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SECTION 1
INTRODUCTION

The purpose of this data supplement is to provide sufficient detail for
researchers to perform their own analysis of the data obtained. Readers are
referred to Volume 1 (Technical Results) for objectives, description of the
source tested, results, interpretations, and conclusions.

This data supplement contains the following information:

Section 2: Preliminary Tests -- Stack velocity traverse and gas

composition tests.

Section 3: Boiler Operating Data -- Field data sheets of boiler

operating conditions from available test meters; boiler
efficiency calculation using ASME abbreviated test forms.

Section 4: Sampling Data Sheets -- Emission data obtained with

continuous monitoring instrumentation operated by EPA and
GCA. Operating data tables for EPA Method 5 (for
particulate mass emissions), Source Assessment Sampling
Systems (SASS) (for particulate mass and size
fractionation, trace elements, and organic emissions), and

controlled condensation (for SO, and SO3 sampling).
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Section 5:

Analytical Laboratory Results -- Fuel analyses; laboratory

analysis reports on particulate emissions by gravimetric
analysis; sulfur emissions by turbidimetric analysis; trace
element emissions by spark source mass spectrometry (SSMS)
and atomic absorption spectroscopy (AAS), and leachable
anion analyses by specific ion electrode; Cy to Cg
hydrocarbons by gas chromatography; total chromatographable
organic (TCO) and gravimetric (GRAV) results; determination
of organic compounds by gas chromatography/mass
spectrometry (GC/MS) in total sample extracts; liquid
chromatography (LC) separation; low resolution mass
spectrometry (LRMS) of selected total extracts and LC
fractions; radiological assay reports for flue gas
paréiculate and flyash samples; biological assay reports
for flue gas and solid flyash samples for both test 1 (dry

wood) and test 2 (green wood).
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SECTION 2
PRELIMINARY TESTS
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

PLANT _Erwwon Auén Owth BRT me,
DATE . __ =% -§&)
SAMPLING LOCATION ___Syack
INSIDE OF FAR WALL TO \
OUTSIDE OF NIPPLE, (DISTANCE A) __S0. 24~
INSIDE OF NEAR WALL TO o
OUTSIDE OF NIPPLE, (DISTANCE B) 2 A«
STACK 1.D., (DISTANCE A - DISTANCE B) _%2"
NEAREST UPSTREAM DISTURBANCE
NEAREST DOWNSTREAM DISTURBANCE
CALCULATOR A SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK L.D. STACK LD. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
/ l A 4>° cv2 (1.0) +2.25" k)
/ TS \ AP 1 ( 7"_7"’
\ ) 2.57 \ S,
7 [ 29 ) Lo
/ / 6-20 A\ 3.7
( { 2. ) jo.22%
\ \ g 12 / 12,20
] ) 10, £ \ I'+.06
( [ 12.7¢ \ /6.03
\ )15 1Y / K ad
/ 1&- \ 2 9
'\ 2¢.19 \ 31-8%
] \ 3. &2 / 150
7 2y 22 { 22D
\ 26414 \ 35,y
/ \ 37.&r / G113
1
) ) 39.%3 \ Y2
/ ( %09, Lo / Yy, 06—
( ) $2:07 { % o2
| ( +2. 29 / 6. v
) 3 .42 ) Q.07
*L ) 4 (W v “-%.95
14 yo " Yo %g (Y00 | +2,2¢% 46,25
EPA (Dur) 232
412 2-3




PRELIMINARY VELOCITY TRAVERSE

PLANT_Exwerw Augp, Oth EFRT. pC.

DATE ___ 4-13-%1
LOCATION ___Sm™c k. ~ B0 €
STACK 1.D. “o -

BAROMETRIC PRESSURE, in.Hg 2%, L0
STACK GAUGE PRESSURE, in. H)0___—. 3 "+t 4

OPERATORS _& £ T b ¥ SCHEMATIC OF TRAVERSE POINT LAYOUT
TRAVERSE | VELOCITY STACK TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER | (apy), in.Hy0 Ty, °F NUMBER (Apg), in.Hp0 T,), °F
) S5 220 / 47 W
( . S< 222 S 20 219
) (L0 323 ( .30 320
\ 90 223 ) 20 32
/ 'O 323 / 35— 222
\ s~ 323 \ 20 222
) s~ 223 ) 20 223
[ s 223 ( 20 323
s 323 \ 20 224
) s 323 / 120 224
/ 40 322 .20 Z2%
\ 30 322 20 Sav-
) 30 322 | 20 323
/ s 220 \ <20 323
| o 2)¥ } 20 5 23
)0 218 / 20 322
{’ 08~ 318 \ 20 27
\ 05~ 309 J .20 32/
/ os” 2/5 { 20 %20
| .08 314" ) .20 3
) o7 2% ?/ .29 3k
\ 03 308 ) 20 32
[ o2 A v 15" n/R
a4 02 w/R vy D) r/R
AVERAGE AVERAGE
EPA (Dur) 233

4/72
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ISOKINECTIC SAMPLING WORKSHEET

Plant a0 mn) Peformed by__ Lz 77
Date Y1 TS

Sample Location

Test No./Type -

K = 782.687 (Cp)2 (1-Byo)2 Ps Mg
. ,
l(O MS Pm

where: K = Contant of fixed and assumed parameters (dimensionless)

Mo I/ TUYWNORN
Pitot coefficient (dimensionless) z Cp 19
Y
-Water vapor in the gas stream Bwo S0 :
(proportion by volume) t
R ) ]
Absolute stack gas pressure (in. Hg) 155 2% .90
Molecular weight, stack gas dry Mg :
(1b/1b-mole) 2909
g - o ©3%)
Orifice coefficient (dimensionless) Ko RaTw X
Molecular weight, stack gas wet Mg <
- 2805
(1b/1b-mole) Md(l Bwo) + 18(Bwo)
Abolute meter pressure (in. Hg) Pm 29.02
782.687 ()% (1-__ )2 (__ ) (__) K $06. 0¥
(2 () ()
~= N2y

CO, = Y.0%
Ozz ‘2-5"70
My = 33.5’-70
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ISOKINECTIC N%ﬁ%LE CALCULATION
SAMPLING RATE CALCULATION

Plant_gryem Ara) Ocp Frec _pc, Performed by € ¢

Date 1S~/
Sample Location S7acic,
Test No./Type m=- ST

.25
Ng = AH Ts
K Tp AP

where: N4 = Nozzel diameter (inches)

Average pressure differential across the AH
orifice meter (in. Hp0)
Temperature stack gas, average (OF) Ts
Temperature of gas meter, average (OF) Tm
Stack gas velocity pressure (in Hy0) AP e
( () (___+460) \25 Ng
goe ) (___+460)(__)

.
tH o= K (N 9T (aP)
S

where: AH = Pressure differential across the orifice meter (in Hp0)

Nozzel diameter, actual (inches) Ng RO¥% b
Temperature of gas meter (OF) Tm
Temperature of stack gas (OF) Ts
Stack gas velocity pressure (in H20) AP
(( ) )4{—__—:3%(_)) oM
Magic number ( )4 K(Ng)4 7. %0
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ISOKINECTIC SAMPLING WORKSHEET

Plant £ ALiso o p FrrT, N, Peformed by B Reqr

Date bt A

Sample Location__spack

Test No./Type 2. /-
7

K = 782.687 (Cp)2 (1-Byo)2 Pg My
2
KO MS Pm

where: K = Contant of fixed and assumed parameters (dimensionless)

!

[

Pitot coefficient (dimensionless) Cp 9

Water vapor in the gas stream B

(proportion by volume) wo A2
Yoz A%ed )

Absolute stack gas pressure (in. Hg) P 29.59

Molecular weight, stack gas dry ' Mg <

(1b/1b-mole) 20.0

Orifice coefficient (dimensionless) Ko . G

Molecular weight, stack gas wet Mc 29.00

(1b/1b-mole) Md(1-Bwo) + 18(Bwo)

Abolute meter pressure (in. Hg) Pm 290

782.687 (___)2 (1-___ )2 (__) (__) K S 4

(2 () ()
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ISOKINECTIC N?‘%LE CALCULATION
SAMPLING RATE CALCULATION

Plant Frmany Al ew, b emRs mic Performed byQ . ge¢ —
Date 4-%1

Sample Location <S7ae

Test No./Type 2/m- S

.25
ng = SH Ts
K T &P

where: Ngq = Nozzel diameter (inches)

~ Average pressure differential across the AH R4
orifice meter (in. Hy0) )
Temperature stack gas, average (°F) Ts 1%73
Temperature of gas meter, average (OF) Tm $SS
Stack gas velocity pressure (in H,0) AP 25
( (L) (___+460) )-25 N | L2re
By ( + 460)(__)

T
4
AH = K (Ny) T’;" (aP)

where: AH = Pressure differential across the orifice meter (in Hp0)

Nozzel diameter, actual (inches) Ng
Temperature of gas meter (OF) Tm
Temperature of stack gas (°F) Ts
Stack gas velocity pressure (in Hp0) AP

(( ) ( )4%:_:—22%;(__)) oM
Magic number ( )4 K(Ng)4
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SECTION 3
BOILER OPERATING DATA
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Bousr  Opeparive Dara :  Tzsr / 2’(4’4»'»17)
: Date : ¥-/5-8/
Time
—m /300 /5. 00
Steon losd  (10® Walh,) /40" o

| Haderfice sie (in o) + 06 r o¢

| Overfie_aic _(in, o)  [#2/ iladd
Press before eoll, (e Wa0) | 20 4 22

_Brews. vftes coll. (iv Hag) |7 38 7 35
Furmoce draft (o K 0) |- 03%01 |- o2s5r008

- Sl A feed (dyqund) (rpe/9) | S00/30 _ | S00/30
Slo B fect (it wond) (1pm) %) o 1.9 _

, ,"Bn‘damn beep  (F) o | 60 |
Beomomizer twlet W0 (°F) /5o e |
Feoomizer cutat Wo(F) | 222 | 27
Supetiater deam otict(°F) Soo 55
gupc.\.ufu Yean "Nu; (P";f’ /95 /85
$ak 'ffup/a(f.w“ (% ) 450 733..“
Commentt ¢ Steck treveny, mcasu;cluu'h

of velocdy dud teapersture
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Bonrr Operarle Data : TEst Mol (Dry Wosd)
Dote : #-15-81
-r".hq..

[Forewcter 9. 4o /0. 29 A2s30
Stes. ‘gad.. (‘05 W /n,) /7 ~ /6 ~ /5

. Ji .

. lL‘.‘.d(L'Ll'(& Jiw (lw H’zo) 4 0.5 + 0.é / o5 .
Overfive_gic Cin. H:.Oj s 22.5 s 225 r 22.0
Pj_g.u _b.ﬁi\?."- el (iw H.0) ¢ 2.0 v 4.9 » 4.0

‘_'Er.m__i.fir_;.@ll,._(_(r_ﬁz 2) s 3.5 « 353 r 35
¥u'_na(_g draff Qu_ _“!_t._ 0_)_ - 0.2s5 - 0.25‘ - 02y _-

S A e &.[d', und ).( rpe/%) |_ Y80 | _7o0 _ _ €00 -
Slo B fet (it wat) (/%) e | e 1 e
"Bﬁd%;ggll {'u_-,\: (%) oo &70 8so

E(O-o-n.-'?cr l‘h \{*r*“lo .F ) /;' ____/’.- /55
Fto\.g»_-iz uJ\d’&t 1 7Te) ('F ) 755 2?9.4_ 258

._‘?Bp¢.1£5¢+u sheawn outle f’(er) S22 o | S2e
Supecheater eleaw pees (poig) | /55 | ms | 4w
$Hack 'femp/a(f.coll (’r ) Yy o/s50 Vo

Cohugd’l .
402 ~ E5ppa
Q.‘ ~ IS X
o~ > 100pp ..
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Bonuer  Orerarive Dara T2sT Ab. / /.J%,A’}.:oulj
X Date : o- 5-8/
“Tima
Forowcter /3:00 /3.3 /900
Steom loed  (10° \e/w/) ~ /5 *+ /5 ~ I
. ,llmlufm. giv (in.tho) s OS5 ’ as ¢ o ]
O!g[é(q v (\v\_ HLO) Tf 22 4 22.5 _f_.Z_Z_:_S_'
Preas MO"- el (e ¥Wa0) 2o 4 4.0 ¢ 29
| Press vfter coll. {iv H:0) _J¢._3.6 Y 2o-do |# 3.5
:t_;tf,na“ .d'i‘fi' (l‘u “& 0) - g/_-' a,’__ - 0./- 0-33‘ - 0.23.
I_Sile B _feca {dfl,...a) (rpe/2) 520 § S20 o
_Silo® fod (o wosd) () | @ 0 e _._
Taf-'iaﬁ.;gll t(u-“-__ (°F) _ 852 S20 &oo '
Econonizer tn \d;‘“za .?_)A_, _ 155 /59 | /5o |
_____FCO\-O\-QZW Cu.+€g*) H’(,O (.E) - .J.;o__._ - .25'_ - 26.0
. ‘\?u"’u‘ua"’u ﬁza- Oh‘”f_"'(of) $25 $20 __‘5'/0
‘_5‘1!’('.5!.'_*«__{1',&:-, I.'_'a;(_wi‘;) %o | _fbo | Ve
k tewp oft.ooll (°
Sock 1o P, ol (%F ) o b0 7,/0. o
COomments ¢ B, Slowdogn
%‘i‘kﬂnl ot
/
2% dnd Vetnmed
ot /oS e
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Roner Operarine

Dara

7257 MNo. 4 (Dry Wasd )

Dote : o-15-8/

Time
'Pdreund'cr

/930 /500 /5235
Stese losd (16 Ve o) /5 /7 7.
Nldefive_oie_[im. Hh0) r O . o A _Os
_Querfirs_aiv ({a. Hoo) £ J2? ¢ 22 # 22 _
Press Before call. (i Ha0) |4 2o i/ ¢ 2
“Beew ofter cll. (1w Hi0)__|#_ 3.2 # 3.2 £ 3o
Furesee draft (G Wa0) |- or-04 |- or-04 |- Or-a¢
| Silo A {ecd fdryund) (rpe/7) Y60 | .. S92 | _ ¥s0
Sl et (wet waad) (Ype) %) ° 2. __° .
P.}i‘dgmdl 2 (¢])__ | 800 | 822 80>
Eeoomizee tnlet Wo(F) | /50 55 _ | ree
Beovomizee cutet o (F) 6o 265 - Zés
S’up"\ww Ses ot +°F ) 5.0 6'_0_0 . Slo
Supesbestes chea pw (peggl | /5 1 /5 hs
Hock towp oft. ol (°F ) I35 /30 43
COmments ¢ Clhr eheok
G /5-17

O = Sec0-2500

3-6




Bonrr  Oretparide Data : - Tesr Mo/ (L., thod)
Dat : o-15-8/

\
(Forewmcter /é.:00 /6 32 /700
Stes losd. (10® W /i) /7 /5.5 /7
| Undeofios aie (in. tho) ¢ 04-08 | Q3-08 |+ 45
| Overfics aiv (ln. e O)' ¢ J25 22 4 2=
Press before eoll (i W2 0) b 2.0 v 2.9 4 2.0
- Bews oftes coll. (in Ha0) |2 Lo xS - 3
Furmsce draft (W W) _ |- O-a3¢ |- o0-07 |- O25
__'S."Q_ﬂ_'_&cti{d',.ud) (rpuf) | _ 500 | 390 _ | Seo
‘;\i“lg.e_{nt_(@cf wasd) (g ) %) . e o - °
,__311__-‘50'4 Hi| is_u;‘:-___cfi.._‘-_- _ 8 | .78 s
Bonsnizer (nlet W2(F) | /8 | /5o | /5o
_ Frovowizer cutet Wo(F) | %62 | 260 265
Supechiater e ot t(°F) $/o s¢e | #8s
_Sam\mte;_d‘_ea_mpv_én(y«ﬂ-‘; V| sz | /7% /65
Fack tewp ,oft - ool (%¢ ) /5 0 /s>

COmments ¢
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Bonrr__Orerarive _Dara 72s7 Mo 1 (Dry Yeod)
Dote: f-15-8/
“Tima
’m /730 /8. 22 /8. 3>
Steom loed (10 o) /7 7%s %
_Modecfice oin (in. Ho ) |+ de |+ oéf aé
| Overfics aiv (in. He0) $22.3 ?_22.5 22.5
Preess_before cdl. (nPa0) __# 48 422 | .22 |
L Prews ofter coll. Liv H0)_ }£ 3 s 3 3
Furmoce draft (W Wo) |- ar-ay [ o025 azy. i
_Silo A feed (dqumd) (rp-/7) o5 __| 55 se2 i
! ._S‘_\gi.fmt (it waat) (vp=] ) 2 o o ;
- Dridgeaall tewp (F 77 __ _|._7¢> 7so I
Erononizee. inlet W (F ) /48 /7 s '
| Eeowomizee ontet Wo(F) | 270 _ 265 | 2es
_Supecleates dterm otlet(F) | Sos &5 #so
- Supeshestes stesn "Nr,;_( P“d” 1 __/‘ 5 /62 /42
Hack tewp ot ol (¢ ) 435 Yos o

Cohng.d: :
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BB0,.tr  Oreprarive

Dnara

7esr Al / (Ory 420d)

Dote : S-15-87

Tome
'PN /P30 S0 0
| Steom oot (16® \afie) /é /7
| lt...(.,{.;,@ div (i-;.ﬁ,_o ). 4 Q¢ 4 Q6
L _Overfice_aiv (l.v_\_.? . 0) 22.5 4 22.5
Press befove goll. (e Wa0) __[# 2 b LAB-2.9
“Reu optes @l (iv Hi0) .3 # 3-
Foroace draft (i Wa0) |- 025 - Q- 03
Sl dyued) (rpe/n) | S0 | %20 _|
| S0 R fed (0 woad) (1)) 4 - 9.
By W teey (*F) /45 /4o o
Erompuizee inlet B0 (F ) /Y5 /4 N R
__Feouomizer: cdm}l-ho('l’) 2¢5 245
Su!mhg.{'u sheam ot t(°F) S0 _ __ #50
Supecbestes ctean p.«.e;..(.aq;l__/..‘_f 1 T
Hock towp ot ol (F ) 10 /10
Commenti roily i | 224 of ot
7o b ~ 1 BB,
o ~ 1700 K /4,
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ASME TEST FORM *

SUMMARY SHEET FOR ABBREVIATED EFFICIENCY TESY PTC 4.1-0(1964)
TEsT 80, 4 (Svry waoclOiERND, 4 OaTE 4 -/5 &Y
rd
OWNER OF PLANT & 7o/ /PecéM LOCATION Ced Fc A~ , MC
TEST CONDUCTED 8Y Aterean S CAS A s C . OBJECTIVEOF TESY £ . .1 Aoy DURATION {_4,1_
BOILER, MAKE & TYPE /)i fc  £5,925 162 /ive cool phoker _oomiegbed Po sivoo $17  RATED CAPACITY 4o . lofy,
— 12
STOKER, TYPE & SI2€ Erxgd Amalfe LnTh Lesliefiof & CFA PRIl
PULVERIZER, TYPE & 31ZF onT BURNER, TYPE & U2 (70 pp5q, |
PUEL USED Dy wisod ehipet MINE COUNTY STATE SIZE AS FIRED
PRESSURES & TEMPERATURES FUEL DATA
7 S FIRED .
? | sTEAM PRESSURE 1N BOILER DRUM wis | an PR IR 2w on
2 | STEAM PRESSURE AT 5. M. OUTLET ssie | /3O | 37 | noISTURE /7,021 5\ | rLasn poINT P°
3 | STEAM PRESSURE AT R M. INLET seie | 4/ |38 ]voLmarrer 52 | S». Graviry Deg. API®
- VISCOSITY AT SSU°
4 ] STEAMPRESSURE ATR M. OUTLEY _ lesie | 4/4 139 | FIXED CARBON 33 | BURNER SSF
TOTAL HYDROGEN
3 | sTeam yeupERATURE AT 5 1. OUTLEY ’ 3 |o]am 037 lals =
$ L ITEAMTEMPERATURE AT R H. INLET Ld A L!"_'-__._Q#L‘_M
7 | STEAM TEMPERATURE AT R. W, OUTLET Jo  lalsweenasmrenl7ry
y ASH SOFT TEMP.®
WATER YEMP. ENTERING (ECON,){BOILER) /52 lal astsuetmoo Gas | %voL
GR/L-OR-DIL AS FIRED (o, p )/
9 STEAMQUALITYS MOISTURE OR P.P. M Q ULTIMATE AMAL YSIS co
10 | AIR TEMP. AROUND BOILER (AMBIENT) . 4 | canson ¥5.27| 55 Jon,  mETHANE
TEMP. AIR FOR COMBUSTION
'V | (Yhig 1s Reterence Temparurure) ¢ ’ 60 | 4 | uvonocen oY | w [Cth ACETYLENE
12 | TENPERATURE OF FUEL P 1Ax |5 [oxvcen 27, 73] 57 [Cne ETHYLENE
13 | GAS TEMP. LEAVING (Beiler) (Econ.) (Ale W) | ¢ 436 | 4 | miTRoCEN Q.12 158 |G ETHANE
14 | GAS TEMP, ENTERING AN (i canditions o be 7Y o PHyg el < (1,8
UMIT QUANTITIES 40 | ASH 0. 33 {40 |co,
13 37 | MoIsTUR ir. 2 | oy [ HMYDROGEN
16 | enTraLPY onuwnnausunmnnm <2,
ST, 27/ TOTAL TOTAL
nmuu.v OF SAT. FEED TO (BOILER) [ o | L20 COAL PULYERIZATION TOTAL HYDROGEN
@ [ GrinDABILITY «2 [oensity @@ F
INDEX® ATM, PRESS.
a9 | FINENESS S THRY
0 ue 43 18 PER CU PT
30 | FINENESS X THRU 4 | gy PER LD
..
2w . <ITEM 1S INPUT.OUTPUT (TEM N =100 -
EAT ABS/LS R.H. STEAMOTEM \9—1TEM B/ | — | 6a | Floi o s T En 3 oS 2
22 | ORY REPUSE (ASH PIT ¢ FLY ASN) PER LB v Bn/lb RNelA P
A$ FIRED FUEL (%] MEAY LOSS EFFICIENCY AP, puee | vurL ]
23 | S PER LB IN REFUSE (WEIGHTED AVERAGE) By 43S | HEAT LOSS DUE TO DRY GAS 3064 B YIS
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PTC 4.3-b (1964)
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ASME TEST FORM

PTC 4.0-b (1964)
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SECTION 4
SAMPLING DATA SHEETS

4.1 CONTINUOUS MONITORING EMISSION DATA (BY GCA AND EPA)
4,2 FIELD DATA SHEETS FOR EPA METHOD 5, SASS, AND CONTROLLED CONDENSATION
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4.1 CONTINUOUS MONITORING EMISSION DATA (BY GCA AND EPA)

Emission results were compiled by GCA into summary tables.
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T Ve \
€57 4 (Day Woon )

FIFTEEN-MINUTE AVERAGE DATA FOR APRIL 15, 1981

Elapsed
Time {12 o) () No, (V) CO QW) 0y () Nox (ppm) CO (ppm)

1306 274 6.267  2.592 3.340 15.93 59.8 1366
1319 299 6.243  2.665 2.444  15.87 61.5 996
133 314 6.258  2.443 3.431 15.91 56.3 1403
1349 329 6.273  2.207 4.520 15.95 50.7 1852
1401 341 6.589  1.899 5.707 16.75 43.5 2342
1413 353 6.281  2.211 4.073 15.97 50.8 1668
1425 365 6.4462  2.196 4,681 16.38 50.5 1919
1440 380 6.440 2,237 4,785 16.37 51.4 1962
1455 395 6.613  1.595 6.828 16.81 36.3 2804
1510 410 6.481  1.926 6.036 16.48 44.1 2478
1525 425 6.400  2.043 5.188 16.27 46.9 2128
1540 440 6.519  1.925 5.712 16.57 44.1 2344
1555 455 6.334  2.042 5.387 16.10 46.8 2210
1610 470 6.444  1.777 6.407 16.38 40.6 2631
1625 485 6.232  2.237 4.773 15.85  51.4 1957
1640 500 6.488  2.463 5.103 16.50 56.7 2093
1655 515 6.682 1.548 7.593  16.99 35.2 3120
1710 530 6.397  1.962 6.581 16.26 45.0 2703
1725 545 6.688  1.433 7.195 17.00 32.5 2956
1740 560 6.406  2.072 7.085 16.29 47.5 Z910
1755 575  6.382 2.101 6.336 16.23 48.2 2602
1816 590 6.555  1.734 7.288 16.70 39.6 2994
1825 605 6.564  1.720 7.778  16.72 39.3 3196
1840 620 6.476  1.888 7.053 16.50 43.2 2897
1855 635 6.563  1.777 7.684 16.72 40.5 3158
1910  650- 6.464  2.196 6.764 16.31 . 50.5 2778
1925 665 6.315  2.048 6.759 16.09 47.0 2776
1940 680 6.682 1.103 7.580 17.02 24.7 3115
1955 695 6.861  0.846 8.375 17.48 18.7 3443
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FIFTEEN-MINUTE AVERAGE DATA FOR APRIL 16, 1981

Elapsed
Time %ﬂf;) 0, (MV) NOy (MV) CO (MV) Oz (Z) NOx (ppm) CO (ppm)
1112 1502 5.392 3.693 1.806 13.53 85.8 731
1127 1517 4.956 3.891 1.116  12.43 90.4 447
1142 1532 4.774 5.596 0.811 12.00 130.6 322
1157 1547 4,671 4,245 0.716 11.71 98.8 283
1212 1562 5.111 3.884 1.108 12.82 90.3 444
1227 1577 4,742 3.983 0.991 11.89 92.6 396
1242 1592 5.231 3.759 2.909 13.13 87.2 1185
1257 1607 5.141 3.584 1.254 13.00 83.2 504
1312 1622 6.286 2.385 5.438 15.77 54.9 2227
1327 1637 6.313 2.420 5.512 15.84 55.7 2257
1342 1652 5.365 3.230 2.657 13.46 78.4 1082
1357 1667 5.141 3.747 1.065 12.90 87.0 426
1412 1682 5.244 3.677 1.201 13.16 85.4 482
1427 1697 5.79% 2.998 2.913 14.54 69.4 1187
1442 1712 5.79 2.814 2.441  14.54 65.0 993
1457 1727 5.565 3.327 1.312 13.96 77.1 528
Calibrations performed 1500-1600 hrs
1612 1802 5.549 3.534 1.555 13.92 82.0 628
1627 1817 5.749 2.906 2.120 14.42 67.2 861
1642 1832 6.220 1.630 4.255 15.61 37.1 3740
1657 - 1847 5.762 3.073 2.991 14.46 71.1 1219
1712 1862 5.970 3.275 2.597 14.98 75.9 1057
1727 1877 6.050 2.724 4.183 15.18 - 62,9 1710
1742 1892 6.011 2.861 4.479 15.08 66.1 1832
1757 1907 5.744 2.828 2.866 14.41 65.4 1168
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4.2 FIELD DATA SHEETS FOR EPA METHOD 5, SASS, AND CONTROLLED
CONDENSATION
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CONTROLLED CONDENSATION SYSTEM (CCS)
FIELD DATA SHEET

Plant _Forumaw A s

Ambient Temperature

e I

"~
Lonm

Date V)-8 Barometric Pressure _o¢ 90
Sample Location _Cmes., pN-2 Meter Box Number ~Ng¥
Run No. / Meter Orifice Coefficient_ .20 ¢~
Operator E.L.B\AP”’( Meter o Factor [. 007 (9 .%% .40
cad
Clock Time Temperature (OF)
(24-hr)
clock | Gas
Sam- Reading Filter ol Meter
pling (Vm), ft3
Time, Recirc | Exit
min Init. Stack |Probe |Skin| Out| Water |Coil In | OQut
, 22,238
g .
N 34.00 | 2,0 | S¥I |rov|s32| €O |103 |9y {9)
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Lo R8P | To. f, S¥1 |iMs|ese | o | tog | T8 |75
< N, Y7 |30 |Seo |1vag|eed | co | oS | v | 5
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ISOKINETIC PERFORMANCE WORKSHEET & PARTICULATE CALCULATIONS

Plant_ T. o> A 2. Performed by  Oynaile.

Date NS -

Sample Location

Test No./Type | Jceg
L

Barometric Pressure (in. Hg) Py 2% .98
Meter volume (std),
v AH
J\T, * %60,
O\ fazas) + (=2
1764 \ ooy | \Tgr =20 '

Volume of liquid collected (grams) Vie -
Volume of liquid at standard condition (scf) Vw std
V1. x 0.04707 . -
Stack gas proportion of water zapor

v

“w std B o

[y WO -G#Yl
Vw std * Vm std ( A c»wwv\ I/M'> (

Molecular weight, stack gas dry M
(1b/1b-mole) d .
(% C0,x 0.44) + (% 0,x 0.32) + (% N+ % C0 x 0.28) 29.2¢
(v.0 x 0.44) + (Je.Oox 0.32) + (go0+ — x 0.28)
Molecular weight, stack gas wet
(1b/1b-mole) Mg 2% .
Md(1-B,,) + 18(B, ), (__)(1-__) +18(___)
Absolute stack pr?ssure é;n. Hg) (=3)

P in. H -2

stack 2 P
Py * 36 )t s
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Temperature stack gas, average (OF) Ts 210
Stack velocity (fps) f*y»“
(avg + 460 !
85.49 (C,) (/2P ,, o Qe 2
9 . i .
S S v . 8UC|G‘{_‘L FAed
s(avg) ¢
( ) + 460 ”(H!)v’. >
85.49 v ) Feauly:
— O ‘
Total sample time (minutes) 6 S
Nozzle diameter, actual (inches) Ngd
Percent isokinetic (%)
17.33 (TS + 460)(Vw std + Vm std)
' Net
o Vs Ps Ng® %1 o
. HYy\\(.&. bl
17.33 ( +460)((___) + (___))
( M I )(_< )
Ar rga of stack (ft2) == ,3:1416 As
=144, x(__ )2--144
Stack gas volume at standard conditions (dscfm)
60 (1 - B_.)Vs A 528
(1 Buo¥eavg s T, avg + 460 (
Q
60 (1 - _ )(__)(__) 528
___ +460
Particulate matter concentration, dry (gr/dscf)
15.432 Mplorams) 15.432 C,
VMt { ) (std)
Emission rate of particulate matter (1b/hr)
0.00857 (0 ) C s , 0.00857 { ) ) Ep
(std)
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CONTROLLED CONDENSATION SYSTEM (CCS)

FIELO CHECKPOINT SHEET

Initials
QA
Checkpoint Supervisor | Inspector Remarks
LABORATORY PREPARATION
¢ Inspect and clean CCC. Both filter holder and CCC
are cleaned with hot chromic acid solution and (W
D.I. H20. ‘
® Rinse with acetone and air dry CCC. L
e Place Tissuequartz filter fn filter housing. «
e Check seal between end of joint and filter. e
e Do not use grease on joints. ‘-/
¢ Inspect and clean all glass joints. [l
SITE SETUP
[
o Rinse the inside of probe prior to run.
o Rinse probe with acetone until rinse solution is -
clear.
e Perform leak test. ol
¢ Leak rate must be less than 80 mi/min (0.003 cfm). —
o Thermocouple leads attched to probe and filter. -
o CCC water bath held at 609C (1400F) +1oC. el
o Leak test train. (e
o Probe temperature maintained at 3160C (600°F) (g
+179C.
o Gas temperature out of filter holder held at L
2289C (5500F).
e Fresh solutions placed in impingers. el
e Fresh absorbent replaced in final impinger. “
e Adjust flowrate in system to 3 lpm. L
‘EZ%‘ “etg -t
- 1209 P
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CONTROLLED CONDENSATION SYSTEM (CCS)
FIELD CHECKPOINT SHEET -- Continued

Checkpo int

Initials

Supervisor

QA
Inspector

Remarks

SAMPLING RUN

¢ Turn vacuum pump on just before inserting probe
in stack.

e Check seal between probe and port to prevent any
outside air from entering stack.

¢ Run test for 1 hour or until coils are frosted to
1/2 or 2/3 their length.

e After run, cap both ends of probe and lay in
horizontal position.

¢ Rinse the CCC coils into the modified Erlenmeyer
flask with a maximum of 40 ml D.I. H20.

e Was any of the solution Jost (/ ml estimated)?’

' o After probe has cooled, it is rinsed with a maximum of
40 ml D.I. H0 into a 25-m1 Erlenmeyer flask.

- Was any solution lost (/m\ estimated)?
- Clean support equipment priot to next run.
- Save filter for titration.

IARATATRIR

Comments:
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CONTROLLED CONDENSATION SYSTEM (CCS)

Plant _g£rmmv Accgn

FIELD DATA SHEET

Ambient Temperature _~ $o°F

Date G —IL-C) Barometric Pressure 1;;,4(0“/45 @ r1+io
Sample Location c¢racic  (p-2)  Meter Box Number o%Z
(Los,
Run No. _ 2-¢cecc Meter Orifice Coefficient .D0Y¥
Operator Ty “’QS Meter o Factor ).209  ,2-29-50
eel)
Clock Time Temperature (°F)
(24-hr)
clock | Gas
. Meter Dry Gas
sam- \'Z2%5 |Reading Filter Meter
pling (Vo), ft3
: m
Time, Recirc | Exit .
min o Init. Stack |[Probe |Skin| Out| Water |Coil In | Out
99.19
2% 110020 |Zog | w5V | 95T |381| 60 | oy | 87 |57
oo=308 | 13,90 | sos | ¢35/ |azm |#9)| o |10r |27 |¥e
Ao.o"' _ 106.00 249 | %SV |ysy|yze | go oY | %7 | &«
3o.0 25l g0 299 | S 1269|502 | o | 10w | ¥ |3
so o3t | 11110 | 297 | w57 222|520 | bo | 5| & | Fe
YT (1370 [2%9 | £3) (/395 S2Y| O 102.| 87| be
2o—~%2 | ))5.57 | 2957 e 1339|807 | o JOo%| &y | &7
Average Dniu| 17.320 | 701 boC. &P
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ISOKINETIC PERFORMANCE WORKSHEET & PARTICULATE CALCULATIONS

Plant Corrmeacy Acoc Performed by g;gg‘ﬂi,;
Date__ v -, —%)
Sample Location <aacwx MN-2
Test No./Type ~ fccc
ALl

Barometric Pressure (in. Hg) . Py 2

K
o0
©

Meter volume (std),

17.64 (Vn\ /o, + A%
f\T * 0,

(15) mstd | /.92
¢9.32F\ [(22.89 + ‘=2
17.64 13.6
(Loer) f\(&2.) + 460
Volume of liquid collected (grams) Vic —
Volume of liquid at standard condition (scf) Vu std -
Vi, x 0.04707
Stack gas proportion of water vapor) o
v ( ’
w std . B e
v +V () +{ ) wo wa—ﬂ& k*——'\
w std m std — —_— %
M ~s” Taf
Molecular weight, stack gas dry M
(1b/1b-mole) d .
(% COpx 0.44) + (% 0,x 0.32) + (% N2+%C0x028) 2918

(£S5 x0.48) + (;C0x 0.32) + (fAa+ _ x 0.28)

Molecular weight, stack gas wet
(16/1b-mole) M 2%.5 L

MA(1-B0) + 18(B, ), (___)(1-__) + 18(0¥ )

Absolute stack pressure (in. Hg)

P (in. H,0) - n3)
tack —t—
Py + k » ) s

7602/5/81/Rev 1
4-24




Temperature stack gas, average (°F) Ts vey
Stack velocity (fps)
savg + 460
85.49 (Cp) (\/zPS aVg) - -—-P—S——MS—
vs(avg)
( ) + 460
85.49 (__ )W ). /7
J ()
Total sample time (minutes) 0 50
Nozzle diameter, actual (inches) Ng
Percent isokinetic (%)
17.33 (TS + 460)(V,, std + V std)
6 Vs Ps Ng? %1
17.33 ( + 460) ( ( ) + ( )
( I ) )(_¢ )
Ar a of stack (ft2) == ,3:1416 As
=144, w(_ )2--144
Stack gas volume at standard conditjons (dscfm
60 (1 - )VSav 528
g Ts avg + 460
Q
60 (1 - __ )(__)(_) 528
___+1460
Particulate matter concentration, dry (gr/dscf)
M_(grams)
15.432 'p s 15.432 c
v"'std (___ ) S(std)
Emission rate of particulate matter (1b/hr)
0.00857 (Q,) €, ~ , 0.00857 ( ) E
(std) P

4-25

7602/5/81/Rev 1




CONTROLLED CONDENSATION SYSTEM (CCS)
FIELD CHECKPOINT SHEET

Cee - 2.

Checkpoint

Initials

QA
Supervisor | Inspector

Remarks

LABORATORY PREPARATION

o Inspect and clean CCC. 8oth filter holder and CCC
are cleaned with hot chromic acid solution and
D.I. H20.

e Rinse with acetone and air dry CCC.

e Place Tissuequartz filter in filter housing.

o Check seal between end of joint and filter.

o Do not use grease on joints.

¢ Inspect and clean all glass Joints.

SITE SETUP
o Rinse the inside of probe prior to run.

o Rinse probe with acetone until rinse solution is
clear.

o Perform Teak test.

e Leak rate must be less than 80 ml/min (0.003 cfm).

o Thermocouple leads attched to probe and fiiter,

¢ CCC water bath held at 60°C (1400F) +10C.

e Leak test train.

® Probe temperature maintained at 3169C (6000F)
+179C

¢ Gas temperature out of filter holder held at
2280C (5500F).

e Fresh solutions placed in impingers.
o Fresh absorbent replaced in final impinger.

o Adjust flowrate in system to 8 lpm.

,S-tlﬁg

0
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CONTROLLED CONDENSATION SYSTEM {CCS)
FIELD CHECKPOINT SHEET -- Continued

Cec-2.

Checkpoint

Initials

Supervisor

QA
Inspector

Remarks

SAMPLING RUN

o Turn vacuum pump on just before inserting probe
in stack.

e Check seal between probe and port to prevent any
outside air from entering stack.

¢ Run test for 1 hour or until coils are frosted to
1/2 or 2/3 their length.

e After run, cap both ends of probe and lay in
horizontal position.

o Rinse the CCC coils into the modified Erlenmeyer
flask with a maximum of 40 ml D.I. H20.

o Was any of the solution lost (/ ml estimated)?

' o After probe has cooled, it is rinsed with a maximum of
40 m) D.1. HZ0 into a 25-m) Erlenmeyer flask.

- Was any solution lost (/ ml estimated)?
- Clean support equipment priot to next run.
- Save filter for titration.

NS MAAYATA

Comments:
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5.1
5.2
5.3
5.4
5.5
5.6
5.7

5.8

5.9

5.10
5.11

SECTION 5
ANALYTICAL LABORATORY RESULTS

FUEL ANALYSIS

PARTICULATE EMISSIONS FROM SASS SAMPLES

PARTICULATE EMISSIONS FROM EPA METHOD 5 SAMPLES

SULFUR OXIDE EMISSIONS FROM CONTROLLED CONDENSATION SAMPLES
TRACE ELEMENT AND LEACHABLE ANION ANALYSES

GASEOUS (Cj to Cg) HYDROCARBONS

TOTAL CHROMATOGRAPHABLE (TCO) AND GRAVIMETRIC ORGANICS, INFRARED
SPECTRA (IR), AND GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)
OF TOTAL SAMPLE EXTRACTS

LIQUID CHROMATOGRAPHY (LC) SEPARATION AND INFRARED SPECTRA

OF LC FRACTIONS

LOW RESOLUTION MASS SPECTROMETRY (LRMS) OF SELECTED TOTAL SAMPLE
EXTRACTS AND LC FRACTIONS

RADIOMETRIC ANALYSIS RESULTS

BIOLOGICAL ASSAY RESULTS
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5.1

FUEL ANALYSIS
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LAPORATORY CERTIFICATE

CURTIS & TOMPKINS, Ltp.

Esvassaewes 1ave

ANALYTICAL- CHEMI ST S -CONSULTING
SIPVEtias CotuneTs m’un, - ""‘cm.’ Cathg 4P00EES ANALYET
AMDIGN SANM.ER8 FOR waNT At amavy
CORUSRAY 420 1000t SRanavion 290 DIVISION STREET ACICanCH o versiaaTions
ot it ddurdoyipiorinttontind SAN FRANCISCO, CALIP. 94103 438473 - we
V.S.A. 0TS m UL
Telaphone (416) 9$61-108)
Lebovatory No. 811100 Reported 8/13/81
Preliminary No. 6487 Sampled -f_-{-

Received 7/07/81
Por A‘?URE( CORPORATION

Reportom 5 ssmples of Fuel Product

Merk project No. T734.12, 7/06/81, Blanket Subcontract RBSS186A,
Relesse No. 2.

