or biulioel. 

lin oripirul smpiel or I . imerlnenca; NC . not computed; NG . umpio nlue below blank: ND . not detectable 

L Z i ~ a ~ u a  Ippm) - 
Corrected Sample Aliquot Valua (ppm) 

Assigned Conc8ntntion' 

AI Souro Massivolume. 
mdm' orgglL 

5-31 
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N 
N 

In 
0 
W 
h 
0 
m 
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n 
v) 

3 - 

5-33 



5.5 TCO. GRAV, AND G&/MS RESULTS AND INFRARED SPECTRA OF TOTAL SAMPLE 
EXTRACTS 

5-35 



0 1  v 

N cu 

W 
2 
0 
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W 
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t C t 
0 z 
I- o a 
a 
I- 
Z 
0 w 
5 
E w 
-I w 
I- 

N 
N 

m 

h z 
0 z 

4: 

L: 
!& a 

0 
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8 
1 
2 
8 
40 
1 
1 
8 
4 
40 
3 
3 

1 
2 
2 
2 
5 
7 
8 
8 
5 
1 
1 
40 
2 
1 
40 

COMPOUNDS SOUGHT 
Detection Limit in nanograms 

4-bromophenyl phenyl ether 40 i ndeno (1.2.3-cd)pyrene 
* bis (2-chloroisopropyl) ether 2 pyrene 

bis (2-chloroethoxy) methane 
* hexachlorobutadiene 

hex ac h 1 or0 cyc 1 open t ad i ene 
* isophorone . 
* naphthalene 

nitrobenzene 
* N-nitrosodiphenylami ne 

N-ni trosodi-n-propylami ne 
* bis (2-ethylhexyl) phthalate 

butyl benzyl phthalate 
di-n-b&l phthalate 

* di-n-octyl phthalate 
diethyl phthalate 

* dimethyl phthalate 
benzo( a)anthracene 
benzo(a)pyrene 
3.4-benzofluoranthene 
benzo(k)f luoranthene 
chrysene 
acenaphthylene 
anthracene 

* benzo( ghi)perylene 
* fluorene 
* phenanthrene 

. .  

2 acenaphthene 
100 benzidine 

1.2.4-tr i chl orobenzene 
* hexachlorobenrene 

hexachloroethane 
* bis(2-ch1oroethyl)ether 

2-chloronaphthalene 
1.2-dichlorobenzene 
1.3-dichlorobenzene 

4 1.4-dichlorobenzene 
3,3-di chlorobenr i ndi ne 20 

10 * 2.4-dinitrotoluene 
10 2.6-dinitrotoluene 
1 1.2-diphenylhydrazine (as azobenzene) 
2 * fluoranthene 
4 
40 
40 

@ 
@ 
40 
40 
40 

4-chlorophenyl phenyl ether 
ant hanthrene 
benzo( e)pyrene 
di benzo ( a, H) pyrene 
dibenzo(a,i)pyrene 
dibenzo( c,g)carbozole 
7.12 dimethyl benz(a)anthracene 
3-methyl cholanthrene 

di benzo( a, h)ant hr.acene 40 perylene 
40 Benzo(c)phenanthrene 

*Authenic standard ran 
@Molecular weight too high for direct analysis by Base/Neutral run 

5-39 

. 
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I R  REPORT 

SAMPLE: Fi l ter  Blank 

W m  Number Intensity 
(cm”) 

2905 S 
2845 S 

2750 - 2450 W 

- 
Assignment Comments 

C-H Alkane 
C-H Alkane 

0-H (COOH) 

I I I I 

I I 
t i 

I I 

I 
I 
I 

I 

5-42 



In REPORT 

W L L :  Filter Beloit Test 1 

r 

I . 

I 
5-43 



I R  RECORT 
W L ~ :  F i l t e r  B e l o i t  T e s t  ? 

.. 

. 
5-44 



. -  - _  - 

I R  REPORT 

2905 S I 

, SAMPLE: UD Blank  

C-H Alkane 

Wars Numbrr Intensity Asaignmrnt I .. fcm”) 

2845 S C-H Alkane 
2750 - 2450 I 

W 0 - H  (COOH) 

I I I 

I I 1 

I 1 



XAD Beloit T e s t  1 wru: 

” 

5-46 



tn llEPORT 
XAD Beloit T e s t  2 * WILL: 



in REPORT 
M U :  OMC Beloit Test 2 

5-48 



In REPORT 

*LE: OMC Beloit Test 1 

. 