DRY BASIS EXCEPT AS NOTED
Dry Waed ~Taatd Det ek - Tlet 2

813661 813743
st 2nd st 2nd

Test Test Test Test Test Test

Carbon (C), % --- 50,88 eece ccee 53,02 ecee cee-

Hydrogen (X), % : 6,11 cece ceee Sl cace  ceee
Oxygen (0), (vy

diﬁ‘erenc;), % 42,46 wwee waem 39,40 meee  coee

Nitrogen (N), % 0.14 0.08 0.16 0.16 0.09 0.20

Sulfur (S),$ ecemeccececcacee-—= 0.0k 0.04 0.03 0.03 0.02 0.03

Heating Value:

BTU/Pound . 8,675 eeee ecoc 8,675 ~cee —ea-
Bulk density lbz{mcunr::d) ....... W52 e e 105 e e
Ash, % 0.37 eeema ecan 1.95 eem- eee=
Moisture (as rec’'d) =---ccececee- 11,02 eeen  eoe- 33.85 ceee eeee

SAMPLES DISCARDED 3(DAYS AFTER RECEIPT UNLESS OTHERWISE REQUESTED

TS Tor i Fo
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5.2 PARTICULATE EMISSIONS FROM SASS SAMPLES
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6-5

£\ ACuREX

DATA REPORTING FORM
ANALYSIS LABORATORIES
CUSTOMER .__CMEA DATE _July 13, 1981
CUSTOMER CONTRACT NO. 307736,12 _____ ACUREX CONTRACT NO, _A81-05-030
RESULTSREPORTTO L. Naterland = TELEPHONE
ADDRESS
‘Ethan Allen - 1 SAsSS
[sawme o cisrouem |, 0 u 3 1u | Fitter | A
SAMPLE (D (LAB) 648 | 644 645 646 660 650
PARAMETER ' uNITS
Velght 0.2308 | 0.4975 | o0.8018 | 0.7865 | 1.1061 | 130 gram
!
anaLysy U Labash
6. Nicol

Form EED-O57 480

RAFVIEWER




1SOKINETIC PERFORMANCE WORKSHEET & PARTICULATE CALCULATIONS

Plant é my_ﬁéﬁt/
Date 475 ¥/
Sanple Location S/
Test No./Type / - SAsS

Performed bygni>4£%5

Barometric Pressure (in. Hg) Py €50
Meter volume (std),
17,64 o\ /P, + 14;-'5
!’""IEG' ,
v —
mstd |723.57)
e oeﬁo) + (:_3_)
17.64 13.6
* o) J\IX3.) + &0 .
Volume of liquid collected (grams) Vi Cgéfi'7
Volume of liquid at standard condition (scf) v
Vi, x 0.04707 vstd | 250
Stack gas proportion of water vapor
' w std AR Byo o7
W
Vustd * Vmstg  Re0) v (e2sk bse
€ D
Molecular weight, stack gas dry
(1b/1b-mole) M
(% €Opx 0. 448) + (% 0,x 0.32) + (x N+ X CO x 0.28) 29.3¢
(75" x 0.48) + (£o x 0.32) + (257+ «&xX—x0:28)
Molecular weight, stack gas wet
(1b/1b-mole) M
$ Y
Md(1-B, ) + 18(B,), 530 (1= o) + 18Lov) 2%
Absolute stack pﬁ::sure (;n. Hg)
n. H,0 (-3)
Py * smkux =) s 2s -

5-10
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Temperature stack gas, average (°F) . L 3//. 6
Stack velocity (fps)
v (e gdvg ¢ 460
85.49 (C,) /aP, avg) TP W .6
. vs(avg)
/(}//-4) + 460
85.4 D3 0.ay
9 (2.29)( 0.44)) J Gep =)
Total sample time (minutes) 0 23%
Nozzle diameter, actual (inches) Ng 0. D%
Percent isokinetic (%) )
17.33 (T  + 460)(V,, std + v, std) S5¢ {
@ vy Py N 13
17.33 (3I.L + 460)((345Y) + Qa.sH)
(L3 M8 e N 28R M €04 )
Area of stack (ftz) rs_3,1416 A -
wrl =128,  w(__ )2--144 s /2.57
Stack gas volume at standardsggnditions (d:cfm)
60 (1 - B )Vs, o Ag s _
w S T avg + 450) 29527 /3,57
0
20
60 (1 =.on) (2263 (057) 528 Akl
(4 )2 (344 + 163) ((29.52)
Particulate matter conéentntion. dry (gr/dscf)
15.432 Mplorams), 15,032 _(S427) O ey | 20672
LR (2357 (s
Emission rate of particulate matter {(1b/hr)
0.00857 (Q) cs(,m. 0.00857 (.72 a7 Mo.06%) ) £, K .0%
s

7602/5/81/Rev 1




clL-6

ACUREX
Cormporation DATA REPORTING FORM
ANALYSIS LABORATORIES

CUSTOMER _CMEA DATE —__uly 13, 1961
CUSTOMER CONTRACTNO. _307736.12 ____ ACUREX CONTRACT NO. _AB1-0§-030
RESULTS REPORT TQ L. Materland ___ TELEPHONE

ADDRESS
—Ethan Allen - 2 SAss
|saume o custouem | probe W 3u 1u | Fiiter | xa ’
SAMPLE 1D (LAB) A 674 673 672 . 681 676
’ ETER UNITS
| Weight 0.3089 | 0,7075 | 2.7042 | 4.1327 | a0~ : gram |

/.'/70/ /3o

J. Labash
G. Nicoll

ANALYST

foim E€D-057 400 . REVIEWER




ISOKINETIC PERFORMANCE WORKSHEET & PARTICULATE CALCULATIONS

Plant_Zrmn/ Mhien/

Date  _4/4-%X) .
Sanple Location  S7ztr

Test No./Type 3y . s/Ass

Performed by__D?_éO_;_-._--_.

Barometric Pressure (in. Hg) Py 23;_7>\’
Meter volume (std),
Vi AH
.64 (Im\ fo ¢ 5
T + 460
v .
sz mstd | SCOIDY
w2\ fogny+ (=3)
17.64 13.6
Volume of liquid collected (grams) Vi N/
Volume of liquid at standard condition (scf) v
Vi x 0.04707 wstd | @30
Stack gas proportion of water vapor o.0¢/
vu std 02?6 ) B
wo
Vestd* 'msta 53 * (x3I77
Molecular weight, stack gas dry "
(L oonTored) o (% 0,x 0.32) + (% Nyw % €O x 0.28)] °
(% COx + X + 2t x o
X (;(Zx 0.44) + (/S x 0.32) + (55 —x0.28)| PP-1¥
Molecular weight, stack gas wet
(1b/1b-mole) M,
Md(1-8,,) + 18(B.) (ZR)(1-_009) + 18( o) 2¢-S¢
Absolute s;ack prz:sur; c(’;l'l. Hg) T
n. ~. —
R e =2, gt Py 299

5-13
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Temperature stack gas, average (°F) . Ts 3oy
Stack velocity (fps)
d s2v9 ¢ 460
85.49 (C) WaPg ,,0) ~pW, .
) s(avg)
a j( 304) + 460 _ 27¢/
85.49 (009N C oYY '
N [ T
Total sample time (minutes) 0 20
Noz2le diameter, actual (inches) Ng o241
Percent isokinetic (%)
17.33 (T  + 460)(V,, std + V, std) . :
6 v Ps Nl %1 /0¥-{
17.33 (3 + 460)((32%3) + Gseov))
(L0 N_2531 M 28.550(_4.241)
Arga of stack (ft2) m=_3.1416 1a
ars—t-'lM. w(___)2=144 s 72.57
Sta:g gas v?lume at standardsgonditions {dscfm)
60 - B )Vs A 8 Ps
wo' Tavg s T, avg + 450) 79.9¢7
- S| 5oy
60 (1 -0of)(9)as))/___ 528 (£2¥
30w+ 460 ] \(29.%2)
Particulate matter conéentration. dry (gr/dscf)
15432 Mplorams)_ 15.432  (£37349) c, 0./50%
"std SITEN (std) -
Emission rate of particulate matter {1b/hr)
0.00857 (Q;) cs(s,td). 0.00857 (/3 >/ )(-0./59¢ ) E, el

7602/5/81/Rev 1




5.3 PARTICULATE EMISSIONS FROM EPA METHOD 5 SAMPLES
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ACUREX
ANALYTICAL REPORT

Sample of: _%M._%_

Sample Date:_M /5 / 274
Requested By: M_AZ”JM—

\0. Number: 222542 / (NNES

Analytical Method: W&%ﬂ% é/
Date of Analysis: M_Z_ZZF %&27@_4_/;%__

Lab I.D. Number Component Analytical Result Unit
£/3668 - Jat / S26 mboy
weoces Phaze 3777
- Diganic Phase 77.9¢

913714 - Jaut 2 S jorl Lam

?WW s207
- W%&. £ 79

5-17  Analysis By WM«.’Q_
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ACUREX
ANALYTICAL REPORT

Sampie of: _%LMJ_—

Requested By

1.D. Number
Analytical Method: MMM /}M
Date of Analysns / [ 214
Lab 1.D. Number Component Analytical Result Unit
913660~ Jest |/ My-142- 210 [.2SA37-10160 | TinaL

=206 £ F_ I
213713 - Jest 2 MV-142 -3l 1.3%71173 -Lo2ouo| 7! ter .
= 3512 Weight

C Qo CRQ!,.,,Q_._‘. N oS~ =0\

x ' £ Lerahts
T UNBVAILABILITY o “TAre
Mo‘k’e— . .fb(:;r'e \H\c.‘:_e_ L | fers e Net @nid 13:
NOT REPQETD BUT | €z THE FILTCET
Acvynal t»( oty

é//
5.18  Analysis By %ﬁi—»
Date / / Ap /

82 8!




ACUREX
ANALYTICAL REPORT

Sample of: __%\'Mw

Sample Date:_(Zonl /5, /98
Requested By: .&k&’%‘/

1.D. Number: M/ﬂ/ﬂéﬂ

Analytical Methodzwztdé&%@w M-‘)
Date of Analysis:M M 2-'. /90/ .

Lab I.D. Number Component Analytical Result | Unit
813669~ ot / ?ub.wT.Q« o A ST.30
8137/2- T L | )20 mb| 229.03 Alaceo

519 Analysis Bvﬁé&mg_
7

o.t,_.J;zM L, L5P)
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R Pt & ki ¢ S o 14 e 4t

M3s12

B.e.DnRes
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oLy FoRY,pe. ., i . CimPIVAER
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ISOKINETIC PERFORMANCE WORKSHEET & PARTICULATE CALCULATIONS

Plant_£7min/ foesrn/ Performed by_%_‘____“___

Date -5 -/

Sanple Location Sﬁc:
Test No./Type /-/11

Barometric Pressure (in. Hg) Py 2095
Meter volume (std),
17.64 Yo\ /Py + 5%
a T;TTGD"'
v &l e27]
m std
(x5 + (42
17.64 < 13.8
G o J\(D3) + a0 /.
Volume of liquid collected (grams) Vi é77
Volume of liquid at standard condition (scf v -
Vi, x 0.04707 ) wstd | 3 9¢?)
Stack gas proportion of water vapor
] Std (___3)6.) BNO O.t)"fe/
Vootd® Vasta  ©ED T )
Molecular weight, stack gas dry M
(1b/1b-mole) d
(% CO,x 0.44) + (X 0,x 0.32) + (X Ny+ % €O x 0.28) 25-0¥
(20 x0.48) + (4 x0.32) + (fo_+ __—=x0:28)
Molecular weight, stack gas wet
(1b/1b-mole) Mg >¥. ¢
Md(1-B,.) + 18(B ), (zz 30 (V-0.0) + 18(00w)
Absolute stack pr‘e:sur; g)!u. Hg) ( \
tack A0 fp , =3 220
'b’“us » (29 ¢+ s -
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Temperature stack gas, average (°F) Ts 30
Stack velocity (fps)
Y s2v9 ¢ 460
85.49 (C,) V2P, a.vg) P, ,
s(avg) | o¢.ov
‘ (3ow) + 460
85.49 (O )M 0.439 (<) (3553
Total sample time (minutes) 0 /o
Nozzle diameter, actual (inches) Ng 0. 30¥(
Percent isokinetic (%)
17.33 (T, + 460)(V,, std + V. std) -
6 Vg Ps Ng? 1 F6-2S
17.33 (3 ¢ 460)((320)) + (5463)))
(20 )% )2 s0 ) S xxh)
Args of stack (ftZ) == 3.1416 1A _
wrt +188,  w(___ )°=-144 : /0-57
Stack gas volume at standard conditjons (dscfm)
60 (1 - Bm)\lswg As T 528 . Ps
+
s V9T \BE 13,465
0
60 (1 - o7¥) rag20) 528 &
308+ 460 ) \(29.92)
Particulate matter concentration, dry (gr/dscf) 00 14 suk
15.432 Mplorams) 15432 (37%7) C, owes) e
vmstd ( 67 ¢e2D ) (std) :
Emission rate of particulate matter (1b/hr) 20 s
0.00857 (Os) c‘('td)' 0.00857 (/3 w2 W.od4 ) Ep 0-6$7Y o
s

005

./4««4/:.

oAt

hc/«te[/t

¥.5V7 7
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ISOKINETIC PERFORMANCE WORKSHEET & PARTICULATE CALCULATIONS

P"Bnt_éﬂ@/.fm Performed by_%_____-__

Date /g v/ -
Sanple Location_ <7/

Test No./Type 2 - <

Barometric Pressure (in. Hg) Pp 2{57
Meter volume (std), AN
V
.17.64 m\ [Py * 35
T + 480
o
m std S.&
e\ foesy + (42d) G3)
17.64 13.6
e\ <> A\ PR ICa Oy
Volume of liquid collected (grams) Vig /24 g
Volume of liquid at standard condition (scf) v
Vi, x 0.04707 _ VSt Sve
Stack gas proportion of water :apor)
. v <X6
w std . B
wo . 0%
Vustd* Ymsta  1&¥C) ¢ ()
Molecular weight, stack gas dry
(1b/1b-mole) "d
(% COpx 0.43) + (% Opx 0.32) + (% Ny+ % CO x 0.28) 2%«
( <-.(x 0.48) + (S0 x 0.32) + (25.5¢ _ _—x0.28)
Molecular weight, stack gas wet
(16/1b-mole) M, 2S¢
Md(l-B ) + 18(8 ) (g_:g)('l-.o\’ ) +18(_o¥)
Absolute s;ack przssurﬁ ((,;n Hg) .
stack 11" (=3) .
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Temperature stack gas, average (°F) Ts Zo“/
Stack velocity (fps)
Y (f ) s2vg ¢ 460
85.49 (C,) (/2P —5—%
P s &g s s
vs(ilvg) 2)-26
(3oy) + 460
85.4 . O.
9 (D2 ) owo) N oeed)
Total sample time (minutes) 0 /20
Nozzle diameter, actual (inches) Ng 0. 30V
S (1 e aBe) (v s1d + v_ sta)
. + V. std ¢ st ”
s " " /0177
6 Vg Pg Nt %1
17,33 (37 + 460)((£¥0) + (&)
(2o M2¢ )XY ) L30wk)
Area of stack (ft2) »=_3.1416 | A _
wrs-:-ud, w(__)°--144 s (2.3
Sta:k gas v;nume at standardsgonditions (dscfm)
60 (Y - B_.)Vs A 8 . Ps
wo’ avg s
T, avg + 480) \79.%2 1esG
Q
60 (1 - o) (s 528 &
Particulate matter concentration, dry (gr/dscf) ol ol
15.432 Mplarams) 15,432 _(e5x0d) ovi| g 0:0000 exnl e
Meed T‘Z‘?Tﬂ. (std)
Emission rate of particulate matter (1b/hr) ased selred
0.00857 (Q,) €, , , 0.00857 (/2o M /9y )| E 0.3 edeSonsshle
(std) e 4 - W,
o2 s /C 5y 7°
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5.4 SULFUR OXIDE EMISSIONS FROM CONTROLLED CONDENSATION SAMPLES
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" CONTROLLED CONDENSATION SYSTEM (CCS)
LABORATORY DATA SHEET

Plant
Date __y— )y ¢

Sample Location STACK
Run No. [~

oLD FoRT, N.C. Analyst
Date Lab Analys1s Completed 10-20-8|

Titration Data

Method%‘,;;;;g‘_/ Titrant gaco,  Normality .o/l

Indicator Tipgn

Vol. of Gas Sampled {Vy) /%.53S ft3,

Probe, ]

Nozzle Impinger

and G/R Contents

Sample Filter Coil and H20 H%
Description Rinse Rinse Rinse Blank ank
Sample No. 513039 |§135¢ |813637 | £13e3€ (213635
Vol. of Sample 120.9 | &1,0 $+$2.D om‘r'y opITy
Vol. of Aliquot /0.0 0.0 /0,0 /0.0 ;0.0
Vol. of Titrant 057 ° L o5~
Used <1 - o5 Y 051 [*Slos o5
Average Vol. of —_— —
Titrant Used 05~ 1 .05 05 ©5
Calculations

Avg. Meter Temp (Ty) 7% OF,

Meter Pressure (Py) Zg i, "Hg, Meter a Factor 4,007 d1mens1'on1ess

48.15 (__, MgS0,)(___, T,+460)
PPM _ — A ()
504‘ 9% (____ , W, P '—¢
ppm S04 = o
, 48.15 (__, MgS0,)(__, T,+460
- PPM _ — 92— )( )
ppm SO0z = &
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Plant
Date _y o (¢ -8)

LABORATORY DATA SHEET

T e Analyst

Sample Location

Shac

Run No. n.cece_

Date Lab Analy

c.

CONTROLLED CONDENSATION SYSTEM (CCS)

25
sis Completed ;n-20-%)

Barwe~/ Titration Data . .
Method Tpep 10”7 Titrant Re-Cq, ~ WNormality .oibb Indicator TurRIN
Probe,
Nozzle Impinger
and G/R Contents 3%
Sample Filter Coil and Ho0 H202
Description Rinse Rinse Rinse Blank Biank
Sample No. 518150 | 13799 |[F1374F | §13¢e38 [§13e0T
Vol. of Sample £%.0 | 0.0 2650 | voamiTy | opiry
Vol. of Aliquot /0.0 10.0 10,0 )0.0 /0.0
Vol. of Titrant el oS 23 "°5] rosT
Used 3 S 7] ST os|
Average Vol. of '
Titrant Used 05~ 105~ .05~ 05~ oL
Calculations

Vol. of Gas Sampled (VM) /2320 ft3, Avg. Meter Temp (Ty) £7_CF,
Meter Pressure (Py) 2%.9) "Hg, Meter @ Factor ,po7 dimensionless

48.15 (__, MgSO,)(__ , T,+460)
PPM _ di— M ()
S0, 96 V)l s Py —¢
ppm S04 = &
oo 48.15 (__, MgS0,)(___, Ty*+460) . )
= N
S0, ~ BA > VT » Py) —
ppm 307 = %
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5.5 TRACE ELEMENTS AND LEACHABLE ANION ANALYSES
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COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 296 NORTH LA SALLE STREET, CHICAGO, ILLINOLS 0040Y - AREA CODE 33 726.0434
R‘P'Y to INSTRUMENTAL ANALYSIS DIVISION, 14338 WEST 44TH AVENUE. GOLOEN, COLORADO 80401, PHONE. 303-278-9521

To: Mr. Roy A. Belletto t i{’:

Acurex Corporation

485 Clyde Avenue

-ty o, 0

Dste August 21, 1981

Mountain View, CA 94042

Rel ea se

Analyst: 3, 01dham

5
Subcontnct SWSI159A

s.mpu. No.: AB1-05-030-6425pARK SOURCE MASS SPECTROGRAPHIC ANALYSIS ~1AD No.:97-6852-116-25

EA Filter Blank

CONCENTRATION IN ug/cm

__ELEMENT _CONC.____ELEMENT CONC._____ ELEMENT CONC.__ELEMENT CONC.
Uranium Terbium Ruthenium Vanadium 0.006
Thorium Gadol{nium Molybdenum <0.001 Titanium 0.8
Bismuth Europium Niobium 0.002 Scandium 0.002
Lead *0.04 Samar{um Zirconium 0.02 Calcium Mc
Thallium Neodymium  <0.001 Yttrium 0.003 Potassium 0.08

Mercury NR

Gold

Platinum

Iridium

Osmium

Rhenium

Tungsten

Tantalum

Hafaium

Lutetium

Ytterbium

Thulfum

Erbium

Holm{um

Dysprosium
STD — internal Standerd
Al siamants o darecred <

MC = Major Component >
INT = Interference

Praseodymium <G.0M Strontium 0.02 Chlorine 0.07

Cerium 0.007 Rubidium <0.001 Sulfur 0.03
Lanthanum 0.008 Bromine 0.07  Phosphorys 0.1
Barium 0.1 Selenium S§licon MC
Cesium Arsenic NR Aluminum >0.3
Iodine 0.001 German{um Magnesium  *MC
Tellurium Galltium 0.003 Sodium * >0.8
Antimony NR Tinc 0.08  Fluorine =l
Tin <0.001 Copper 0.009 Oxygen NR
Indium STD Nickel 0.005 Nitrogen NR
Cadmium Cobalt 0.002 Carbon NR
Silver Iron 0.3 Boron 2
Palladium Manganese 0.007 Beryllium

Rhod1um Chromium 0.009 Lithium 0.002
*Heterogeneous Hydrogen NR

mgg}ggéc"lz Approved: M L :)—g_‘z((aﬂ !: i %Cr\
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COMMERCIAL TESTING & ENGINEERING CO.

GENIRAL OFFICES: 738 NOATH LA SALLE STREET, CHICAGO. ILLINOIS 60601 - ARCA CODE 312 7288434

R.ply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST «afit AVENUE. GOLOEN, COLORADO 80401, PHONE: 303-278-9521 )
To: Mp. Roy A. Belletto ‘.. N
Acurex Corporation e Date. August 20, 1987

485 Clyde Avenue
Mountain View,CA 94942

Release No. § Analyst: J. Oldham

P.O. No: Subcontract SW53159A

Semple No.A81-05-030-651 SpARK SOURCE MASS SPECTROGRAPHIC ANALYSIS 1AD No..97-6852-116-25
EA XAD Blank CONCENTRATION IN PPM WEIGHT

ELEMENT CONC.____ ELEMENT CONC. ELEMENT CONC____ELEMENT. CONC.
Uranium 0.3 Terbium Ruthenium Vanadium <0.1
Thorium Gadolinfum Molybdenum 0.4 Titanium 6
Bismuth Europium Niobium Scandium
Lead 0.4 Samar{ium Zirconium 0.2 Calcium 37
Thallium Neodymium Yttrium Potassium 24
Mercury NR Praseodymium Strontium  <0.1 Chlorine 7
Gold Cerium Rubidium <0.1 Sulfur 6
Platinum  *4 Lanthanum Bromine 0.3 Phosphorus ¢
Iridium Barfum 0.5 Selenium Silicon 7
Osmium Cesfum <0.1 Arsenic NR Aluminum 1
Rhenfum lodine <0.1 Germanium Magnesium 2
Tungsten Tellurium Gallium 0.1 Sodium 4
Tantalum Antimony NR Zinc 3 Fluorine =0.4
Hafnfum Tin Copper 3 Oxygen NR
Lutetium Indium STD Nickel 8 Nitrogen NR
Ytterbium Cadmiym Cobalt <0.1  Carbon NR
Thulium Silver <0.1 Iron 12 Boron <0.1
Erbium Palladium Manganese 0.6  Beryllium
Holmium Rhodium Chromium  *2 Lithium <0.1
*Heterogeneous
Dyspros{um Hydrogen

STD — Internal Standard

NR = Not Reported 0.1 J
All elements not detecred << (), m
oy datec PP Approved: M. L. %@@&70\
INT = Interfersnce ‘2,(( A.u,‘?
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COMMERCIAL TESTING & ENGINEERING CO.

SENERAL OFFICES: 228 NORTM LA SALLE STRELY. CHICAGO. ILLINOIS 80801 * AREA COOE 313 736.8434

Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 46TH AVENUE, GOLDEN. COLORADO 00401, PHONE: 203-278-9521
Te: Mr. Roy A. Belletto é@f a

Acurex Corporation el

485 Clyde Avenue Oate August 20, 1981

Mountain View, CA 94942

Analyst: ), 0ldham
Release No
P. O. No.: Subcontract SW59159A
Semple No.: A81-05-030-6545parK SOURCE MASS SPECTROGRAPHIC ANALYSIS 1AD No.: 97-6852-116-25

EA Imp 1 Blank CONGCENTRATION IN ug/ml

— ELEMENT CONC.___ELEMENT CONC. ELEMENT CONC. __ELEMENT CONC.
Uranium Terbium Ruthenium Vanadium 0.003
Thorium Gadolinium Molybdenum 0.008 Titanium 0.04
Bismuth Europium Niobium Scandium <0.001
Lead 0.003 Samarium Zirconium 0.001 Calcium: 0.5
Thallium Neodymium Yttrium Potassium 0.1
Mercury NR Praseodymium Strontium  <0.001 Chlorine 0.%4
Gold Cerium Rubidium Sulfur 0.1
Platinum Lanthanum Bromine *0.05  Phosphorus 0.1
Iridium Barium 0.008  selenium Silicon 0.6
Osmium Cesium Arsenic NR Aluminum 0.04
Rhenium lodine 0.002  Germanium Magnesium  0.03
Tungsten Tellurium Gallium Sodium 0.6
Tantalum Antimony NR Zinc 0.02  Fluorine =0.7
Hafnium Tin 0.02  Copper 0.005 Oxygen NR
Lutetium Indfum STD Nickel 0.05 Nitrogen NR
Ytterbium Cadmium Cobalt 0.003 Carbon NR
Thulium Stlver Iron 0.01  Boron <0.001
Erbium Palladium Manganese  <0.001 Beryllium
Holm{ium Rhodium Chromium 0.004 L{ithium 0.01
bysprosium *Heterogeneous Hydrogen AR

STD — Internal Standard
NR - Not Reported

Alt olomnmd-mods 0 001;: /ml Agproved: M .L . T 62% LP\
ST T by e,
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COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 326 NORTH LA SALLE STRELY, CHICAGD. ILLINOIS §0801
INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 4aT AVENUE. GOLDEN, COLORADO 80401, PHONE. 303-278.952t

Reply to

. ARCA CODE 32 726-84234

To: Mr. Roy A. Belletto
Acurex Corporation

485 Clyde Avenue
Mountain View, CA 94942

Release No. 5

P. O. No.: Subcontract SW59159A

Sample No.:A81-05-030-661 SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS

An

Sew(s one

August 25, 1981

Date.
Analyst:  J. Oldham

IAD No.: 97-G852-116-25

NR = Not Reported

All eiements not detectsd < {). ﬂlppm

MC = Major Component
INT = interference

>

Oppm

EA-1 fuel CONCENTRATION IN PPM WEIGHT
ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ___ELEMENT CONC.
Uranfium <0.03  Terbium Ruthenium Vanadium 0.08
Thorium <0.04  Gadolinium Molybdenum <0.01 Titanium 0.05
Bismuth Europium Niobium <0.01 Scandium
Lead 0.4 Samarium <0.02 Zirconium 0.07 calcium M
Thallium. 0.03  Neodymium  <0.01 Yttrium 0.04 potassfum  >54
Mercury NR Praseodymium 0.02 Strontium 7 Chlorine 10
gold Cerdum 0.1 Rubidium 0.4 Sulfur >27
Platinum Lanthanum 0.2 Bromine 0.4  Phosphorus 19
Iridium Barium 21 Selenium 0.01 Silicon Mc
Osmium Cesium 0.06 Arsenic NR Aluminum >4
Rhenium Iodine 0.09 Germanium Magnesium MC
Tungsten Tellurium 0.03 Gallium 0.01 sodium >11
Tantalum Antimony NR Zinc 29 Fluorine =0.6
Hafnium Tin <0.01 Copper 6 Oxygen NR
Lutetium Indfum STD Nickel 0.08  Nitrogen NR
Ytterbium Cadmium 0.03 Cobalt 0.1 Carbon NR
Thulﬁk:c"-'-lvgnp Silver 0.2 Iron 11 Boron *0.04
SEP 08 REC

Erbium SEP 08 Palladium Manganese  >45 Beryllium
Holmium ACUREA

Rhodium Chrom{um 0.1 Lithium 0.03

A *Heterogeneous
Dysprosium Note: Sample Tow temperature oxygen plasma Hydrogen
$TD ~ Internal Stendard ashed prior to analysis.

Approved: W f §% 25;
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Reply to

GENERAL OFFICES: 278 NOATH LA SALLE STREET, CHICAQO. ILLINOIS 40601
INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 4aTH AVENUE, GOLDEN, COLORADO #0401, PHONE: 303-278.9531

COMMERCIAL TESTING & ENGINEERING CO.

- AREA COOE 312 726-8434

To: Mr. Roy A. Belletto
Acurex Corporation

485 Clyde Avenue

Mountain View, CA 94942

Release No. §
P. 0. No: Subcontract No. SW59159A

Sampie No.: AB1-05-030-646¢5 A0y SOURCE MASS SPECTROGRAPHIC ANALYSIS

Al

XY

Date  August 19, 1581

‘Analyst: 3 01dham

1AD No.. 97-6852-116-25

EAS1 10y + CONCENTRATION IN PPM WEIGHT
ELEMENT CONC. __ELEMENT CONC. ELEMENT —CONC.___ELEMENT CONC.
Uranium 1 Terbium 1 Ruthenfum Vanadium 17
Thorium 4 Gadolinfum 1 Molybdenum 10 Titanfum MC
Bismuth Europium 0.5 Niobium 5 Scandium 0.5
Lead ! Samarium 5 Zirconfum 6 Calcium Mc
Thallium Neodymium 4 Yttrium 7 Potassium  MC
Mercury NR Praseodymium 2 Strontium  MC Chlorine 680
Gold Cerium 13 Rubidium 79 Sulfur MC
Platinum Lanthanum 42 Bromine 8 Phosphorus  MC
Iridium " Barium MC Selenium 0.5  Ssilicon MC
Osmium Cesium 0.6 Arsenic NR Aluminum Me
Rhenium lodine 1 Germanium 0.5  Magnesium MC
Tungsten 5 Tellurium 0.3 Gallium 7 Sodium Mc
Tantalum Antimony AR Zinc NC Fluorine  *MC
Hafnium Tin 0.4 Copper 98 Oxygen NR
Lutetium 0.1 Indium sTD Nickel 7 Nitrogen NR
Ytterbium 0.9 Cadmium 0.7 Cobalt 2 Carbon NR
Thulium 0.1 Silver 4 Iron MC Boron 190
Erbfum 0.4 Palladium Manganese MC Beryllium  <0.1
Holmium 0.5 Rhodium Chrom{ um 26 Lithium 3
Oysprosium 2 “Heterogeneous Hydrogen NR

$T0 — Intarnel Standard

NR = Not Reported
All giements not detecred < 0. 'lppm

MC = Major Campanent

INT — Interference
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COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 320 NORTH LA SALLE STREET, CHICAGO, ILLINO!S 80007 ARLA COOE 312 720-842¢

Reply to INSTRUMENTAL ANALYSS DIVISION, 14333 WEST 44T AVENUE. GOLOEN, COLORADO 80407, PWONE: 303.276-952)
Te:  Mr. Roy A. Belletto é{‘ Ei
Acurex Corporation -
485 Clyde Avenue Date Aygust 20, 1981
Mountain View, CA 94942
Release No. 5. Analyst: 3 Qldham

P. O. No: Subcontract No. SW59159A
Sample No.: AB1-05-030-6445paAnK SOURCE MASS SPECTROGRAPHIC ANALYSIS IAD No.: 97-GB52-116-25

EA-1 Tu + filter CONCENTRATION IN 1g/cmé

T ELEMENT CONC. ELEMENT CONC. ELEMENT CONC.”  ELEMENT CONC.
Uranium <0,001 Terbium 0.001 Ruthenium Vanadium 0.008
Thorium 0.002 Gadolinium  0.003 Molybdenum 0.005 Titanium 0.5
Bismuth <0.001 Europium 0.001 Niobium 0.001 Scandium 0.001
Lead 0.2 Samarium 0.008 Lirconium 0.02 Calcium MC
Thallium Neodymium 0.01 Yttrium 0.03  Potassium MC
Mercury NR Praseodymium 0.01 Strontium 2 Chlorine 1
Gold Cerium 0.06 Rubidium 0.6 Sulfyr MC
Platinum Lanthanum 0.1 Sromine 0.02  Phosphorus  MC
Iridium Barium MC Selenium 0.03 Silicon MC
Osmium Cesium 0.002 Arsenic NR Aluminum MC
Rhen{ium Iodine 0.002 German{um 0.002 Magnesium MC
Tungsten 0.006 Tellurium Gallium 0.01  Sodium MC
Tantalum 0.002 Antimony NR Zinc 4 Fluorine =0.4
Hafnium Tin 0.002 Copper 0.3 Oxygen NR
Lutetium  <0.001 Indium STD Nickel 0.04  Nitrogen NR
Ytterbiun  Q.001 Cadmium 0.002 Cobalt 0.003 carbon NR
Thulium <0.001 Silver 0.04 Iron MC Boron 0.04
Erbium <0.0Q1 Palladium Manganese MC Berylifum  <0.001
Holmium 0.0a1 Rhodium Chromium 0.05  Lithium <0.001
Dysprosium 0.002 Hydrogen .  NR

STD — iInternal Standerd

NR - Not ? od
All nlcmnn.::' detected < 0.00Tug/ em? Approved: M L. 3 C‘—l—f’e.tq @%7 ("\

MC — Maior Compenent > 10ug/cmé
INT - interferance
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COMMERCIAL TESTING & ENGINEERING CO.

SENERAL OPFICES: 2280 NORTH LA SALLE STRELT, CHMICAGO. ILLINOIS 80001 « AREA COOL 912 738-0434

Reply to INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44T AVENUE. GOLDEN, COLORADGC 80401, PNONE: 303-378-9321
To: Mr. Roy A. Belletto C_: -r'\'.\
Acurex Corporation P
485 Clyde Avenue Date August 20, 1981
Mountain View, CA 94942
Release No. 5 ) Anslyst: ), Qldham

P. O. No.: Subcontract No. SW59159A
Semple No.A-81-05-030-6505pARK SOURCE MASS SPECTROGRAPHIC ANALYSIS  !AD No.:97.6852-116-25

EA-1 XAD CONCENTRATION IN PPM WEIGHT
ELEMENT _ CONC. ELEMENT CONC. ____ ELEMENT CONC. __ ELEMENT CONC.
Uranium Terbium Ruthenium Vanadium <0.1
Thorium Gadolinium Molybdenum 0.4  Titanium 2
Bismuth Europium Niobium Scandium <0.1
Lead 0.5 Samarium Zirconium 2 Calcium 25
Thallium Neodymi um Yttrium Potassium 46
Mercury NR Praseodymium Strontium  <0.1 Chlorine 34
Gold Cerium Rubid{um Sulfur 160
Plati mm - *2 Lanthanum <2 Bromine 2 Phosphorus 3
Iridium Barium 0.4 Selenium Silicon n
Osmium Cesium 0.3 Arsenic AR Aluminum 2
Rhenium lodine *0.2 Germanfum Magnesium *8
Tungsten Tellurium Gall{um <0.1 Sodium 64
Tantalum Antimony NR Zinc 5 Fluorine  =0.3
Hafnium Tin Copper 1 Oxygen NR
Lutetium Indium STD Nickel 27 Nitrogen NR
Ytterbium Cadmium Cobalt 1 Carbon NR
Thul{um Sflver 130 Iron 18 Boron <0.1
Erdbjum Palladium Manganese 0.4 Beryllium
Holmium Rhodium Chromium 0.9  Lithium 0.1
Dysprosium *Heterogeneous Hydrogen

STD — (nternal Standerd
NR = Not Reported

All siemants nct detected < 0. 1ppm Approved: M L. ‘\‘ G %7 (~

MC « Major Comoonent
INT — interference 2 (f
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COMMERCIAL TESTING & ENGINEERING CO.

$ C060! - AREA CODE 312 720-0434
SENERAL OFFICES: 220 NORTH LA SALLE STRELT, CHICAGD. ILLINOY
14138 WEST 44l AVENUE, GOLOEIN. COLORADO 80401, PHONE: 303-278.9521

Reply to INSTRUMENTAL ANALYSIS DIVISION,
To: Mr. Roy A. Belletto di‘?g
Acurex Corporation ——
485 Clyde Avenue Date September 2, 1981

Mountain View, CA 94042

Analyst:
Release No. 5 alyst: J. Oldham

P. 0. No.: Subcontract SW 59159A
Sample No.A81- 05-030-552 SPARK SOURCE MASS SPECTROGRAPHIC ANALYS!IS IAD No.:97-6852-116-25

EA-1 Inmp 1 CONCENTRATION IN PPM WEIGHT |

_ELEMENT CONC.____ ELEMENT CONC. ELEMENT CONC.__ELEMENT CONC.
Uranium Terbium Ruthenium Vanadium 0.007
Thorium Gadolinium Molybdenum 0.2 Titanium 0.1
Bismuth Europium Niobium 0.005 Scandium <0.002
Lead Samar{um Zirconium 0.03 Calcium 0.4
Thallfum Neadymium ) Yttrium Potassium  *0.6
Mercury NR Praseodymium Strontium 0.004 Chlorine 0.4
Gold Cerium Rubidium 0.08 Sulfur MC
Platinum Lanthanum Bromine 0.08 Phosphorus  0.09
Iridium Barium 0.05 Selenium Silicon . MC
Osmium Cesium Arsenic NR Aluminum 0.08
Rhen{um Iodine Germanium Magnesium 0.7
Tungsten Tellurium Gallium <0.001 Sodium MC
Tantalum Antimony NR Zinc " Fluorine 23
Hafnfum Tin Copper 0.01 Oxygen NR
Lutetium Indium STD Nickel 0.08 Nitrogen NR
Ytterbium Cadmium Cobalt Carbon NR

*Thul{um Silver 0.2 Iron 0.1  Boron 0.01
Erbium Palladium Manganese 0.005 Beryllium
Holmium Rhcr.\“ﬁid‘am Chromium 0.2 Lithium <0.001
- mtemgeneous

Dysprosium a7 0% RE SEP 01 1981 Hydrogen

STD - internal Standa

NR — Not Reported A\ EUNEJS

All eiements not dmmd(o 002 ug/ml Approved:
MC = Major Comoonent >10ug/ m%

INT = interierence
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COMMERCIAL TESTING & ENGINEERING CO.

QENTRAL OFFICES: 126 NOATH LA SALLE STREELT, CHICAGO, ILLINOIS 6060t * AREA COOE 317 720-0434
l'P'Y o INSTRUMENTAL ANALYSIS DIVISION, 14338 WEST 4atit AVENUE. GOLDEN. COLORADO 80401, PHONE- 303-278-9521

- ———— — e e——————

To: Mr. Roy A. Belletto fi
Acurex Corporation =

485 Clyde Avenue e Date August 20, 1981
Mountain View, CA 94942

& o

Release No. § . Analyst: J. 01dham
P. O. No.. Subcontract SWS9159A

Semple No.: A81-05-030-6625p px SOURCE MASS SPECTROGRAPHIC ANALYSIS  IAD No.:97-6852-116-25

EA-1 flyash CONCENTRATION IN PPM WEIGHT
ELEMENT CONC. _ ELEMENT CONC. ELEMENT CONC.__ELEMENT CONC.
Uranfum 1 Terbium 0.9 Ruthenium Vanadium 29
Thorium 7 Gadolinfum 2 Molybdenum 2 Titanium Mc
Bismuth Europium. 0.4 Niobium 4 Scandium 0.9
Lead 28 Samarium 3 2irconium 10 Calcium me
Thallfum - Neodymium 4 Ytiri um n Potassium MC
Mercury NR Praseodymium 4 Strontfum 620  Chlorine 870
‘6old Cerium 20 Rubidium 130 Sylfur’ MC
Platinum Lanthanum 16 Bromine 6 Phosphorus  MC
Iridium Barium MC Selenium 5 Silicon Mc
Osmium Cesium 0.6 Arsenic NR Aluminum Mc
Rhenium lodine 0.7 Germanium 0.3  Magnestum  MC
Tungsten 0.9 Tellurium 0.5 Gallium 5 Sodium M
Tantalum Antimony NR Zinc 410 Flyorine 24
Hafnium 0.9 Tin 0.5 Copper 52 Oxygen NR
Lutetium Indium SsTD Nickel 6 Nitrogen NR
Ytterbium Cadm{um 1 Cobalt 3 Carbon NR
Thulium Silver Iron MC Boron 140
Erbium 0.6 Palladium Manganese MC Beryllium 0.3
Holmium 0.8 Rhod{um Chromium 4 Lithium ]
Dysprosium 1 Hydrogen NR

STD -~ internal Standerd

NR = Not Reparted —
All ¢lements not detected < 0.1ppm Approved: ML, Jou,,,—ey) H( s%, (4\

MC = Major Component
INT = interference
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COMMERCIAL TESTING & ENGINEERING CO.

QENERAL OFFICES: 2376 NORTH LA SALLE STREET, CHICAGO. ILLINGIS 60601 - AREA CODE 313 7324.8434
Reply to INSTRUMENTAL ANALYSIS DIVISION, 14338 WEST 4aTit AVENUE. GOLDEN. COLORADO #0401, PHONE: 303-278.9521

Te: Mr. Roy A. Belletto éi{:‘n

Acurex Corporation rrdutey
485 Clyde Avenue
Mountain View,CA 94042

Release No. 6 Exhibit A
P. O. No.: Subcontract No. SW59159A

Sampie No.:AB1-07-033-1  spagk SOURCE MASS SPECTROGRAPHIC ANALYSIS

-

Date. October 12, 1981
Analyst: J. Oldham

IAD No.97-H437-116-13

£A Flyak Leachate CONCENTRATION IN ug/ml

T ELEMENT CONC. ___ELEMENT CONC. ELEMENT _ CONC._ ELEMENT CONC.
Uranium Terbium Ruthenium Vanadium 0.08
Thorium Gadolinium Molybdenum 0.003 Titanium 2
Bismuth Europium Niobium Scandium <0.001
Lead 0.08 Samar{ium Zirconium 0.002. Calcium MC
Thailium Neodymium Yttrium <0.001 Potassium Mc
Mercury NR Praseodymium Strontium MC Chlorine MC
Gold Cerjum 0.002 Rubidium MC Sulfur MC
Platinum  <0.005 Lanthanum 0.003  Bromine 0.4  Phosphorus 0.2
Iridfum Barium MC Selenium Silicon MC
Osmium Cesium Arsenic NR  Aluminum 0.1
Rheniun lodine 0.05 Germanium  <0.001 Magnesium 0.05
Tungsten 0.09  Tellurium  <0.008  Gallium 0.003 Sodfium Mc
Tantalum 0.009  Antimony NR Zinc 0.02  Fluorine *4
Hafn{um Tin <0.009  Copper 0.03  Qxygen NR
Lutetium Indium STD Nickel 0.02 Nitrogen NR
Ytterbium Cacmium 0.002 (Cobalt . <0.002 Carbon NR
Thulium Silver Iron 6 Boron 0.01
Erbium Patladium Manganese 0.005 geryllium
Holmium . Rhodium Chromium 0.1 Lithium 0.01
Dysprosfum Hydrogen NR

STD — internal Standerd

NR - Not Reported

All slements nor detected < 0.001 ug/miL Approved:
MC ~ Maior Component > 10 pug/mi

INT — (nterference
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/(\ ACUREX

Corporation . DATA REPORTING FORM
ANALYSIS LABORATORIES
CuSTOMER __CHEA DATE ,
CUSTOMER CONTRACT NO. .307736.12 __ ACUREX CONTRACT NO. A81-07-033
RESULTS REPORT TO k. Waterland TELEPHONE
ADDRESS
Ethan Allen fly ash
l SAMPLE ID (CUSTOMER) 662 662
BAMPLE 1D (LAB) 033-1 | Blank 033-1
PARAMETER : UNITS
=
oL 140 <s 560
Br- 10 < 40
NOy” | 2 <0.1 100
NO,* 59 0+ 240
503= <2 <2 <8
504" 200 <5 800
P04' as P 0.04 <0.02 0.2
NHg' as N 1.2 | <0.5 5
Units mg/} mg/1 mng/kg

ANALYST

Foarm FFO OAT 4 80 REVIEWER __. .. ———



Reply 1o

COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 338 NORTN LA BALLE STRELY, CHICAGO. ILLINOIS 60601
INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST &afi AVENUE. GOLOEN, COLORADC 80401, PHONE: 303.278-9521

+ AREA CODE 312 720.-0834

To: Mr. Roy A. Belletto
Acurex Corporation

485 Clyde Avenue

Mountain View, CA 94942

Release No. 5

P. O. No.:

Subcontract SW59159A

A

nce ese

Semple No.: A81-05-031-743SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS
CONCENTRATION IN PPM WEIGHT

EA-2 fuel

Date. August 25, 1981
Analyst: J. 0Oldham

IAD No.: 97-G852-116-25

T ELEMENT _____ CONC. __ ELEMENT CONC._____ ELEMENT CONC.___ELEMENT CONC.
Uranfum Terbium Ruthenium Vanadium 0.6
Thorium Gadolinium Molybdenum 0.07 Titanium 9
Bismuth Europfum Niobium 0.1  Scandium 0.01
Lead 0.3  Samarium Zirconium 0.5 Calcium MC
Thallium 0.04  Neodymium 0.02 Yttrium 0.06 Potassium >92
Mercury NR Praseodymium 0.04  Strontium 12 Chlorine 4
Gold Cerium 0.2 Rubidium 3 Sulfur 47
Platinum Lanthanum 0.2 Bromine 0.07  Phosphorus MC
Iridtium Barium 36 Selenium £0.02  silicon me
Osmium Cesium 0.03  Arsenic MR Aluminum >7
Rhenium lodine 0.04  Germanium <0.01 Magnesfum MC
Tungsten Tellurium 0.05  Gall{um 0.1  Sodium >19
Tantalym Antimony NR Zinc 22 Fluorine =7
Hafniun 0.08 Tin 0.03  copper 3 oxygen NR
Lutetium Indium STD Nickel 0.3 Nitrogen NR
Ytterbium Cadmium 0.1  cobalt 0.5  carbon NR
Thul{um Silver 0.08  1ron MC  Boron 0.03
ErdfuMR ECE IV Ekbatradium Manganese >76  Beryllium <0.01
Holmium SEP 08 RECD pnodium Chromium 0.04 Lithium 0.05
DysprosiuffCUREX ... Sample low temperature oxygen Hydrogen NR

STD ~ internel Standerd
NR — Not Reported
All elemenns nar derected < 0, O1ppm
MC — Major Component
INT = [nterference

plasma ashed prior to analysis

Approved: % g : é Z:

>100ppm

5-42



COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 220 NORTM LA SALLE STRELT, CHICAGO. ILLINOIS 80601 - AREA CODE 312 724.-8424

Reply to AL ANALYSIS 1133 WEST T AVENUL. GOLDEN. COLORADO B0a01. PwONE X380
To:"Mr. Roy A. Belletto 4{%
385 Chyde hvemse AT Dwe  August 21, 1981
Mountain View, CA 94942 RECEIVED
Release No. 5 AuG 28 RECD Analyst: 3 01dham
P.O. No.: Subcontract SW59155A ACUREX
Somele N:éﬁiglfg;“"'“zspmx SOURCE MASS SPECTROGRAPHIC ANALYSIS  IAD Ne.:g7_852.116-25
CONCENTRATION IN PPM WEIGHT

ELEMENT CONC. __ ELEMENT CONC. ELEMENT __ CONC. _ ELEMENT CONC.
Uranium 2 Terbium 0.7 Ruthen{um Vanadium 29
Thorium 3 Gadolinfum 2 Molybdenum 4 Titanium mc
Bismuth 0.3 Europium 0.7 Niobium 6 Scandi um 0.9
Lead 63 Samarium 3 Zirconium  *22 Calcium MC
Thallium Neodymium 4 Yttrium 13 Potassium  MC
Mercury NR Praseodymium 8 Strontium Mc thiorine 880
Gold Cerium a Rubidium 300 Sulfur MC
Platinum Lanthanum 72 Bromine 14 Phosphorus  MC
Iridium Barium MC Selenium 2 Silicon ne
Osmium Cesfum 1 Arsenic NR Aluminum MC
Rhenium Iodine 1 Germaniun 0.4 - Magnesium Mc
Tungsten Tellurium Gallium 5 Sodium MC
Tantalum Antimony NR 2inc 460 Fluorine =55
Hafnium 2 Tin ] Copper 84 Oxygen NR
Lutetium 0.2 Indium STD Nickel 6 Nitrogen NR
Ytterbium 2 Cadmium 3 Cobalt 3 Carbon NR
Thulium 0.2 Silver <l Iron MC Boron 150
Erbium 0.6 Palladium Manganese MC Beryllium 0.3
Holmium 0.8 Rhodum Chromi um 8 Lithium 22
Dysprosfum 3 *Heterogeneous Hydrogen NR

STD = internai Stendard

P ;;";.,7.'::":.1-«-d< 0.1ppm approved: M- L. Toeuhs by Q«’f«&?‘.{ C,‘

T = arrenen WA
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COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 328 MNORTM LA SALLE STREET, CHICAGD, ILLINGIS 60601 - AREA CODE 317 726-8434

chly 1o INSTRUMENTAL ANALYSIS DIVISION, 14335 WEST 44TH AVENUE. GOLDEN, COLORADD 30401, PHONE: 303-278.9531
r.
To: Mr. Roy A. Belletto ﬁ_ | 5
Acurex Corporation podyier Dwe August 20, 1981

485 Clyde Avenue
Mountain View, CA 94942
- Release No. § Analyst: J, Oldham
P. O. No.: Subcontract SW 59159A
Semple No.: A81-05-030-6745parx SOURCE MASS SPECTROGRAPHIC ANALYSIS 1AD No.: 97-6852-116-25

EA-2 Tu+ filter
CONCENTRATION IN yg/em2

__ELEMENT CONC.___ ELEMENT CONC. ELEMENT __ CONC.  ELEMENT CONC.
Urantum 0.002  Terbium <0.001 ° Ruthenium Vanadium 0.009
Thorfum 0.002 -Gadolinium <0.001 Molybdenum  0.005 Titanium 0.6
Bismuth 0.004 Europium <0.001 Niobium J.001  Scandium <0.001
Lead 0.2 Samarium 0.004  Zirconium 0.03 Calcium MC
Thallium <0.001 Neodymium 0.005 Yttrium 0.008 potassfum >0.6
Mercury NR Praseodymium 0.002  Strontium 0.8 Chlorine 0.3
Gold Cerium 0.01 Rubidium 0.3 sulfur >0.3
Platinum Lanthanum  0.02 Bromine 0.02  Pphosphorus >2
‘Iridium Barium Mc Selenium 0.01  silicon >3
Osmium  Cesium <0.001  Arsenic NR Aluminum  >0.05
Rhenium Iodine 0.002  Germanium 0.001 Magnesium >4
Tungsten 0.005  Tellurium Gall{um 0.01  sodium >0.1
Tantalum  <0.001  Antimony NR Zinc 6 Fluorine  =0.2
Hafnium <0.001  Tin 0.004  Copper 0.2 oxygen NR
Lutetium  <0.001  Indium STD Nickel 0.04  Nitrogen NR
Ytterbium  <0.001  Cadmium 0.002  Cobalt 0.002 carbon NR
Thulium <0.001  Silver 0.02 Iron Mc Boron >0.9
Erbium <0.001  Palladium Manganese  >0.5  geryllium  <0.001
Kolmium  <0.001  Rhodium Chromium 0.02  {ithium 0.007
Dysprosium  <0.001 Hydrogen NR

STD — internal Standard

Al samarn ror 0.001ug/cm2 —
All elements not detected < cm X
MC‘- Maior ?cmamm > ug/ggé Approved: M o \\O—J—v‘&—: @—5‘2
INT =~ Interference
Y Ay
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COMMERCIAL TESTING & ENGINEERING CO.

SENERAL OFFICES: 228 NOATH LA BALLE STREET, CHICAGOD. ILLINOIS 80801 + AREA COOE 313 724-8434

"Plv to INSTRUMENTAL ANALYSIS DIVISION, 14338 WEST 44T AVENUE. GOLDEN, COLORADO 80401, PHONE: 303.278-932
To: :" RoycA Belletto c‘_IEa
curex Corporation etk
485 Clyde zenue Date. August 20, 1981
Mountain View, CA 94942
Release No. 5 Anglyst: J. 0ldham

P-O.No: subcontract SW59159A
Samle No. AS1-05-030-6765pARK SOURCE MASS SPECTROGRAPHIC ANALYSIS  IAD No..97-G852-116-25

EA-2
CONCENTRATION IN PPM WEIGHT

_ELEMENT __— CONC.  ELEMENT CONC. ELEMENT CONC.__ELEMENT CONC.
Uranium Terbium Ruthenium Vanadium  <0.1
Thorium Gadolinium Molybdenum 1 Titanium 3
Bismuth Europium Niobium Scandium
Lead 0.4 Samarium Zirconium 0.5  Calcium 180
Thallium Neodymium Yttrium Potassium 130
Mercury NR Praseodymium Strontium 0.2 Chlorine 5
Gold Cerium Rubidium Sulfur 7
Platinum 2 Lanthanum Bromine 2 Phosphorus 4
Iridium Barium 0.8 Selenium Silicon 15
Osmium Cesium Arsenic NR Alumingm . 12
Rhenium lodine 0.1 Germanium Magnesium 4
Tungsten Tellurium Gallium Sodium 12
Tantalum Antimony NR Zinc 25 Fluorine =3
Hafnium Tin Copper 10 Oxygen NR
Lutetium Indium STD Nickel 67 Nitrogen NR
Ytterbium Cadmium Cobalt 0.1 carbon NR
Thulium Stlver *2 Iron 23 Boron <0.1
Erbium Palladium Manganese 1 Beryllium
Holmium Rhodium Chromium 5 Lithium 0.1
Dysprosium *Heterogeneous Hydrogen NR

$TD = internal Standard

NR - Not Reported

T G < et ML Gu"zG%ﬁ‘“

INT = Interferance
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COMMERCIAL TESTING & ENGINEERING CO.

QENENAL OFFICES: 320 NORTM LA SALLE STRELT, CHICAGO. ILLINOIS 80801
INSTRUMENTAL ANALYSIS DIVISION, 14315 WEST 4ath AVENUE. GOLDEN. COLORADOD 00401, PHONE: 23-278-9521

Reply 10

+ AREA COOL 13 726.0434

to: Mr. Roy A. Belletto

Acurex Corporation
485 Clyde Avenue

Mountain View,CA 94942

Release No. §
P. O. No.: Subcontract SK59159A

Semple No.: A81.05-030-67B5pARK SOURCE MASS SPECTROGRAPHIC ANALYSIS

Ak

ais ere

Date. August 21, 1981

Analyst: J. 0l1dham

IAD No.:97-6852-116-25

INT — interference

5-46

7"(4-'*7 Ly

EA-2 1w 1 CONCENTRATION N jsg/m1

—___ELEMENT CONC.  ELEMENT CONC. ELEMENT CONC. __ ELEMENT CONC.
Uranium Terbium Ruthenum Vanadium 0.006
Thoriun Gadolinium Molybdenum  0.009 Titanium 0.4
Bismuth Europium Niobium 0.009 Scandium
Lead 0.01 Samarium Zirconium 0.01 Calcium 4
Thallium Neodymium  0.009 Yttrium 0.007 Potassium MC
Mercury NR Praseodymium 0.002 Strontium 0.03 Chlorine 0.04
Gold Cerium 0.00S Rubidium 0.02  Sulfur >5
Platinum Lanthanum  0.006 Bromine <0.0  Phosphorus 0.1
Iridium Barium 0.2 Selenium 0.01  Silicon MC
Osmium Cesium . <0.001 Arsenic NR °~ Aluminum >0.8
Rhenfum lodine 0.002 Germanium Magnesium 0.9
Tungsten Tellurium Gallium 0.006 Sodium >2
Tantalum Antimony NR Zinc 0.2 Fluorine a3
Hafnium Tin 0.07 Copper 0.05 Oxygen NR
Lutetium Indium STD Nickel 0.1 Nitrogen NR
Ytterbium Cadmium 0.001 Cobalt £0.001 Carbon NR
Thul{um Silver 0.1 Iron 2 Boron 0.002
Erbium Palladium Manganese 0.03 Beryliium
Holmium Rhodium Chromium 0.02 Lithium 0.001
Oy ;’;".53;:;::““ Hydrogen

EmEIm R e UL Tonds by 5%”‘7 “



COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NOATH LA SALLE STREET, CHICAGO. ILLINOIS 80401 - AREA COOE 312 728-8434

Reply 1o INSTRUMENTAL ANALYSIS OIVISION. 14335 WEST 44T AVENUE. GOLDEN. COLORADO 80401, PHONE 303-278.932)
To: Mr. Roy A. Belletto d_‘ o
Acurex Corporation rvhater
485 Clyde Reenue Date. August 20, 1981

Mountian View, CA 94942
Release No. § Analyst: J. Oldham
P. O. No.: Subcontract SW59159A

Semple No.AST-05-030-744 spapy SOURCE MASS SPECTROGRAPHIC ANALYSIS  IAD No.:97-6852-116-25

EA-2 flyash CONCENTRATION IN PPM WEIGHT
—__ELEMENT CONC. ___ ELEMENT CONC. ELEMENT CONC.___ ELEMENT CONC.

Uranfum 1 Terbium 1 Ruthenfum Vanadium 25
Thor{um ) gadolinfum 4 Molybdenum 0.7 Titanium mc
Bismuth Europium 0.8 Niobium 7 Scandium 0.8
Lead 61 Samarium 6 Zirconium 39 Calcium MC
Thallium Neodymi um 4 Yttrium 20 Potassium  MC
Mercury NR Praseodymium 6 Strontium 860  Chlorine 190
Gold Cerium 35 Rubidium 290 sulfur 280
Platinum Lanthanum 35 Bromine 29 Phosphorus  MC
Iridium Barium Me Selenium 4 Silicon MC
Osmium Cesium 0.9 Arsenic NR Aluminum e
Rhenium lIodine 3 Germanium 0.8  Magnesium Mc
Tungsten 0.7 Tellurium 0.8 Gallium n Sodium e
Tantalum Antimony NR Zinc 390 Flyorine =100
Hafnium 0.7 Tin 0.2 Copper 45 Oxygen NR
Lutetium Indium S0 Nickel 14 Nitrogen NR
Ytterbium 0.8 Cadmium 1 Cobalt 3 Carbon NR
Thulium 0.1 Silver 0.2 Iron mMe Boron 13
Erbium 0.6 Palladium Manganese  MC  Beryllium  <0.
Holmium 2 Rhodium Chromium 38 Lithium 2
Dysprosium 3 Hydrogen NR

STD = Internal Standerd
NR ~ Not Reported

;aém v;omd«mod< 0.1ppm Approved: MLM (,,7(%,7
INT = Interfersnce 2‘ ‘( Gv.n—-,\ &b /
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5.6  GASEOUS (Cj to Cg) HYDROCARBONS
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Onsite Gas Chromatography Resultsd

Ory Wood Fuel, 4-15-81

Time | Run No.| €y Co | C3 | Ca Cs Ce
18:53 16 39.5 | 43.2 | 2.8] 5.7 4.9 1.3
18:56 17 16.9 | 18.0 | 2.9 | 1.3 0.8 1.9
Wet Wood Fuel, 4-16-81
Time Run No.| C4 ) C3 Ca Cs Ce
12:45 1 5.2 5.9 | 1.8] 7.1 | <3.80 | «8.5b
13:01 2 4.6 2.0 | 2.6 --C 0.1 | <4.6b
16:35 3 1.3 | 40| -- | 0.4 | -- | <1.50
16:40d 4 6.1 3.0 { 2.0 0.8 0.6 | <7.7b

aA11 ppm values =10 percent
bvalue is higher than actual due to excessive noise

CNot detected

dBurnout in furnace

5-51




GAS CHROMATG. .APH OPERATING CONDITIONS AND FIELD LOG

Client o » Location g£remn) B €A Job No. 207602.7N
ouwd FORT, A& -

Injection Date 4-.5-2; , Time :2/c:$S” , Instrument ID caRCE
Recorder/Printout Reference No. ;~ , Recorder ID 2340 A
Purpose of Run Loginna ami™w) & ~C, imypnRr A 30

-

Sample Description <. == T sy imi—C P~ A a2
£
O~ . Y v ¥ PRV L > N, "'r:& 1\\-‘\

GC CONDITIONS

Amount Injected _2.0ear_ » Inj. Port or Sample Loop Used 2.0m. Loof
Detector Used: FID x , ECD __, FPD __, TCD ___ (Current )

Detector Attenuation \ , Amplifier or Range jp-—*
Column: Liquid Phase » Solid Phase NI

Length _ (.’ » 0.0. 'V s 1.D. , Material S.s.
Temperature: Injector 1o o » Oven 2o °c,, Detector _ (%0 Oc
Temperature Program _ TenTHE Emal

SAMPLE RUN
Sampling Method PI2a?  (re ¥

RT Area Peak Height Amount (pppM. Component
» SO NYNEY 154 c, '
s e ' Se 30z e =5
2.25 2900 /5o - ?
0-3% |2277£C /5.2 <
,.(.’_/ *’;*}’_f_) :_\_. ._/#
ceet — DN Z
Name of Operator mM . N, (. P¢ , Date _ - & 19 &)
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Operstor...M.D...CHPS......Date.... X218 °t\

CManNm .................. Length......5. .....0N... ...
I':nnuk
SW»WLShlh!hﬁltp .................... Mnhhmfﬂo
TEMP: Cok InR.......ocoon... 139..°¢C final....110....
Rete............ °C/min. Det.sZ20...°C M}......50.....
CARRIER GAS.Nf............... Rate...1¥.p3i......... mﬁlm
Pressures: Inlet. Outjet.
Hydrogen. 0. paa\.. m-fnm. Alrwlnn. emicf i
DETECTOR E.C. FLD..05.
Scavenger mu mi./min,
BONB..cuicrrnngressorssssesnss ROC.RINES....c.covrevvinarmarrrrnsend mv,
SAMPLE. CALIB RATLON.....1Sike.... sm.?.a ..........
Sotvent Conen,

MRN8 131698

132 EELL T

‘.UN. .bp.

fibannts

Yecesos-o

preeeezae

§=ns:uns=s

ses-ueny

1213308

TOTAL WEAm
WA FACTOR® | 0900E-09
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GAS CHROMATO. .APH OPERATING CONDITIONS AND FIELD LOG

Client CMmEA_ ,» Location Eromems B ugad Job No. 300602.7\

ouwd FOoRYT, &

Injection Date “.s-7' , Time _#:92:(y , Instrument ID caRLE
Recorder/Printout Reference No. e » Recorder ID 324o 8
Purpose of Run c al'rarminvg ¢ =c.  ypBescrr <

Sample Description C. . ,s1v T puyiT o o maynn g £an ML; —ye 7 I
c. - C,e {an —'DA-’P'AP. e T—-f?\f/h CREN! -

GC CONDITIONS

Amount Injected _2.0mi , Inj. Port or Sample Loop Used 2.0emi Loof
Detector Used: FID x , ECO __, FPD » TCD (Current )
Detector Attenuation | , Amplifier or Range ;p-*

Column: Liquid Phase » Solid Phase Preapaic Q ,
Length _ (* » 0.0, Y/ , 1.D. , Material S..

Tempgrature: Injector \300 » Oven =0 oc., Detector _ (%0 %¢

Temperature Program _ TonTHE Saal

SAMPLE RUN
Sampling Method p-2c ~ , . B
RT Area Peak Height Amount (ﬂ-yi Component

1 1908 O /S‘.I ‘, -

B AHYLYO 1S o o~

.51 232360 152 ——

11.‘1“& "‘"7"‘1‘:" ’/—..»' _ -

- ‘n Tl =3y _
Name of Operator M;pg , Date - % 19 ¢}
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Sany anb

e

ce?Cy el my

Operator. (. . CaipS......... Date. $-1S& ...
Column No............ e Length...... fDla. Y
Coating. . Concn,...
Support PIRAPANG . R.......ceeevreenenencs Mesh.60/20....
TEMP: Cok Init veeee. 30...°C  Final..12q......°C
Rate............ o°c/min. Det/2.0...°C W}...234......°C
CARRIER GAS..PSw...............Rate.. (o0 ps)...........misfmn,
Pressures: Iniet. Outlet....ceuaeererrianeicnenanns
Hydrogent0.Psk...mifmin.  Alr.6Q.QS].... mifmin.
DETECTOR E.C T.C..... FLD. K e
Scavenger «..Rate mL/min,
Sens. . ;----Rec.Range. mv.
SAMPLE. QAMGBRATION........ \tNL..... Slze. 2.Q. ...
Solvent Conen

he

Siop

avscacese
=3

§E§§i§§§§§

APR/13/81  18:42:14
R
2R

P8
29
Py
445488 °vp

162329
213219
8063369

AREA TYPE CaL®
168369 0 PB
1357429 0 P8

[od
3y
"

246349
321368

36677

2435520

TITAL AREAs
WA FACTOR= | .4dQ9E+9¢
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GAS CHROMATG. .APH OPERATING CONDITIONS AND FIELD LOG

Client CMEA » Location grumn A gay Job No. B07602.7M
OQ.D mel NQL'

Injection Date 4 - c-%} , Time ;9°.22:49 , Instrument ID caRtE
Recorder/Printout Reference No. e » Recorder ID 334y0 8
Purpose of Run (¢ -c .

R pies  ar @ma) P auys (¢
L

Sample Description ;o> Wen @

GC CONDITIONS
Amount Injected _2.0ear., Inj. Port or Sample Loop Used 2.0m. Loo?

Detector Used: FID x , ECD __, FPD , TCD (Current )
Detector Attenuation \ , Amplifier or Range p-!

Column: Liquid Phase » S0lid Phase Prpapaic Q s
Length _ (.’ » 0.0. Y/ , 1.D. , Material S.s.

Temperature: Injector \300 » Oven 2o oc.., Detector _ (30 Oc,
Temperature Program _ TeaTHE Al

SAMPLE RUN
Sampling Method lrel? Prs

RT Area Peak Height Amount (ﬂ-‘vi Component

&9 2e3i 3C 397 oy

15 Fobi10 9 3.2 C,

L9Y $3v1 N\ \

/1.0 By 2.8 T

T IS TR [

L.oed’ e = -

#o s X lel

/ 7

Name of Operator M. N, (s8¢ , Date ~_ s 19 ¢}
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Area Peak Height Amount (ppn)

Component
b. T« Ye 2O \ \‘ e
7.5 | visec | *q )
4,70 el i3 C.
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Sampbe b ¥

e

we'e

oy

Operator..tM\.D... QAMILS........Date. =K\

Column No.........ccceeune. Length.....fe. oDl E ...
Coating.. Concn,..
Support. NEAMK. q ........................ Mesh. b!:\/w
TEMP: Cok Init................. 430.°C Final....I[30...
Rate............ °c/min, Det.22@...°C W......[3¢...
CARRIER GAS. WAfr.............. Rate..&D.Pel........ mfm.
Pressures: (nlet. Outiet.
Hydrogen Q. siy... mlrlmln Air.(aQ.p.S.1...omicfmin,
DETECTOR E.C F1.D..%...
Scavenger Rate m! Imln
Sens, Rec.Rnngo mv.
SAMPLE....]A5S.... .Y .....Bﬂ& — Y % -7 S
Solvent y

APR/1S/81  19:33:49

{1

s

IRERIREES

,M.N.O—‘C-‘

-
3-‘\' ”~ - w

preeaerzazed

Lol -1 =1 -]

ARS SRR 3"’

=Py e DY

g§ a8 ,@\ EX

s IRARRERRAE

*OS .--Mvw&g

EST0

1161409

WL FACTORS | 9960E+vd

TOTAL “REAs

5-59



GAS CHROMATCU. .APH OPERATING CONDITIONS AND FIELD LOG

Client ocmpeA , Location £rumn) B Lgay Job No. 207602.70\

oud FRT, ..

Injection Date - , Time 22viD:tO> , Instrument ID calLE
Recorder/Printout Reference No. 17 , Recorder ID z35p 8
Purpose of Run C ~Co iy PR enad Py oy i<

Sample Description Juo ™ —_— 2y R

GC CONDITIONS
Amount Injected _ 2.0, Inj. Port or Sample Loop Used 2.0m. Loob

Detector Used: FID x , ECD ,» FPD » TCD __ (Current )
f Detector Attenuation | , Amplifier or Range o~

Column: Liquid Phase » S01id Phase \

Length _ (.’ » 0.0. Y » 1.D. Materlal S.S

Temperature: Injector \300 . Oven ZQ » Detector 3a Oc

Temperature Program _ TenTHE BPal

SAMPLE RUN
Sampling Method _ ~ p>.ap 200 M
RT Area Peak Height Amount (frpi Component
0‘*"-\ l. .ZY.;: lc,") e
2y 72332 3 <>
7 N N \
lveS™ (e | ,’ 2. 2
I'?ﬁ [~ }E"' /’ /
e ./ ~);C:- . . -
Name of Operator m N, £.44;0¢ , Date .- % 19 ¢
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RT Area Peak Height Amount g;F,p) Component
i 107 Z \ \
2,.37 9ev>7 |/ /.9 /-
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b 4

Sonrle
Semfy WD

somy el
129%

rathgn IPC

20,-9 8

20.-9.2

JERQ =
LIST: ZERO = 20, 9.0

LIsT:

Column No........cccnn.en: Length....&a”.......Dla. /8. ..........
Coating........cccvcerveererncen o7 . T | T
SUppon...?.m&m&..Q;..- .................. Meshh!?/ﬁ.‘.’.....

TEMP: Col: Inkt.................... 3Q.°C Final..A3%4......°C
Rate............ °c/min. Det..)30...°C }....13Q....°C

CARRIER GAS.. N®wn.............. Rate. (oD .ki' [ TR =mifmin.
Pressures: Inlet.................... wolOUtlRR .o ceeerornes
Hydrogen¥ Q.0 1.... mirfmin:  Air. 6D PS.5.... nlefmin.

DETECTOR E.C......cccveveene TeCuiivoenee SN A 1 T S
Scavenger........................Rate.......... eensnesneseese kSN
SeNS...c..ueeeernroessenessnnas REC.RANGEL......ccevvreeervnrnenns mv.

SAMPLE.. JB.S fo....... ¥ Size. 20004,
Solvent.........cciecenierveenieennad COMCN..c.icorieenectrntacrenransasenes

L1ST: JERO =

sToP

§§§§§§§§§§

®o~rTece

20:16: 90

APR/15/81

g-—-\- "

preszeseR2

1
49

RRRBERLH

=
LY YR P Y e
-3

e

10

ESTD
[}

493640

ML FRCTOR= |.00@0E+28

TaTAL artas
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GAS CHROMATO. .APH OPERATING CONDITIONS AND FIELD LOG

Client omea , Location grumm B gad Job No. 2070602.7\
. owd Fa&f. No(—' '

Injection Date _‘p-jc-¥i , Time y:icpr: e , Instrument ID caARCE
_ Recorder/Printout Reference No. 21 » Recorder ID 334yop

Purpose of Run _ <, " =2 a7, W C =G HyDRNcARYm NS

Sample DesCription C. n =y T .y sl cimn POMEANT AU AT R

— N
']

—a - .. -“»'. 1 O -\ \B
Co=Co e palar g XD (S&\_

6C CONDITIONS

Amount Injected _2.Dear, Inj. Port or Sample Loop Used 2.0e. Loo?
Detector Used: FID x , ECD , FPD , TCD (Current )

Detector Attenuation \ , Amplifier or Range p-'
Column: Liquid Phase , Solid Phase AP AL .

Length _ (.’ » 0.0. '/ ¥ , 1.0, , Material S..

Temperature: Injector \3o°c., Oven _=o oc., Detector _ (30 °<.
Temperature Program _ TeanTHE el

SAMPLE RUN
Samp]ing Method $1)Q [N Lpp P

RT Area Peak Height Amount (frr/l Component

9 95557 1554 <,

) 1Ss030 Iy o e

.85 23%i15C I1S.e o

$35 |3 «14c (5.2 <

jsurr T elwl . 1T - c o~
T et 7 Cro o

Name of Operator M N, C.usP¢ , Date . 5 19 ¢)
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LIST: TR0 = v 9.8

Operstor. P D .. IGPS......Dste. M2l KL ...

colnmn No ................... Length...."........Ole.. (R J—
won.P RAIAK. MeshsecyB.....
Su L 1 AR
TEMP: Cok intt........ ? . A20L.9C  Final..... .uu..c
Rote.....occuees °C/min, Det.130... °c "......130...°C
CARRIER GAS.... We%—.......Rate. .4 K. Na - midfeete,
Pressures: Intet.
Hydrogen. QP61 m-fm. fe. .c.opsi ..... mifein.
DETECTOR EC................T.C..... F.10.
Scmmuov Rllc m./min.

smm moumlau uo\h su.z.om..
conm

WR/16/81 11:00:08

EnS!!!ﬁ!!!!!!S!!!!!!!!R!!!l

g—u ” e - -

!!t&!lltiktt&!i!ttll!t&tt [ 44

TR T

5- 5""~"'“'°'°"'"'zrnnvna~0-
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GAS CHROMATO. .APH OPERATING CONDITIONS AND FIELD LOG

Client omea , Location €rymm A Lga Job No. 3071602.71

oW ForRYT, AL

Injection Date Y-ie-¥1 , Time iS:09'77 , Instrument ID caReE
Recorder/Printout Reference No. { , Recorder ID z234vp
Purpose of Run C,. -~ Y DRNLAR TeAl

AN AN S, C

Sample Description , ru..— “Yasv.®

GC CONDITIONS
Amount Injected _2.0eqr _» Inj. Port or Sample Loop Used 2.0emv Loob
Detector Used: FID x_, ECD __, FPD s TCD (Current )
Detector Attenuation | , Amplifier or Range jo-*

Column: Liquid Phase » Solid Phase Pppapaic Q .
Length _ (_’ » 0.0. Y » 1.D. , Material S..

e ———

Temperature: Injector \300 » Oven _|=0o °e..,'Detector (20 Oc
Temperature Program _ TenTHE Sonal

SAMPLE RUN
Sampling Method 2,7~ ¢ 2R
RT Area Peak Height Amount (frr/i Component
.50 24770 S 2 <,
« 131 \ \
2 22793 : s e
‘e ? - v /
q " v - \
N ;e
, Tous
Name of Operator mM N, C.sP¢ , Date - & 19 &)
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Area

Peak Height

Amount (o)

Component

o

TAN
NAY
LN

TAS
o
Vi
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LIST: %R0 = 26, 0.0

e

Wr foople
b toven \;q'

Operstor. D, A PS........ om...‘.t.:.lb.:i.( .............

cocumn un Length... .Gr [N —
..... Concn.

Suppod P!Kﬁ."l&..Q ................... Mesh. %%, ...
TEMP: -Col: Inlt........ccu.. 22....°¢ Fnal..A30..... c
Rete............ °C/min, oau:!o ¢ h...430.....
CARRIER GAS... H®........... Rate, ll'p\ ............. m

Pnuurn.":!ﬂ BD

Hydrogen. eaead uﬁﬁﬂn (T mbFmin,
DETECTOR £.C T, L rl':\( ......

Scavanger

PR 159947

B!l

Si=58R088E38800800

cericsedecssEEnEnes

g!‘.ﬂl!l
Et&tt!!t!lttt!t!&!i

gﬁgsg\ﬁzmsga";gggg

1T
....'—Q
3
(334731
A

L2 et
R

eRRR72832 RR.RRNB*Q’!'%K"

= - v o 22 N

541728

ma, FACTIR® 1. 000GE+38

rorae. .«Eam
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GAS CHROMATG. .APH OPERATING CONDITIONS AND FIELD LOG

Client omea , Location Erumn P egss Job No. 207602.7M
) ouwd FRYT, N

Injection Date Y- e-% , Time (Siccmesl” , Instrument 1D callE
Recorder/Printout Reference No. 2L , Recorder ID Z234yv A

Purpose of Run _ @ ~r iy pR i apmen)  ANAINGI(S
’ i "~

Sample Description ,=~. e 2y R

GC CONDITIONS

Amount Injected _2.Deaqr » Inj. Port or Sample Loop Used 2.0mv Loo?
Detector Used: FID x , ECD__, FPD ___, TCD ___ (Current )

Detector Attenuation \ , Amplifier or Range jp-'
Column: Liquid Phase » S0lid Phase Preapaic Q ,

Length _ [’ » 0.0, Y ¥ , 1.D. , Material _S.s.

Temperature: Injector \3o° ,» Oven _|=o °<.., Detector _ (B0 %
Temperature Program _ T enTHE Pral

SAMPLE RUN
Sampling Method _2/n ani, Cozap

RT Area Peak Height . Amount (ppmM. Component

44 2Pl *.lL -

'75‘ 2( C‘{"’ 2 L L"f.

A7 32+ 3 2. o

i+ C) 29ve . o

«C x'-’_. ’-'"'1-{'

- / Yoz ‘~
Name of Operator m . N. ¢ujpe , Date ~.- % 19 ¥
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RT Area Peak Height Amount (pprh -Component
\
2i.3r | Z=g90 v
%2 | w322 Y ;e
31.50 {1e7¥a0 ¢
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JRO ¢ 0. B2

(8% 1
List:

0, 32

P R

LIST ZEM0 = ¢0. 0 !

"ed

LIST. L S
19T G o B0 ‘fm'k

ws >
[} )
g

Operator.. ML D....CHIPS.....Dste. YotheRE............

Cdumn Nn Length...... 67 ... Dha... e
Concn....
Suppott PRRABAK, K~ TN Mesh, Yo,

Rate............ °C/min. Det.1¥0..°C In}.30....
CARRIER GAS...H ®n........ CEUN) Ty — m!:fm.

Pressures: Inlet. Outiet.

. Hydrogen. R PS...mbfrin. Mhnpu.....num.
DETECTOR E.C TC..... F.LD. 3¢

Scavenger. M mi./min,

Sens. mv.

SAMPLE...|.3D).... 2 :.-..s.m.s ............. Sizo. 20000,
Solvent :

Concn,

MR/16/81  13:93:08

EER R iitidatidti e

..—.......N...QO,

g8 s
L
gz:nnn;tnnnt

B

& —~e

BSCRSYNRITARCIITL

EeesozaimnsneyIvss

iz

TOTL. SEAe
WA, FACTON® | J000E 90
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GAS CHROMATO. .APH OPERATING CONDITIONS AND FIELD LOG

Client omea , Location £rums) B gay Job No. 207602.7\

ouwd CARYT, .

Injection Date W-i.-%/ , Time joive: 35~ , Instrument ID caRLE
Recorder/Printout Reference No. 3 » Recorder ID 32908

PUT‘DOSE of Run C= -, ey DRTULAR R A Aot Ay S €
T

Sample Description . z2c

GC CONDITIONS

Amount Injected _2.0ear » Inj. Port or Sample Loop Used 2.0m. Loo?
Detector Used: FID x , ECD __, FPD __, TCD ___ (Current )
Detector Attenuation \ , Amplifier or Range jp-—!

Column: Liquid Phase » Solid Phase Pppapaic Q R
Length _ (.’ » 0.0, Y/ s 1.D. , Material S.s.
Temperature: Injector (o 0 » Oven =0 °c., Detector _ (Q0D %c
Temperature Program _ TenTHE Bal.

SAMPLE RUN
Sampling Method __ 2ocom. (o7 an
RT Area Peak Height Amount (ppM Component
SO CI0F 3 <.
i gese N
95 | 377c5” |/ 1.2 T
247 7949 rod < -
Jor157 | Rer2e | t
L “te - - .
{.'.‘-67 @ T
Name of Operator M. N, 0.u;P¢ , Date - % 19 ¢)
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1} 34

LIST ZERO = 20.-0.2
LIST: JR0 a 20, 0.0

Operator.. M..Da. r,mes ...... Oate. ®tbmBL..............
Column Nn ength....7 Dia.. y'“

sumn rne.amx...q ................. Mesh.&0/20....
TEMP: Cok: Init........ 30.°C Fnal.......A38.°C
’ Rate............ ® clmh. .1.30..°C Inj..
'] cannicr GAS.... HE........ Rate 1 pse.

Pressures: Inlet. Outiet.

Hydrogen} ). pS.y......mefmin.  Air.6O.PSL.... mi/min.
DETECTOR E.C. T.C..... F.1D.Y.

Scavenger Iule. mi./min.

, Sens. mv.
'] samPeE. JL3S..... ¥ ...Bm.b ................ Size.2DML....
; Solvent

ERRREIRECE

S-eMescecs

"
:
§ cxn
t

glt!!lk (33 34

12 -1

. shedRey s
3

gt |
o5
kol

RESONNZGS

dodd!ngfp

Bosg
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GAS CHROMAT(. .APH OPERATING CONDITIONS AND FIELD LOG

Client ;e a , Location £ypmam B (g3 Job No. 207602.701
‘ owd me. NOL'

Injection Date 4 -.c-z/ , Time Q::.:59% , Instrument ID caRCE
Recorder/Printout Reference No. \+ » Recorder 1D z2%p 8
Purpose of Run _ - . Y FYDRLCADE MY PO A LY S

Sample Description . o~ andl RIS

GC CONDITIONS

Amount Injected _2.0emi - Inj. Port or Sample Loop Used 2.0emt Loof
Detector Used: FID x , ECD , FPD » TCD ___ (Current )
Detector Attenuation | , Amplifier or Range jp-—!

Column: Liquid Phase » Solid Phase Pppapaic Q .
Length _ (_°* » 0.D. Y/ , 1.D. , Material S.s..

Temperature: Injector \300 ,» Oven |20 °c., Detector _ (30 %
Temperature Program _ TonTHE Bl |

SAMPLE RUN
Sampling Method 255 Gl

RT Area Peak Height Amount (ppM Component
. S0 Ti¥c 2 - G <,
99 \ 3¢ i \ -
———
2.7T Y 2e 2.0 ) >
<1 797 == —
PR Voo Ty .
7.7 - .C £ =
Name of Operator m N, C.u;P¢ » Date _ - % 19 ¢)
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RT

Area Peak Height Amount (ppn) Component
/S ef 13 € \
le. T2 Yoe £ \ N
21-2i Scoze ¢ 1 | <o
2277 | 3¢ \ ) J
26€9 |ijexwise ) /
2i.c+ [i32790 | /S
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LIST: 7ERO = 29,-9.0

wrilf

S

LIST: ZERO » 29,-0.2

o~

oy

e

LIST: 2ER0 = 29,-9.%
LIST:

oA

et

L e

JERQ =

Column No........ccerrnne. Length.....&0....... Dia...... / (. -
Coating............. reonessasbissnsrenaned CONCRpceceerrneerrevnnnansnaners
Support. PORBEAK .. Q....conrverererenens Mesh................

TEMP: Col: Inlt........ reveaeane 120..°C Final...A89....°C
Rate............ °C/min. Det.130....°C In)....\3Q...°C

CARRIER GAS....H4%m............ . Rate...\%. PS)......;mhfmin,
Pressures: Inlet. Outiet..ceeeeeccneennnnnnniennnes

Hydrogen. ‘1-09;‘ uHmln Ar..[aD PSs....mifmin.

DETECTOR E.C... FAD.. . K..coonoeeeneee
Scavenger. . Rute ml./min,
SeNS....ccecrvreersroencocrsesed Rec.Range mv.

SAMPLE...].b. X O...e% Sized..QMN ...
Solvent Concn y

L
v‘ !.:s

3

APR/16/81  17:26:99

RUN ¢
11

§ SIERITRINEEIESY

QUHOGQ"QQQOOQNC.

m
£R

e
P8
v
78
3y
w

v

149156 W
w
w
v

wREA 1YPE CALS
- /28121 o PR
2218
- {9
;(19937
>139l|
45603
{ ; WSl W
; 8773
\
\d 2299
»)310
£7350

sﬁnnaa”~:;?;»%:n"
v

L L L R 1K LW 8."‘

99599

TOTAL “REAs
WL FRCTOR= (. 9096€+99
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5.7 TOTAL CHROMATOGRAPHABLE (TCO) AND GRAVIMETRIC ORGANICS, INFRARED
SPECTRA (IR), AND GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS) OF TOTAL
SAMPLE EXTRACTS
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/\ ACUREX
<« \ Corporation

Energy & Environmental Division

Acurex August 3, 1981
M.S. 2-2260 Acurex ID #A81-05-030
A81-05-031

Client P.0. #307736.12
Attention: L. Waterland

Sample: 2 SASS Train, received 5/11/81
1 SASS Train, received 5/29/81

The above referenced samples were analyzed per Level 1 protocol. Arsenic
and antimony were determined by furnace AAS.

Polynuclears were determined by a modified EPA method 625. 1 ul of sample
was injected onto a SE-54, J and W 30 meter capillary column using Grob
injection. The column was held at 30°C. No polynuclears were detected in
the GC/MS blanks above 1 ng. .

The XAD-2 resin samples and XAD-2 resin blank contained about 120 mg TCO
of material that appears to be a product of acetone reacting with XAD-2
resin. Through the use of the TCO and GC/MS chromatograms, the blank TCO
runs were subtracted to give the data in the report.

Benzo (c) phenanthrene, dibenzo (c,g) carbozole, 7, 12-dimethylbenz (a) anthra-
cene, 3-methyl chloranthene, and perylene were not detected (<40 ng/ul
injection) in any sample analyzed by GC/MS.

Prepared by: %&, W Authorized E%ﬁ

Greg Nigol] Ainda
Pro Director Sample Control Manager

5-79
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18-5

A ACUREX“O“

ANALYSIS LABORATORIES

CUSTOMER CMEA

DATA REPORTING FORM

DATE

Acurex E/S (CMEA)
A81-05-030
Page 2 of 5

October 25, 1982

CUSTOMER CONTRACT NO. _307736,12 ACUREX CONTRACT NO. _A81-05-030
RESULTS REPORT TO __L, Waterland _ TELEPHONE
ADDRESS
Ethan Allea-1  21.62 dscm

| sasewe o ustouem 104 ¢ 3y [wueFilter] XAD OMC Imp 1 |imp 243 | Fly Ash | Fuel

SAMPLE 1D (LAB) 646 644

PARAMETER —

GRAV Aliquot <4 <4 181 8 .- .- 14 .- mg

GRAV (Blank) <A <4 <4 <4 -- - <4 -- ng

GRAY <0.2 <0.3 9.1 0.4 .- - 700mg/kg .- mg/dscm
TCO Al iquot -- -- (350)130*| 4.9 - - 0.4 -- mg

TCO (Blank) ) .- (120)0649 <0.) - -- ] <0 .- mg

1C0 - a 6.0* 0.23 - -- 20mg/Xxg - mg/dscm
Mercury Aliquot <1 <) 2 -- 7 <1 <1 <1 ug/L
Mercury (Blank) <1 <1 <1 - <l <1 <1 <1 ug/L
Mercury <0.00007| <0.00007] 0.0006 - 0.0005 | <0.00006 <0.05mg/kq<0.05mg/kq mg/dscm
Ant imony A lquot -- -- - -- -~ <10 - - ug/L
Aat imony -- -- -- - -- <0.0006 -~ - mg/dscm
Arseaic Aliquot -~ -- -- .- - <10 - - ng/L
| Arsenic s == -- - - <0.0006 - - mg/dscm
*Corrected for resin contamination -- uncorrected number in parentheses

ANALYST

_REVIEWER




IR REPORY
SAMPLE:

642 EA I Filter Blank

Wors Romber
. temY)

lrrteraity

Assignment

No Peaks
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IR REPORY

SAMPLE: 651 EA I XAD Blank
'-ll-‘uh Inamity Asnignment Comment
- lam™)
No Peaks

5-83




IR REPOAY

SAMPLE: 646 ERI 10u & 3u
Won Nember Inemity Assignment Comment
- e
No Peaks
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IR REPORY

SAMPLE: 644 EA I lu & Filter
‘“::?ﬂt. Inamity Assignment Comment

No Peaks
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IR REPORT

650 EA I XAD

SAMPLE:
Wors Nonbar lreeraity Ansignment Comments
- oY)
3600-3000 S 0O-H COOH
2900 S C-H Alkane
2820 S C-H Alkane
1790 s C=0 COOH
1600 w C-H Alkane
1440 M C-H Alkane
1180 M Not assigned

5-36




IR REPORY

SAMPLE: 652 EA I OMC
'n‘-l-‘nh lreersity Ansignment Commaents
- .)