. 
_^____ __-_ . . . . . .. .... . . . . . . . 



5.6 GAS CHROMATOGRAPHY DATA REDUCTION 

5-51 



Workup 

Rslda:  PrY nln (in o r i j d  nmpkl or I - i m u i m n a :  NC - mt wmptmd: I C  - umpli dum bdm blank: 
I O  - m d l t r m b l i  (<Z o b k  or bmlitul. 



i 
t 
i L  

ORGANIC COMPOUNDS (bp <loo" Cl - Cn,7- - f l f ,  ;,r. w 5 .  





I 
i+ ORGANIC COMPOUNDS (bp <loo" C )  1 



a' 
ORGANIC COMPOUNDS (bp <1o(p C) 

5-56 



12 O M m  
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ORGANIC COMPOUNDS (bp < 100' C) 

5-59 



5.7 L C  FRACTIONATION OF SELECTED EXTRACT SAMPLES WITH TCO, GRAV. AND I R  
RESULTS ON LC FRACTIONS 

5-61 
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. ~~~ 

~ 

. . .  . . - . .  . 
, .  

1R REPORT 

SAMPLE: Be lo i t  KAD Blank 1535 F3 .- 

_- -- . .. . - .  

. .  

5-66 I .. 



In REPORT 

-LE: B e l o i t  XAD Blank 1535 F4 

.. 5-67 

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



I I 

I I 

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



I 
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an REPORT 
Beloit XAD Blank 1535 F7 

UMrLL: 



. 

I 

. .  
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IR REPOIIT 

wu:- Beloit 1 XAD 1533 F2 

5-72 



W L E :  B e l o i t  1 XAD 1533 F3 

5-73 

. 



in REPORT 

SAMPLE: Beloit 1 XAD 1533 F4 

I 

5-74 



an REPORT 
B e l o i t  1 XAD 1533 F5 MM?LE: 

. 
5-75 



I R  REPORT 

W C U :  Beloit 1 XAD 1533 F6 - - 

. 
5-76 



5-77 



5-78 

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



* W U :  Beloit 2 XAD 1534 F1 . 
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. . ~  . ._  . . . .. . ..... . . .. 
. .  . 

1R REPORT 

WCU: Belo i t  2 XAD 1534 F2 - . 

. - _. . _-- 

. -. 
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111 REPORT 

W C U :  B e l o i t  2 XAD 1534 F5 

5-83 



. 

.. 

I I 
. _ _ _ _  - ., __  _. . _ _  - . . . . ..- . 
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. W ? L L :  Beloit 2 XAD 1534 F7 

. . 

. 

- .  -- 

I I 

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

. - 
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ACUREX 
Corporation 

Energy h Environmental Division 

CMEA/ACUREX October 8, 1981 
Acurex ID#: A81-08-022 
C l i e n t  P.O. #: 307605 

Samples: 45 e x t r a c t s  f rom prev ious work 

The above re fe rence samples were analyzed by d i r e c t  probe mass spectrometry. 
Searches have been made f o r  c lasses o f  compounds most l i k e l y  t o  be found i n  
the  var ious  LC f r ac t i ons ,  accord ing t o  procedures descr ibed i n  t h e  "IERL-RTP 
Procedures Manual : Level 1 Environmental Assessment". The f o l l o w i n g  f r a g -  
ment ions  used f o r  search a r e  g iven below: 

Compound Class Fragment ions  ( d e - )  

A l i p h a t i c  hydrocarbons 57.71.85 
Halogenated a l i p h a t i c s  63,65 
P o l y c y c l i c  aromat ics 178,202,228,252 
Halogenated e the rs  63,65,73 
Alcohols  75.89.1 03 
Phenols 
Halogenated phenols 
Ni t rophenol  s 
Phtha la te  es te rs  
Amines 
Nitrosamines 
N-heterocycl  i cs 
Mercaptans 
S u l f i d e s  

. .  
51.77.94 
162,196 
139 
149,167 
84.98 
44.58 
16 i . i  93 
47,61 
75,89,103 

Benzothiophenes 134 
Carboxy l ic  ac ids  60,73 
Carboxy l ic  ac ids  es te rs  74 ,87 

The var ious c lasses o f  compounds i d e n t i f i e d  i n  each f r a c t i o n  are  g iven on the  
at tached da ta  sheets. 
ca rboxy l i c  ac ids,  mercaptans, and e s t e r s  ( i n c l u d e  ph tha la tes) .  
background o f  a1 i p h a t i c  hydrocarbons throughout  t h e  analyses. 