No Peaks

5-87




IR REPORYT

662 EA I Flyash

SAMPLE:
Won Rombwr Imsmity Asvign mes
- oY
2900 C-H Alkane
2820 C-H Alkane

5-88




68-5

A\ Eporaton

ANALYSIS LABORATORIES

CUSTOMER _CHEA
CUSTOMER CONTRACTNO. _ 307736.12 _ ACUREX CONTRACT NO.A31-05-030

DATA REPORTING FORM

DATE July 31, 1981

RESULTSREPORT TO __L. Waterland ~~  TELEPHONE
ADDRESS
—_Ethan Allen ~ ) 2].62
[ sauec 0 custouem 10u#3u 1u+mte.l XAD oMc | Fiy Ash
SAMPLE 1D (LAB) 646 644 650 652 662
PARAMETER UNITS
Phenol Aliquot <1 <1 94 <] <1 ng
Naphthalene Aliguot <1 <) 90 <1 <1 ng
Acenaphthalene Aliq;uo}rt <1 <1 10 <1 <1 ng
Phenanthrene Aliquot <1 <1 140 <1 <1 ng
Pyrene Aliquot <1 <1 5 < <1 ng
Fluorene Aliquot <1 <1 13 <1 <1 ng
Benzo/J+K/Fluoranthenes < 1 < 2 <1 <1 ng
ATiquot

Form EED- 057 4 80

ANALYST

'REVIEWER




06-S

/\ ACUREX

C \ Corporation DATA REPORTING FORM
ANALYSIS LABORATORIES . )
CUSTOMER ___CMEA paTe _ July 31, 1981
CUSTOMER CONTRACT NO. _307736.12 " ACUREX CONTRACT NO. _A81-05-030
RESULTS REPORT TO L. Waterland TELEPHONE
ADDRESS
Ethan Allen - 1_21.62 dscm
, [susere o usrouem Towau | WsFiTted  xAD OMC Fly Ash
SAMPLE 1D (LAB) 646 644 650 652 662
PARAMETER UNITS
Phenol < 90 < 80 4700 | < 50 <0.05mg/ ng/dscm
Naphthalene < 90 < 80 4500 < 50 <0.05mg/|49 ng/dscm
Acenapthalene < 90 < 80 500 < 50 <0.05mg/l4g ng/dscm
Phenanthrene < 90 < 80 7000 < 50 <0.05mglllg ng/dscm
Pyrene < 90 < 80 300 | <50 <0.05mg/|lg ng/dscm
Fluorene < 90 < 80 650 | < 50 <0.05mg/l’g ng/dscm
Benxo/J+K/Fluoranthe < 90 < 80 100 | < 50 <0.05mg/Kg ng/dscm
ng/dscm

Others with a detectltll < 90 < 80 < 50 < 50 <0.05mg/HKg
— Timitof T 1Y

ANALYST

form EEQ-057 490 REVIEWER




16-G

ACUREX
Corpora

Acurex E/S (CMEA)

tion DATA REPORTING FORM AB1-05-030
ANALYSIS LABORATORIES Page 3 of §
CUSTOMER __(MFA DATE ___ October 25,1982
CUSTOMER CONTRACT NO. _307736.12 ACUREX CONTRACT NO. _A81-05-030
RESULTS REPORT TO _L. Waterland TELEPHONE
Ethan Allen-2 27.06 dscu.
IW’LW'C"S'W“" 10u+  |Ipt Filted XAD OMC Imp 1 Imp 243 | Fly Ash | Fuel
SAMPLE 1D (LAB) 672 674 676 677 678 679 744 743
PARAMETER

GRAV Aliquot <4 <4 35 <4 -- - 3 - mg
GRAV (Blank) <4 <4 <4 <4 - - k4§ - "y
GRAV <0.3 - <0.3 1.4 <0.1 .- .- |650mg/ kg - mg/dscm
TCO Aliquot -- - (140) 20} 0.2 - .- 0.3 - mg
TCO (Blank) .- .- (120)0.644 <0.1 .- - <0.1 .- mg
1C0 -- .- 0.72* 0.007 - .- 20mg/kg - mg/dscm
Mercury Aliquot <} <1 <1 .- <} <1 <) 1 wg/L
Mercury (Blank) <1 <1 <1 - | <1 <1” <1 wg/L
Mercury <0.0003 |<0.00006 | <0.0002 - <0.00007 {<0.00005 [<0.05mg/k ;0.05mg/kg ang/dscm
Ant tmony Al{quot -- - | - -- - |ao -- S
Ant imony -- -- -- -~ -- <0.0005 -- -- mg/dscm
Arseaic Aliquot -- - -- -- - <10 .- -- ug/L
Arsenic -- - -- - - <0.0005 -- .- mg/dscm
*torrected for resin contamination -- uncorrected number in parentheses

ANALYST

form EEO-087 400

REVIEWER




IR REPORY

uM'L!: 672 EA 1II 10u & 3u

Wos Ramber

frroeraity

Assignment

Comments

No Peaks

5-92




IR REPORY

SAMPLE: 674 EA II lu & Filter
Won Rember Intymivy Ansignment Commaents
- Y
2900 s C-H Alkane

5-93




IR REPORY

676 EA II XAD

SAMPLE:
Won Romber trtaraity Assignment Comments
. el
2900 s C-H Alkane
2820 [ C-H Alkane
1710 C=0

5-94




IR REPORY

SAMPLE: 677 OMC EA II

Won lu‘-»- Ineraity Assignment Comment
- ")

3680-3200 S 0-H

3100-2700 W C-H Alkane
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iR REPORY

SAMPLE: 744 EA I1 Flyash
Wors Nomber lrersity Assignmernt Comments
- lom')
2900 S C-H Alkane
2820 s C-H Alkane

5-96




16+S

ACUREX
A Corporation DATA REPORTING FORM
ANALYSIS LABORATORIES

CUSTOMER CMEA DATE July 31, 1981
CUSTOMER CONTRACT NO. .307736.12 ACUREX CONTRACT NO. __A81-05-030
AESULTS REPORT TO _L. Waterland TELEPHONE
ADDRESS
Ethan Allen - 2 27.06 dscm
lSAW'l‘ ID (CUSTOMER) 10ut3y  [lu+Filter XAD oMC Fly Ash
SAMPLE (D (LAB) 672 674 676 677 744
PARAMETER UNITS
Acenaphthylene Aliquot < 1 <1 130 <1 <1 ng
Acenaphthene Aliquot | < 1 <1 3 < < ng
Phenanthrene Aliquot <1 <1 49 <1 <1 ng
Anthracene Aliquot <1 < 5 <1 <1 ng
Fluoranthene Aliquot | <1 <1 7 <1 <1 ng
Pyrene Aliquot <1 <1 5 <1 <1 ng
Chrysene Aliquot <1 <] ) <1 <1 ng
Phenol Aliquot <} <1 < 26 <] ng

ANALYST

REVIEWER
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A ACUREX

«C \ Corporation DATA REPORTING FORM
ANALYSIS LABORATORIES
CUSTOMER __CMEA DATE _dJduly 31, 198]
CUSTOMER CONTRACT NO. __307736.12 ACUREX CONTRACT NO. A81-05-030
RESULTS REPORT TO _L. WAterland TELEPHONE
ADDRESS :
Ethan Allen - 2 27.06 dscm
[ saseie 10 cusromen 10u+3u | JusFilterd]  XAD 0MC Fly Ash
SAMPLE ID (LAB) 672 674 676 677 744
PARAMETER UNITS
Acenaphthylene < 50 < 50 5200 < 40 < 0.05mg/kg g/dscm
Acenaphthene < 50 < 50 100 < 40 < 0.05mg/kg Lg/dscm
Phenanthrene < 50 < 50 2000 < 40 < 0.05mg/kg Lg/dscm
Anthracene < 50 < 50 200 < 40 < 0.05mg/kg Lg/dscm
Fluoranthene <5 | <50 300 < 40 < 0.05mg/kg . g/dscm
Pyrene < 50 < 50 200 < 40 < 0.05mg/kg hg/dscm
Chrysene < 50 < 50 40 < 40 < 0.05mg/kg pg/dscm
Phenol < 50 < 50 <40 -960 < 0.05mg/kg . Lg/dscm
Others with a detecti¢n < 50 < 50 <40 < 40 < 0.05mg/kg Lg/dscm
———tHmitof tnyg

ANALYST

form EED-057 4 M0 REVIEWER




5.8 LIQUID CHROMATOGRAPHY (LC) SEPARATION AND INFRARED SPECTRA
OF LC FRACTIONS

5-99



A ACUREX
C \ Corporation

Energy & Environmental Division

CMEA/Acurex October 5, 1981
Lab ID Number: A81-08-023
Customer P.0. Number: 307736.12

ATTENTION: L. Waterland
Samples: Ethan Allen XAD extracts (3)

The above referenced samples from earlier work were analyzed by Level 1
pro?edures. The TCO, GRAV and IR results from the LC fractions are
included.

Prepared by: '~ . HZ;?%S'*%%L1?Q§ Approved by:

Viorica Lopez~Avila, Ph.D. Greg Nigoll
GC/MS Group Leader Progrp Director

VLA/GN:es

5-101
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€01-5

Acurex E/S (CMEA)

A81-05-030
Page 4 of 5
SAMPLE:  EAI XAD #650
Teo SRAV TC0 + SRAY Conssstatien
»y »y Totel mg mg/dscm
'
Totud Sample 130 196 326 15
Tohan foe L2 47 7 118 5.5
Aeovered? 16 50 66 3.1
TCO lamg | SRAV lamg oo | ¢ :
Fotion  [Foundla| | Con Poued ln tor GRAV dscm
Froction | Bioeh [rected | Tont? Froction | Bieok [rocsed | Tou® | Torimg mg/
1 0.45 ko.os [o.as] 1.2] 1.2 la [1.2] 3.3 as 0.21
2 2.1 _ko.02 {2.1 581 <0.8 |<0.8 |<0.8 <2 5.8 0.27
] 2.1 ko0.02 )2.1 5.8 1.8 |<0.8}1.8]5 n 0.51
‘ 1.3 k002413 36 1.8 jcoB]18)5 8.6 0.40
s .2 koozlaz | 12 40 |84 | 23 LL
. 1.3 ko0.02 |1.3 3.6 1.4 k0.8 |1.4] 3.9 7.5 0.35
’ a6 1o las ! 12 a2 11 ls0 1112 112s 5.74
o 116 lO 6 44 51 <6 Is0_ 1140 1180 8.58

1. QuaaiRty in ontirs wmpla, detersnlasd belorw LC
2. Portion of whals mmple wed for L.C, actual mg
3. Qusutity resoverad lrom LC columa, sctual my
4, Vetal mg computed bach to tetel sample



IR REPORT

SAMPLE: 651 Blank XAD F1l
Wave Number Intemity Assignment Comments
- (em’h) :
No Peaks

5-104




IR REPORT

SAMPLE: 651 Blank XAD F2
Weve Rumber Intensity Assignment Comments
- (em')
No Peaks
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IR REPORT

SAMPLE: 651 Blank XAD F3
Waeve Number Intemity Assignment Commants
- lenh) :
No Peaks
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IR REPORT

SAMPLE: 651 Blank XAD F4
Wave Number intensity Assignment Comments
~ tem) .
No Peaks
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IR REPORT

651 Blank XAD F5

SAMPLE:
Wave Number lntensity Assignment Comments
B ‘-1, .
No Peaks
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IR REPORT

651 Blank XAD F6

SAMPLE:
Wave Number {ntensity Assignment Comments
- (e’ :
No Peaks
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IR REPORT

Wess Nomber Intarsity Assignment Comments
- h“)
3600-3300 S OH
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IR REPORYT

SAMPLE: 650 EAI XAD Fl
Won l-‘ni- Interaity Ansignment Commens
- )

No Peaks

5-111




IR REPORT

650 EAI XAD F2

SAMPLE:
Weve Number Intensity Assignment Comments
- ‘-"’
No Peaks
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IR REPORT

SAMPLE: 650 EAI XAD F3

Weve Number Intansity Assignment Comments
-~ lew'h) :
3450 S OH Aliphatic
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IR REPORT

SAMPLE: 650 EAI XAD F4

Weve Number
~ temh)

Intensity

Assignment

Comments

No Peaks
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IR REPORT

SAMPLE: 650 EAI XAD F5
Weve Number Intemity . Assignment Comments
- tea't) :

No Peaks
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IR REPORT

SAMPLE: 650 EAI XAD F6
Wave Number intensity Assignment Comments
- el :

No Peaks
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IR REPORY

SAMPLE: 650 EAI XAD F7

Wons Number iramity Assignment Comment
-~ o)

3230 M OH Carboxylic acid

2880 M CH Carboxylic acid

2810 M CH Carboxylic acid

1650 [ Cc=0 Carboxylic acid

1190 s co Carboxylic acid

5-117




Acurex E/S (CMEA)

8LL-S

AB1-05-030
Page 5 of 5
SAMPLE: EAII XAD #676
7C0 GRAV TCO + GRAY Conssntntion
"y -y Totel oy mg/dscm
Totud Suaple!
20 38 58 2.1
Tohou for L2 N 22 33 1.2
Amovwred? 1.4 12 13 0.48
ORAY
TCO lnmg oy Teae
Frastion  [Foondle| Cor Found ln Cor- GRAV dscm
Frostion | Wisak [roctod | Towl® | Froction | Btood |rocted | Toul?| Tordmg ma/
' 0.30 |<0.05] 0.3 0.53] 2.8 J< |2.8]4.9] 5.4 0.20
2 <0.02 | <0.02}<0.04 <0.04 <0.8]1 1.8 1.8 0.07
] <0,02 |<0,02|<0,04 <0,04] <0.8 |<0.8l<0.8 |<1 <1 <0,04
‘ <0,02 ] <0,020<0,04 <0.04] 1.4 |<08f1.4]255]| 2.5 0,09
’ <0,02 1 <0,021<0.04 <0.04]  <0.8 |<0.8l<0.8 |« <1 0,04
. (%I})* 0,02] 0,94 1.7 2,8 l<08l24 142 59 | 0,22
! (436§ ] 0.1 ]<0.1] <0.2 5 1 |a0f7.0] 7.0 0.26
Som 1.4 | 0.1 ] 1.3] 2.2 13 <6 j12 |21 23 0.84

1. Quonty ln omils wmple, determined heters LC
2. Puvtion of whale smmple uied for LL, actual mg
1. Quentity reeovered from LL colomn, sctusl mg
4. Ystol mg computed hach to totel sample

*Corrected for resin contamination -- uncorrected number in parentheses



IR REPORT

SAMPLE: 676 EAII XAD Fl
Won Nomber intarni i
" h." ity Assignment Commaent

No Peaks
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IR REPORT

SAMPLE: 676 EAIT XAD F2
Wave Number Intemity Assignment Comments
~ lem'h) :

No Peaks
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IR REPORT

SAMPLE: 676 EAII XAD F3

Wave Number intensity Assignment Comments
~ lem'h)
3450 S OH Aliphatic
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IR REPORT

SAMPLE: 676 EAII XAD F4
Weve Number Intemity Assignment Comments
- temh) :
No Peaks




IR REPORT

SAMPLE: 676 EAIT XAD F5
Weve Number Intensity Assignment Comments
- leah) :
No Peaks
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1R REPORT

SAMPLE: 676 EAII XAD Fé
Weve Number Intansity Assignment Comments
- lea’ :
No Peaks
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IR REPORT

SAMPLE: 676 EAIT1 XAD F7
fmh:?'n;bu l.lmmity . Assignmant Comments

No Peaks
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5.9 LOW RESOLUTION MASS SPECTROMETRY (LRMS) OF SELECTED TOTAL
SAMPLE EXTRACTS AND LC FRACTIONS
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A ACUREX
C \ Corporation

Energy & Environmental Division

CMEA/ACUREX December 4, 1981
Acurex ID#: A81-10-011, A81-10-022
Client P.0.#: 307605

ATTENTION: L. Waterland
Samples: 9 extracts from Tosco and Ethan Allen

The above referenced samples were analyzed by direct probe mass spectrometry.
Searches have been made for classes of compounds most likely to be found in
the various LC fractions, according to procedures described in the "IERL-RTP
Procedures Manual: Level 1 Environmental Assessment". The following frag-
ment ions used for search are given below:

Compound Class Fragment jons ém/e—}
Polycyclic aromatic hydrocarbons »202,216,228,252,276

Aliphatic hydrocarbons 57,71

Halogenated aliphatics 79,81,93,95,107,109;49,63
Aromatic hydrocarbons 50,51,77,78,79,91

Ethers 45,59,73

Alcohols 45,59,61,73,75

Phenols : 51,77,94

Nitriles 54,68,82

Phthalate esters 61,59,71,87

Amines 44,58

Ketones 51,71

N-heterocyclics 117,167;129,179
Mercaptans, sulfides 47,61,75

Benzothiophenes 57,58,59,69,70,85,97,111,125
Carboxylic acids 60,73,149

Amides 58,72,86,100

To test the analysis procedure, a standard mixture containing ethers, amines,
polycyclic aromatic hydrocarbons, nitrosamines, phenols, etc., was analyzed
under identical conditions as the samples. Losses of the very volatile
compounds such as naphthalene, bis(2-chloroethyl)ether, Tow molecular wewght
nitrosamines were observed, however the higher molecular weight compounds in
a particular class were recovered.

Prepared by: M@ Approved by: b—;‘ A a “J‘G'Tﬁ QQV -
reg PACO

ogfﬁf' [ Viorica Lopez-Avila, Ph.D
Progfam Director Technical Director

GN/VLA:es
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LRMS REPORT

SAMPLE: Ethan Allen IXAD 650 F2& F3

Major Categories
Intansity Category MW Rangs
10 Carboxvlic acid
1 PAH .<216
Sub-Categories, Specific Compounds
Intensity Category m/e Campasition
Other
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LRMS REPORT

SAMPLE: Ethan Allen I XAD 650 F4 & F5
Major Caregories
tntensity Cstegory MW Range
None detected
Sud-Categories, Specific Compounds
intansity Category m/e Campesition
Other :

-~ 5-132




LAMS REPORT

sampLE:__ Ethan Allen 1 XAD 650 F6 & F7

Major Categories
Intsnsity Category MW Rangs
None detected
Sub-Categories, Specific Compounds
intansity Category mle Compoasition
Qther
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LRMS REPORT

SAMPLE: Ethan Allen I OMC 652
Major Caregories
intansity Category VW Range
100 Ethers
100 Nitriles
100 Amines
100 Heterocyclic sulfur compounds
100 Carboxylic acids
10 Halogenated aliphatics
Sub-Categories, Specific Compounds .
intensity Category mle Compasition
Other :
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LRMS REPORT

SAMPLE: Ethan Allen I OMC 652 (cont)
Major Caregories
Intansity Crtagory MY Rarge
10 Aromatic hydrocarbons
10 Phenols
10 Ketones
10 Heterocyclic nitrogen compounds
1 PAH <216
Sud-Categories, Specific Compounds
Intensity Category mle Caompoasition
Other

5-135




LRMS REPORT

SAMPLE: Ethan Allen I Fly Ash 662
Major Caregories
Intansity Category MW Range
1 .| PAH <216
Sud-Categories, Specific Compounds
Intensity Category mle Compeasition
Other -
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LRMS REPORT

SAMPLE: Ethan Allen II XAD 676
Major Caregories
Intansity Category MW Rangs
None detected
Sub-Categories, Specific Compounds
Intensicy Category m/e Compesition
Other
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LAMS REPORT

Ethan Allen II Fly Ash 744

SAMPLE:
Major Caregories
Intansicy Category MW Range
100 Carboxylic acids
10 PAH . <216
Sud-Categories, Specific Compounds
tntansity Category m/e Compasition
Other
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Acorn Park
Cambridge, Massachusetts 02140
617 864-5770 Telex 921436

/N Arthur D. Little, Inc.

July 8, 1982

Dr. Larry Waterland
M25-2260

Accurex Corporation

485 Clyde Avenue
Mountain View, CA 94042

Dear Larry: 1-7641

We have completed the batch inlet LRMS analysis of your ten Level

1 samples. The data obtained in the analysis of these samples is

reported on the enclosed, standard EPA lLevel 1 LRMS report forms..
The intensity levels are reported for this (batch) analysis only,

as though it were the complete LRMS analysis. Presumably you will
integrate the data from these analyses with your own direct probe

LRMS analysis of the same samples.

We have reported the "sample" content of the samples as though

the solvent(s) were not present; a component reported as intensity
100 is a major component of the non-solvent portion of the spectrum;
one as intensity 10 when it is present and identifiable in the non-
solvent portion of the spectrum, and so on. Intensity level 1
components appeared to be present in some of the samples, but were
not specifically identifiable. When they occur they are included
in the unclassified category.

All samples were analyzed by direct injection of 4 ulL of sample
into the three liter glass inlet of the mass spectrometer. The
mass spectrometer was operated in the electron impact ionization
mode, at 70 eV. Low energy ionization was not used due to the

low level of sample material as compared to the solvent content of
the sample. Instrument blanks were obtained by direct injection of
4 uL of spectra grade methylene chloride. One sample (ACO009) was
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A\ Arthur D, Little, Inc.

July 8, 1982
-2-

Dr. lLarry Waterland
Accurex Corporation

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

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

Yours Truly,

James L. Stauffer
/1laf

enclosures
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LRMS REPORT
sampLe:__ €4han Bllen 1 XAD 650 LC +LCS CAMO@'

m———

Major Categories

intensity Category MW Range

100 | Fueed atttrnate /nonartrernate hycdhocarbons| (2lo

Sub-Categories, Specific Compounds
intensity Category m/e Composition

100 | Daphthalewe 128 | CioHs

Other

5-141



LRMS REPORT

SAMPLE:_ £4han Allen 1 XAD SO0 LCY =+ LCS (AC—OOf?)

Major Categories
Intensity Category MW Range
100 | Aldehuiioles 100~ 120
10 | Aromarc Hydvrocarbons
10 | Phanols 9y
10 | Heteroeyelic. Oxygen C_ompou.nds e - Mo
10 | (unclassibred ' 130
Sub-Categories, Specific Compounds
{ntensity Category m/e Composition
100 _gg%guqm%gm + Al 1057 [€7He0 -CaHa 0
\0| Phannl J Qy_ | CeHuD
10| Bargpfuran + gikyls "856 | ColuO) - oM 1n0

Other
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LRMS REPORT

sampLe:_C Hhan A‘Ign i XA bSO LCbL § LC7 (AQ-OOQ)

Major Categories
Intensity Category MW Range
100 Pl'uz,nols qQy -122
10 Ho.&rou;,u.c. Ov.qqu Compands 6 — 46
5 A\d.n_h).,rd..a,s $2 - 19y
0 Aronafi . Hydrocanrkbons

Sub-Catsgories, Specific Compounds

Intensity Category m/e Composition
I00]| Phanol and aaleyls Wz, LHe O -CaHI00
5/5 | Dimethylfuran / Furgddehyde 90 |CeH80/CsH402
10 | Benzofurunm + alkyls M. | CeHeO=-CoHiol

Other

5-143




LRMS REPORT
saMPLE:_ Elhan Ollem 1 OMC. L5 (ACQ'O)

Major Categories
Intensity Category MW Range l
100) Phonals M -ive
10 Hdtroc_...a‘u.:_ Oxy qerm. Compaumds b8 - Uk
o A'd.u\qd_t..o | N 4L - 120
10| Unclassifed
Sub-Categories, Specific Compounds
intensity Category m/s Composition
160 | Pranel +alikyLs "o | CeHeO =CoH,0
10 | Bengofuran +atkyb 8- |C8HeO ~CioHI6 O
10| Furam + alkyts 6834 [HHYO “¢q HizQ
10| Furatldihydse + alkyis T T2y Gs H4 Oz CqaH g O
O Benzatdehide 4 atkiyts [0, [91H=O - comsd
Other
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5.10 RADIOMETRIC ANALYSIS RESULTS
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& SAFETY SPECIALISTS, Inc.

3284F Edward Avenue, Santa Clara, California 95050 . Telephone (408) 988-1111

A4

ASSAY REPORT

Acurex Corporation * Date: August 13, 1981
Attn: Mr. Larry Waterland
485 Clyde Avenue iDate Samples Received: 6/29/81

Mountain View, California 94042
Customer Order No.: RB59185A, Rel. 15

Activity*
Gross Alpha Gross Beta

SSI MNo. Client Description pCi/g pCi/g
81228D A81-05-030-646\ﬁo;ﬁifﬁﬁvmhm&ﬁg 20.2 = 12.1 218.8 + 18.5

E A81-05-030-662Cnut L Flyal) 17.6 £+ 4.2 119.0 = 38.0

F A81-05-030-674Te 4 2 Cbu sf+%) 22.2 £+ 9.6 164.3 + 30.5

Tortiwnlote.
G A81-05-030-77461y+z #lvask) 15.6 + 3.9 93.3 + 35.0
—_T -,

Analyst: Pamela S. Shreve Approved: 1. C. Noble, Director
Safety and Health Services Division

*The ¢ values are the two sigma Poisson standard deviation of the counting
error.
The < values are equal to or less than three sigma of the counting error.
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e‘ SAFETY SPECIALISTS, Inc.
? 2284 F Edward Avenue, Santa Clara, California 95050 - Telephone {408) 988-1111

ASSAY REPORT

Acurex Corporation " Date: August 13, 1981
Attn: Mr. Larry Waterland .
485 Clyde Avenue s Date Samples Received: 6/29/81

Mountain View, California 94042
Customer Order No.: RB59185A, Rel. 15

Activity*
Gross Gamma Gross Gamma
SSI No. Client Description pCi/L . pCi/g
81228
D A81-05-030-646 -415 + 734
E A81-05-030-662 4 + 419
F A81-05-030-674 161 + 679
G A81-05-030-774 163 + 476

- ) - mar——— —»/ ") ; ”
/:"k‘,é, R gl&éjs.

-
L ' At

Analyst: Pamela S. Shreve Approved: T. C. Noble, Director
Safety and Health Services Division

*The = values are the two sigma Poisson standard deviation of the counting
error.

The < values are equal to or less than three sigma of the counting error.
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5.11 BIOLOGICAL ASSAY RESULTS
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[B BIONETICS
Litton

GENETICS ASSAY NO.:
LBI SAFETY NO.:

MUTAGENICITY EVALUATION OF
A81-05-030-646
(EA-1 10+3+1+FILTER)
— TINTHE

N 1H
EPA LEVEL 1

AMES SATMONELLA/MICROSOME
PLATE TEST

FINAL REPORT

SUBMITTED T0:
ACUREX CORPORATION

485 CLYDE AVENUE
MOUNTAIN VIEW, CALIFORNIA 94042

SUBMITTED BY:

LITTON BIONETICS, INC.
5516 NICHOLSON LANE
KENSINGTON, MARYLAND 20895
LBI PROJECT NO.: 22064

REPORT DATE: NOVEMBER 1981
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Litton

PREFACE

This assay conforms to the standard EPA Level 1 procedure for the Ames
Salmonella/microsome mutagenesis assay as described 1n'"IERL-RTP"§roce~
dures Manual: Level 1 Environmental Assessment Biological Tests"®. The
data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting"2.

The Ames Salmonella/microsome mutagenesis assay has been shown to be a
sensitive method for detecting mutagenic activity for a variety of chemi-
cals representing various chemical classes3. This assay is one of several
recommended by EPA to identify, categorize and rank the pollutant potential
of influent and effluent streams from industrial and energy-producing pro-
cesseés. This assay has been well validated with a wide range of positive
and negative control chemicals and complex environmental samples.

A11 procedures and documents pertaining to the receipt, storage, prepa-
ration, testing and evaluation of the test material shall conform to
Litton Bionetics, Inc. standard operating procedures and the Good Labora-
tory Practices Regulations of 1979. Deviations from standard procedure
shall be fully documented and noted in the report.

A1l test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon .request.
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I.  ASSAY SUMMARY

A.  Sponsor: Acurex Corporation

B. Material (Test Compound):
A81-05-030-646 (EA-1 10+3+1+Filter)

Genetics Assay Number: 5882

1. Identification:
2. Date Received: August 26, 1981

3. Physical Description: Fine, brown powQer and fiberglass
filter with embedded particles.

C. Type of Assay: EPA Level 1 Ames Salmonella/Microsome Plate Test

D. Assay Design Number: 401 (EPA Level 1)

E. Study Dates:

1. Initiation:

October 1, 1981
2. Completion: October 26, 1981

F. Supervisory Personnel:

A. Study Director: D.R. Jagannath, Ph.D.

G. Evaluation:

The test material, A81-05-030-646 (EA-1 10+3+1+Filter), was
tested for activity in the Ames Salmonella mutagenicity assay
over a concentration range of 0.05 mg/plate to 5.0 mg/plate.

The test was performed in duplicate under nonactivation and
ac§i¥2t18n test conditions with strains TA-1535, TA-1537, TA-98,
an -100.

The sample was not mutagenic under the test conditions employed
and was ranked as having nondetectable (ND) mutagenic activity
as def1ned by the IERL-EPA Level 1 criteria for the Ames bio-
assay?.

Submitted by:

Reviewed by:

Study Director

Litton

—

4 ,’t VA vy, ///J'//?/ 2= »
D.R..Jagannath, Ph.D.- Date . Brusick, Ph.0. ate
Section C@ief, Director,

Submammalian Genetics, Department of Molecular
Department of Molecular Toxicology
Toxicology
5-154
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II. OBJECTIVE

The objective of this study was to determine the genetic activity of
A81-05-030-646 (EA-1 10+3+1+filter) in the Salmonella/ microsome assay
with and without the addition of mammalian metabolic activation prepara-
tions. The genetic activity of a sample is measured in these assays by
its ability to revert the Salmonella indicator strains from histidine
dependence to histidine independence. The degree of genetic activity of
a sample is reflected in the number of revertants that are observed on
the histidine-free medium.

5-155
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Litton

I11. TEST MATERIAL

A. Description

The test material, as received, was comprised of two separate components.
The first component, a fine, brown powder, was the 1 pm, 3 pm and 10 pm
SASS train particulate catch. The second component was a f]berglass '
filter with embedded particulate material. This brown particulate material
represented particulates less than 1 um collected ig the SASS train sample.
Both components were supplied together in a Nalgene~ screw-top bottle.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample
was assigned LBI safety number 7166 and LBI assay number 5882. The
sample was stored at +4°C in the dark.

The filter portion of the sample required removal of the embedded parti-
culates before testing could begin. The uncut filter was sonicated in
cyclohexane as recommended by current IERL-EPA pretest sample preparation
procedures!. The decanted particulate suspension from three successive
sonication treatments were combined and evaporated to dryness. The parti-
culate material was weighed and combined with the 1 um particulate catch
portion of the sample. A total of 215.14 mg of combined test material
available for testing was comprised of 37.78 mg (17.6%) of <1 pm particu-
lates removed from the filter and 177.36 mg (82.4%) of 1 ym, 3 pm and

10 pm particulates.

Appproximately 181 mg of test material were used for the trial in the
Ames Salmonella Assay. The test material was suspended at 100 mg/ml in
dimethyTsuTfoxide (DMSO) and incubated overnight at 37°C on a rotary
shaker. This stock suspension was used to make dilutions in DMSO to be
used for dosing in the EPA Level 1 Ames Salmonella Assay.

5-156
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Iv. MATERIALS

A. Indicator Microorganisms

The Salmonella typhimurium strains used in this assay were obtained from
Dr. Bruce Ames, University of California at Berkeley.*-8 The following
four strains were used.

Strain Gene Additional Mutations Mutation Type
Designation Affected Repair LPS R Factor Detected
TA-1535 his G AurB rfa - Base-pair
substitution
TA-1537 his C Aur B rfa - Frameshift
TA-98 his D Aur B rfa  pKM1O1 Frameshift
TA-100 his G AurB rfa pKM101 Base-pair
substitution

A1l the above strains have, in addition to the mutation in the histidine
operon, mutation (rfa-) that leads to defective lipopolysaccharide coat,

a deletion that covers genes involved in the synthesis of vitamin biotin
(bio-) and in the repair of ultraviolet (uv) - induced DNA damage (uvrB8-).
The rfa- mutation makes the strains more permeable to many large moTecules.
The uvrB- mutation decreases repair of some types of chemically or physi-
cally damaged DNA and thereby enhances the strain's sensitivity to some
mutagenic agents. The resistant transfer factor plasmid (R factor) pKM10l
in TA-98 and TA-100 is believed to cause an increase in error-prone DNA
repair that leads to many more mutations for a given dose of most mutagens.®
In addition, plasmid pKM101l confers resistance to the antibiotic ampi-
cillin, w?;ch is a convenient marker to detect the presence of plasmid

in the cells.

A1l indicator strains are kept at 4°C on minimal medium plates supplemented
with a trace of biotin and an excess of histidine. In addition, the

plates with plasmid-carrying strains contain ampicillin (25 pg/ml) to
ensure stable maintenance of plasmid pkKM10l. New stock culture plates

are made as often as necessary from the frozen master cultures or from
single colony reisolates that were checked for their genotypic character-
istics (his, rfa uvrB, bio) and for the presence of plasmid. For each
experiment, an inoculum from the stock culture plates is grown overnight
at 37°C in nutrient broth (Oxoid CM67) and used.

B. Media

The bacterial strqins were cultured in Oxoid Media #2 (Nutrient Broth).
The selective medium was Vogen Bonner Medium E with 2% glucose.!® The

5-157
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Litton

overlay agar consisted of 0.6% purified agar with 0.05 mM histidine,9
0.05 mM biotin and 0.1M NaCl according to the methods of Ames et al.

C. Activation System

1. $9 Homogenate

A 9,000 x g supernatant prepared from Sprague-Dawley adult male rat liver
induced by Aroclor 1254 (Ames et al.®) was purchased commercially and
used in these assays.

2. S9 Mix

S9 mix used in these assays consisted of the following components:

Concentration per Milliliter

Components S9 Mix
NADP (sodium salt) 4 umoles
D-glucose-6-phosphate 5 umoles
MgCl, 8 pmoles
KC1 33 umoles
Sodium phosphate buffer .

pH 7.4 . 100 umoles
Organ homogenate from rat

liver (59 fraction) 100 pliters

5-158
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V. EXPERIMENTAL DESIGN

A. Dosage Selection

Test strategy and dose selection depend upon sample type and sample avail-
ability. The Level 1 manuall recommends solids to be initially tested

at the maximum applicable dose (MAD) of 5 mg per plate and at lower con-
centrations of 2.5, 1, 0.5, 0.1 and 0.05 mg per plate. Liquids are tested
initially at the MAD of 200 pl per plate, and at lower concentrations of
100, 50 and 10 pl per plate. Samples are retested over a narrower range
of concentrations with strains showing positive results initially. Alter-
nate dose are employed if sample size is limiting or at the direction of
the sponsor.

Doses selected to test this sample covered the recommended dose range
for solids. The highest dose was at the MAD level of 5 mg per plate and
included five lower dose levels of 2.5, 1, 0.5, 0.1 and 0.05 mg per plate.

B. Mutagenicity Testing

The procedure used was based on the paper published by Ames et. al.® and
was performed as follows:

1. Nonactivation Assay

To a sterile 13 x 100 mm test tube placed in a 43°C water bath the fol-
lowing was added in order:

. 2.00 ml of 0.6% agar containing 0.05 mM histidine and
0.05 mM biotin.

. 0.05 m1 of a suspension of the test chemical to give the
appropriate dose.

. 0.1 ml to 0.2 m1 of indicator organism(s).
. 0.50 m]1 of 0.2M phosphate buffer, pH 7.4.

This mixture was swirled gently and then poured onto minimal agar plates
(see IV B, Media). After the top agar had set, the plates were incubated
at 37°C for approximately 2 days. The number of his+ revertant colonies

growing on the plates were counted with an automatic colony counter and
recorded.

2. Activation Assay

The activation assay was run concurrently with the nonactivation assay.
The only difference was the addition of 0.5 mi of S9 mix (see IV C, Acti-
vation System) to the tubes in place of 0.5 ml of phosphate buffer which

was added in nonactivation assays. All other details were similar to
the procedure for nonactivation assays.
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A detailed flow diagram for the plate incorporation assay is provided in
Figure 1.

C. Control Compounds

A negative control consisting of the solvent used.for the test mgter1a]
was also assayed concurrently with the test material. For negative con-
trols, step 'b' of Nonactivation Assays was replaced by.O.QS ml of thg
solvent. The negative controls were employed for each indicator strain
and were performed in the absence and presence of S9 mix. The solvent
used to prepare the stock solution of the test material is given 1n the
Results section of this report. A1l dilutions of the test material were
made using this solvent. The amount of solvent used was equal to the
maximum volume used to give the appropriate test dose.

Specific positive control compounds known to revert each strain were also
used and assayed concurrently with the test material. The concentrations
and specificities of these compounds to specific strains are given in

the following table:

Concentration
per plate Salmonella
Assay Chemical Solvent (ug) Strains
Nonactivation Sodium azide Water 10.0 TA-1535, TA-100
2-Nitrofluorene Dimethyl- 10.0 TA-98
(NF) sulfoxide .
9-aminoacridine Ethanol 50.0 TA-1537
(9AA)
Activation 2-anthramine Dimethy1- 2.5 For all strains
(ANTH) sulfoxide
D. Recording and Presenting Data

The number of colonies on each plate were counted and recorded on printed
forms. These raw data were analyzed in a computer program and reported
on a printout. The results are presented as revertants per plate for
each indicator strain employed in the assay. The positive and solvent
controls are provided as reference points.
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AMES ASSAY [PLATE INCORPORATION METHOD)

Molten [45°C] overlay agar
appropriately supplemented

Test, positive or soivent
control chemica!

0.1 mi Aliquot of an overnight culture
of bacieria[ 109 cells/mi)

0.5 m! 0.5 m! $-9 mix [hepatic
— e §-9 + §-9— homogenate from PCB
pretreated rat plus
necessary cofactors

Aliquot of
saline

Overlay poured on selective
bottom agar medium

Plated incubated at 37°C for 48 hours

The numbers of revertants/plate counted

Data analyzed

interpretation/Conclusion

Figure 1 AMES SALMONELLA/MICROSOME MUTAGENESIS ASSAY
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VI. RESULTS

A. Interpretations

The test material, A81-05-030-646 (EA-1 10+3+1+filter), was dissolved in
DMSO at a stock concentration of 100 mg/ml and leached overnight on a
shaker at 37°C. Additional dilutions were prepared in DMSO for testing.
The maximum test level was 5.0 mg/plate except for the activation portion
of the assay with strain TA-1535 which used a maximum dose of 1 mg/plate
_because of limited test material. There was no evidence of toxicity at
this level.

Reverse mutation was measured in strains TA-1535, T@’1537, TA-98 and
TA-100. The test was conducted in duplicate both with and without rat
liver $9 mix for metabolic activation.

There was no mutagenic activity associated with the test material treat-
ment and the sample was considered nonmutagenic and non toxic. The sample
was ranked as having nondetectable (ND) mutagenic activity using the
IERL-EPA Level 1 evaluation criteria for the Ames Assay!.

Solvent control and positive control values were within acceptable ranges.
These results achieved assay acceptance criteria and provided confidence
in the assumptions that the recorded data represented typical responses
to the test material.

B. Tables

This report is based on the data provided in Table 1.
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D. VESYT COMPLETION DATE:

E. $-9 LOT#2
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NONACTIVATION
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ONSO
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50
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5.000

ACTIVATION

SOLVENT CONTROL
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SOLVENY S0 UL/PLATE
- INDICATES TEST WAS NOT DONE

C INOICATES CONTAMINAVION

10 UG/PLATE
€0 UG/PLATE
10 UG/PLATE
10 UG/PLATE

FLATE
TA-98
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2-ANTHRANINE

235 UG/PLATE
245 UG/PLATE
2.5 UG/PLATE
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VII. ASSAY ACCEPTANCE AND EVALUATION CRITERIA

Statistical methods are not currently used, and evaluation is based on
the criteria included in this protocol.

Plate test data consists of direct revertant colony counts obtained from
a set of selective agar plates seeded with populations of mutant cells
suspended in a semisolid overlay. Because the test material and the
cells are incubated in the overlay for approximately 2 days and a few
cell divisions occur during the incubation period, the test is semiguanti-
tative in nature. Although these features of the assay reduce the quanti-
tation of results, they provide certain advantages not contained in a
quantitative suspension test:

. The small number of cell divisions permits_potentia]
mutagens to act on replication DNA, which is often more
sensitive than nonreplicating DNA.

The combined incubation of the test article and the cells
in the overlay permits constant exposure of the indicator
cells for approximately 2 days.

A. Surviving Populations

Plate test procedures do not permit exact quantitation of the number of
cells surviving chemical treatment. At low concentrations of the test
material, the surviving population on the treatment plates is essentially
the same as that on the negative control plate. At high concentrations,
the surviving population is usually reduced by some fraction. OQur protocol
will normally employ several doses ranging over two or three log concen-
trations, the highest of these doses being selected to show slight toxicity
as determined by subjective criteria.

B. Dose-Response Phenomena

The demonstration of dose-related increased in mutant counts is an impor-
tant criterion in establishing metagenicity. A factor that might modify
dose-response results for a mutagen would be the selection of doses that
are too low (usually mutagenicity and toxicity are related). If the
highest dose is far lower than a toxic concentration, no increases may
be observed over the dose range selected. Conversely, if the lowest

dose employed is highly cytotoxic, the test material may kill any mutants
that are induced, and the test material will not appear to be mutagenic.

C. Control Tests

Positive and negative control assays were conducted with each experiment
and consisted of direct-acting mutagens for nonactivation assays and
mutagens that require metabolic biotransformation in activation assays.
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Negative controls consisted of the test material solvent in the overlay
agar together with the other essential components. The negative control
plate for each strain gave a reference point to which the test data was
compared. The positive control assay was conducted to demonstrate that
the test systems were functional with known mutagens.

The following normal range of revertants for solvent controls are generally
considered acceptable.

TA-1535: 8-30

TA-1537: 4-30

TA-98: 20-75

TA-100:  80-250

D. Evaluation Criteria for Ames Assay

Because the procedures to be used to evaluate the mutagenicity of the

test material are semiquantitative, the criteria to be used to determine
positive effects are inherently subjective and are based primarily on a
historical data base. Most data sets will be evaluated using the following
criteria.

1. Strains TA-1535 and TA-1537

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to three times the solvent control value will
be considered to be mutagenic.

2. Strains TA-98 and TA-100

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to twice the solvent control value for TA-98
and TA-100 will be considered to be mutagenic.

3. Pattern

- Because TA-1535 and TA-100 are both derived from the same parental strain
(G-46), to some extent there is a built-in redundancy in the microbial
assay. In general, the two strains of a set respond to the same mutagen
and such a pattern is sought. Generally, if a strain responds to a mutagen
in nonactivation tests, it will do so in activation tests.

4. Reproducibility

If a test material produces a response in a single test that.cannot be
reproduced in additional runs, the initial positive test data lose signi-
ficance.

The preceding criteria are not absolute, and other extenuating factors

may enter into a final evaluation decision. However, these criteria

will be applied to the majority of situations and are presented to aid

those individuals not familar with this procedure. As the data base is

increased, the criteria for 5evleﬂuation can be more firmly established.
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E. Relation Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Salmonella/Microsome Plate Assay is
not a definit?ve test for chemical carcinogens. It is recognized, however,
that correlative and functional relations have been demonstrated bgtween
these two endpoints. The results of comparative tests on 300 chemicals

by McCann et al.4 show an extremely good corre1at1oq betweeq results of
microbial mutagenesis tests and in vivo rodent carcinogenesis assays.

A1l evaluations and interpretation of the data to be presented in the
final report will be based only on the demonstration, or lack, of muta-
genic activity.

F. Criteria for Ranking Samples in the Ames Assay

The goal of EPA Level 1 Ames testing is to rank source streams by relative
degree of genetic toxicity (mutagenicity). Samples are first identified
as mutagenic or nonmutagenic by the criteria in Section 0 above and

then ranked using the mutagenicity categories presented in the table
below. The lowest concentration giving a positive response in any strain,
with or without metabolic activation, is identified as the minimum effec-
tive concentration (MEC) for that sample. The mutagenicity of the sample
is evaluated as high (H), moderate (M), low (L), or nondetectable (ND)
according to the evaluation criteria developed in the Level 1 manuall

and summarized below. Samples with no detectable activity at the maximum
applicable dose (MAD) are ranked nondetectable (ND).

Ames Assay Mutagenicity Ranking Criterial

Mutagenic Solids Liquidsa
Activity (MEC in pg/plate) (MEC in pl/plate)
High (H) <50 <2
Moderate (M) 50-500 2-20
Low (L) 500-5000 20-200
Not Detectable (ND) >5000 . >200

a . . . :
Concentration of organic extracts is based upon organic content (ug

grg:n;cs per plate) and not volume (ul extract per plate) of sample
ested.
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the Ames
Salmonella/microsome mutagenesis assay as described in "IERL-RTP Proce-
dures Manual: Level 1 Environmental Assessment Biological Tests"l.. The
data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting"2.

The Ames Salmonella/microsome mutagenesis assay has been shown to be a
sensitive method for detecting mutagenic activity for a variety of chemi-
cals representing various chemical classes3. This assay is one of several
recommended by EPA to identify, categorize and rank the pollutant potential
of influent and effluent streams from industrial and energy-producing pro-
cesses. This assay has been well validated with a wide range of positive
and negative control chemicals and complex environmental samples.

A1l procedures and documents pertaining to the receipt, storage, prepa-
ration, testing and evaluation of the test material shall conform to
Litton Bionetics, Inc. standard operating procedures and the Good Labora-
tory Practices Regulations of 1979. Deviations from standard procedure
shall be fully documented and noted in the report.

A1l test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request. .
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I.  ASSAY SUMMARY

A.
B.

Sponsor: Acurex Corporation
Material (Test Compound): Genetics Assay Number: 5879

1. Identification: A81-05-030-650 (EA-1 XAD Extract)
2. Date Received: August 26, 1981
3. Physical Description: Clear, amber/brown liquid.

Type of Assay: EPA Level 1 Ames Salmonella/Microsome Plate Test

Assay Design Number: 401 (EPA Level 1)

Study Dates:
1. Initiation: September 23, 1981

2. Completion: October 16, 1981

Supervisory Personnel:

A. Study Director: D.R. Jagannath, Ph.D.
Evaluation:

The test material, A81-05-030-650 (EA-1 XAD extract), contained
18.3 mg organics per ml after solvent exchange into dimethylsul-
foxide (DMS0). The solvent exchanged sample was evaluated for
its genetic activity in the EPA Level 1 Ames assay, directly,
and in the presence of $S9 metabolic activation mix. The test
sample was mutagenic to TA-1537, TA-98 and TA-100 in the activa-
tion and nonactivation assays. The tests indicate that the

test material contains both base-pair and frameshift type muta-
gens. The dose-related mutagenic response was observed at a
minimum concentration of 2.5 pl (or 45.75 ug organics) per
plate with TA-1537 and TA-98 in the activation assays. The

MEC of 45.75 ug/plate, while in the high mutagenicity category,
closely approached the high/moderate boundary. The test
material, therefore, was ranked as having high/moderate (H/M)
borderline mutagenicity using the IERL-EPA Level 1 evaluation
criteria for the Ames Assay!l.

Submitted by: Reviewed by:

Stu
A\

’ h/wvu’_, I ouyies

1rector

D R. Jadghnath Ph.D. Date

; - 2
David J. Brusick, Ph.D. ate

Section Chief, Director,
Submammalian Genetics, Department of Molecular

m Department of Molecular Toxicology
BIONET )

Litton
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II. OBJECTIVE

The objective of this study was to determine the genet]c activity of
A81-~05-030-650 (EA-1 XAD Extract) in the Salmonella/ microsome assay
with and without the addition of mammalian metabolic activation prepara-
tions. The genetic activity of a sample is measured in these assays by
its ability to revert the Salmonella indicator strains from hlst]d]ne
dependence to histidine independence. The degree of genetic activity of
a sample is reflected in the number of revertants that are observed on
the histidine-free medium.
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ITI. TEST MATERIAL

A. Description

The test material was received as a clear, amber-brown solution in
methylene chloride. The sample contained 75.0 milligrams of organic
material in 0.7 ml of methylene chloride. No information on the sampling
parameters (such as the equivalent volume of stack gas represented by

the sample) was provided.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample

was assigned LBI safety number 7163 and LBI assay number 5879. The sample
was stored at +4°C in the dark.

Pretest sample preparation consisted of solvent exchanging the sample

into dimethylsulfoxide (DMSO). The sample was transferred with methylene
chloride rinses into a graduated conical tube. The methylene cholride
was gradually evaporated (50°C under a stream of nitrogen) and DMSO was
sequentially added. The sample was brought to volume in 4.1 ml of DMSO,
giving a sample concentration of 18.3 mg organics per ml DMSO. The sample

was transferred to a glass vial and sealed with a teflon-coated rubber
septum.

Approximately 3.0 ml1 of test material was used for testing in two trials.
Varying aliquots of the test material were added directly to the test
mixtures to give the desired concentration. The amount of sample used
in Trial 1 was 2.9 ml1 and 75 pl was used in Trial 2.
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Iv. MATERIALS

A. Indicator Microorganisms

The Salmonella typhimurium strains used in this assay wgre obtained from
Dr. Bruce Ames, University of California at Berkeley.4-8 The following
four strains were used.

Strain Gene Additional Mutations Mutation Type
Designation Affected Repair LPS R Factor Detected
TA-1535 his G AurB rfa - Base-pair
-_— T substitution
TA-1537 his C Aur B rfa - Frameshift
TA-98 his D AurB rfa  pkMIOl Frameshift
TA-100 his G AurB rfa  pKM1Ol Base-pair
substitution

A11 the above strains have, in addition to the mutation in the histidine
operon, mutation (rfa-) that leads to defective lipopolysaccharide coat,

a deletion that covers genes involved in the synthesis of vitamin biotin
(bio-) and in the repair of ultraviolet (uv) - induced DNA damage (uvrB-).
The rfa- mutation makes the strains more permeable to many large moTecules.
The uvrB- mutation decreases repair of some types of chemically or physi-
cally damaged DNA and thereby enhances the strain's sensitivity to some
mutagenic agents. The resistant transfer factor plasmid (R factor) pKM101
in TA-98 and TA-100 is believed to cause an increase in error-prone DNA
repair that leads to many more mutations for a given dose of most mutagens.®
In addition, plasmid pKM101 confers resistance to the antibiotic ampi-~
cillgn, w?{ch is a convenient marker to detect the presence of plasmid

in the cells.

A1l indicator strains are kept at 4°C on minimal medium plates supplemented
with a trace of biotin and an excess of histidine. In addition, the
plates with plasmid-carrying strains contain ampicillin (25 pg/ml) to
ensure stable maintenance of plasmid pKM101l. New stock culture plates

are made as ofteq as necessary from the frozen master cultures or from
single colony reisolates that were checked for their genotypic character-
istics (his, rfa uvrB, bio) and for the presence of plasmid. For each
experiment, an inoculum from the stock culture plates is grown overnight
at 37°C in nutrient broth (Oxoid CM67) and used.

B. Media

The bacterial strains were cultured in Oxoid Media #2 (Nutrient Broth).
The selective medium was Vogen Bonner Medium E with 2% glucose. 10 The
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overlay agar consisted of 0.6% purified agar with 0.05 mM histidine,
0.05 mM biotin and 0.1M NaCl according to the methods of Ames et al.®

C. Activation System

1. S9 Homogenate

A 9,000 x g supernatant prepared from Sprague-Dawley adult male rat liver
induced by Aroclor 1254 (Ames et al.®) was purchased commercially and
used in these assays.

2. S9 Mix

S9 mix used in these assays consisted of the following components:

Concentration per Milliliter

Components S9 Mix
NADP (sodium salt) 4 umoles
D-glucose~-6-phosphate 5 pmoles
MaCl, 8 umoles
KC1 33 pmoles
Sodium phosphate buffer *

pH 7.4 100 umoles
Organ homogenate from rat

Tiver (S9 fraction) - ' 100 pliters
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V. EXPERIMENTAL DESIGN

A. Dosage Selection

Test strategy and dose selection depend upon sample tyge_aqd sample avail-
ability. The Level 1 manuall recommends solids to be initially tested

at the maximum applicable dose (MAD) of 5 mg per plate and at lower con-
centrations of 2.5, 1, 0.5, 0.1 and 0.05 mg per plate. Liquids are tested
initially at the MAD of 200 ul per plate, and at lower concentrations of
100, 50 and 10 pl per plate. Samples are retested over a narrower range
of concentrations with strains showing positive results initially. Alter-
nate dose are employed if sample size is limiting or at the direction of
the sponsor.

Doses selected for the initial test of sample covered the recommended
dose range for liquid samples. The highest dose was at the MAD level of
200 p1/ml per plate and included three lower dose levels of 100, 50 and
10 p1 per plate. These dose levels corresponded to 3660, 1830, 915, and
183 pg organics per plate. The second trial, using a lower range of
doses, was conducted using dose levels of 5, 2.5 and 1.0 pl per plate.
These doses corresponded to 91.5, 45.75 and 18.3 pg organics per plate.

B. Mutagenicity Testing

The procedure used was based on the paper published by Ames et. al.® and
was performed as follows:

1. Nonactivation Assay

To a sterile 13 x 100 mm test tube placed in a 43°C water bath the fol-
Towing was added in order:

. 2.00 ml1 of 0.6% agar containing 0.05 mM histidine and
0.05 mM biotin.

. 0.01 ml to 0.2 ml of a solution of the test chemical to
give the appropriate dose.

. 0.1 ml to 0.2 m] of indicator organism(s).

. 0.50 ml of 0.2M phosphate buffer, pH 7.4.
This mixture was swirled gently and then poured onto minimal agar plates
(see IV B, Media). After the top agar had set, the plates were incubated

at 37°C for approximately 2 days. The number of his+ revertant colonies

growing on the plates were counted with an automatic colony counter and
recorded.
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2. Activation Assay

The activation assay was run concurrently with the nonactivation assay.
The only difference was the addition of 0.5 m1 of S9 mix (see IV C, Acti-
vation System) to the tubes in place of 0.5 ml of phosphate buffer which
was added in nonactivation assays. A1l other details were similar to
the procedure for nonactivation assays.

A detailed flow diagram for the plate incorporation assay is provided in
Figure 1.

C. Control Compounds

A negative control consisting of the solvent used for the test material
was also assayed concurrently with the test material. For negative con-
trols, step 'b' of Nonactivation Assays was replaced by 0.05 ml of the
solvent. The negative controls were employed for each indicator strain
and were performed in the absence and presence of S9 mix. The solvent
used to prepare the stock solution of the test material is given in the
Results section of this report. A1l dilutions of the test material were
made using this solvent. The amount of solvent used was equal to the
maximum volume used to give the appropriate test dose.

Specific positive control compounds known to revert each strain were also
used and assayed concurrently with the test material.. The concentrations
and specificities of these compounds to specific strains are given in

the following table:

Concentration
per plate Salmonella
Assay Chemical Solvent (ug) Strains
Nonactivation Sodium azide Water 10.0 TA-1535, TA-100
2-Nitrofluorene Dimethyl- 10.0 TA-98
(NF) sulfoxide
9-aminoacridine Ethanol 50.0 TA-1537
(9AA)
Activation 2-anthramine Dimethyl- 2.5 For all strains
(ANTH) sulfoxide
D. Recording and Presenting Data

The number of colonies on each plate were counted and recorded on printed
forms. These raw data were analyzed in a computer program and reported
on a printout. The results are presented as revertants per plate for
each indicator strain employed in the assay. The positive and solvent
controls are provided as reference points.
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AMES ASSAY [PLATE INCORPORATION METHOD]

Molten [45°C] overiay agar
sppropriately supplemented

Test, positive or solvent
control chemica!

0.1 mi Aliquot of an overnight culture
of bacteria 108 celis/ml)

0.5 ml 0.5 mi $-9 mix [hepstic
- —§-9 +§-9—— homogenate from PCB
pretreated rat plus
necessary cofactors

Aliquot of
saline

Overlay poured on selective
bottom agar medium

{
Plated incubated at 37°C for 48 hours

1
The numbers of revertants/plate counted

Dats snalyzed

Interpretation/Conclusion

Figure 1 AMES SALMONELLA/MICROSOME MUTAGENESIS ASSAY
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VI. RESULTS

A. Interpretations

The test material, A81-05-030-650 (EA-1 XAD extract), in methylene chloride
was solvent exchanged to DMSO and this solvent exchanged material was
tested for its genetic activity in the EPA Level 1 Ames assays. The
organic content, after solvent exchange, was 18.3 mg per ml. Initially,
the test was performed only with TA-98 and TA-100 at four dose levels

from 10.0 pl per plate to 200.0 pl per plate doses due to the limited
quantity of the test sample.

The initial results with TA-98 and TA-100 exhibited positive response at
the lowest dose of 10.0 pl per plate with both strains. The test sample
was toxic to both strains at doses of 50.0 pl and above in the nonactiva-
tion assays. As such, repeat tests were conducted using all the four

Salmonella strains at 1, 2.5 and 5.0 pl/plate in the activation and
nonactivation assays.

The repeat tests conducted on the test sample were positive with TA-1537
and TA-98 in the activation and nonactivation assays and with TA-100 in
the activation assays. The minimum effective concentration that exhibited
the mutagenic response was at 2.5 pl per plate (45.75 pg organics/plate)
in the activation assays with TA-1537 and TA-98. This response, while

in the high mutagenicity category, closely approached the high/moderate
borderline. The test material, therefore, was ranked as having high/
moderate (H/M) mutagenicity using the IERL-EPA Level 1 evaluation criteria
for the Ames Assayl. These tests indicate that the XAD extract of the
test material, A81-05-030-650 (EA-1 XAD extract), contains both base-pair
and frameshift type mutagens.

Solvent control and positive control values were within acceptable ranges.

These results achieved assay acceptance criteria and provided confidence

in the assumptions that the recorded data represented typical responses
to the test material.

B. Tables

This report is based on the data provided in Tables 1 and 2.
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RESULTS . TABLE 1

Ao NAME OR COOE DESIGNATION OF THE TEST COMPOUNL: AB1-05~030-650 (EA-]1 XAD EXTRACT)
B. SOLVWENTZ NONE

C. TEST INITIATION DATES: 10701/81

Da VEST COMPLETION DATE: 10/0%s81

€. $-9 LOTNZ REFOSO

NOTE? CONCENTRATIONS ARE GIVEN IN MICROLITERS FER FLATE

REVERTANTS FER FLATE

L LT Y P P Y P P Y P R P R YR R P R P Y LY L Y R Y L T T T L )

TEST SPECIES TISSUE TA-98 TA-100
1 2 3 1 2 3
NONACTIVATION
SOLVENT CONTROL Rl e 30 30 124 128
POSITIVE CONTROLa® «=o e 760 B1A 1192 1362
TEST COMPOUND
10.00 UL own - 93 119 303 249
€0.,00 UL - -m- [ 0 0 1]
100.00 uL Lol - 0 0 0 1]
200,00 uL —— == 1] 0 ] 0
ACTIVATION
SOLVENY CONTROL RATY LIVER 38 45 127 132
POSITIVE CONTROLeas RAT LIVER 2036 2074 2145
TEST COMPOUND
10.00 uL RAT LIVER 466 301 397 2458
$0.00 uL RAY LIVER 315 218 11 248
100.00 1] 8 RAT LIVER 185 110 0 0
200,00 UL RAT LIVER 0 0 0 [
[ ¥ 3 [ 3 B
TA-98 2-NITROF LUORENE 10 UG/PLATE TA-98 2~ANTHRAMINE 2.5 UG/PLATE
TA-100 SODIUN A2]10E 10 UG/PLATE TA-100 2~ANTHRAMINE 2.5 UG/PLATE

SOLVENT S0 UL/PLATE
- INDICAVES TEST MAS NOT OONE
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RESULTS

TABLE 2

Ao NAME OR CODE DESIGNATION OF THE TEST COMPOUNC:S

Be. SCLVENT: OMSo

Ce TESY INIVIATION DATES: 10713/81

De TEST COMPLETION DATE: 10/1é€/81

€. $-9 LOTNZ REFOSO .

NCVE: CONCENTRATIONS ARE GIVEN IN WICROLITERS PER  PLATE

REVERTANTS FER

A81-05-03C(~650

(EA-1XAD EXTRACT)

FLATE

TA-98 TA-100

1 2 3 1 2

27 123

22 109
958 1404
933 1370

38 112

s 139

S0 191

a8 917

N 105
1680 2113
17158 1997

62 134

111 1713
170 249

3

- e D D D - D O D D R D D D D W D D S D D D D D D R D D D D D D S D D D D D D S D D D D D D D D D G G AR A R R R W G D S D D e W

TEST SPECIES TISSUE TA-1535 TA-1807
1 2 3 1 é
NONACTIVATION
SOLVENT CONTROL —— = 12 9
SOLVENT CONTROL - ——- 16 9
PCSITIVE CONTROLeS ~=- Sl 158 %6
POSITIVE CONTROLe® === - 1007 220
TESY COMPOUND
1.00 uL —— v-- 14 7
2.50 uL - - 19 12
5400 uL daded ——- 8 28
ACTVIVATION
SOLVENT CONTROL RAT LIVER 8 6
SOLVENT CONTROL RAT LIVER 11 ?
POSITIVE CONTROLeee RAT LIVER 391 431
POSITIVE CONTROL#as RAT LIVER 351 416
TEST COMPCUND
1.00 uL RAY LIVER 10 15
2.50 uL RAT LIVER 11 27
S5.00 uL RAT LIVER 13 46
[ N ]
TA-1€35 SODIUM AZIDE 10 UG/PLATE
TA-1€37 9-AMINOACRIOINE S0 UG/PLATE
TA-98 2-NITROFLUORENE 10 UG/PLATE
TA-100 SODIUN AZ21DE 10 UG/PLATE
SOLVENT S0 UL/PLATE

- INDICATES TEST WAS NOT DONE

LXK}

TA-1535 2-ANTHRAMINE
TA-1537 2<-ANTHRANINE
TA-98 2=-ANTHRANMINE
TA-100 2-ANTHRANINE

25 UG/PLATE
25 UG/PLATE
25 UG/PLATE
245 UG/PLATE



VII. ASSAY ACCEPTANCE AND EVALUATION CRITERIA

Statistical methods are not currently used, and evaluation is based on
the criteria included in this protocol.

Plate test data consists of direct revertant colony counts obtained from
a set of selective agar plates seeded with populations of mutant cells
suspended in a semisolid overlay. Because the test material and the
cells are incubated in the overlay for approximately 2 days qnd a few
cell divisions occur during the incubation period, the test is semiquanti-
tative in nature. Although these features of the assay reduce the quanti-
tation of results, they provide certain advantages not contained in a
quantitative suspension test:

. The small number of cell divisions permits potential
mutagens to act on replication DNA, which is often more
sensitive than nonreplicating DNA.

. The combined incubation of the test article and the cells
in the overlay permits constant exposure of the indicator
cells for approximately 2 days.

A. Surviving Populations

Plate test procedures do not permit exact quantitation of the number of
cells surviving chemical treatment. At low concentrations of the test
material, the surviving population on the treatment plates is essentially
the same as that on the negative control plate. At high concentrations,

. the surviving population is usually reduced by some fraction. Our protocol
will normally employ several doses ranging over two or three log concen-
trations, the highest of these doses being selected to show slight toxicity
as determined by subjective criteria.

B. Dose-Response Phenomena

The demonstration of dose-related increased in mutant counts is an impor-
tant criterion in establishing metagenicity. A factor that might modify
dose-response results for a mutagen would be the selection of doses that
are too low (usually mutagenicity and toxicity are related). If the
highest dose is far lower than a toxic concentration, no increases may
be observed over the dose range selected. Conversely, if the lowest
dose emp]gyed is highly cytotoxic, the test material may kill any mutants
that are induced, and the test material will not appear to be mutagenic.

C. Control Tests

Positive.and negatjve contrg] assays were conducted with each experiment
and consisted of direct-acting mutagens for nonactivation assays and
mutagens that require metabolic biotransformation in activation assays.
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Negative controls consisted of the test material solvent in the overlay
agar together with the other essential components. The negative control
plate for each strain gave a reference point to which the test data was
compared. The positive control assay was conducted to demonstrate that
the test systems were functional with known mutagens.

The following normal range of revertants for solvent controls are generally
considered acceptable.

TA-1535: 8-30

TA-1537: 4-30 .

TA-98: 20-75

TA-100: 80-250

D. Evaluation Criteria for Ames Assay

Because the procedures to be used to evaluate the mutagenicity of the

test material are semiquantitative, the criteria to be used to determine
positive effects are inherently subjective and are based primarily on a
historical data base. Most data sets will be evaluated using the following
criteria.

1. Strains TA-1535 and TA-1537

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to three times the solvent control value will
be considered to be mutagenic.

2. Strains TA-98 and TA-100

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to twice the solvent control value for TA-98
and TA-100 will be considered to be mutagenic.

3. Pattern

‘Because TA-1535 and TA-100 are both derived from the same parental strain
(G-46), to some extent there is a built-in redundancy in the microbial
assay. In general, the two strains of a set respond to the same mutagen
and such a pattern is sought. Generally, if a strain responds to a mutagen
in nonactivation tests, it will do so in activation tests.

4, Reproducibility

If a test material produces a response in a single test that cannot be
reproduced in additional runs, the initial positive test data lose signi-
ficance.

The preceding criteria are not absolute, and other extenuating factors

may enter into a final evaluation decision. However, these criteria

will be applied to the majority of situations and are presented to aid

those individuals not familar with this procedure. As the data base is

increased, the criteria forsfzaluation can be more firmly established.
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E. Relation Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Salmonella/Microsome Plate Assay is
not a definitive test for chemical carcinogens. It is recognized, however,
that correlative and functional relations have been demonstrated bgtween
these two endpoints. The results of comparative tests on 300 chemicals

by McCann et al.? show an extremely good correlation betweeq results of
microbial mutagenesis tests and in vivo rodent carcinogenesis assays.

A11 evaluations and interpretation of the data to be presented in the
final report will be based only on the demonstration, or lack, of muta-
genic activity.

F. Criteria for Ranking Samples in the Ames Assay

The goal of EPA Level 1 Ames testing is to rank source streams by relative
degree of genetic toxicity (mutagenicity). Samples are first identified
as mutagenic or nonmutagenic by the criteria in Section D above and

then ranked using the mutagenicity categories presented in the table
below. The lowest concentration giving a positive response in any strain,
with or without metabolic activation, is identified as the minimum effec-
tive concentration (MEC) for that sample. The mutagenicity of the sample
is evaluated as high (H), moderate (M), low (L), or nondetectable (ND)
according to the evaluation criteria developed in the Level 1 manuall

and summarized below. Samples with no detectable activity at the maximum
applicable dose (MAD) are ranked nondetectable (ND). -

Ames Assay Mutagenicity Ranking Criterial

Mutagenic Solids Liquidsa
Activity (MEC in pg/plate) (MEC in p1/plate)
High (H) <50 <2
Moderate (M) 50-500 2-20
Low (L) 500-5000 20-200
Not Detectable (ND) >5000 >200

a . . .
Concentration of organic extracts is based upon organic content (ug

grg:n;cs per plate) and not volume (ul extract per plate) of sample
ested.

:B 5-184 .
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the Chinese
hamster ovary cell (CHO) clonal toxicity assay as described in "IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests" (1).
The data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting" (2).

The CHO clonal toxicity assay has been shown to be a sensitive method for
detecting cytotoxic activity for a variety of chemicals representing
various chemical classes (3). This assay is one of several recommended
by EPA to identify, categorize and rank the pollutant potential of
influent and effluent streams from industrial and energy-producing
processes. This assay has been well validated with a wide range of posi-
tive and negative control chemicals and complex environmental samples.

A11 procedures and documents pertaining to the receipt, storage, prepa-
ration,. testing and evaluation of the test material shall conform to
Litton Bionetics, Inc. standard operating procedures and the Good
Laboratory Practices Regulations of 1979. Deviations from standard
procedure shall be fully documented and noted in the report.

A11 test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw

" data will be supplied to the sponsor upon request.
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I.  ASSAY SUMMARY

A.  SPONSOR: Acurex Corporation

B.  MATERIAL (TEST COMPOUND): GENETICS ASSAY NUMBER: 5879
1. Identification: A81-05-030-650 (EA-1 XAD Extract)
2. Date Received: August 26, 1981
3. Physical Description: Clear, amber-brown liquid

C. TYPE OF ASSAY: Rodent Cell (CHO) Clonal Toxicity Assay

D.  ASSAY DESIGN NUMBER: 442

E.  STUDY DATES:
1. Initiation: September 23, 1981
2. Completion: November 24, 1981

F.  SUPERVISORY PERSONNEL:
1. Study Director: Brian C. Myhr, Ph.D.
2. Laboratory Supervisor: Robert Young, M.S.

G.  EVALUATION:
The test material was assayed, as a DMSO extract, over the concen-
tration range of 0.01 pl1/ml to 20 p1/ml. A very sharp increase in
toxicity occurred in the vicinity of 0.1 pl/ml1 in the course of two
trials. The ECgo was estimated to be 0.1 pul/ml, which was equivalent
to 1.8 pg of organics/ml. Although the exact position of the ECsp
appeared to vary between the two trials, the values remained in the

high (H) toxicity category defined by the evaluation criteria for
the IERL-EPA Level 1 CHO Clonal Toxicity Assay?.

Submitted by: Reviewed by:
Study Director

@M Mﬁaﬁé; (/2Y/8] O
rian Myhr, .D. ate avid J.

~ Wkl
rusick, .0. ate
Associate Director, Director,
Department of Molecular Department of Molecular
Toxicology Toxicology
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I1. OBJECTIVE

The objective of this study was to determine and rank the cytotoxicity
of A81-05-030-650 (EA-1 XAD extract) to cultured Chinese hamster cells
(CHO-K1 cell 1ine). The measure of cytotoxicity was the reduction in
colony-forming ability after a 24-hour exposure to the test material.
After a period of recovery and growth, the number of colonies that
developed in the treated cultures was compared to the colony number in
unexposed vehicle control cultures. The concentration of test materia)
that reduced the colony number by 50% was estimated graphically and
referred to as the EC50 value. Standard EPA Level 1 toxicity evaluation
criteria for the CHO clonal toxicity assay were used to rank the toxicity
potential of the test material.

m 5-190
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I1I. TEST MATERIAL

A. Description

The test material was received as a clear, amber-brown solution in
methylene chloride. The sample contained 75.0 milligrams of organic
material in 0.7 ml of methylene chloride. No information on the sampling
parameters (such as the equivalent volume of stack gas represented by

the sample) was provided.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample
was ‘assigned LBI safety number 7163 and LBI assay number 5879. The sample
was stored at +4°C in the dark.

Pretest sample preparation consisted of solvent-exchanging the sample

into dimethylsulfoxide (DMS0). The sample was transferred with methylene
chioride rinses into a graduated conical tube. The methylene chloride

was gradually evaporated (50°C under a stream of nitrogen) and DMSO was
sequentially added. The sample was brought to volume in 4.1 ml of DMSO,
giving a sample concentration of 18.3 mg organics per ml DMSO. The sample
was then transferred to a glass vial and sealed with a teflon-coated rubber
septum.

A total volume of 0.45 ml of test sample was used in the CHO assay. The
maximum concentration of 20 p1/ml was obtained by adding 0.12 m] of sample
to 5.88 ml of F12 medium; this resulted in 2% (v/v) DMSO in the medium
and effectively limited the concentration of test material that could be
assayed. Only two plates were exposed to the high dose in order to con-
serve sample. Another 0.12 ml aliquot of sample was used to prepare the
10 p1/m1 test concentration. An additional 0.21 ml of test sample was
used to prepare a series of dilutions in DMSO from which 1:100 dilutions
into growth medium were performed to obtain the lower assayed concentra-

tions. Thus, except for the 20 p1/ml test concentration, the final DMSO
concentration was constant at 1¥ (v/v).
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Iv. MATERIALS

A. Indicator Cells

The indicator cells for this study were Chinese hamster CHO-K1 cells
(ATCC No. CCL 61) obtained from Flow Laboratories, Inc., Rockville, MD.
This cell type was derived from ovarian tissue and has §pontaneogs]y
transformed to a stable, hypodiploid line of rounded, fibroblastic cells
with unlimited growth potential. Monolayer cultures have a fast doubling
time of 11 to 14 hours, and untreated cells can normally be c]oned with
an efficiency of 80% or greater. Laboratory stock are maintained by
routine serial subpassage. Cells are cultivated in Ham's F-12 nutrient
medium at 37°C in 5 percent CO, with saturated humidity. Stocks are
continually observed macroscopically and microscopically for possible
microbial contamination. Laboratory cultures are periodically checked
by culturing and staining methods for the absence of mycoplasma. contami-
nation. Laboratory cultures are discarded every three months and new
cultures started from mycoplasma-free, long-term frozen cultures.

B. Media

The CHO-K1 cell 1ine has an absolute requirement for proline and therefore
must be maintained in culture medium containing sufficient amounts of

this amino acid. Ham's F12 medium, which contains 3 x 10-4 M L-proline
was used, supplemented with 10% fetal bovine serum, 2mM L-glutamine,

100 units/ml of penicillin, 100 ug/ml of streptomycin, and 0.9 p1/ml of
amphotericin B. A 10X formulation of Ham's F10 js available commercially
and was used for the testing of aqueous test samples in order to avoid

the dilution of medium components. This medium contains 1 x 10-% L-proline
and was supplemented in the same manner as F12, except that kanamycin at
40 pg/ml is included for additional protection against bacterial contami-
nation. Both media formulations support the growth and cloning of CHO
cells equally well.

C. Controls

The negative control consisted of three untreated cultures carried through
the same experimental time period as the treated cells. Since the test
material was tested as a solution in an organic vehicle (DMSO) and was
diluted into the medium to provide each test concentration, two sets of
vehicle control cultures containing the organic solvent at 1% and 2% by
volume were prepared in triplicate.

The average number of colonies in the negative control established the
c1oq1ng efficiency of the CHO cells used in the assay, and the appropriate
vehicle controls provided the reference points for determining the effects
of different concentrations of the test material on cell survival.
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V. EXPERIMENTAL DESIGN

A. Dose Selection

Unless the approximate toxicity is already known or the sample size is
limiting, the following dose ranges are usually tested for different
sample forms. Aqueous samples, suspensions, or slurries are tested from
600 p1/m1 to 3 pl/ml, usually in six dose steps. Eight doses are often
used when the amount of test sample is limited to provide a more precise
description of toxicity in the event of sharp dose-response curves. Dry,
particulate material is dissolved or suspended in OMSO, diluted into
growth medium, and tested at six dose levels from 1000 pg/ml to 3 pg/ml.
Samples that are solvent-exchanged into DMSO are tested from 20 ul/ml
(2% DMSO in growth medium) to 0.2 p1/ml, also in six dose steps. A
second dose study is performed with an adjusted dose range if the ECS0
was not located properly in the initial test. However, EC50 values
greater than 1000 ug/ml for particulate material, 600 pl/ml for aqueous
samples, or 20 ul/ml for organic solutions will not be determined.

This sample, A81-05-030-650 (EA-1 XAD extract), was tested at eight dose
levels. The concentrations started with the maximum applicable dose (MAD)
of 20 p1/ml and included 10, 6, 3, 1, 0.6, 0.3, and 0.1 p1/ml. The
corresponding concentration of organics at the MAD level was 366 pg/ml;
the lower doses were equivalent to 183, 109.8, 54.9, 18.3, 11.0, 5.5, and
1.8 pg of organics/ml. _

B. Clonal Toxicity Assay

Cells from monolayer stock cultures in logarithmic growth phase were tryp-
sinized with 0.1% trypsin plus 0.01% versene for 4 minutes and the density
of the resulting cell suspension determined by hemocytometer. A number

of 60-mm culture dishes were then seeded with 200 cells and 4 ml of culture
medium per dish. The cultures were incubated for approximately 6 hours

at 37°C in a humidified atmosphere containing 5% C0O, to allow attachment

of the cells. The 6-hour attachment period was used in order to avoid

cell division and the subsequent formation of two-cell colonies prior to
treatment. .

The medium was aspirated from the cultures and 4 m) medium containing

the test material applied. Three cultures were exposed to each test con-
centration. After an exposure time of 24 hours at 37°C, the medium was
removed by aspiration and each culture washed three times with approxi-
mately 4 ml aliquots of Dulbecco's phosphate buffered saline (pre-warmed
to 37°C). Fresh culture medium (5 ml) was placed in each dish and incuba-
tion at 37°C is continued for an additional 6 days to allow colony develop-
ment.

The test material caused a color change in the culture medium, the pH of
the medium containing the high dose would be determined at the time of
treatment. The pH at the lowest dose that results in a slight color change
would also recorded. At the end of the treatment period, the pH values

of the discarded media from the two described treatments would be recorded
again. No sample related pH effects were noted.
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After the incubation period, the medium was drained from the cultures
and the surviving colonies fixed with 100% ethanol and stained with
Giemsa. Colonies were counted by eye; tiny colonies of approximately
50 cells or less were arbitrarily excluded from the counts.
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VI.

ASSAY ACCEPTANCE CRITERIA

The assay is considered acceptable for evaluation of the test results if
the following criteria are met:

[B BIONETICS
Litton

The average cloning efficiency of the CHO-K1 cells in the
negative controls is 70% or greater, but not exceeding
115%. : )

The distribution of colonies in the treated cultures is
generally uniform over the surface of the culture dish.

The data points for each test concentration critical to
the location of the EC50 are the averages .of at least two
treated cultures.

A sufficient number of test concentrations are available
to clearly locate the EC50 within a toxicity region as
defined under Assay Evaluation Criteria.

If the EC50 value is greater than 1000 pg/ml, 600 pliters
of aqueous sample/ml, or 20 pliters of nonaqueous sample/ml,

the plotted curve does not exceed 110% of the negative
control.
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VII. RESULTS

A. Interpretation

The test material, A81-05-030-650 (EA-1 XAD extract), was highly toxic

to the CHO cells in the first trial. As shown in Table 1, only ;he Tow
dose of 0.1 p1/ml resulted in any surviving colonies (15.6% survival).
These results indicated that the ECgo was less than 0.1 p1/ml or 1.8 pg
of organics/ml. Since ECgo values below 10 pg/ml are in the high toxicity
region defined for the IERL-EPA CHO clonal toxicity bioassay!, the test
material was clearly categorized as having high (H) toxicity to CHO cells.

A very small amount of the test material was available for a second trial,
so an attempt was made to locate the ECsg. Concentrations from 0.01 pl/ml
to 0.3 p1/ml were tested, and the results are presented in Table 2.

Also, the relative survivals were plotted along with the results from

the first trial in Figure 1. A comparison of the two trials indicated
that the ECso had shifted to a value greater than 0.1 pl1/ml in the second
trial. The survival curve was very sharp. It is not unusual for sharp
curves to shift between trials, so the results were analyzed by considering
a curve that appeared to be intermediate between the two tirals (dashed
Tine in Figure 1). Thus, a sharp break in survival was estimated to be
centered, on the average, at an ECsq of 0.1 pl/ml (1.8 pg organics/ml).
Individual trials might yield values ranging from 0.06 to 0.16 ul/ml

(1.1 to 2.9 pg orgaincs/ml). .

The cells used for the assay were in logarithmic growth phase and were
greater than 98 percent viable for both trials. About 73 percent of the
seeded cells in trial 1 and 77 percent of the seeded celils in trial 2
were able to form colonies as shown by the negative control results.
Colony growth was normal and well distributed on the culture dishes.

The combined results were considered to achieve assay acceptance criteria
and provided confidence in the assumption that the recorded data repre-
sented typical responses to the test material.

B. Tables and Figures

This report is based on the data provided in Tables 1 and 2 and Figure 1.
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TABLE 1
RODENT CELL (CHO) CLONAL TOXICITY ASSAY

Sample Identity: A81-05-030-650 EC50 Value: <1.8 pg/ml
(EA-1 XAD Extract) Toxicity
.Classification: High

Description of Sample: Clear,

pH Alterations: None

amber-brown liquid

Comments on
LBI Assay No.: 5879 Treatment: Sample prepared in DMSO

Date Received: _August 26, 1981 at a concentration of 18.3 ug

Test Date: September 28, 1981 (Trial 1) organics/pl

Vehicle: _DMSO

Cell Type:  CHO-K1

Cells Seeded per Dish: 200

COLONY COUNTS

Applied : Relative Cloning
Concentration Dish Dish Dish Average Survival Efficiency

Sample pl/ml #1 #2 #3 Count
e --- 146 152 140 146.0 - 73.0
vC, 1% 10 143 125 155 141.0 100.0 70.5
vC, 2% 20 112 110 121 114.3 100.0 57.2
TEST 0.1 21 26 19 22.0 15.6
TEST 0.3 0 0 0 0 0
TEST 0.6 0 0 0 0 0
TEST 1.0 0 0 0 0 0
TEST 3.0 0 0 0 0 0
TEST 6.0 0 0 0 0 0
TEST 10.0 0 0 0, 0 0
TEST 20.0 0 0 S 0 0

a
b
c
d

Relative to 2% VC for 20 pl/ml treatment and to 1% VC for other treatments.
NC = Negative Control, Fi, medium.

VC = Vehicle Control, percent DMSO given.

Only two plates dosed to conserve limited test material.
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TABLE 2
RODENT CELL (CHO) CLONAL TOXICITY ASSAY

Estimated
Sample Identity: A81-05-030-650 EC50 Value: 0.1 p1/ml (1.8 pg
(EA-1 XAD Extract) organics /ml)
Description of Sample: C(lear, amber Toxicity .

Classification: High
brown liquid

pH Alterations: None
LBI Assay No.: 5879

Comments on )
Date Received: August 26, 1981 Treatment: Sample prepared in DMSO
Test Date: November 17, 1981 in DMSO at a concentration of
(Trial 2) 18.3 pg organics/ul

Vehicle: F12 Medium

Cell Type: CHO-K1

Cells Seeded per Dish: 200
CLONAL TOXICITY DATA

Applied Relative Cloning
Concentration Dish Dish Dish Average Survival Efficiency
Sample p1/ml #1  #2 #3 Count
NeP --- 141 155 167 154.3 100.0 77.2
TEST 0.01 154 155 144 151.0 97.9
TEST 0.02 130 137 138 135.0 87.5
TEST 0.04 140 135 139 138.0 89.4
TEST 0.06 137 136 133 135.3 87.7
TEST 0.08 141 130 131 134.0 86.8
TEST 0.1 134 125 127 128.7 83.4
TEST 0.3 10 6 8 8.0 5.2

gRe1ative to F12 negative control for all treatments.

NC: = Negative Control, F12 medium.
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FIGURE 1
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VIII. ASSAY EVALUATION CRITERIA

The EC50 value represents the concentrations of test material that reduces
the colony-forming ability of CHO cells to 50% of the vehicle or negative
control value. EC50 values are determined graphically by fitting a curve
by eye through relative survival data plotted as a function of the loga-
rithm of the applied concentration. Each data point normally represents
the average of three culture dishes. In order to indicate the variability
of the data, the high and low colony counts for each concentration are
used to calculate the relative survivals, and the range is shown by a

bar at the position of the plotted average. If no bar is shown, the
variability was within the size of the symbol. Statistical analysis is
unnecessary in most cases for evaluation.

The toxicity of the test material is evaluated as high, moderate, low,
or nondetectable according to the range of EC50 values defined in the
following table.

h
Solids Aqueous Liquids Nonaqueous Liquids™
Toxicity?  (ECso in pg/ml)  (ECso in u1/ml) (ECso in p1/ml)
High <10 <6 <0.2
Moderate 10 to 100 6 to 60 0.2-2
Low 100 to 1000 60 to 600 2-20
Not Detectable >1000 >600 ' >20

3Evaluation criteria formulated by Litton Bionetics, Inc. for IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological lests.

bCriteria for nonaqueous liquids are tentative and under evaluation.
If the organic or solids content is known, the sample is evaluated under
the solids criteria.

Another evaluation scheme is proposed for extracts obtained from SASS
train gas volumes. The proportion of the total gas volume corresponding
to the volume of extract used in the bioassay is calculated and expressed
as L/ml of culture medium (or DSCF/ml of culture medium). A criterion

of 1000 L/ml1 is set as the 1imit for nondetectable toxicity. This gas
volume corresponds to the average volume breathed by humans over a 2-hour
period. The subsequent toxicity ranges are defined by 10-fold dilution
steps to conform to standard procedure. The toxicity ranges are defined
in the following table for liter and dry standard cubic feet units:

L. . ECsa In TCso In
Toxicity Liters/ml (L/ml) Dry Standard Cubic Feet/ml (DSCF/ml)
High <10 <0.35 DSCF
Moderate 10-100 0.35-3.5
Low 100-1000 3.5-35
Nondetectable >1000 >35
5-200
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the Ames
Salmonella/microsome mutagenesis assay as described in "IERL-RTP Proce-
dures Manual: Level 1 Environmental Assessment Biological Tests"!. The
data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting"2.

The Ames Salmonella/microsome mutagenesis assay has been shown to be a
sensitive method for detecting mutagenic activity for a variety of chemi-
cals representing various chemical classes3. This assay is one of several
recommended by EPA to identify, categorize and rank the pollutant potential
of influent and effluent streams from industrial and energy-producing pro-
cesses. This assay has been well validated with a wide range of positive
and negative control chemicals and complex environmental samples.

A1l procedures and documents pertaining to the receipt, storage, prepa-
ration, testing and evaluation of the test material shall conform to
Litton Bionetics, Inc. standard operating procedures and the Good Labora-
tory Practices Regulations of 1979. Deviations from standard procedure
shall be fully documented and noted in the report.

A11 test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.

5-203

EB BIONETICS
Litton



II.
I1I.

Iv.

VI.

VII.

VIII.

EB BIONETICS

Litton

TABLE OF CONTENTS

PREFACE . . . . & v v v v v o e e e e e e e e e e e e
ASSAY SUMMARY . . . . . & v v« o e e e e e e e e e e
OBJECTIVE . . . . . . . « v v v o o o EEEERECEREREEN
TEST MATERIAL . . . . . . .« v v o v v e e o e e e e
A. Description . . . . . . . . . e e
B. Handling and Preparation . . . . . . . . . . . . .
MATERIALS . . . . . . & v v o vt vt e e e e e e
A. Indicator Microorganisms . . . . . . . . . .o e
B. Media . . . . . . . . o oo i e e e
C. Activation System . . . . . . . . . .. ..

1. S9 Homogenate . . . . . : . . . . .« . . ..

2. SOMiX . . ... e e e e e e e e
EXPERIMENTAL DESIGN . . . . . . . . . « . « .+ o« ..
A. Dose Selection . . . . . . . . . . .. ..
B. Mutagenicity Test . . . . . . . .. . .. . ...

1. Nonactivation Assay . . . . . . . . . . . ..

2. Activation Assay . . . . . . . . .. ...
C. Control Compounds . . . . . . . . . . .. . ...
D. Recording and Presenting Data . . . . . . . . ..
RESULTS . . . . . o o o e e e e s e e e e e e e e e
A. Interpretation . . . . . . . . . .. ..o L.
B. Tables . . . . . . . . . . ... ...

oSO >

oooooooooooooooooooo

Surviving Populations . . . . . . . .. . . ...
Dose-Response Phenomena
Control Tests

Evaluation Criteria for Ames Assay . . . . . . . .
1. Strains TA-1535 and TA-1537 . . . . . . . . .
2. Strains TA-98 and TA-100 . . . . . . . . . .
3. Pattern

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

4.  Reproducibility . . . . . . . . ... . ...
Relation Between Mutagenicity and

Carcinogenicity . . . . . . . . . . . ... ..
Criteria for Ranking Samples in the Ames Assay .