To t e s t  t h e  ana lys i s  procedure. a s tandard m i x t u r e  con ta in ing  e thers ,  amines, 
p o l y c y c l i c  aromat ic hydrocarbons, n i t rosamines,  phenols, e tc . ,  was analysed 
under i d e n t i c a l  cond i t i ons  as t h e  samples. 
compounds such as naphthalene, b i s - c h l o r o  e t h y l  e ther ,  low molecular  weight 
n i t rosamines were observed, however t h e  h igher  molecular  weight  compounds i n  
a p a r t i c u l a r  c lass  were recovered. 

Classes o f  compounds i d e n t i f i e d  i nc lude  phenols, 
There was a 

Losses o f  t h e  very  v o l a t i l e  

Technical  D i r e c t o r  

- GN/VLA:es 5-103 
485 CLVOE AVENUE, MOUNTAIN VIEW, CA MM2 PHONE (415) D64-5200 TELEX Mu6391 TWX 810-3786593 
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Acorn Park 
CainhridCe, Msswrhusetls 02140 
617 W 5 7 7 0  Telex 921436 

July 8 ,  1982 

D r .  Zarry Waterland 
M2S-2260 
Accurex Corporation 
485 Clyde Avenue 
Mountain V i e w ,  CA 94042 

Dear Larry : 1-7641 

Ue have completed the batch inlet LRMS analys is  of your ten Level 
1 samples. The data  obtained i n  &e analys is  of these samples is 
reported on the enclosed, standard EPA Level 1LRMS repor t  forms. 
The in t ens i ty  l eve l s  are reported fo r  t h i s  (batch) ana lys i s  only, 
a s  though i t  were the complete LFXS analysis .  
in tegra te  the data  from these analyses with your own d i r e c t  probe 
LRMS analysis  of the same samples. 

We have reported the “sample” content of the samples a s  tnough 
the solvent(s)  were not present;  a component reported a s  i n t ens i ty  
100 is a major component of the non-solvent portion of the spectrum; 
one a s  i n t ens i ty  10 when it is present and iden t i f i ab le  in the non- 
solvent portion of t h e  spectrum, a n d  so on. 
components appeared t o  be present i n  some of the samples, but were 
not spec i f i ca l ly  ident i f iab le .  
i n  the unclassif ied category. 

A l l  samples were analyzed by d i r e c t  i n j ec t ion  of 4 pL of sample 
i n to  the three l i t e r  g lass  inlet of the  mass spectrometer. The 
mass spectrometer was operated in the  electron impact ionizat ion 
mode, a t  70 eV. 
low l eve l  of sample mater ia l  as compared t o  the solvent content of  
the sample. Instrument blanks were obtained by d i r ec t  in jec t ion  of 
4 pL of spectra  grade methylene chlor ide.  

Presumably you w i l l  

In tens i ty  l eve l  1 

When they occur they a r e  included 

Low energy ion iza t ion  was not used due t o  the 

One sample (ACOOS) was 

Brussels Paris , 5-117 Tukgo 
Houslvn Riode Jaiiciro Turunlo 
Lotidun S m  Fronrirco n’ushingcon 
hlndr/d S i 0  h u l a  \Vhhudcn 

1 -  



hl Arthur D. Little, Inc. 

, 

July 8, 1982 

-2- 

Dr. Larry Waterland 
Accurex Corporation 

concentrated 3X and given an additional direct injection analysis. 
h i s  was done only to clarify some spectral ambiguities. 
reported data is from the unconcentrated initial analysis. 

The 

If you have any questions about any of this work, please feel free 
to call me. 

I' 
James i. Stauffer 

/laf 
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