REFERENCES

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

w

(Ve Vo) w0 SNSNOYOYOYOD (=] [S NS NI > ww

ii



I.  ASSAY SUMMARY

A.  Sponsor: Acurex Corporation

B. Material (Test Compound): Genetics Assay Number: 5886

1. Identification: A81-05-030-662 (EA-1 Flyash)
2. Date Received: August 26, 1981
3. Physical Description: Black and gray particles

C. Type of Assay: EPA Level 1 Ames Salmonella/Microsome Plate Test

D. Assay Design Number: 401 (EPA Level 1)

E. Study Dates:
1. Initiation: September 23, 1981

2. Completion: September 28, 1981

F. Supervisory Personnel:

A. Study Director: D.R. Jagannath, Ph.D.
G. Evaluation:

The test material, '‘A81-05-030-662 (EA-1 flyash), was evaluated
for its genetic activity in the EPA Level 1 Ames Salmonella
assay directly and in the presence of a metabolic activation
system. The test material was preincubated in dimethylsulfoxide
at 37°C overnight in a rotary shaker before testing. Testing
was conducted over a concentration range of 0.05 mg/plate to

5.0 mg/plate. The test was performed in duplicate under non-
activation and activation test conditions with strains TA-1535,
TA-1537, TA-98, and TA-100.

The results of the nonactivation and activation assays were
negative. Based on the mutagenicity results, the mutagenic
activity of the test material was ranked as nondetectable (ND)
according to the EPA Level 1 evaluation criteria for the Ames

Assay!.
Submitted by: Reviewed by:
Studxi?jrector —

DA egpmandn 1y A 4 g
D.R. Jagannath, Ph.D. Date David J. Brusick, Ph.D. Date
Section Chief, Director,

Submammalian Genetics, Department of Molecular
Department of Molecular Toxicology
Toxicology
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I1. OBJECTIVE

The objective of this study was to determine the genetic activity of
A81-05-030-662 (EA-1 flyash) in the Salmonella/ microsome assay with and
without the addition of mammalian metabolic activation preparations.

The genetic activity of a sample is measured in these assays by its ability
to revert the Salmonella indicator strains from histidine dependence to
histidine independence. The degree of genetic activity of a sample is
reflected in the number of revertants that are observed on the histidine-
free medium.

5~206
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ITI. TEST MATERIAL

A. Description

The test material was received as black and gray particles (15 gm) and
was used without further preparation. No information on actual particle
size distribution or on sampling parameters was received.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample
was assigned LBI safety number 7170 and LBI assay number 5886. The
sample was stored at +4°C in the dark.

A total of 313.08 mg of test material was weighed and suspended in 3.13 m]
of dimethylsulfoxide. The sample formed an opaque suspension that settled
upon standing. The suspension was incubated at 37°C on a shaker overnight
to help leach material out of the particulates. Serial dilutions were
made in DMSO such that 50 pl1 aliquots of each dilution give the desired

concentration. The suspension was well mixed when aliquots were removed
for dosing.

[E BIONETICS 5-207
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Iv. MATERIALS

A. Indicator Microorganisms

The Salmonella typhimurium strains used in this assay were obtained from
Dr. Bruce Ames, University of California at Berkeley.4-2 The following
four strains were used.

Strain Gene Additional Mutations Mutation Type
Designation Affected Repair LPS R Factor Detected
TA-1535 - his G AurB rfa - Base-pair
- T substitution
TA-1537 his € AurB rfa - Frameshift
TA-98 his D AurB rfa  pKMIOl1 Frameshift
TA-100 his G Aur B rfa  pkMIOL Base-pair
T substitution

A11 the above strains have, in addition to the mutation in the histidine
operon, mutation (rfa-) that leads to defective lipopolysaccharide coat,

a deletion that covers genes involved in the synthesis of vitamin biotin
(bio-) and in the repair of ultraviolet (uv) - induced DNA damage (uvrg-).
The rfa- mutation makes the strains more permeable to many large moTecules.
The uvrB- mutation decreases repair of some types of chemically or physi-
cally damaged DNA and thereby enhances the strain's sensitivity to some
mutagenic agents. The resistant transfer factor plasmid (R factor) pKM101
in TA-98 and TA-100 is believed to cause an increase in error-prone DNA
repair that leads to many more mutations for a given dose of most mutagens.®
In addition, plasmid pKM10l confers resistance to the antibiotic ampi-
gillgn, w?;ch is a convenient marker to detect the presence of plasmid

in the cells.

A1l indicator strains are kept at 4°C on minimal medium plates supplemented
with a trace of biotin and an excess of histidine. 1In addition, the
plates with plasmid-carrying strains contain ampicillin (25 pg/ml1) to .
ensure stable maintenance of plasmid pkKM101. New stock culture plates

are made as often as necessary from the frozen master cultures or from
single colony reisolates that were checked for their genotypic character-
istics (his, rfa uvrB, bio) and for the presence of plasmid. For each
experiment, an inoculum from the stock culture plates is grown overnight
at 37°C in nutrient broth {Oxoid CM67) and used.

B. Media

The bacterial strains were cultured in Oxoid Media #2 (Nutrient Broth).
The selective medium was Vogen Bonner Medium E with 2% glucose. 10 The

5-208
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overlay agar consisted of 0.6% purified agar with 0.05 mM histidine,
0.05 mM biotin and 0.1M NaCl according to the methods of Ames et al.®

C. Activation System

1. $9 Homogenate

A 9,000 x g supernatant prepared from Sprague-Dawley adult male rat Tiver
induced by Aroclor 1254 (Ames et al.®) was purchased commercially and
used in these assays.

2. S9 Mix

$9 mix used in these assays consisted of the following components:

Concentration per Milliliter

Components S9 Mix
NADP (sodium salt) 4 umoles
D~glucose-6-phosphate 5 pmoles
MgCl, 8 pmoles
KC1 33 pmoles
Sodium phosphate buffer 3}

pH 7.4 100 pmoles
Organ homogenate from rat

liver (SS9 fraction) 100 pliters
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V. EXPERIMENTAL DESIGN

A. Dosage Selection

Test strategy and dose selection depend upon.samp1e type.aqd sample avail-
ability. The Level 1 manuall! recommends solids to be initially tested

at the maximum applicable dose (MAD) of 5 mg per plate anq a? lower con-
centrations of 2.5, 1, 0.5, 0.1 and 0.05 mg per plate. Liquids are tested
initially at the MAD of 200 pl per plate, and at lower concentrations of
100, 50 and 10 p1 per plate. Samples are retested over a narrower range
of concentrations with strains showing positive results 1n1t1§11y.. Alter-
nate dose are employed if sample size is 1imiting or at the direction of
the sponsor.

Doses selected to test this sample covered the recommended dose range
for solids. The highest dose was at the MAD level of 5.0 mg per plate
and included five lower dose levels of 2.5, 1, 0.5, 0.1 and 0.05 mg per
plate.

B. Mutagenicity Testing

The procedure used was based on the paper published by Ames et. al.® and
was performed as follows:

1. Nonactivation Assay

To a sterile 13 x 100 mm test tube placed in a 43°C water bath the fol-
Towing was added in order: )

. 2.00 m1 of 0.6% agar containing 0.05 mM histidine and
0.05 mM biotin.

. 0.05 ml of a suspension of the test chemical to give the
appropriate dose.

0.1 ml to 0.2 m1 of indicator organism(s).
. 0.50 m1 of 0.2M phosphate buffer, pH 7.4.

This mixture was swirled gently and then poured onto minimal agar plates
(see IV B, Med1a).. After the top agar had set, the plates were incubated
at 37°C for approximately 2 days. The number of his+ revertant colonies

growing on the plates were counted with an automatic colony counter and
recorded.

2. Activation Assay

The activa@ion assay was run concurrently with the nonactivation assay.
The'only difference was the addition of 0.5 ml of S9 mix (see IV C, Acti-
vation System) to the tubes in place of 0.5 mil of phosphate buffer which

was added in nonactivation assays. A1l other details were similar to
the procedure for nonactivation assays.

5-210
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A detailed flow diagram for the plate incorporation assay is provided in
Figure 1.

C. Control Compounds

A negative control consisting of the solvent used for the test material
was also assayed concurrently with the test material. For negative con-
trols, step 'b' of Nonactivation Assays was replaced by 0.05 ml of the
solvent. The negative controls were employed for each indicator strain
and were performed in the absence and presence of S9 mix. The solvent
used to prepare the stock solution of the test material is given in the
Results section of this report. All dilutions of the test material were
made using this solvent. The amount of solvent used was equal to the
maximum volume used to give the appropriate test dose.

Specific positive control compounds known to revert each strain were also
used and assayed concurrently with the test material. The concentrations
and specificities of these compounds to specific strains are given in

the following table:

Concentration
per plate Salmonella
Assay Chemical Solvent (0g) Strains
Nonactivation Sodium azide Water 10.0 TA-1535, TA-100
2-Nitrofluorene Dimethyl- 10.0 TA-98
(NF) sulfoxide -
9-aminoacridine Ethanol 50.0 TA-1537
(9AA)
Activation 2-anthramine Dimethyl- 2.5 For all strains
(ANTH) sulfoxide
D. Recording and Presenting Data

The number of colonies on each plate were counted and recorded on printed
forms. These raw data were analyzed in-a computer program and reported
on a printout. The results are presented as revertants per plate for
each indicator strain employed in the assay. The positive and solvent
controls are provided as reference points.
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AMES ASSAY [PLATE INCORPORATION METHOD)]

Molten [45°C] overlay agar
sppropriately suppliemented

Test, positive or solvent
control chemica!

0.1 mi Aliquot of an overnight culture
' of bacteria[ 109 celis/mI;
Aliquot of 0.5 ml 0.5 mi $-9 mix [hepatic
"q“ ° —_— 8.9 +8.9— homogenate from PCB
saiine pretreated rat plus
necessary cofactors
Overlay poured on selective
bottom agar medium
Plated incubated at 37°C for 48 hours
The numbers of revertants/plate counted
Data analyzed
interpretation/Conclusion
Figure 1 AMES SALMONELLA/MICROSOME MUTAGENESIS ASSAY
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VI. RESULTS

A. Interpretations

The test material, A81-05-030-662 (EA-1 flyash), was dissolved in DMSO
at a stock concentration of 100 mg/ml and leached overnight on a shaker
at 37°C. Additional dilutions were prepared in DMSO for testing. The
maximum test level was 5.0 mg/plate.

Reverse mutation was measured in strains TA-1535, TA-1537, TA-98 and
TA-100. The test was conducted in duplicate both with and without rat
liver S9 mix for metabolic activation.

There was no mutagenic activity associated with the test material treat-
ment and the sample was considered nonmutagenic and non toxic. The sample
was ranked as having nondetectable (ND) mutagenic activity using the
IERL-EPA Level 1 evaluation criteria for the Ames Assay!l.

Solvent control and positive control values were within acceptab]e.ranges.
These results achieved assay acceptance criteria and provided confidence

in the assumptions that the recorded data represented typical responses
to the test material.

B. Tables

This report is based on the data provided in Table 1..
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25 UG/PLATE
25 UG/PLATE
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RESUL TS TABLE 1
Ao NAME OR CODE DESIGNATION OF THE TEST COMPOUND: A81-05-030-662 (EA-1 FLYASH)
Be SOLVENY: DMSO
C. VEST INITIATION DATES: 09724/81
D. TESY COMPLETION DATE: 09/28/81
€. $-9 LOTN: 5-9-11
NOTE: CONCENTRATIONS ARE GIVEN IN NILLIGRAMS PER PLATE
REVERTANTS PER PLATE
TEST SPFCIES TISSUE TA~153% TA-1537 TA-98 TA-100
1 2 3 ) § 2 ) § 2 1 2
NONACTIVATION
SOLVENT CONTROL -—— - 12 17 9 12 46 38 132 106
POSITIVE CONTROLe s we= - 1676 96l 621 628 745 811} 1308 1359
TEST COMNPOUND
0.050 nG —— - 18 12 7 12 47 27 145 130
0.100 NG o —— 13 14 9 11 32 46 126 137
0.500 NG ——- Eadd 14 15 8 11 44 33 156 166
1.000 N6 - ——- 15 15 L) 12 46 33 133 165
2.500 L] - ——— 14 12 12 14 A7 29 149 1e8
5.000 [ - - 14 15 14 6 4l 53 143 157
ACYIVATION
SOLVENT CONTROL RAT LIVER 17 11 13 8 45 34 101 123
POSIVIVE CONTROLeee RAT LIVER 308 254 339 3r2 1562 1600 2065 1832
TEST COMPOUND
0.050 NG RAT LIVER 7 11 11 8 51 49 138 115
0.100 MG RAT LIVER 7 3 12 13 a4 57 118 127
0.500 L[ RAY LIVER 13 9 13 14 k] (2] 109 126
1.000 MG RAT LIVER 10 7 10 12 43 48 121 128
2.500 M6 RAY LIVER 14 7 13 11 48 41 128 125
5.000 L1 RAY LIVER 10 6 15 20 53 55 143 129
.0 Ty
TA-1535 SOOTUM AZIDE 10 UG/PLATE TA-1535 2-ANTHRAMINE
TA-1537 9-ANINOACRIDINE S0 UG/PLATE TA=1537 2-ANTHRANMINE
TA-98 2-NITROFLUORENE 10 UG/PLATE TA-98 2=-ANTHRAMINE
TaA-100 SODIUM AZIDE 10 UG/PLATE TA=-100 2=ANTHRAMINE

SOLVENY S0 UL/PLATE

25 UG/PLATE



VII. ASSAY ACCEPTANCE AND EVALUATION CRITERIA

Statistical methods are not currently used, and evaluation is based on
the criteria included in this protocol.

Plate test data consists of direct revertant colony counts obtained from
a set of selective agar plates seeded with populations of mutant cells
suspended in a semisolid overlay. Because the test material and the
cells are incubated in the overlay for approximately 2 days and a few
cell divisions occur during the incubation period, the test is semiquanti-
tative in nature. Although these features of the assay reduce the quanti-
tation of results, they provide certain advantages not contained in a
quantitative suspension test:

. The small number of cell divisions permits potential
mutagens to act on replication DNA, which is often more
sensitive than nonreplicating DNA.

. The combined incubation of the test article and the cells
in the overlay permits constant exposure of the indicator
cells for approximately 2 days.

A. Surviving Populations

Plate test procedures do not permit exact quantitation of the number of
cells surviving chemical treatment. At low concentrations of the test
material, the surviving population on the treatment plates is essentially
the same as that on the negative control plate. At high concentrations,
the surviving population is usually reduced by some fraction. Our protoco!
will normally employ several doses ranging over two or three log concen-
trations, the highest of these doses being selected to show slight toxicity
as determined by subjective criteria.

B. Dose-Response Phenomena

The demonstration of dose-related increased in mutant counts is an impor-
tant criterion in establishing metagenicity. A factor that might modify
dose-response results for a mutagen would be the selection of doses that
are too Tow (usually mutagenicity and toxicity are related). If the
highest dose is far lower than a toxic concentration, no increases may

be observed over the dose range selected. Conversely, if the lowest
dose employed is highly cytotoxic, the test material may kill any mutants
that are induced, and the test material will not appear to be mutagenic.

C. Control Tests

Positive and negative control assays were conducted with each experiment
and consisted of direct-acting mutagens for nonactivation assays and
mutagens that require metabolic biotransformation in activation assays.
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Negative controls consisted of the test material solvent in the overlay
agar together with the other essential co@ponents.. The negative control
plate for each strain gave a reference point to which the test data was
compared. The positive control assay was conducted to demonstrate that
the test systems were functional with known mutagens.

The following normal range of revertants for solvent controls are generally
considered acceptable.

TA-1535: 8-30
TA-1537: 4-30
TA-98: 20-75

TA-100:  80-250

D. Evaluation Criteria for Ames Assay

Because the procedures to be used to evaluate the mutagenicity of the
test material are semiquantitative, the criteria to be used to determine

" positive effects are inherently subjective and are based primarily on a
historical data base. Most data sets will be evaluated using the following
criteria.

1. Strains TA-1535 and TA-1537

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to three times the solvent control value will
be considered to be mutagenic.

2. Strains TA-98 and TA-100

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to twice the solvent control value for TA-98
and TA-100 will be considered to be mutagenic.

3. Pattern

Because TA-1535 and TA-100 are both derived from the same parental strain
(G-46), to some extent there is a built-in redundancy in the microbial
assay. In general, the two strains of a set respond to the same mutagen
and such a pattern is sought. Generally, if a strain responds to a mutagen
in nonactivation tests, it will do so in activation tests.

4, Reproducibility

If a test material produces a response in a single test that cannot be

;gproduced in additional runs, the initial positive test data lose signi-
icance.

The precedfng criteria are not absolute, and other extenuating factors
may enter into a final evaluation decision. However, these criteria
will bg app]1ed to the majority of situations and are presented to aid
those individuals not familar with this procedure. As the data base is
increased, the criteria forse%?%uation can be more firmly established.

L-E BIONETICS 12
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E. Relation Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Salmonella/Microsome Plate Assay is
not a definitive test for chemical carcinogens. It is recognized, however,
that correlative and functional relations have been demonstrated between
these two endpoints. The results of comparative tests on 300 chemicals

by McCann et al.4 show an extremely good correlation between results of
microbial mutagenesis tests and in vivo rodent carcinogenesis assays.

A11 evaluations and interpretation of the data to be presented in the
final report will be based only on the demonstration, or lack, of muta-
genic activity.

F. Criteria for Ranking Samples in the Ames Assay

The goal of EPA Level 1 Ames testing is to rank source streams by relative
degree of genetic toxicity (mutagenicity). Samples are first identified
as mutagenic or nonmutagenic by the criteria in Section D above and

then ranked using the mutagenicity categories presented in the table
below. The lowest concentration giving a positive response in any strain,
with or without metabolic activation, is identified as the minimum effec-
tive concentration (MEC) for that sample. The mutagenicity of the sample
is evaluated as high (H), moderate (M), low (L), or nondetectable (ND)
according to the evaluation criteria developed in the Level 1 manuall

and summarized below. Samples with no detectable activity at the maximum
applicable dose (MAD) are ranked nondetectable (ND).

Ames Assay Mutagenicity Ranking Criterial

Mutagenic Solids Liquidsa
Activity (MEC in pg/plate) (MEC in pl1/plate)
High (H) <50 <2
Moderate (M) 50-500 2-20
Low (L) 500-5000 20-200
Not Detectable (ND) >5000 >200

3Concentration of organic extracts is based upon organic content (ug

organics per plate) and not volume (ul extract per plate) of sample
tested.
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PREFACE

This assay conforms to the standard EPA Level 1 procequre for"the rabbit
alveolar macrophage (RAM) cytotoxicity assay as described 1in IERL-RTE
Procedures Manual: Level 1 Environmental Assessment Biological Tegts (l).
The data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting" (2).

The RAM cytotoxicity assay has been shown to be a sensitive method for
detecting cytotoxic activity for a variety of chemicals representing
various chemical classes (3). This assay is one of several recommended

by EPA to identify, categorize and rank the pollutant potential of influent
and effluent streams from industrial and energy-producing processes.

This assay has been well validated with a wide range of positive and
negative control chemicals and complex environmental samples.

A11 procedures and documents pertaining to the receipt, storage, prepara-
tion, testing and evaluation of the test material shall conform to Litton
Bionetics, Inc. standard operating procedures and the Good Laboratory
Practices Regulations of 1979. Deviations from standard procedure shall
be fully documented and noted in the report.

A1l test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.
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1. ASSAY SUMMARY

A. SPONSOR: Acurex Corporation

B. MATERIAL (TEST COMPOUND): GENETICS ASSAY NUMBER: 5886
1. Identification: A81-05-030-662 (EA-1 Flyash)
2. Date Received: August 26, 1981

3. Physical Description: Gray, black powder with small chunks

C. TYPE OF ASSAY: Rabbit Alveolar Macrophage (RAM) Cytotoxicity
Assay

D. ASSAY DESIGN NUMBER: 443

E. STUDY DATES:

1. Initiation: September 23, 1981
2. Completion: October 23, 1981

F. SUPERVISORY PERSONNEL:
1. Study Director: Brian Myhr, Ph.D.
2. Laboratory Supervisor: Robert Young, M.S.

G. EVALUATION:
The test material, after being ground to a fine powder, caused
a dose-related increase in toxicity for applied concentrations
greater than 300 pg/m1. The viability index and ATP content
were the most sensitive assay parameters and both indicated an
ECso near 1000 pg/ml. This result was evaluated as showing

low/nondetectable (L/ND) borderline toxicity for the test

material in the RAM Cytotoxicity Assay, according to the IERL-EPA
Level 1 toxicity categories.

Submitted by:

Study Director

[(Praa YWw(/@ /il

- ) '(it/ !
David J. Brusick, Ph.D. Date '

Brian Myhr, Rh.D. ate
Associate Director, Director,
Department of Molecular Department of Molecular
Toxicology Toxicology
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II. 0BJECTIVE

The objective of this study was to determine and rank the cytotoxicity
of A81-05-030-662 (EA-1 Flyash) to cultured rabbit alveolar macrophage
(RAM) cells. The measure of cytotoxicity was the reduction in cell
viability and adenosine triphosphate (ATP) content of the cultures after
a 29 hour exposure to the test material. At the conclusion of the exposure
period, the number of viable cells and total ATP content in the treated
cultures were compared to the corresponding values in unexposed control
cultures. The concentration of test material that reduced each experi-
mental parameter by 50% was estimated graphically and referred to as the
EC50 value. Standard EPA Level 1 toxicity evaluation criteria for the
RAM cytotoxicity assay were used to rank the toxicity potential of the
test material based upon the most sensitive parameter.
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III. TEST MATERIAL

A. Description

The test material was received as a gray powder containing small, black
particles. The total amount of sample supplied was 15 grams. No informa-
tion on the sampling parameters was provided.

B. Handling and Preparation

The test material was received on August 26, 1981, and was assigned LBI
assay number 5886 and LBI safety number 7170. The sample was stored at
+4°C in the dark.

Approximately 28 mg of the test material was tested as supplied. Then,
on October 1, 1981, the remaining sample was ground in a mortar and pestle
to fine gray powder. Approximately 3.0 grams of the ground sample was
further pulverized on October 8, 1981, to a very fine, gray powder of
which 36 mg was used in the second trial of the assay. For both trials,
the test material was suspended in serum-free EMEM culture medium at a
concentration of 2000 pg/ml and incubated at 37°C on a roller drum for
8 hours. The original material settled quickly on standing, but the
suspension formed from the pulverized powder remained well-dispersed for
dilutions. No pH changes were observed. The suspensions were serially
diluted with EMEM (serum-free) and applied to the cultures at a maximum
concentration of 1000 pg/ml in the presence of 10% serum.
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Iv. MATERIALS
A. Indicator Cells

Both assay trials employed short-term primary cultures of alveolar macro-
phage cells obtained by lung lavage of male New Zealand white rabbits
(2.0-2.5 kg). The rabbits were maintained on Purina Lab Rabbit Chow 5321
and water ad l1ibitum and were examined for the absence of respiratory
illnesses prior to use.

B. Media

The cells were maintained and treated in Eagle's Minimum Essential Medium
(EMEM) with Earle's salts and supplemented with 10% fetal bovine serum
(heat-inactivated), 100 units/ml penicillin, 100 ug/ml streptomycin,

17.6 pg/ml1 kanamycin, and 0.4 pg/ml1 amphotericin B.

C. Negative Controls

The negative control for the first trial consisted of six untreated
cultures carried through the same experimental time period as the treated
cells. Six cultures were used because a large number of cells was obtained
by pooling the yield from two rabbits in order to run two concurrent
assays. Only one animal was used for the second trial, and the usual

three untreated cultures were prepared. The average viability and ATP
content of the negative controls provided the reference points for deter-

mining the effects of different concentrations of the test material on
the assay parameters.
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V. EXPERIMENTAL DESIGN

A. Procurement of Cells

The rabbits were sacrificed by injection of Nembuta1® (60 mg/m1) into the
marginal ear vein, and sterile operating techniques were used to perform

a tracheostomy. Prewarmed normal saline (30 ml1) was then 1@troduced _
into the lungs via a catheter and allowed to stand for 15 minutes. This
lavage fluid was removed and placed into a 50-ml1 sterile centrifuge tube
on ice. Nine additional lavages were similarly performed’and.collected,
except the saline was removed shortly after its introduction into the
lungs. Any lavage fluid containing blood or mucous was discarded. The
lavages were centrifuged at 365 x g for 15 minutes and the cells resus-
pended in cold 0.85% saline. After two washes in saline by centrifugation,
the cell pellets were resuspended in cold EMEM containing 20% serum and
then combined. A cell count was obtained by hemocytometer and the suspen-
sion diluted to between 5 x 105 and 10% cells/ml. Viability was determined
by trypan blue staining and the cells were not used if less than 95%
viable. Also, a differential cell count from Wright-stained smears was
performed to verify that the macrophage content was above 90%.

B. Sample Forms

The usual sample form for application to the cells is a suspension of
particulate material. Solid samples are ground to fine particles and a
weighed portion is suspended in a known volume of EMEM (0% FBS) for about
eight hours to help leach any water-soluble material. Finely-divided
test material may be suspended directly in culture medium without further
grinding. Aqueous liquids, suspensions, or slurries containing less

than 0.5% organic solvent are added by volume to culture medium.

Samples supplied as solutions in organic solvents are usually solvent-
exchanged into DMSO before testing. Original sample volumes may first
be reduced a maximum of 10-fold in a Kuderna-Danish concentrator, and
the concentrative factor is used to convert assayed volumes into equi-
valent original sample volumes in the absence of information about solute
concentration. An aliquot of the reduced volume is exchanged into DMSO
by repeated, partial evaporation under a stream of nitrogen in a warm

w:tg;sgath (50°C); the evaporated volumes are replaced with equal volumes
0 .

Samples adsorbed on XAD-2 resin are extracted with methylene chloride
or acetone in a Soxhlet apparatus for 24 hours. The extract is then
concentrated and solvent-exchanged into DMSO. Alternatively, acetone

extracts can be assayed directly at concentrations up to 2% by volume in
the culture medium. .

Sampleg impregnated on fiber glass or teflon filters are repeatedly soni-
cated in cyclohexane to remove particulates. The resulting cyclohexane
particulate suspension is then evaporated to dryness and the particulates
resuspended in EMEM culture medium at the desired concentration.
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Sponsor-specified handling of sample materials will be fo]1oyed if.the
above procedures are not applicable or a specific procedure is desired.

C. Dose Selection

Unless the approximate toxicity is already known or the sample size is
limiting, the following usual dose ranges are tested for different sample
forms. Dry, particulate material is tested at six dose levels from

1000 pg/m1 to 3 pg/ml. Aqueous samples, suspensions, or slurries are
tested from 600 pl to 3 pl/ml in six dose steps. Samples that are solvent-
exchanged into DMSO are tested from 20 pl/ml (2% DMSO in growth medium)

to 0.2 pl1/ml, also in six dose steps. A second dose study is performed
with an adjusted dose range if the EC50 was not located properly in the
initial test. However, EC50 values greater than 1000 pl/ml1 for particulate
material, 600 pu1/m1 for aqueous samples, or 20 p1/ml1 for organic solutions
will not be determined.

This test material, A81-05-030-662 (EA-1 flyash), was tested as supplied
at 6 dose levels, starting at the maximum applicable dose (MAD) of

1000 pg/m1 and including 600, 300, 100, 60 and 30 pg/m1. The second
trial was performed with only three doses of the finely ground test
material: 1000, 600 and 300 pg/ml.

D. Treatment

A series of 25 cm? culture flasks were prepared, each containing 2.0 m)
of serum-free medium at 37°C and the test material at twice the desired
final concentration. Three flasks were prepared for each test concen-
tration. Aliquots of cell suspension (2 m1) were then added; each flask,
therefore, contained from 1 to 2 x 106 viable cells in a 4-ml volume of
media containing 10% serum. The flasks were placed on a rocker platform
in a 37°C incubator with a humidified atmosphere containing 5% CO,.

After sitting for about 30 minutes, the flasks were slowly rocked for
the remainder of a 20-hour exposure period.

If the test substance causes a color change in the growth medium, the pH
is determined in additional treated flasks. After the exposure period,
the pH of the medium in the experimental flasks is again recorded.

E. Cell Viability Assay

At the end of the treatment period, the medium containing unattached
cells was decanted into a centrifuge tube on ice. The attached cells
were rinsed with 1 m1 of 0.1% trypsin/0.01% versene and then incubated
with 2 m1 of the trypsin/versene solution for about 5 minutes at 37°C.
The trypsinates and decanted media were combined for each culture to
yield a 7-ml cell suspension for subsequent analysis.

A 0.5 ml aliquot of the cell suspension was removed for cell count and

viability determination. The aliquot was combined with 1.0 ml of 0.4%
trypan blue and counted by hemocytometer about 5 to 15 minutes later.
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The total number of cells counted per culture was the sum of the numbers
found in five squares for each chamber of the hemocytometer (1 pl total
volume). The numbers of live (colorless) and dead (blue) cells were
recorded.

F. ATP Assay

ATP was immediately analyzed by extraction of a 0.1-m1 sample of cell
suspension with 0.9 m1 of 90% DMSO. After 2 minutes at room temperature
5.0 m1 cold MOPS buffer (0.01 M morpholinopropane sulfonic acid) at pH 7.4
was added and the extract mixed well and placed on jce.. A11qgots of

10 pl were injected into a cuvette containing a Tuciferin-luciferase
reaction mixture in a DuPont Model 760 Luminescence Biometer. The Biometer
was calibrated daily with standard ATP solutions to provide a direct )
read-out of the ATP content. Each test sample was assayed at least twice
to obtain repeatable readings.
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VI.

ASSAY ACCEPTANCE CRITERIA

The assay will be considered acceptable for evaluation of the test results
if the following criteria are met:

1.

BIONETICS

The macrophage population is 90% or greater of the total nucleated
cells collected by lung lavage.

The percent viability of the macrophages used to initiate the assay
is 95% or greater.

The survival of viable macrophages in the negative control cultures
over the 20 hour treatment priod is 70% or greater.

A sufficient number of data points (for five test concentrations or
less) are available to clearly locate the EC50 of the most sensitive
test parameter within a toxicity region as defined under Assay Eval-
uation Criteria.

The data points critical to the location of the EC50 for the most
sensitive parameter are the averages of at least two treated cultures.

If all the test parameters yield EC50 values greater than 1000 ug/ml,
600 p1/ml1 for aqueous solutions, or 20 u1/ml for organic solutions,
the plotted curves for ATP content and viability index parameters

do not exceed 120% of the negative control.
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VII. RESULTS

A. Interpretation

The original test material, which consisted of many coarse paft1c1es,

did not interact appreciably with the macrophages. As shown 1in T§b1e 1
and Figures 1 and 2, the assay parameters remained near the negative
control values for all tested doses up to 1000 pg/ml. However, when the
test material was pulverized to a fine powder, a toxic response was obser-
ved at concentrations above 300 pg/ml. The results for the fine powder
are presented in Table 2 and Figures 3 and 4. Absolute and re]at1ve
assay parameters are provided in the tables, whereas the relative values
are plotted in the Figures to determine ECso positions.

The viability index (which measures cell survival) and the culture ATP
content usually tend to parallel each other, and an inspection of the
curves in Figures 3 and 4 show this to be the case for the current assay.
Both parameters were essentially equally sensitive and indicated an ECsgq
near 1000 pg/ml. This value is on the borderline between the low (L)

and nondetectable (ND) toxicity categories defined for the IERL-EPA Level 1
RAM assayl. Since the ECso position will shift slightly in either direc-
tion with repeated trials, the toxicity was evaluated as low/nondetectable
(L/ND) borderline. The results from the second trial were considered

more relevant than those from the first trial because the small particle
size allowed ingestion by the macrophages. .

The percent viability assay parameter was unaffected in both trials.

This behavior indicated the cells disrupted soon after ingesting the
particles. The decline in cell count was shown by the decreased viability
index and was probably responsible for the lack of response for the
ATP/10® cells assay parameter.

The macrophages collected for the assays had normal morphology and appeared
to be in a healthy state. The initial viability was approximately 99%

and the survival of viable cells in the negative controls was also about
99% in both trials. The average cellular ATP content (ATP/106 total
-cells) for the negative controls was within the historical range for
acceptable cultures. These results achieved the assay acceptance criteria
and provided confidence in the assumption that the collected data repre-
sented typical responses to the test material.

B. Tables and Figures

Ihiz report is based on the data provided in Tables 1 and 2 and Figures 1
o 4.

5-230
[E BIONETICS 3
Litton



Lee-s

oL

TABLE 1
RABBIT ALVEOLAR MACROPHAGE (RAM) CYTOTOXICITY ASSAY DATA

LBI Assay No.: 5886 (Trial 1, Unground sample) . Initial Cell Viability: 98.8%
Test Material ldentity: AB81-05-030-662 (EA-1 Flyash) Viable Macrophage Seeded/Flask: 2.0 x 10% cells/flask
Test Date: September 23, 1981 Macrophage Population Percentage: >90.0%

Survival of Negative Control

Macrophage Over Treatment Time: 99.1X
Vehicle: EMEM

a Average Values per Culture Flask ATP Per Expressed as Percent of Negative Control
Sample Concentration Viable CelTs %otal Cells ATP b 108 Cells Viability Viability ATP Per
ug/ml 108 Units 108 Units 10%fg 108 fg b 4 Viability Index ATP 108 Cells
(g -=- 2.14 2.16 66.4 30.7 99.1 100.0 100.0 100.0 100.0
TEST 30 2.06 2.08 65.1 31.3 99.0 99.9 96.3 98.0 102.0
TEST 60 2.21 2.25 67.2 29.9 98.2 99.1 103.3 101.2 97.4
TEST 100 2.16 2.20 66.8 30.4 98.2 99.1 100.9 100.6 99.0
TEST 300 1.82 1.84 64.3 34.9 98.9 99.8 85.0 96.8 113.7
TEST 600 2.02 2.03 62.6 30.8 99.5 100.4 94.4 94.3 100.3
TEST 1000 1.95 2.02 60.5 30.0 96.5 97.4 91.1 91.1 97.7
apH change in culture medium: None observed dECSO VALUES:
b pg/ml: >1000 >1000 >1000 >1000
fg = Femtogram (10-!5 gram).
NC = Negative Control, EMEM culture medium.
Ypetermined from data plots in Figures 1 and 2. Toxicity

Classification: Nondetectable
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TABLE 2
RABBIT ALVEOLAR MACROPHAGE (RAM) CYTOTOXICITY ASSAY DATA

LBI Assay No.: 5886 (Trial II, Ground sample)

Test Material Identity: AB1-05-030-662 (EA-1 Flyash)

Test Date: October 22, 1981

Vehicle: EMEM

Initial Cell Viability: 94.4%
Viable Macrophage Seeded/Flask: 1.03 x 10% cells/flask
Macrophage Population Percentage: >90%

Survival of Negative Control
Macrophage Over Treatment Time: 98.9%

a Average Values per Culture Flask ATP Per Expressed as Percent of Negative Control
Sample Concentration Viable Cells Eotal Cells ATP b 108 Cells Viability Viability ATP Per
pg/m) 10% Units 106 Units 10%fg 108 fg ) 4 Viability Index ATP 108 Cells
NC© --- 0.89 0.90 26.1 29.0 98.9 100.0 100.0 100.0 100.0
TEST 300 0.83 0.86 23.1 26.9 N 96.5 97.6 93.3 88.5 92.8
TEST 600 0.72 0.74 19.9 26.9 97.3 98.4 80.9 76.2 92.8
TEST 1000 0.42 0.44 14.2 32.3 95.5 96.6 47.2 54.4 111.4

“pH change in culture medium: None observed
bfg = Femtogram (10-!5 gram).
Ne = Negative Control, EMEM culture medium.

dDetemined from data plots in Figures 1 and 2.

9ec50 VALUES:
pg/ml: >1000  ~1000 ~1000 >1000

Toxicity
Classification: Low/Nondetectable Borderline
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FIGURE 2

EC50 DETERMINATION FOR
ATP/FLASK (0) AND ATP/10° CELLS (9)
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FIGURE 3

ECS0 DETERMINATION FOR
PERCENT VIABILITY (0) AND VIABILITY INDEX (@)
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VIII. ASSAY EVALUATION CRITERIA

The EC50 value represents the concentration of test material that reduces
the most sensitive parameter of the RAM assay to 50% of the vehicle or
negative control value. ECS50 values are determined graphically by fitting
a curve by eye through relative toxicity data plotted as a function of

the logarithm of the applied concentration. Each data point normally
represents the average of three culture dishes. Statistical analysis is
unnecessary in most cases for evaluation.

The toxicity of the test material is evaluated as high, moderate, Tow,
or nondetectable according to the range of EC50 values defined in the
following table.

b
a Solids Aqueous Liquids Nonagueous Liquids™
Toxicity (ECso in pg/ml1) (ECso in p1/ml) (ECso in p1/ml)
High <10 <6 <0.2
Moderate 10 to 100 6 to 60 0.2-2
Low 100 to 1000 60 to 600 2-20
Not Detectable >1000 >600 >20

3Evaluation criteria formulated by Litton Bionetics, Inc. for IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests!.

bCriteria for nonaqueous liquids are tentative and under evaluation. If
the organic or solid content is known, the solid evaluation criteria
are applied.

Another evaluation scheme is proposed for extracts obtained from SASS
train gas volumes. The proportion of the total gas volume corresponding
to the volume of extract used in the bioassay is calculated and expressed
as L/ml of culture medium (or DSCF/m1 of culture medium). A criterion

of 1000 L/m1 is set as the limit for nondetectable toxicity. This gas
volume corresponds to the average volume breathed by humans over a 2-hour
period. The subsequent toxicity ranges are defined by 10-fold dilution
steps to conform to standard procedure. The toxicity ranges are defined
in the following table for liter and dry standard cubic feet units:

_ ECgo In ECso In
Toxicity Liters/m1 (L/ml1) Dry Standard Cubic Feet/ml (DSCF/m1)
High <10 <0.35 DSCF
Moderate 10-100 0.35-3.5
Low 100-1000 3.5-35
Nondetectable >1000 >35
5-237
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the acute

in vivo tﬁxicity test in rodents as described in."IERL-RTPHErocedures
Manual: Level 1 Environmenta) Assessment Biological Tests” . .The data.
were evaluated and formatted as recommended in “Level } B1o]og1ca1 Testing
Assessment and Data Formatting"2. The organisms used in this assay were
male and female weanling mice as recommended by the Level 1 Manual.

The advantages of in vivo toxicity assays are e@bodied ma1p]y in the fact
that the toxicological assessment is performed in whole animals. There

is a significant background of test data on a wide range of toxicants

for the rodent systems, thus supplying needed information for the reliable
interpretation of results with complex effluents3. The main disadvantage
of an acute rodent toxicity study is a possibly unsatisfactory prediction
of toxicity induced by long-term/ low-level exposures. An additional
consideration is the need for multi-gram quantities of test material

which may prohibit testing where small amounts of sample are ava11ab]e,
such as from source streams containing gaseous and particulate material.

Since the major objective of the Level 1 biological testing procedures

is to identify toxicological problems at minimal cost, a two-step approach
was developed for the initial acute in vivo toxicological evaluation of
unknown compounds. The first step is based on the quantal (ali-or-none)
response of dosing animals only at the maximum applicable dose. If no
animals die in the quantal test, further in vivo testing is not initiated
and the sample toxicity is categorized as not detectable. If any animals
die in the quantal screening, a multiple dose quantitative test is initiated
to determine the dose that kills 50 percent of the animals (LDsp). The
toxicity potential of the test material is then ranked using standard

EPA Level 1 toxicity evaluation criteria for the acute in vivo rodent
toxicity assay!l.

A11 procedures and documents pertaining to the receipt, storage, prepara-
tion, testing and evaluation of the test material shall conform to Litton
Bionetics, Inc. standard operating procedures and the Good Laboratory
Practices Regulations of 1979. Deviations from standard procedure shall
be fully documented and noted in the report.

A11 test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20795. Copies of raw
data will be supplied to the sponsor upon request.

5-240
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L. ASSAY SUMMARY

A. SPONSOR: Acurex Corporation

B. MATERIAL (TEST COMPOUND): GENETICS ASSAY NO.: 5886
1. Identification: A81-05-030-662 (EA-1 Flyash)
2. Date Received: August 26, 1981

3. Physical Description: Gray and white powder with small
black particles.

C. TYPE OF ASSAY: EPA Level 1 Rodent Quantal Toxicity Assay
D. STUDY DATES:
A. Initiation: October 5, 1981
B. Completion: October 23, 1981
E. SUPERVISORY PERSONNEL:
A.  Study Director: David J. Brusick, Ph.D.
B. Senior Technician: Joan McGowan .
F. EVALUATION:

The test substance, A81-05-030-662 (EA-1 Flyash), was not lethal
or toxic to weanling mice following an oral gavage dose of

5 gm/kg body weight. There were no unusual findings upon
necropsy that would suggest test substance related toxicity.

The test sample response was evaluated as being in the nondetect-

able (ND) range as defined for the IERL-EPA Level 1 Rodent
Quantal Toxicity Assay!.

Submitted by:

@fm & M _ [1! H\ﬁ {
avi . Brusick, Ph.D. Date

Director
Department of Molecular
Toxicology
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I1. OBJECTIVES

The objective of this assay was to evaluate the acute toxicity of
A81-05-030-662 (EA-1 flyash) when administered by oral gavage to male

and female weanling mice. Test strategy involved initial testing of the
sample at the maximum applicable dose in the quantal assay. If lethality
was observed in the quantal assay, additional testing would be initiated
at lower doses to identify the LDgq.

The assay consisted of recording any lethality and toxic signs that occur-
red initially and over a 14-day period following a single treatment.
Additional information was collected from necropsy observations on animals
that died during the course of the experiment or were killed at the end
of the 1l4-day observation period.

EB 5-244 .
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I1I. TEST MATERIAL

A. Description

The test material, A81-05-030-662 (EA-1 flyash), was received as a gray
and white powder conta1n1ng small, black particles. The amount of sample
supplied was 15.0063 grams. No 1nformat10n on the sampling parameters
was provided.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample
was assigned LBI safety number 7170 and LBI assay number 5886. The sample
was stored at +4°C in the dark. :

On October 1, 1981, the test material was ground in a mortar and pestle
to a fine, gray powder. The primary dosing suspension was prepared

24 hours in advance to permit water soluble materials in the flyash to
leach into the water at room temperature. A total of 1716.83 mg of test
material was suspended in 17.07 ml of sterile distilled water giving a
stock concentration of 101 mg/ml. This suspension would not pass freely
through a 24G gavage needle so it was discarded. On October 8, 1981,
approximately 3.0 gm of the previously ground sample was pulverized a
second time in a mortar and pestle. The suspension prepared 24 hours in
advance of dosing, passed through the gavage needle without difficulty.

A total of 1815.5 mg of test material was suspended in 12.0 ml of sterile
water giving a stock concentration of 151 mg/ml.

5-245
[_:E BIONETICS 3
Uiton



Iv. MATERIALS
A. Test Organisms

The test organisms for this study were weanling Charles River CD-1 mice.
Weanlings were used because they are likely to be more sensitive to toxic
effects of test materials than adult mice. In addition, significantly
less test material is required for dosing.

Eight nursing female Charles River CD-1 mice with ten pups each (5 male
and 5 female) were obtained from Charles River Breeding Laboratories,
Inc., Wilmington, MA on September 30, 1981. The birth date of the pups
was September 13, 1981. The animals were quarantined for 5 days upon
receipt. The litters were individually housed on Ab-sorb-dri bedding in
polycarbonate cages and were cared for according to Litton Bionetics,
Inc., Department of Molecular Toxicology and LAMS Standard Operating
Procedures. Purina certified laboratory chow and water (pH 2.5) were
provided ad libitum. The pups were maintained with mothers until weaned.
The animals were identified by eartags and cage cards and were released
for study on October 9, 1981.

E 5-246
L] BIONETICS 4
Litton



V. EXPERIMENTAL DESIGN

A. Quantal Test

Ten male and ten female weanling CD-1 mice were used in the initial quantal
screening test. The pups appeared to be in good health with no physical
or behavioral problems noted. Pups that were selected were of similar
size. The pups were 26 days old at the time of dosing.

Prior to dosing, each animal was individually weighed and the mean weight
calculated for each sex. The volume of test material to be administered
was based on the mean weight if all animals were within plus or minus

15 percent of the average for the sex. If any animals were outside that
range, they were then excluded from the average, a new mean calculated
for the remaining animals and individual dosing volumes calculated for
each outlying animals.

The test material was administered by gavage to the pups at the rate of

5 gm/kg. The average weight of the males was 15.1 gm and that of the
females was 13.3 gm. All animals were within $15 percent of the average
for the sex. The test material, suspended at the concentration of 151 mg
per ml, was applied to the animals in two equal doses that totaled 0.50 ml
for the males and 0.44 ml1 for the females.

Immediately following administration of the test substance and during

the first day, observations of the frequency and severity of all toxic
signs or pharmacological effects (Table 1) were recorded. Particular
attention was paid to time of onset and disappearance of signs. Observa-
tions were made and recorded on all animals through a 14-day period. At
termination of the observation period, all surviving animals were weighed,
killed, and then gross necropsies performed. Necropsies were also per-
formed on all animals that died during the course of this study.

B. Quantitative Test

Since no animals died during the preliminary quantal screening test, the
quantitative test to determine the LDgy was unneccessary.

5-247
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TABLE 1. DEFINITION OF PHARMACOLOGICAL TOXIC SIGNS
Observation and ) . .
Organ System Examination Common Signs of Toxicity
CNS and Behavior Change in attitude to observer,
somatomotor unusual vocalization, restless-
ness, sedation
Movements Twitch, tremor, ataxia, cata-
tonia, paralysis, convulsion,
forced movements
Reactivity to various Irritability, passivity,
stimuli anaesthesis, hyperaesthesis
Cerebral and spinal Sluggishness, absence
reflexes
Muscle tone Rigidity, flaccidity
Autonomic Pupil size Myosis, mydriasis
nervous system
Secretion Salivation, lacrimation
Respiratory Nostrils Discharge
Character and rate Bradypnoea, dyspnoea, Cheyne-
of breathing Stokes breathing, Kussmaul
‘ breathing
Cardiovascular Palpation of cardiac Thrill, bradycardia, arrhy-
region thmia, stronger or weaker
beat
Gastrointestinal Events Diarrhea, constipation,

Skin and fur

Mucous membranes

Eye

QOthers

Abdominal shape
Feces consistency
and color

Vulva, mammary
glands

Penis

Perianal region

Color, turgor,
integrity

Conjunctiva, mouth

Eyeball
Transparency

Rectal or paw skin
General Condition

Flatulence, contraction
Unformed, black or clay colored

Swelling

Prolapse
Soiled

Reddening, flaccid skinfold,
eruptions, piloerection

Discharge, congestion,
hemorrhage cyanosis, jaundice
Exophthalmus, nystagmus
Opacities

Subnormal, increased temperature
Abnormal posture, emaciation

EB BIONETICS
Litton
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VI. RESULTS

A. Interpretation

The test material, A81-05-030-662 (EA-1 flyash), was tested and evaluated
in the EPA Level 1 Acute In Vivo Rodent Toxicity Assay. The first phase
of testing was the quantal toxicity test in which 10 male and 10 female
weanling CD-1 mice were exposed to an oral dose of the test material.
This dose was at the maximum applicable dose (MAD) of 5 gm/kg as recom-
mended by the EPA Level 1 procedures manuall.

A1l twenty animals survived the exposure with no evidence of any compound-
related behavioral or toxic signs (see Table 1 for definitions). The
only visable sign related to test material dosing was staining of the
muzzle noted in some animals immediately after dosing. Both male and
female mice showed good weight gains during the l4-day observation period.
At the end of the observation period, the mice were sacrificed and necro-
psied. Gross necropsy showed no evidence of compound-related lesions.

The results of the study are summarized in Table 2.

The test material was evaluated as having nondetectable (ND) toxicity at
the MAD of 5 gm/kg in the acute in vivo rodent toxicity assay. No deaths,
toxic signs or gross lesions at necropsy were noted. Because no toxic
effects were observed at the MAD, the quantitative study (LDgo, determina-
tion) was unnecessary.

B. Tables

This report is based on the data provided in Table 2.

5-249
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TABLE 2
QUANTAL TOXICITY DATA WTH WEANLING MICE

Quantal Toxicity: Weanling CD-1 mice

Sponsor: Acurex Corporation

Test Article: A81-05-030-662 (EA-1 flyash) .

Description: Gray and white powder with black particles. The test
material was ground to a fine, gray powder that was
used to prepare the dosing suspension.

Vehicle: Sterile, deionized water

Study Dates: October 8, 1981 to October 23, 1981

Animals: Charles River CD-1 mice, P.0. 106949

Dose: 5 gm/kg administered by oral gavage

Initial Final Visible
Weight Weight Toxic, Lo

Animal No. gm gm Signs Gross Necropsy Findings

Males

9022 14.8 23.4 NTSb NsLC

9023 16.0 23.9 NTS Large intestine filled
with yellow fluid

9024 15.6 24.4 NTS NSL

9025 14.7 24.5 NTS NSL

9026 14.0 20.4 Scruffy White mucous plug in

after dosing urinary bladder

9027 13.9 24.6 NTS NSL

9028 15.0 27.1 NTS White mucous plug in
urinary bladder

9029 15.4 23.1 NTS Hard lymph node in
mammary tissue in lower
right intestinal area

9030 15.7 25.1 NTS NSL

9031 15.4 25.4 NTS NSL

Mean Body Weight: Iqitial = 15.1 = 0.7 gm (Standard Deviation)

Final = 24.2 + 1.7 gm (Standard Deviation)

FYR

bAmmals observed over 14 days. Note: Staining of the muzzle from

CNTS = No Toxic Signs. . the test material was noted

NSL = No Significant Lesions in some animals immediately

5-250 after dosing.
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TABLE 2 (Continued)
QUANTAL TOXICITY DATA WTH WEANLING MICE

Initial Final Visible
Weight Weight Toxic, .
Animal No. gm gm Signs Gross Necropsy Findings
Females
9032 14.7 19.3 NTSP NSLS
9033 13.8 20.4 NTS NSL
9034 14.2 23.3 NTS NSL
9035 13.7 19.8 NTS NSL
9036 13.4 19.6 NTS NSL
9037 12.1 18.5 NTS NSL
3038 12.7 19.5 NTS One mesenteric lymph
node slightly enlarged
9039 12.0 17.4 NTS NSL
8040 12.6 18.2 NTS NSL
9041 13.3 21.4 NTS Mesenteric lymph nodes
slightly enlarged.
Mean Body Weight:
Initial = 13.3 + 0.9 gm (Standard Deviation)
Final = 19.7 + 1.7 gm (Standard Deviation)

a

bAn'imals observed over 14 days.
NTS = No Toxic Signs.

ENSL = No Significant Lesions

[}3 BIONETICS
Litton
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VII. EVALUATION CRITERIA

If no mortality occurs in the quantal study, no further studies will be
performed with the test substance and the LDso should be reported as
greater than 5 mi/kg or 5 g/kg. The test material is then ranked as
having nondectable toxicity (ND) at the maximum applicable dose (MAD).
Effluent samples which produce harmful effects in vivo and do not result
in deaths will be noted in the results summary. Such observations are
difficult to quantitate but provide insight into the sublethal effects
of a sample on rodents. Further investigations may be recommended from
observations of nonlethal toxic effects.

If a single animal in the quantal study dies in the 14-day observation
period, a quantitative study will be performed. An LDso will be calculated
by the method of Litchfield and Wilcoxin¢. 1If the data are not suitable
for calculation of a precise LDgo, i.e., total mortality occurs for the
lowest dose, an estimate of the LDso could be made or the LDso could be
expressed as 0.05 m1/kg or 0.05 g/kg or less. Occasionally, it may be
necessary to use a different series of dosages in a repeat study to
accurately locate the LDso. The calculated LDgo value is used to rank

the toxicity of the test material according to the dose ranges presented

in Table 3.

Frequent observations are also made and recorded on all animals through
the 14-day period. As in the quantal phase, no attempt is made to quanti-
tate or rank observations. The average animal body weight of each group
is determined initially and at the termination of the experiment. The
average weights and the weights as fractions of the control are reported
for each dose level. Necropsy observations are recorded and reported.

TABLE 3
ACUTE IN VIVO RODENT TOXICITY ASSAY EVALUATION CRITERIA

. a So!ids Liquids
Toxicity (LDgo in g/kg) (LDgo in ml1/kg)
High <0.05 <0.05
Moderate 0.05 to 0.5 0.05 to 0.5
Low 0.5to 5 0.5 to 5
Not Detectable >5 >5

a . o
Evaluation criteria formulated by Litton Bionetics, Inc. for IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests.!

EB 5-252
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the Ames
Salmonella/microsome mutagenesis assay as described in "IERL-RTP Proce-
dures Manual: Level 1 Environmental Assessment Biological Tests"l. The
data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting"2.

The Ames Salmonella/microsome mutagenesis assay has been shown to be a
sensitive method for detecting mutagenic activity for a variety of chemi-
cals representing various chemical classes3. This assay is one of several
recommended by EPA to identify, categorize and rank the pollutant potential
of influent and effluent streams from industrial and energy-producing pro-
cesses. This assay has been well validated with a wide range of positive
and negative control chemicals and complex environmental samples.

A11 procedures and documents pertaining to the receipt, storage, prepa-
ration, testing and evaluation of the test material shall conform to
Litton Bionetics, Inc. standard operating procedures and the Good Labora-
tory Practices Regulations of 1979. Deviations from standard procedure
shall be fully documented and noted. in the report.

A11 test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.
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I.  ASSAY SUMMARY

A.  Sponsor: Acurex Corporation

B. Material (Test Compound): Genetics Assay Number: 5883
1. Identification: A81-05-030-672 (EA-2 10+3)
2. Date Received: August 26, 1981
3. Physical Description: Fine, gray powder..

C. Type of Assay: EPA Level 1 Ames Salmonella/Microsome Plate Test

D. Assay Design Number: 401 (EPA Level 1)

E. Study Dates:
1. Initiation: October 26, 1981
2. Completion: November 9, 1981

F. Supervisory Personnel:
A. Study Director: D.R. Jagannath, Ph.D..

G. Evaluation:
The.tgst material, A81-05-030-672 (EA-2 10+3), was tested for
activity in the Ames Salmonella mutagenicity assay over a concen-
tration range of 0.05 mg/plate to 5.0 mg/plate. The test was
perfgr@ed in duplicate under nonactivation and activation test
conditions with strains TA-1535, TA-1537, TA-98, and TA-100.
The sample was not mutagenic under the test conditions employed
and was ranked as having nondetectable (ND) mutagenic activity
as defined by the IERL-EPA Level 1 criteria for the Ames bio-
assayl.

Submitted by: Reviewed by:

Study Director
]

/N me}: /215

(<Dt

O.R. Jagannath, Ph.LU. Date
Section Chief,

te

Submammalian Genetics, Department of Molecular
Department of Molecular Toxicology
Toxicology
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II. OBJECTIVE

The objective of this study was to determine the genetic activity of
A81-05-030-672 (EA-2 10+3) in the Salmonella/ microsome assay with and
without the addition of mammalian metabolic activation preparations.

The genetic activity of a sample is measured in these assays by its
ability to revert the Salmonella indicator strains from histidine depen-
dence to histidine independence. The degree of genetic activity of a
sample is reflected in the number of revertants that are observed on the
histidine-free medium.
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III. TEST MATERIAL

A. Description

The test material was received as a fine gray powder (1.5 gm) and was
used without further preparation. The sample consisted of the 3 pum and
10 pm SASS train particulate catch.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample
was assigned LBI safety number 7167 and LBI assay number 5883. The sample
was stored at +4°C in the dark.

A total of 476.58 mg of test material were used for two trials of the

Ames Salmonella Assay. The test material was suspended at 100 mg/ml in
dimethyTsulfoxide (DMSO). The sample formed an opaque suspendion that
settled upon standing, The suspension was incubated at 37°C on a shaker
overnight to help leach material out of the particulates. Serial dilutions
were made in DMSO such that 50 p1 aliquots of each dilution give the
desired concentration. The suspension was well mixed when aliquots were
removed for dosing.
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Iv. MATERIALS

A. Indicator Microorganisms

The Salmonella typhimurium strains used in this assay were obtained from
Dr. Bruce Ames, University of California at Berkeley.4-® The following
four strains were used.

Strain Gene Additional Mutations Mutation Type
Designation Affected Repair LPS R Factor Detected
TA-1535 his G AurB rfa - . Base-pair
T - substitution
TA-1537 his C A ur B rfa - Frameshift
TA-98 his D AuwrB rfa  pkM101 Frameshift
TA-100 his G A urB rfa  pkMl0l Base-pair
substitution

A1l the above strains have, in addition to the mutation in the histidine
operon, mutation (rfa-) that leads to defective lipopolysaccharide coat,

a deletion that covers genes involved in the synthesis of vitamin biotin
(bio-) and in the repair of ultraviolet (uv) - induced DNA damage (uvrB-).
The rfa- mutation makes the strains more permeable to many large moTecules.
The uvrB- mutation decreases repair of some types of chemically or physi-
cally damaged DNA and thereby enhances the strain's sensitivity to some
mutagenic agents. The resijstant transfer factor plasmid (R factor) pKM101
in TA-98 and TA-100 is believed to cause an increase in error-prone DNA
repair that leads to many more mutations for a given dose of most mutagens.®
In addition, plasmid pkKM101l confers resistance to the antibiotic ampi-
ci11;n, w?;ch is a convenient marker to detect the presence of plasmid

in the cells.

A11 indicator strains are kept at 4°C on minimal medium plates supplemented
with a trace of biotin and an excess of histidine. 1In addition, the
plates with plasmid-carrying strains contain ampicillin (25 pg/ml) to
ensure stable maintenance of plasmid pKM101l. New stock culture plates

are made as ofteq as necessary from the frozen master cultures or from
single colony reisolates that were checked for their genotypic character-
Tstics (his, rfa uvrB, bio) and for the presence of plasmid. For each
experiment, an ynoculum from the stock culture plates is grown overnight
at 37°C in nutrient broth (Oxoid CM67) and used.

B. Media
The bacterial strains were cultured in Oxoid Media #2 (Nutrient Broth).

The selective medium was Vogen Bonner Medium E with 2% glucose. 10 The
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overlay agar consisted of 0.6% purified agar with 0.05 mM histidine,
0.05 mM biotin and 0.1M NaCl according to the methods of Ames et al.®

C. Activation System

1. S9 Homogenate

A 9,000 x g supernatant prepared from Sprague-Dawley adult male rat liver
induced by Aroclor 1254 (Ames et al.®) was purchased commercially and
used in these assays.

2. §9 Mix

S9 mix used in these assays consisted of the following components:

Concentration per Milliliter

Components S9 Mix
NADP (sodium salt) 4 pymoles
D-glucose-6-phosphate 5 umoles
MgCl, 8 umoles
KC1 33 pmoles
Sodium phosphate buffer )

pH 7.4 100 pmoles
Organ homogenate from rat

liver (59 fraction) 100 pliters
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V. EXPERIMENTAL DESIGN

A. Dosage Selection

Test strategy and dose selection depend upon sample type and sample avail-
ability. The Level 1 manual! recommends solids to be initially tested

at the maximum applicable dose (MAD) of 5 mg per plate and at lower con-
centrations of 2.5, 1, 0.5, 0.1 and 0.05 mg per plate. Liquids are tested
initially at the MAD of 200 pl per plate, and at lower concentrations of
100, 50 and 10 1 per plate. Samples are retested over a narrower range
of concentrations with strains showing positive results initially. Alter-
nate dose are employed if sample size is limiting or at the direction of
the sponsor.

Doses selected to test this sample covered the recommended dose range
for solids. The highest dose was at the MAD level of 5 mg per plate and
included five lower dose levels of 2.5, 1, 0.5, 0.1, and 0.05 mg per
plate. A repeat trial with strain TA-98 without activation used the
same dose levels.

B. Mutagenicity Testing

The procedure used was based on the paper published by Ames et. al.® and
was performed as follows:

1. Nonactivation Assay

To a sterile 13 x 100 mm test tube placed in a 43°C water bath the fol-
lowing was added in order: .

. 2.00 m1 of 0.6% agar containing 0.05 mM histidine and
0.05 mM biotin.

0.05 m1 of a suspension of the test chemical to give the
appropriate dose.

0.1 ml to 0.2 ml of indicator «rganism(s).
. 0.50 m1 of 0.2M phosphate buffer, pH 7.4.

This mixture was swirled gently and then poured onto minimal agar plates
(see £V B, Med1a).. After the top agar had set, the plates were incubated
at 37°C for approximately 2 days. The number of his+ revertant colonies

growing on the plates were counted with an automatic colony counter and
recorded.

2. Activation Assay

The activation assay was run concurrently with the nonactivation assay.
The.only difference was the addition of 0.5 ml of S9 mix (see IV C, Acti-
vation System) to the tubes in place of 0.5 ml of phosphate buffer which
was added in nonactivation assays. A1l other details were similar to

the procedure for nonactivation assays.
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A detailed flow diagram for the plate incorporation assay is provided in
Figure 1.

C. Control Compounds

A negative control consisting of the solvent used for the test material
was also assayed concurrently with the test material. For negative con-
trols, step 'b' of Nonactivation Assays was replaced by 0.05 ml1 of the
solvent. The negative controls were employed for each indicator strain
and were performed in the absence and presence of S9 mix. The solvent
used to prepare the stock solution of the test material is given in the
Results section of this report. A1l dilutions of the test material were
made using this solvent. The amount of solvent used was equal to the
maximum volume used to give the appropriate test dose.

Specific positive control compounds known to revert each strain were also
used and assayed concurrently with the test material. The concentrations
and specificities of these compounds to specific strains are given in

the following table:

Concentration
per plate Salmonella
Assay Chemical Solvent (ug) Strains
Nonactivation Sodium azide Water 10.0 TA-1535, TA-100
2-Nitrofluorene Dimethyl- 10.0 TA-98
(NF) sulfoxide
9-aminoacridine Ethanol 50.0 TA-1537
(9AA)
Activation 2-anthramine Dimethyl- 2.5 For all strains
(ANTH) sulfoxide
D. Recording and Presenting Data

The number of colonies on each plate were counted and recorded on printed
forms. These raw data were analyzed in a computer program and reported
on a printout. The results are presented as revertants per plate for
each indicator strain employed in the assay. The positive and solvent
controls are provided as reference points.
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AMES ASSAY [PLATE INCORPORATION METHOD)]

Molten [45°C] overlay agar
appropriately supplemented

Test, positive or solvent
control chemical

0.1 ml Aliquot of an overnight culture
of bacteria[ 109 cells/mi)

0.5 mi 0.5 mi S-9 mix [hepatic
— = $.9 + §-9— homogenate from PCB
pretreated rat plus
necessary cofactors

Aliquot of
saline

Overlay poured on selective
bottom agar medium

Plated incubated at 37°C for 48 hours
The numbers of revertants/piate counted

Data analyzed

interpretation/Conclusion

Figure 1 AMES SALMONELLA/MICROSOME MUTAGENESIS ASSAY
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VI. RESULTS

A. Interpretations

The test material, A81-05-030-672 (EA-2 10+3), was dissolved in DMSO at
a stock concentrat1on of 100 mg/m1 and leached overnight on a shaker at
37°C. Additional dilutions were prepared in DMSO for testing. The maximum

test level was 5.0 mg/plate. There was no evidence of toxicity at this
level.

Reverse mutation was measured in strains TA-1535, TA-1537, TA-98 and
TA-100. The test was conducted in duplicate both with and without rat
liver S9 mix for metabolic activation. The trial with strain TA-98 without
activation was repeated using the same test conditions, because in the

first trial, one of the positive control plates was lost due to contamina-
tion.

There was no mutagenic activity associated with the test material treatment
and the sample was considered nonmutagenic and non toxic. The sample

was ranked as having nondetectable (ND) mutagenic activity using the
IERL-EPA Level 1 evaluation criteria for the Ames Assay!l.

Solvent control and positive control values were within acceptable ranges.
These results achieved assay acceptance criteria and provided confidence
in the assumptions that the recorded data represented typical responses
to the test material.

B. Tables

This report is based on the data provided in Tables 1 and 2.
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RESULTS
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Ce TEST INITIATION DATES: 10/26/81
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1
NONACTIVATION
SOLVENT CONTROL - —-——- 16
POSITIVE CONTROLes == —— 1239 10
TEST COMPOUND
0.050 MG ——— -——- 10
0.100 M6 - — 12
0.900 MG - —— 15
1.000 MG -—- - 10
2.500 MG ——- = 13
5.000 M6 -—- - 11
ACTIVATV 10N
SOLVENT CONTROL RAT LIVER 15
POSITIVE CONTROLasa RAT LIVER 479 5
TEST COMPOUND
0.050 MG RAT LIVER lo
0.100 MG RAT LIVER 8
0.500 MG RAT LIVER 14
1.000 MG RAT LIVER a
2.500 MG RAT LIVER 12
5.000 MG RAT LIVER 12
LN
TA-1535 SODIUM AZIDE
TA-1537 9-AMINOACRIDINE
TA-98 2-NITROFLUORENE
TA-10. SODIUM AZIDE
SOLVENT €0 UL/PLATE
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20 1
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14 1
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RESULTYS TABLE 2

- - - - .. - . - - -

A. NAME OR CODE DESIGNATION OF THE TEST COMPOUND: AB81-05-330-672 EA~-2 10+3

8. SOLVENT: DNSO

Ce. TEST INITIAVION DATES: 11703781
D. TEST CGMPLETION DATE: 11709781
E. $-9 LOTH: REFOSO

NOTE: CONCENTRATIONS ARE GIVEN IN MILLIGRAMS PER PLATE
REVERTANTS FER PLATCE

TEST SPECIES TISSUE fa-98

- - - B mEG e BEERREBE e —--—--- - - e

) } 2 3
NONACTIVATION

- - - - -

L92-S

SOLVENT CONTROL - - 22 23
POSITIVE CONTROLe e === - 1128 1143

TEST COMPOUND
1

0.950 MG -~ -——- 25 33
0.100 MG —— - 23 20
0.500 MG —-—— —-——- 19 22
1.000 H6 - -—— 14 20
2.500 M6 - —-——— 23 2R
5.000 MG -—— -—— 18 21
an
TA-98 2-NITROFLUORENE 10 UG/PLATE

SOLVENT S0 UL/PLATE
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VII. ASSAY ACCEPTANCE AND EVALUATION CRITERIA

Statistical methods are not currently used, and evaluation is based on
the criteria included in this protocol.

Plate test data consists of direct revertant colony counts obtained from
a set of selective agar plates seeded with populations of mutant cells
suspended in a semisolid overlay. Because the test material and the
cells are incubated in the overlay for approximately 2 days and a few
cell divisions occur during the incubation period, the test is semiquanti-
tative in nature. Although these features of the assay reduce the gquanti-
tation of results, they provide certain advantages not contained in a
quantitative suspension test:

. The small number of cell divisions permits potential
mutagens to act on replication DNA, which is often more
sensitive than nonreplicating DNA.

The combined incubation of the test article and the cells
in the overlay permits constant exposure of the indicator
cells for approximately 2 days.

A. Surviving Populations

Plate test procedures do not permit exact quantitation of the number of
cells surviving chemical treatment. At low concentrations of the test
material, the surviving population on the treatment plates is essentially
the same as that on the negative control plate. At high concentrations,
the surviving population is usually reduced by some fraction. Our protocol
will normally employ several doses ranging over two or three log concen-
trations, the highest of these doses being selected to show slight toxicity
as determined by subjective criteria.

B. Dose-Response Phenomena

The demonstration of dose-related increased in mutant counts is an impor-
tant criterion in establishing metagenicity. A factor that might modify
dose-response results for a mutagen would be the selection of doses that
are too low (usually mutagenicity and toxicity are related). If the
highest dose is far lower than a toxic concentration, no increases may

be observed over the dose range selected. Conversely, if the lowest
dose employed is highly cytotoxic, the test material may kill any mutants
that are induced, and the test material will not appear to be mutagenic.

C. Control Tests

Positive.and negatjve contrql assays were conducted with each experiment
and consisted of direct-acting mutagens for nonactivation assays and
mutagens that require metabolic biotransformation in activation assays.

m 5-268
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Negative controls consisted of the test material solvent in the overlay
agar together with the other essential components. The negative control
plate for each strain gave a reference point to which the test data was
compared. The positive control assay was conducted to demonstrate that
the test systems were functional with known mutagens.

The following normal range of revertants for solvent controls are generally
considered acceptable.

TA-1535: 8-30
TA-1537: 4-30
TA-98: 20-75

TA-100:  80-250

D. Evaluation Criteria for Ames Assay

Because the procedures to be used to evaluate the mutagenicity of the

test material are semiquantitative, the criteria to be used to determine
positive effects are inherently subjective and are based primarily on a
historical data base. Most data sets will be evaluated using the following
criteria.

1. Strains TA-1535 and TA-1537

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to three times the solvent control value will
be considered to be mutagenic.

2. Strains TA-98 and TA-100

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to twice the solvent control value for TA-98
and TA-100 will be considered to be mutagenic.

3. Pattern

Because TA-1535 and TA-100 are both derived from the same parental strain
(G-46), to some extent there is a built-in redundancy in the microbial
assay. In general, the two strains of a set respond to the same mutagen
and such a pattern is sought. Generally, if a strain responds to a mutagen
in nonactivation tests, it will do so in activation tests.

4, Reproducibility

If a test material produces a response in a single test that cannot be
reproduced in additional runs, the initial positive test data lose signi-
ficance.

The preceding criteria are not absolute, and other extenuating factors
may enter into a final evaluation decision. However, these criteria
will be applied to the majority of situations and are presented to aid
those individuals not familar with this procedure. As the data base is

increased, the criteria foréeég;uation can be more firmly established.
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E. Relation Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Salmonella/Microsome Plate Assay is
not a definitive test for chemical carcinogens. It is recognized, however,
that correlative and functional relations have been demonstrated between
these two endpoints. The results of comparative tests on 300 chemicals

by McCann et al.4 show an extremely good correlation between results of
microbial mutagenesis tests and in vivo rodent carcinogenesis assays.

A1l evaluations and interpretation of the data to be presented in the
final report will be based only on the demonstration, or lack, of muta-
genic activity.

F. Criteria_for Ranking Samples in the Ames Assay

The goal of EPA Level 1 Ames testing is to rank source streams by relative
degree of genetic toxicity (mutagenicity). Samples are first identified
as mutagenic or nonmutagenic by the criteria in Section D above and

then ranked using the mutagenicity categories presented in the table
below. The lowest concentration giving a positive response in any strain,
with or without metabolic activation, is identified as the minimum effec-
tive concentration (MEC) for that sample. The mutagenicity of the sample
is evaluated as high (H), moderate (M), Tow (L), or nondetectable (ND)
according to the evaluation criteria developed in the Level 1 manuall

and summarized below. Samples with no detectable activity at the maximum
applicable dose (MAD) are ranked nondetectable (ND).

Ames Assay Mutagenicity Ranking Criterial

Mutagenic Solids Liquidsa
Activity (MEC in pg/plate) (MEC in p1/plate)
High (H) <50 <2
Moderate (M) 50-500 2-20
Low (L) 500-5000 20-200
Not Detectable (ND) >5000 >200

a . .
Concentration of organic extracts is based upon organic content (ug

grgin;cs per piate) and not volume (pl extract per plate) of sample
ested.
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the rabbit
alveolar macrophage (RAM) cytotoxicity assay as described in "IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests" (1).
The data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting" (2).

The RAM cytotoxicity assay has been shown to be a sensitive method for
detecting cytotoxic activity for a variety of chemicals representing
various chemical classes (3). This assay is one of several recommended

by EPA to identify, categorize and rank the pollutant potential of influent
and effluent streams from industrial and energy-producing processes.

This assay has been well validated with a wide range of positive and
negative control chemicals and complex environmental samples.

- A11 procedures and documents pertaining to the receipt, storage, prepara-

tion, testing and evaluation of the test material shall conform to Litton
Bionetics, Inc. standard operating procedures and the Good Laboratory
Practices Regulations of 1979. Deviations from standard procedure shall
be fully documented and noted in the report.

A11 test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.
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ASSAY SUMMARY

SPONSOR: Acurex Corporation

MATERIAL (TEST COMPOUND): GENETICS ASSAY NUMBER: 5883

1. Identification: A81-05-030-672 (EA-2 10+3)

2. Date Received: August 26, 1981

3. Physical Description: Fine, gray powder

TYPE OF ASSAY: Rabbit Alveolar Macrophage (RAM) Cytotoxicity Assay
ASSAY DESIGN NUMBER: 443

STUDY DATES:

1. Initiation: October 22, 1981

2. Completion: October 23, 1981

SUPERVISORY PERSONNEL:

1. Study Director: Brian Myhr, Ph.D.

2. Laboratory Supervisor: Robert Young, M.S.

EVALUATION:

The test material, which was tested as supplied, caused a dose-related
increase in toxicity for concentrations above approximately 200 pg/ml.
The viability index and ATP content assay parameters were about
equally sensitive and indicated an ECg, would be achieved at approxi-
mately the maximum applicable dose (MAD) of 1000 pg/ml. Since
toxicity was clearly observed in the low toxicity region of 100-

1000 pg/m1, as defined by the IERL-EPA evaluation criteria, and the
projected EC5o values were essentially on the borderline between

the lTow and nondetectable toxicity regions, the test material was

best evaluated as having low/nondetectable (L/ND) toxicity to cultured
RAM cells.

Submitted by:

Study Director

(2 ILI/I%& (Saalg MM 1ler/#
rian Myhr, PhVD. ate David J. Brusick, Ph.D. Date ’

Associate Director, Director,
Department of Molecular Department of Molecular
Toxicology 5275 Toxicology



Litton

IT. 0BJECTIVE

The objective of this study was to determine and rank the cytotoxicity
of A81-05-030-672 (EA-2 10+3) to cultured rabbit alveolar macrophage
(RAM) cells. The measure of cytotoxicity was the reduction in cell
viability and adenosine triphosphate (ATP) content of the cultures after
a 20 hour exposure to the test material. At the conclusion of the exposure
period, the number of viable cells and total ATP content in the treated
cultures were compared to the corresponding values in unexposed control
cultures. The concentration of test material that reduced each experi-
mental parameter by 50% was estimated graphically and referred to as the
EC50 value. Standard EPA Level 1 toxicity evaluation criteria for the
RAM cytotoxicity assay were used to rank the toxicity potential of the
test material based upon the most sensitive parameter.
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I1I1. TEST MATERIAL

A. Description

The test material was received as a fine, gray powder (1.5 gm). No infor-
mation on particle size distribution or sampling parameters was provided.

B. Handling and Preparation

The test material was received on August 26, 1981, and was assigned LBI

assay number 5883 and LBI safety number 7167. The sample was stored at
+4°C in the dark.

Approximately 33 mg of test material was used as supplied, without
grinding, for the assay. The test material was suspended in serum-free
EMEM culture medium at a concentration of 2000 pg/ml and incubated at
37°C on a roller drum for 8 hours. A fine, gray suspension was formed
that settled upon standing. No pH changes were noted. The suspension
was serially diluted with EMEM (serum-free) and applied to the cultures
at a maximum concentration of 1000 pyg/ml in the presence of 10% serum.

5-277
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IV. MATERIALS
A. Indicator Cells

The assay employed short-term primary cultures of alveolar macrophage
cells obtained by lung lavage of a male New Zealand white rabbit (2.4 kg).
The rabbit was maintained on Purina Lab Rabbit Chow 5321 and water ad
libitum and was examined for the absence of respiratory illnesses prior
to use.

B. Media

The cells were maintained and treated in Eagle's Minimum Essential Medium
(EMEM) with Earle's salts and supplemented with 10% fetal bovine serum
(heat-inactivated), 100 units/ml penicillin, 100 ug/ml streptomycin,

17.6 pg/m1 kanamycin, and 0.4 pg/m1 amphotericin B.

C. Negative Controls

The negative control consisted of three untreated cultures carried through
the same experimental time period as the treated cells. The average
viability and ATP content of the negative control provided the reference
points for determining the effects of different concentrations of the

test material on the assay parameters.
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V. EXPERIMENTAL DESIGN

A. Procurement of Cells e

A rabbit was sacrificed by injection of Nembuta1® (60 mg/m1) into the
marginal ear vein, and sterile operating techniques were used to perform
a tracheostomy. Prewarmed normal saline (30 ml) was then introduced

into the lungs via a catheter and allowed to stand for 15 minutes. This
lavage fluid was removed and placed into a 50-m1 sterile centrifuge tube
on ice. Nine additional lavages were similarly performed and collected,
except the saline was removed shortly after its introduction into the
lungs. Any lavage fluid containing blood or mucous was discarded. The
lavages were centrifuged at 365 x g for 15 minutes and the cells resus-
pended in cold 0.85% saline. After two washes in saline by centrifugation,
the cell pellets were resuspended in cold EMEM containing 20% serum and
then combined. A cell count was obtained by hemocytometer and the suspen-
sion diluted to between 5.13 x 10° and 10® cells/ml. Viability was deter-
mined by trypan blue staining and the cells were not used if less than
95% viable. Also, a differential cell count from Wright-stained smears
was performed to verify that the macrophage content was above 90%.

B. Sample Forms

The usual sample form for application to the cells is a suspension of
particulate material. Solid samples are ground to fine particles and a
weighed portion is suspénded in a known volume of EMEM (0% FBS) for about
eight hours to help leach any water-soluble material. Finely-divided
test material may be suspended directly in culture medium without further
grinding. Aqueous liquids, suspensions, or slurries containing less

than 0.5% organic solvent are added by volume to culture medium.

Samples supplied as solutions in organic solvents are usually solvent-
exchanged into DMSO before testing. Original sample volumes may first

be reduced a maximum of 10-fold in a Kuderna-Danish concentrator, and

the concentrative factor is used to convert assayed volumes into equi-
valent- original sample volumes in the absence of information about solute
concentration. An aliquot of the reduced volume is exchanged into DMSO
by repeated, partial evaporation under a stream of nitrogen in a warm
watg;sgath (50°C); the evaporated volumes are replaced with equal volumes
of .

Samples adsorbed on XAD-2 resin are extracted with methylene chloride
or acetone in a Soxhlet apparatus for 24 hours. The extract is then
concentrated and solvent-exchanged into DMSO. Alternatively, acetone

extracts can be assayed directly at concentrations up to 2% by volume in
the culture medium.

Samples impregnated on fiber glass or teflon filters are repeatedly soni-
cated in cyclohexane to remove particulates. The resulting cyclohexane
particulate suspension is then evaporated to dryness and the particulates
resuspended in EMEM culture medium at the desired concentration.
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Sponsor-specified handling of sample materials will be followed if the
above procedures are not applicable or a specific procedurells desired.

C. Dose Selection

Unless the approximate toxicity is already known or the samp1e size is
limiting, the following usual dose ranges are tested for different sample
forms. Dry, particulate material is tested at six dose 1evels.from

1000 pg/ml to 3 pg/ml. Aqueous samples, suspensions, or slurries are
tested from 600 pl to 3 pi/ml in six dose steps. Samples that are solvent-
exchanged into DMSO are tested from 20 p1/m1 (2% DMSO in growth medium)

to 0.2 p1/ml, also in six dose steps. A second dose study is performed
with an adjusted dose range if the EC50 was not located properly in the
initial test. However, EC50 values greater than 1000 p1/ml1 for particulate
material, 600 p1/ml for aqueous samples, or 20 pl/ml for organic solutions
will not be determined.

This test material, A81-05-030-672 (EA-2 10+3), was tested at 6 dose
levels, starting at the maximum applicable dose (MAD) of 1000 pg/ml and
including 600, 300, 100, 60 and 30 pg/ml.

D. Treatment

A series of 25 cm? culture flasks were prepared, each containing 2.0 ml
of serum-free medium at 37°C and the test material at twice the desired
final concentration. Three flasks were prepared for each test concen-
tration. Aliquots of cell suspension (2 ml1) were then added; each flask,
therefore, contained from 1.03 to 2 x 10€ viable cells in a 4-m1 volume
of media containing 10% serum. The flasks were placed on a rocker plat-
form in a 37°C incubator with a humidified atmosphere containing 5% CO0,.
After sitting for about 30 minutes, the flasks were slowly rocked for
the remainder of a 20-hour exposure period.

If the test substance causes a color change in the growth medium, the pH
is determined in additional treated flasks. After the exposure period,
the pH of the medium in the experimental flasks is again recorded.

E. Cell Viability Assay

At the end of the treatment period, the medium containing unattached
cells was decanted into a centrifuge tube on ice. The attached cells
were rinsed with 1 m1 of 0.1% trypsin/0.01% versene and then incubated
with 2 ml.of the trypsin/versene solution for about 5 minutes at 37°C.
Tpe trypsinates and decanted media were combined for each culture to
yield a 7-m1 cell suspension for subsequent analysis.

A 1.0 ml aliquot of the cell suspension was removed for cell count and
viability determination. The aliquot was combined with 1.0 ml of 0.4%
trypan blue and counted by hemocytometer about 5 to 15 minutes later.
The total number of cells counted per culture was the sum of the numbers
found in five squares for each chamber of the hemocytometer (1 pl total

volume). The numbers of live (colorless) and dead (blue) cells were
recorded.
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F. ATP Assay

ATP was immediately analyzed by extraction of a 0.1-ml sample of cell
suspension with 0.9 ml of 90% DMSO. After 2 minutes at room temperature
5.0 m1 cold MOPS buffer (0.01 M morpholinopropane sulfonic acid) at pH 7.4
was added and the extract mixed well and placed on jce.. A11qgots of

10 p1 were injected into a cuvette containing a luciferin-luciferase
reaction mixture in a DuPont Model 760 Luminescence Biometer. The Biometer
was calibrated daily with standard ATP solutions to provide a direct
read-out of the ATP content. Each test sample was assayed at least twice
to obtain repeatable readings.
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VI.

ASSAY ACCEPTANCE CRITERIA

The assay will be considered acceptable for evaluation of the test results
if the following criteria are met:

1.

[E BIONETICS
Litton

The macrophage population is 90% or greater of the total nucleated
cells collected by lung lavage.

The percent viability of the macrophages used to initiate the assay
is 95% or greater.

The survival of viable macrophages in the negative control cultures
over the 20 hour treatment priod is 70% or greater.

A sufficient number of data points (for five test concentrations or
less) are available to clearly locate the EC50 of the most sensitive
test parameter within a toxicity region as defined under Assay Eval-
vation Criteria.

The data points critical to the location of the EC50 for the most
sensitive parameter are the averages of at least two treated cultures.

If all the test parameters yield EC50 values greater than 1000 pg/mi,
600 p1/ml for aqueous solutions, or 20 pl/ml for organic solutions,
the plotted curves for ATP content and viability index parameters

do not exceed 120% of the negative control.
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VII. RESULTS

A. Interpretation

The test material was ingested by the macrophages and caused a general

decline in their viability when the applied concentration was increased
above approximately 200 pg/ml. Absolute values for the assay parameters
are given in Table 1, as well as the parameters relative to the negative

control average value, and the relative values are plotted in Figures 1
and 2.

The viability index (which measures cell survival) and the culture ATP
content usually tend to parallel each other, and an inspection of the
results in Figures 1 and 2 show this to be the case for the current assay.
Both parameters were about equally sensitive and showed declines in ATP
and the numbers of viable cells in the 100-1000 pg/ml1 concentration range.
Both parameters also indicated the ECgo values would be achieved for
concentrations at or just above the MAD level of 1000 pg/ml. Therefore,
strict application of the IERL-EPA evaluation criteria would result in a
nondetectable toxicity classification. However, toxicity was clearly
evident in the low toxicity region (100-1000 pg/ml), and repeat assays
could be expected to result in variations in the ECgo positions such

that borderline responses could fall within either the low or nondetect-
able categories. The percent viability and ATP/10® cells parameters

were essentially nonresponsive and did not contribute to an evaluation

of the test material. On the basis of the responsive parameters, the
test material was evaluated as having low/nondetectable (L/ND) borderline
toxicity to the RAM cells.

The macrophages collected for this assay had normal morphology and appeared
to be in a healthy state. The initial viability was excellent (99.4%)

and the survival of viable cells in the negative control was 98.9%. The
average cellular ATP content of the negative controls 29.0 x 108 fg ATP

per 10° total cells, which wash within the historical range for acceptable
cultures. These results achieved the assay acceptance criteria and
provided confidence in the assumption that the collected data represented
typical responses to the test material.

B. Tables and Figures

This report is based on the data provided in Table 1 and Figures 1 and
2.
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TABLE 1
RABBIT ALVEOLAR MACROPHAGE (RAM) CYTOTOXICITY ASSAY DATA

LBI Assay No.: 5883 Initial Cell viability: 99.4%
Test Material ldentity: A81-05-030-672 (EA-2 10+3) Viable Macrophage Seeded/Flask: 1.03 x 10°
Test Date: October 22, 1981 Macrophage Population Percentage: >90%

Survival of Negative Control
Macrophage Over Treatment Time: 98.9%
Vehicle: EMEM

a Average Values per Culture Flask ATP Per Expressed as Percent of Negative Control

Sample Concentration Viable Cells Total Cells ATP b 10 Cells vViability Viability ATP Per

pg/ml 10® Units 108 Units 108fg 108 fg % Viability Index ATP 108 Cells
NC© - 0.89 0.90 26.1 29.0 98.9 100.0 100.0 100.0 100.0
TEST 30 0.90 0.91 26.1 28.7 98.9 100.0 101.1 100.0 99.0
TEST 60 0.97 0.98 25.7 26.2 99.0 100.1 109.0 98.5 90.3
TEST 100 0.86 0.90 24.5 27.2 95.6 96.7 96.6 93.9 93.8
TEST 300 0.63 0.67 22.5 33.6 94.0 95.0 70.8 86.2 115.9
TEST 600 0.49 0.54 17.4 32.2 90.7 91.7 55.1 66.7 111.0
TEST 1000 0.54 0.61 14.4 23.6 88.5 89.5 60.7 55.2 81.4
apH change in culture medium: None observed dEC50 VALUES:
b ug/ml: >1000 1000 >1000 >1000
fg = Femtogram (10-!5 gram).
NC = Negative Control, EMEM culture medium.

dDetemined from data plots in Figures 1 and 2. Toxicity
Classification: Low/Nondetectable Borderline



PERCENT OF NEGATIVE CONTROL (%)

FIGURE 1

EC50 DETERMINATION FOR
PERCENT VIABILITY (0) AND VIABILITY INDEX (0)
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'PERCENT OF NEGATIVE CONTROL (%)

FIGURE 2

EC50 DETERMINATION FOR

ATP/FLASK (0) AND ATP/10% CELLS (0)

A81-05-030-672
(EA-2 10+3)
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VIII. ASSAY EVALUATION CRITERIA

The EC50 value represents the concentration of test material that reduces
the most sensitive parameter of the RAM assay to 50% of the vehicle or
negative control value. EC50 values are determined graphically by fitting
a curve by eye through relative toxicity data plotted as a function of

the logarithm of the applied concentration. Each data point normally
represents the average of three culture dishes. Statistical analysis is
unnecessary in most cases for evaluation.

The toxicity of the test material is evaluated as high, moderate, low,
or nondetectable according to the range of EC50 values defined in the
following table.

b
Solids Aqueous Liquids Nonaqueous Liquids”
Toxicity?  (ECso in pg/m1)  (ECso in pl/ml) (ECso in pl/ml)
High <10 <6 <0.2
Moderate 10 to 100 6 to 60 0.2-2
Low 100 to 1000 60 to 600 2-20
Not Detectable >1000 >600 >20

3valuation criteria formulated by Litton Bionetics, Inc. for IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests®.

bCriteria for nonaqueous liquids are tentative and under evaluation. If
the organic or solid content is known, the solid evaluation criteria
are applied.

Another evaluation scheme is proposed for extracts obtained from SASS
train gas volumes. The proportion of the total gas volume corresponding
to the volume of extract used in the bioassay is calculated and expressed
as L/m1 of culture medium (or DSCF/ml1 of culture medium). A criterion

of 1000 L/m]1 is set as the 1imit for nondetectable toxicity. This gas
volume corresponds to the average volume breathed by humans over a 2-hour
period. The subsequent toxicity ranges are defined by 10-fold dilution
steps to conform to standard procedure. The toxicity ranges are defined
in the following table for liter and dry standard cubic feet units:

. s s . ECso In ECs0 In
Toxicity Liters/ml (L/m1) Dry Standard Cubic Feet/ml (DSCF/m1)
High ' <10 <0.35 DSCF
Moderate 10-100 0.35-3.5
Low 100-1000 3.5-35
Nondetectable >1000 >35
5-287
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the Ames
Salmonella/microsome mutagenesis assay as described in "IERL-RTP Proce-
dures Manual: Level 1 Environmental Assessment Biological Tests"l.. The
data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting"2.

The Ames Salmonella/microsome mutagenesis assay has been shown to be a
sensitive method for detecting mutagenic activity for a variety of chemi-
cals representing various chemical classes3. This assay is one of several
recommended by EPA to identify, categorize and rank the pollutant potential
of influent and effluent streams from industrial and energy-producing pro-
cesses. This assay has been well validated with a wide range of positive
and negative control chemicals and complex environmental samples.

A1l procedures and documents pertaining to the receipt, storage, prepa-
ration, testing and evaluation of the test material shall conform to
Litton Bionetics, Inc. standard operating procedures and the Good Labora-
tory Practices Regulations of 1979. Deviations from standard procedure
shall be fully documented and noted in the report.

A1l test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.
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I.  ASSAY SUMMARY

A.  Sponsor: Acurex Corporation

B. Material (Test Compound):
A81-05-030-674 (EA-2 1+Filter)

Genetics Assay Number: 5884

1. Identification:

2. Date Received: August 26, 1981

Fine, gray/black powder and
fiberglass filter with embedded
particles.

3. Physical Description:

EPA Level 1 Ames Salmonella/Microsome Plate
Test

C. Type of Assay:

D. Assay Design Number: 401 (EPA Level 1)

E. Study Dates:
1. Initiation: October 1, 1981
2. Completion: October 29, 1981

F. Supervisory Personnel:

A.  Study Director: D.R. Jagannath, Ph.D.

G. Evaluation:

The test material, A81-05-030-674 (EA-2 1+filter), was tested
for activity in the Ames Salmonella mutagenicity assay over a
concentration range of 0.05 mg/plate to 5.0 mg/plate. The

test was performed in duplicate under nonactivation and acti-

vation test conditions with strains TA-1535, TA-1537, TA-98,
and TA-100.

The sample was not mutagenic under the test conditions employed
and was ranked as having nondetectable (ND) mutagenic activity

as defined by the IERL-EPA Level 1 criteria for the Ames bio-
assayl.

Submitted by: Reviewed by:

Study Director

Dire
B}'L JM toanadin 112 /81 @N&M

Y !‘/t{g@!
at

Litton

D.R._Jagannath, Ph.D. Date David J. Brusick, Ph.D.
Section Chief, Director,
Submammalian Genetics, Department of Molecular
Department of Molecular Toxicology
Toxicology 5-292
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II. OBJECTIVE

The objective of this study was to determine the geqetic activity of
A81-05-030-674 (EA-2 1+Filter) in the Salmonella/ microsome assay w1th

and without the addition of mammalian metabolic activation preparations.
The genetic activity of a sample is measured in these assays by its ability
to revert the Salmonella indicator strains from hist]d1ne dependence.to
histidine independence.” The degree of genetic activity of a sample is

reflected in the number of revertants that are observed on the histidine-
free medium.
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III. TEST MATERIAL

A. Description e~

The test material, as received, was comprised to two separate components.
The first component, a fine, gray/black powder, was the 1 Hm SASS train
particulate catch. The second component was a fiberglass filter with
embedded particulate material. This gray/black particulate mater]al
represented particulates less than 1 um collected ig the SASS train sample.
Both components were supplied together in a Nalgene~ screw-top bottle.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample
was assigned LBI safety number 7168 and LBI assay number 5884. The sample
was stored at +4°C in the dark.

The filter portion of the sample required removal of the embedded parti-
culates before testing could begin. The uncut filter was sonicated in
cyclohexane as recommended by current IERL-EPA pretest sample preparation
proceduresl. The decanted particulate suspension from three successive
sonication treatments were combined and evaporated to dryness. The parti-
culate material was weighed and combined with the 1 ym particulate catch
portion of the sample. A total of 264.42 mg of the combined test material
available for testing was comprised of 70.28 mg (26.6%) of <1 um particu-
-lates removed from the filter and 194.14 mg (73.4%) of 1 um particulates.

Approximately 220 mg of the test material were used for the trial in the
Ames Salmonella Assay. The test material was suspended at 100 mg/ml in
dimethyTsulfoxide (DMSO) and incubated overnight at 37°C on a rotary
shaker. This stock suspension was used to make dilutions in DMSO to be
used for dosing in the EPA Level 1 Ames Salmonella Assay.

f 5-294
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Iv. MATERIALS

A. Indicator Microorganisms

The Salmonella typhimurium strains used in this assay were obtained from
Dr. Bruce Ames, University of California at Berkeley.4-8 The following
four strains were used.

Strain Gene Additional Mutations Mutation Type
Designation Affected Repair LPS R Factor Detected
TA-1535 his G AurB rfa - Base-pair
substitution
TA-1537 his C AurB rfa - Frameshift
TA-98 his D AurB rfa pKM101 Frameshift
TA-100 his G AurB rfa pKM101 Base-pair
substitution

A1l the above strains have, in addition to the mutation in the histidine
operon, mutation (rfa-) that leads to defective lipopolysaccharide coat,

a deletion that covers genes involved in the synthesis of vitamin biotin
(bio-) and in the repair of ultraviolet (uv) - induced DNA damage (uvrB-).
The rfa- mutation makes the strains more permeable to many large moTecules.
The uvrB- mutation decreases repair of some types of chemically or physi-
cally damaged DNA and thereby enhances the strain's sensitivity to some
mutagenic agents. The resistant transfer factor plasmid (R factor) pKM10l
in TA-98 and TA-100 is believed to cause an increase in error-prone DNA
repair that leads to many more mutations for a given dose of most mutagens.3
In addition, plasmid pKM10l confers resistance to the antibiotic ampi-
ci11;n, w?;ch is a convenient marker to detect the presence of plasmid

in the cells.

-A11 indicator strains are kept at 4°C on minimal medium plates supplemented
with a trace of biotin and an excess of histidine. 1In addition, the

plates with plasmid-carrying strains contain ampicillin (25 pg/ml) to
ensure stable maintenance of plasmid pKM101l. New stock culture plates

are made as often as necessary from the frozen master cultures or from
single colony reisolates that were checked for their genotypic character-
istics (his, rfa uvrB, bio) and for the presence of plasmid. For each
experiment, an inoculum from the stock culture plates is grown overnight
at 37°C in nutrient broth (Oxoid CM67) and used.

B. Media

The bacterial strains were cultured in Oxoid Media #2 (Nutrient Broth).
The selective medium was Vogen Bonner Medium E with 2% glucose.1® The
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overlay agar consisted of 0.6% purified agar with 0.05 mM histidine,
0.05 mM biotin and 0.1M NaCl according to the methods of Ames et al.®

C. Activation System

1. S9 Homogenate

A 9,000 x g supernatant prepared from Sprague-Dawley adult male rat liver
induced by Aroclor 1254 (Ames et al.®) was purchased commercially and
used in these assays.

2. S9 Mix

S9 mix used in these assays consisted of the following components:

Concentration per Milliliter

Components S9 Mix
NADP (sodium salt) 4 umoles
D-glucose-6-phosphate 5 pmoles
MgCl, 8 pmoles
KC1 33 pmoles
Sodium phosphate buffer

pH 7.4 100 pmoles
Organ homogenate from rat

T1iver (S9 fraction) 100 pliters

5-296
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V. EXPERIMENTAL DESIGN

A. Dosage Selection

Test strategy and dose selection depend upon sample type and sample avail-
ability. The Level 1 manual! recommends solids to be initially tested

at the maximum applicable dose (MAD) of 5 mg per plate and at lower con-
centrations of 2.5, 1, 0.5, 0.1 and 0.05 mg per plate. Liquids are tested
initially at the MAD of 200 pl1 per plate, and at lower concentrations of
100, 50 and 10 p1 per plate. Samples are retested over a narrower range
of concentrations with strains showing positive results initially. Alter-
nate dose are employed if sample size is limiting or at the direction of
the sponsor.

Doses selected to test this sample covered the recommended dose range
for solids. The highest dose was at the MAD level of 5 mg per plate and
included five lower dose levels of 2.5, 1, 0.5, 0.1 and 0.05 mg per plate.

B. Mutagenicity Testing

The procedure used was based on the paper published by Ames et. al.® and
was performed as follows:

1. Nonactivation Assay

To a sterile 13 x 100 mm test tube placed in a 43°C water bath the fol-
lowing was added in order:

. 2.00 m1 of 0.6% agar containing 0.05 mM histidine and
0.05 mM biotin.

. 0.05 m1 of a suspension of the test chemical to give the
appropriate dose.

0.1 m1 to 0.2 ml of indicator organism(s).
. 0.50 m1 of 0.2M phosphate buffer, pH 7.4.

This mixture was swirled gently and then poured onto minimal agar plates
(see IV B, Media). After the top agar had set, the plates were incubated
at 37°C for approximately 2 days. The number of his+ revertant colonies

growing on the plates were counted with an automatic colony counter and
recorded.

2. Activation Assay

The activation assay was run concurrently with the nonactivation assay.
The only difference was the addition of 0.5 ml of S9 mix (see IV C, Acti-
vation System) to the tubes in place of 0.5 m1 of phosphate buffer which
was added in nonactivation assays. A1l other details were similar to
the procedure for nonactivation assays.

m 5-297
ICS 6
BIONET



A detailed flow diagram for the plate incorporation assay is provided in
Figure 1.

C. Control Compounds

A negative control consisting of the solvent used for the test mgteria]
was also assayed concurrently with the test material. For negative con-
trols, step 'b' of Nonactivation Assays was replaced by_O.QS ml of the
solvent. The negative controls were employed for each indicator strain
and were performed in the absence and presence of 59 mix. The so]vent
used to prepare the stock solution of the test material is given 1n the
Results section of this report. All dilutions of the test material were
made using this solvent. The amount of solvent used was equal to the
maximum volume used to give the appropriate test dose.

Specific positive control compounds known to revert each strain were also
used and assayed concurrently with the test material. The concentrations
and specificities of these compounds to specific strains are given 1in

the following table:

Concentration
per plate Salmonella
Assay Chemical Solvent (Hg) Strains
Nonactivation Sodium azide Water 10.0 TA-1535, TA-100
2-Nitrofluorene Dimethyl- 10.0 TA-98
(NF) sulfoxide
9-aminoacridine Ethanol 50.0 TA-1537
(9AA)
Activation 2-anthramine Dimethyl- 2.5 For all strains
(ANTH) sulfoxide
D. Recording and Presenting Data

The number of colonies on each plate were counted and recorded on printed
forms. These raw data were analyzed in a computer program and reported
on a printout. The results are presented as revertants per plate for
each indicator strain employed in the assay. The positive and solvent
controls are provided as reference points.
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AMES ASSAY [PLATE INCORPORATION METHOD)

Molien [45°C] overlay agar
appropristely supplemented

Test, positive or solvent

5 ml
Aliquot of 0™

saline

Overlay poured on selective
bottom agar medium

Plated incubated at 37°C for 48 hours
The numbers of revertants/plate counted

Data analyzed

Interpretation/Conclusion

control chemical

0.1 ml Aliquot of an overnight culture

of bacteria[ 109 celis/mi)

0.5 ml $-9 mix [hepsilic

-S-8 + §«8=——— homogenate from PCB

pretreated ral plus
necessary cofactors

Figure 1 AMES SALMONELLA/MICROSOME MUTAGENESIS ASSAY
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VI. RESULTS

A. Interpretations

The test material, A81-05-030-674 (EA-2 1+Filter), was dissolved in DMSO
at a stock concentration of 100 mg/ml and leached overnight on a shaker
at 37°C. Additiomal dilutions were prepared in DMSO for testing. The
maximum test level was 5.0 mg/plate. There was no evidence of toxicity
at this level.

Reverse mutation was measured in strains TA-1535, TA-1537, TA-98 and
TA-100. The test was conducted in duplicate both with and without rat
liver S9 mix for metabolic activation.

There was no mutagenic activity associated with the test material treat-
ment and the sample was considered nonmutagenic and non toxic. The sample
was ranked as having nondetectable (ND) mutagenic activity using the
IERL-EPA Level 1 evaluation criteria for the Ames Assay!.

Solvent control and positive control values were within acceptable ranges.
These results achieved assay acceptance criteria and provided confidence
in the assumptions that the recorded data represented typical responses
to the test material.

B. Tables

This report is based on the data provided in Table 1.

—H 5-300
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RESULTS

A. NAME OR CODE DESIGNATINN OF THE TEST CIMPOUND:

8. SOLVENTI: DMSO
C. TEST INITIATION DATES: 10726741
D. VEST CUMPLETION DAYE: 10/29/81

e S-S5 LOTN: REFOS0

NOTE: CONCENTRATIONS ARE GIVEN IN MILLIGRAMS

- o-- CPEceter BT ece e EECCCTCTEGCARREEGe ST ACCEECTwEEE o GG Sowea

REV
TEST SPECIES TISSUE TA-1535
1 2

NONACTVIVATION
SOLVENT CONTROL . - - 16 19
POSITIVE CONTROLs® w-- Sk 1232 1052

TEST COMPOUND
0.050000 MG - - 11 10
0.100000 MG ——- - 10 ]
0.500000 MG -——- ——- 22 15
1.333000 MG - - 17 15
2.5700C0 MG -——— -—— 21 23
5.0003.0 MG —— —-——— 23 23

ACVIVATION

SOLVENT CONTROL RAT LIVER 15 11
POSITIVE CONTROLess RAT LIVER a79 509

TEST COMPOUND
0.9500C0 MG RAT LIVER 10 a
0.100000 MG RAT L IVER 11 17
0.500000 MG RATY LIVER 11 A
1.C00000 MG RAY LIVER 14 13
2.500000 MG RATY LIVER 11 17
5.000000 MG RAT LIVER 16 17

L}
T4a-1535 SODIUM AZIOE
TA-1537 =23-AMINOACRIDINC
TA-378 2-NITROFLUORENE
Ta-1¢1 SO0IUM AZ10E
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C INDICATES CONTAMINATION

TAHLE 1
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Ta-1537

3 1 2

? 4

135 650

14 7
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10 6

13 16
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6 1
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13 14
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10 Uu/PLATE
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3
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L*FILIERD
PLATE
TA-98 TA-100
1 2 1 2
24 26 116 118
BED c 1196 1080
34 24 10¢ 105
20 21 125 113
32 a2 116 138
s 29 131 119
a8 46 13¢ 135
0 34 142 132
a1 37 92 101
645 1991 2371 1861
36 20 89 108
39 ac 103 100
39 3y 124 114
Ay 30 119 113
46 3a 148 116
A0 45 124 114
LA N
TA-1535 2-ANTHRAMINE
TA-1537 2-ANTHRAMINE
TA-98 Z-ANTHRAMINE
TA-10C  2-ANTHRAMINE
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UG/PLAT:
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VII. ASSAY ACCEPTANCE AND EVALUATION CRITERIA

Statistical methods are not currently used, and evaluation is based on
the criteria included in this protocol.

Plate test data consists of direct revertant colony counts obtained from
a set of selective agar plates seeded with populations of mutant cells
suspended in a semisolid overlay. Because the test material and the
cells are incubated in the overlay for approximately 2 days and a few .
cell divisions occur during the incubation period, the test is semiquanti-
tative in nature. Although these features of the assay reduce the quanti-
tation of results, they provide certain advantages not contained in a
quantitative suspension test:

. The small number of cell divisions permits.potential
mutagens to act on replication DNA, which is often more
sensitive than nonreplicating DNA.

The combined incubation of the test article and the cells
in the overlay permits constant exposure of the indicator
cells for approximately 2 days.

A. Surviving Populations

Plate test procedures do not permit exact quantitation of the number of
cells surviving chemical treatment. At Tow concentrations of the test
material, the surviving population on the treatment plates is essentially
the same as that on the negative control plate. At high concentrations,
the surviving population is usually reduced by some fraction. Our protocol
will normally employ several doses ranging over two or three log concen-
trations, the highest of these doses being selected to show slight toxicity
as determined by subjective criteria.

B. Dose-Response Phenomena

The demonstration of dose-related increased in mutant counts is an impor-
tant criterion in establishing metagenicity. A factor that might modify
dose-response results for a mutagen would be the selection of doses that
are too low (usually mutagenicity and toxicity are related). If the
highest dose is far lower than a toxic concentration, no increases may
be observed over the dose range selected. Conversely, if the lowest

dose employed is highly cytotoxic, the test material may kill any mutants
that are induced, and the test material will not appear to be mutagenic.

C. Control Tests

Positive_and negatjve contrg] assays were conducted with each experiment
and consisted of d]rect-actlng mutagens for nonactivation assays and
mutagens that require metabolic biotransformation in activation assays.
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Negative controls consisted of the test material solvent in the overlay
agar together with the other essential components. The negative control
plate for each strain gave a reference point to which the test data was
compared. The positive control assay was conducted to demonstrate that
the test systems were functional with known mutagens.

The following normal range of revertants for solvent controls are generally
considered acceptable.

TA-1535: 8-30

TA-1537: 4-30

TA-98: 20-75

TA-100:  80-250

0. Evaluation Criteria for Ames Assay

Because the procedures to be used to evaluate the mutagenicity of the

test material are semiquantitative, the criteria to be used to determine
positive effects are inherently subjective and are based primarily on a
historical data base. Most data sets will be evaluated using the following
criteria.

1. Strains TA-1535 and TA-1537

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to three times the solvent control value will
be considered to be mutagenic.

2. Strains TA-98 and TA-100

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to twice the solvent control value for TA-98
and TA-100 will be considered to be mutagenic.

3. Pattern

Because TA-1535 and TA-100 are both derived from the same parental strain
(G-46), to some extent there is a built-in redundancy in the microbial
assay. In general, the two strains of a set respond to the same mutagen
and such a pattern is sought. Generally, if a strain responds to a mutagen
in nonactivation tests, it will do so in activation tests.

4. Reproducibility

If a test material produces a response in a single test that cannot be
reproduced in additional runs, the initial positive test data Tose signi-
ficance.

The preceding criteria are not absolute, and other extenuating factors
may enter into a final evaluation decision. However, these criteria
will be applied to the majority of situations and are presented to aid
those individuals not familar with this procedure. As the data base is
increased, the criteria for gvgg;ation can be more firmly established.
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E. Relation Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Salmonella/Microsome Plate Assay is
not a definitive test for chemical carcinogens. It is recognized, however,
that correlative and functional relations have been demonstrated between
these two endpoints. The results of comparative tests on 300 chemicals

by McCann et al.4 show an extremely good correlation between results of
microbial mutagenesis tests and in vivo rodent carcinogenesis assays.

A1l evaluations and interpretation of the data to be presented in the
final report will be based only on the demonstration, or lack, of muta-
genic activity.

F. Criteria for Ranking Samples in the Ames Assay

The goal of EPA Level 1 Ames testing is to rank source streams by relative
degree of genetic toxicity (mutagenicity). Samples are first identified
as mutagenic or nonmutagenic by the criteria in Section D above and

then ranked using the mutagenicity categories presented in the table
below. The lowest concentration giving a positive response in any strain,
with or without metabolic activation, is identified as the minimum effec-
tive concentration (MEC) for that sample. The mutagenicity of the sample
is evaluated as high (H), moderate (M), low (L), or nondetectable (ND)
according to the evaluation criteria developed in the Level 1 manuall

and summarized beiow. Samples with no detectable activity at the maximum
applicable dose (MAD) are ranked nondetectable (ND).

Ames Assay Mutagenicity Ranking Criterial

Mutagenic Solids Liquids®
Activity (MEC in pg/plate) (MEC in p1/plate)
High (H) <50 <2
Moderate (M) 50-500 2-20
Low (L) 500-5000 20-200
Not Detectable (ND) >5000 >200

Litton

a . . )
Concentration of organic extracts is based upon organic content (ug

grg:n;cs per plate) and not volume (ul extract per plate) of sample
ested.
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the rabbit
alveolar macrophage (RAM) cytotoxicity assay as described in "IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests" (1).
The data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting" (2).

The RAM cytotoxicity assay has been shown to be a sensitive method for
detecting cytotoxic activity for a variety of chemicals representing
various chemical classes (3). This assay is one of several recommended

by EPA to identify, categorize and rank the pollutant potential of influent
and effluent streams from industrial and energy-producing processes.

This assay has been well validated with a wide range of positive and
negative control chemicals and complex environmental samples.

A1l procedures and documents pertaining to the receipt, storage, prepara-
tion, testing and evaluation of the test material shall conform to Litton
Bionetics, Inc. standard operating procedures and the Good Laboratory
Practices Regulations of 1979. Deviations from standard procedure shall
be fully documented and noted in the report.

A11 test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.
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ASSAY SUMMARY

SPONSOR: Acurex Corporation

MATERIAL (TEST COMPOUND): GENETICS ASSAY NUMBER: 5884
1. ldentification: A81-05-030-674 (EA-2 1+Filter)

2. Date Received: August 26, 1981

3. Physical Description: Fine, gray/black powder and fiberglass
filter with embedded particulate material.

TYPE OF ASSAY: Rabbit Alveolar Macrophage (RAM) Cytotoxicity Assay
ASSAY DESIGN NUMBER: 443

STUDY DATES:

1. Initiation: October 1, 1981

2. Completion: October 14, 1981

SUPERVISORY PERSONNEL:

1. Study Director: Brian Myhr, Ph.D.

2. Laboratory Supervisor: Robert Young, M.S.

EVALUATION:

The combined particulate material from the filter and 1 micron catch
caused a dose-related increase in toxicity for applied concentrations
greater than approximately 20 pg/ml. A1l four assay parameters

were responsive, but the primary effect was the reduction in cellular
ATP content. The ECgq for the ATP content was 77 pg/ml, which
resulted in an evaluation of moderate (M) toxicity for the combined
particulate catch, using the toxicity categories defined for the
IERL-EPA Level 1 RAM Cytotoxicity Assay.

Submitted by:

Study Director

(> scar W/A%gx u (24 /g1

1 Je
rusick, Ph.D. Date

Brian Myhr, Ph.D. Date J.
Associate Director, Director,
Department of Molecular Department of Molecular
Toxicology Toxicology
5-309



Litton

II. OBJECTIVE

The objective of this study was to determine and rank the cytotoxicity
of A81-05-030-674 (EA-2 1+filter) to cultured rabbit alveolar macrophage
(RAM) cells. The measure of cytotoxicity was the reduction in cell
viability and adenosine triphosphate (ATP) content of the cultures after
a 20 hour exposure to the test material. At the conclusion of the exposure
period, the number of viable cells and total ATP content in the treated
cultures were compared to the corresponding values in unexposed control
cultures. The concentration of test material that reduced each experi-
mental parameter by 50% was estimated graphically and referred to as the
EC50 value. Standard EPA Level 1 toxicity evaluation criteria for the
RAM cytotoxicity assay were used to rank the toxicity potential of the
test material based upon the most sensitive parameter.

5-310
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III. TEST MATERIAL

A. Description

The test material, as received, was comprised of two separate components.
The first component, a fine black/gray powder, was the 1 um SASS train
particulate catch. The second component was a fiberglass filter with
embedded particulate material. This dark material represented particu-
lates less than 1 pm collected in @e SASS train sample. Both components
were supplied together in a Nalgene~ screw-top bottle.

B. Handling and Preparation

The test material was received on August 26, 1981, and was assigned LBI
assay number 5884 and LBI safety number 7168. The sample was stored at
+4°C in the dark.

The filter portion-of the sample required removal of the embedded particu-
lates before testing could begin. The uncut filter was sonicated in
cyclohexane as recommended by current IERL-EPA pretest sample preparat1on
procedures!. The decanted particulate suspensions from three successive
sonication treatments were combined and evaporated to dryness. The parti-
culate residue was weighed and combined with the 1 pym particulate catch
portion of the sample. A total of 264.42 mg of combined test material

was available for testing and was comprised of 70.28 mg (26.6%) of <1 um
part;cu]ates removed from the filter and 194.14 mg (73. 4%) of the 1 um
catc

Approximately 34.4 mg of test material was used for the assay. The test
material was suspended in serum-free EMEM culture medium at a concentration
of 2000 pg/m1 and incubated at 37°C on a roller drum for 8 hours. A

fine suspension was formed that settled on standing. No pH changes were
noted. The suspension was ser1a11y diluted with EMEM (serum-free) and
applied to the cultures at a maximum concentratwon of 1000 pg/m1 in the
presence of 10% serum.
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Iv. MATERIALS
A. Indicator Cells

The assay employed short-term primary cultures of alveolar macrophage
cells obtained by lung lavage of a male New Zealand white rabbit (2.25 kg).
The rabbit was maintained on Purina Lab Rabbit Chow 5321 and water ad
1ibitum and was examined for the absence of respiratory illnesses prior

to use.

B. Media

The cells were maintained and treated in Eagle's Minimum Essential Medium
(EMEM) with Earle's salts and supplemented with 10% fetal bovine serum
(heat-inactivated), 100 units/ml penicillin, 100 pg/ml streptomycin,

17.6 pg/ml kanamycin, and 0.4 pg/ml amphotericin B.

C. Negative Controls

The negative control consisted of three untreated cultures carried through
the same experimental time period as the treated cells. The average
viability and ATP content of the negative control provided the reference
points for determining the effects of different concentrations of the
test material on the assay parameters.
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V. EXPERIMENTAL DESIGN

A. Procurement of Cells

A rabbit was sacrificed by injection of Nembuta1® (60 mg/m1) into the
marginal ear vein, and sterile operating techniques were used to perform
a tracheostomy. Prewarmed normal saline (30 ml1) was then introduced

into the lungs via a catheter and allowed to stand for 15 minutes. This
lavage fluid was removed and placed into a 50-ml sterile centrifuge tube
on ice. Nine additional lavages were similarly performed and collected,
except the saline was removed shortly after its introduction into the
lungs. Any lavage fluid containing blood or mucous was discarded. The
lavages were centrifuged at 365 x g for 15 minutes and the cells resus-
pended in cold 0.85% saline. After two washes in.saline by centrifugation,
the cell pellets were resuspended in cold EMEM containing 20% serum and
then combined. A cell count was obtained by hemocytometer and the suspen-
sion diluted to 5.02 x 105cells/m1. Viability was determined by trypan
blue staining and the cells were not used if less than 95% viable. Also,
a differential cell count from Wright-stained smears was performed to
verify that the macrophage content was above 90%.

B. Sample Forms

The usual sample form for application to the cells is a suspension of
particulate material. Solid samples are ground to fine particles and a
weighed portion is suspended in a known volume of EMEM (0% FBS) for about
eight hours to help leach any water-soluble material. Finely-divided
test material may be suspended directly in culture medium without further
grinding. Aqueous liquids, suspensions, or slurries containing less

than 0.5% organic solvent are added by volume to culture medium.

Samples supplied as solutions in organic solvents are usually solvent-
exchanged into DMSO before testing. Original sample volumes may first

be reduced a maximum of 10-fold in a Kuderna-Danish concentrator, and

the concentrative factor is used to convert assayed volumes into equi-
valent original sample volumes in the absence of information about solute
concentration. An aliquot of the reduced volume is exchanged into DMSO
by repeated, partial evaporation under a stream of nitrogen in a warm

water bath (50°C); the evaporated volumes are replaced with equal volumes
of DMSO.

Samples adsorbed on XAD-2 resin are extracted with methylene chloride
or acetone in a Soxhlet apparatus for 24 hours. The extract is then
concentrated and solvent-exchanged into DMSO. Alternatively, acetone

extracts can be assayed directly at concentrations up to 2% by volume in
the culture medium.

Samples impregnated on fiber glass or teflon filters are repeatedly soni-
cated in cyc]ohexang to remove particulates. The resulting cyclohexane
particulate suspension is then evaporated to dryness and the particulates
resuspended in EMEM culture medium at the desired concentration.
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Sponsor-specified handling of sample materials will be followed if_the
above procedures are not applicable or a specific procedure is desired.

C. Dose Selection

Unless the approximate toxicity is already known or the sample size is
limiting, the following usual dose ranges are tested for different sample
forms. Dry, particulate material is tested at six dose 1eve1s.from

1000 pg/ml to 3 pg/ml. Aqueous samples, suspensions, or slurries are
tested from 600 pl to 3 p1/ml in six dose steps. Samples that are solvent-
exchanged into DMSO are tested from 20 pl1/ml (2% DMSO in growth medium)
to 0.2 p1/ml, also in six dose steps. A second dose study is performed
with an adjusted dose range if the EC50 was not located properly in the
initial test. However, EC50 values greater than 1000 p1/ml for particu-
late material, 600 ul/ml for aqueous samples, or 20 ul/ml for organic
solutions will not be determined.

This test material, A81-05-030-674 (EA-2 1l+filter), was tested at 6 dose
levels, starting at the maximum applicable dose (MAD) of 1000 pg/ml and
including 600, 300, 100, 60 and 30 pg/ml.

D. Treatment

A series of 25 cm? culture flasks were prepared, each containing 2.0 ml
of serum-free medium at 37°C and the test material at twice the desired
final concentration. Three flasks were prepared for each test concen-
tration. Aliquots of cell suspension (2 ml) were then added; each flask,
therefore, contained 1 x 10® viable cells in a 4-ml volume of media con-
taining 10% serum. The flasks were placed on a rocker platform in a
37°C incubator with a humidified atmosphere containing 5% C0,. After
sitting for about 30 minutes, the flasks were slowly rocked for the
remainder of a 20-hour exposure period.

If the test substance causes a color change in the growth medium, the pH
is determined in additional treated flasks. After the exposure period,
the pH of the medium in the experimental flasks is again recorded.

E. Cell Viability Assay

At the end of the treatment period, the medium containing unattached
cells was decanted into a centrifuge tube on ice. The attached cells
were rinsed with 1 m1 of 0.1% trypsin/0.01% versene and then incubated
with 2 ml of the trypsin/versene solution for about 5 minutes at 37°C.
The trypsinates and decanted media were combined for each culture to
yield a 7-m1 cell suspension for subsequent analysis.

A 1.0 ml aliquot of the cell suspension was removed for cell count and
viability determination. The aliquot was combined with 1.0 ml1 of 0.4%
trypan blue and counted by hemocytometer about 5 to 15 minutes later.
The total number of cells counted per culture was the sum of the numbers
found in five squares for each chamber of the hemocytometer (1 ul total

volume). The numbers of live (colorless) and dead (blue) cells were
recorded.
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F. ATP Assay

ATP was immediately analyzed by extraction of a 0.1-ml sample of cell
suspension with 0.9 m1 of 90% DMSO. After 2 minutes at room temperature
5.0 m1 cold MOPS buffer (0.01 M morpholinopropane sulfonic acid) at pH 7.4
was added and the extract mixed well and placed on ice. Aligquots of

10 pl1 were injected into a cuvette containing a luciferin-luciferase
reaction mixture in a DuPont Model 760 Luminescence Biometer. The Biometer
was calibrated daily with standard ATP solutions to provide a direct
read-out of the ATP content. Each test sample was assayed at least twice
to obtain repeatable readings.
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VI. ASSAY ACCEPTANCE CRITERIA

The assay will be considered acceptable for evaluation of the test results
if the following criteria are met:

1.  The macrophage population is 90% or greater of the total nucleated
cells collected by lung lavage.

2. The percent viability of the macrophages used to initiate the assay
is 95% or greater.

3. The survival of viable macrophages in the negative control cultures
over the 20 hour treatment priod is 70% or greater.

4. A sufficient number of data points (for five test concentrations or
less) are available to clearly locate the EC50 of the most sensitive
test parameter within a toxicity region as defined under Assay Eval-
uation Criteria.

5. The data points critical to the location of the EC50 for the most
sensitive parameter are the averages of at least two treated cultures.

6. If all the test parameters yield EC50 values greater than 1000 pg/ml,
600 p1/ml1 for aqueous solutions, or 20 pi/ml} for organic solutions,
the plotted curves for ATP content and viability index parameters
do not exceed 120% of the negative control. '
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VII. RESULTS

A. Interpretation

The test material was ingested by the macrophages and caused a decline

in their viability when the applied concentration exceeded approximately
20 pg/ml. Absolute values for the assay parameters are given in Table 1,
as well as the parameter values relative to the negative control cultures,
and the relative values are plotted in Figures 1 and 2.

The most sensitive assay parameter was the culture ATP content, which
yielded an ECso of 77 pg/ml. This reduction in ATP was also reflected in
the ATP/10¢ total cells parameter, which paralled the culture ATP curve
but was somewhat less sensitive (EC5o = 140 pg/ml). The ATP/106 cells
measurement normally lags the ATP measurement because cellular disruption
reduces the denominator of this parameter. In order for ATP/10° cells

to be very responsive, the percent viability must decrease and the
viability index (which measures the total number of viable cells) must
not decrease as rapidly as the total ATP. As shown in Figure 1, the
percent viability did decrease (ECgo just above the MAD of 1000 pg/ml)
and the viability index declined with a more shallow slope than the ATP
and Teveled off near 40% of the negative control. Therefore, the primary
effect of the combined particulate sample was to cause a drop in cellular
ATP content and secondarily, a disruption of the macrophages. This toxi-
city was clearly evident in the low toxicity range of 100-1000 pg/ml, as
defined for the IERL-EPA Level 1 RAM assay!. However, the inhibition
began in the moderate region of 10-100 pg/ml for these parameters, and
the ATP ECgo of 77 pg/ml resulted in an evaluation of moderate (M) toxi-
city for the test material. Although this response by the RAM cells
closely approached the moderate/low toxicity borderline, the ATP ECso
would be expected to usually remain in the moderate region for repeated
trials.

The macrophages collected for this assay had normal morphology and appeared
to be in a healthy state. The initial viability was excellent (99.3%)

and the survival of viable cells in the negative control was 96.0%. The
average cellular ATP content of the negative controls was 25.1 x 108 fg

ATP per 10® total cells which was within the historical range for accept-
able cultures. These results achieved the assay acceptance criteria and
provided confidence in the assumption that the collected data represented
typical responses to the test material.

B. Tables and Figures

This report is based on the data provided in Table 1 and Figures 1 and
2.
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TABLE 1
RABBIT ALVEOLAR MACROPHAGE (RAM) CYTOTOXICITY ASSAY DATA

LBI Assay No.: 5884 Initial Cell Viability: 99.3%
Test Material Identity: A81-05-030-674 (EA-2 1+Filter) Viable Macrophage Seeded/Flask: 1.0 x 108 cells/flask
Test Date: October 13, 1981 Macrophage Population Percentage: >90.0%

Survival of Negative Control

Macrophage Over Treatment Time: 96.0%
Vehicle: EMEM

a Average Values per Culture Flask ATP Per ‘ Expressed as Percent of Negative Control

Sample Concentration Viable Cells Total Cells b 106 Cells Viability Viability ATP Per

pg/ml 108 Units 108 Units 108fg 108 fg p 4 Viability Index ATP 108 Cells
NC© == 0.97 1.01 25.4 25.1 9.0 100.0 100.0 100.0 100.0
TEST 30 0.85 0.91 18.7 20.5 93.4 97.3 87.6 731.6 81.7
TEST 60 0.67 0.72 14,7 20.4 93.1 97.0 69.1 57.9 81.3
TEST 100 ~0.60 0.68 10.7 15.7 88.2 91.9 61.9 42.1 62.5
TEST 300 0.44 0.58 3.7 6.4 75.9 79.1 45.4 14.6 25.5
TEST 600 0.44 0.70 2.7 3.9 62.9 65.5 45.4 10.6 15.5
TEST 1000 0.35 0.61 2.1 3.4 57.4 59.8 36.1 8.3 13.5
apH change in culture medium: None observed dECSO VALUES:
b pg/ml: >1000 210 77 140

fg = Femtogram (10-!5 gram).

°Ne = Negative Control, EMEM culture medium.
dﬂetermined from data plots in Figures 1 and 2. . Toxicity

Classification: Moderate
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VIII. ASSAY EVALUATION CRITERIA

The EC50 value represents the concentration of test material that reduces
the most sensitive parameter of the RAM assay to 50% of the vehicle or
negative control value. EC50 values are determined graphically by fitting
a curve by eye through relative toxicity data plotted as a function of

the logarithm of the applied concentration. Each data point normally
represents the average of three culture dishes. Statistical analysis is
unnecessary in most cases for evaluation.

The toxicity of the test material is evaluated as high, moderate, low,
or nondetectable according to the range of EC50 values defined in the
following table.

N
a Solids Aqueous Liquids Nonaqueous Liquids™
Toxicity (EC5p in pg/ml) (EC5o in p1/ml) (ECso in p1/ml)
High <10 <b <0.2
Moderate 10 to 100 6 to 60 0.2-2
Low 100 to 1000 60 to 600 2-20
Not Detectable >1000 >600 >20

3valuation criteria formulated by Litton Bionetics, Inc. for IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests!.

bCriteria for nonaqueous liquids are tentative and under evaluation. If
the organic or solid content is known, the solid evaluation criteria
are applied.

Another evaluation scheme is proposed for extracts obtained from SASS
train gas volumes. The proportion of the total gas volume corresponding
to the volume of extract used in the bioassay is calculated and expressed
as L/ml1 of culture medium (or DSCF/m! of culture medium). A criterion

of 1000 L/m1 is set as the 1imit for nondetectable toxicity. This gas
volume corresponds to the average volume breathed by humans over a 2-hour
period. The subsequent toxicity ranges are defined by 10-fold dilution
steps to conform to standard procedure. The toxicity ranges are defined
in the following table for liter and dry standard cubic feet units:

tCso In ‘ ECso In
Toxicity Liters/m1 (L/m1).  Dry Standard Cubic Feet/ml1 (DSCF/m1)
Aigh <10 <0.35 DSCF
Moderate 10-100 0.35-3.5
Low 100-1000 3.5-35
Nondetectable >1000 >35
5-321
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PREFACE

This assay conforms to the standard EPA Level 1 procgdure for the Ames
Salmonella/microsome mutagenesis assay as described in "IERL-RTP Proce-
dures Manual: Level 1 Environmental Assessment Biological Tes@s"l.. The
data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting"2.

The Ames Salmonella/microsome mutagenesis assay has been shown to be a
sensitive method for detecting mutagenic activity for a variety of chemi-
cals representing various chemical classes®. This assay is one of sever§1
recommended by EPA to identify, categorize and rank the pollutant potential
of influent and effluent streams from industrial and energy-produc1ng pro-
cesses. This assay has been well validated with a wide range of positive
and negative control chemicals and complex environmental samples.

A11 procedures and documents pertaining to the receipt, storage, prepa-
ration, testing and evaluation of the test material shall conform to
Litton Bionetics, Inc. standard operating procedures and the Good Labora-
tory Practices Regulations of 1979. Deviations from standard procedure
shall be fully documented and noted in the report.

A11 test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.
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I.  ASSAY SUMMARY

A.  Sponsor: Acurex Corporation

B. Material (Test Compound): Genetics Assay Number: 5880
1. Identification: A81-05-030-676 (EA-2 XAD Extract)
2. Date Received: August 26, 1981
3. Physical Description: Clear, gold liquid.

C. Type of Assay: EPA Level 1 Ames Salmonella/Microsome Plate Test

D. Assay Design Number: 401 (EPA Level 1)

E. Study Dates:
1. Initiation: September 23, 1981
2. Completion: October 5, 1981

F. Supervisory Personnel:
A.  Study Director: D.R. Jagannath, Ph.D.

G. Evaluation:
The test material, A81-05-030-676 (EA-2 XAD extract), contained
2.5 mg organics per ml after solvent exchange into dimethyl-
sulfoxide (DMSO). The solvent exchanged sample was evaluated
for its genetic activity in the EPA Level 1 Ames assay, directly
and in the presence of a metabolic activation system. The
test sample exhibited mutagenic activity with TA-98 and TA-100
in the presence and absence of S9 mix. The minimum effective
concentration at which the mutagenic activity was observed was
at 10 p1 per plate (or 25 pg organics per plate) with TA-98 in
the nonactivation assay. These tests indicate that the test
material contains both frame shift and base-pair type mutagens.
The mutagenic activity of the sample was classified as high (H)
according to the IERL-EPA Level 1 evaluation criterial.

Submitted by: Reviewed by:

Study Director
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Department of Molecular Toxicology
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II. OBJECTIVE

The objective of this study was to determine the genetic activity of
AB1-05-030-676 (EA-2 XAD extract) in the Saimonella/ microsome assay
with and without the addition of mammalian metabolic activation prepara-
tions. The genetic activity of a sample is measured in these assays by
its ability to revert the Saimonella indicator strains from histidine
dependence to histidine independence. The degree of genetic activity of

a sample is reflected in the number of revertants that are observed on
the histidine-free medium.

m 5-327
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I11. TEST MATERIAL
A. Description

The test material was received as a clear, gold solution in methylene
chloride. The sample contained 9.0 milligrams of organic material in an
undetermined volume of methylene chloride. No information on the sampling
parameters (such as the equivalent volume of stack gas represented by

the sample) was provided.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample
was assigned LBI safety number 7164 and LBI assay number 5880. The sample
was stored at +4°C in the dark.

Pretest sample preparation consisted of solvent exchanging the sample
into dimethylsulfoxide (DMSO). The sample was transferred with methylene
chloride rinses into a graduated conical tube. The methylene chloride
was gradually evaporated (50°C under a stream of nitrogen) and DMSO was
sequentially added. The sample was brought to volume in 3.6 ml of DMSO,
giving a sample concentration of 2.5 mg organics per m1 DMSO. The sample
was transferred to a glass vial and sealed with a teflon-coated rubber
septum.

Approximately 2.6 ml of test materfal was used for tésting. Varying

aliquots of the test material were added directly to the test mixtures
to give the desired concentration.
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Iv. MATERIALS

A. Indicator Microorganisms

The Salmonella typhimurium strains used in this assay were obtained from
Dr. Bruce Ames, University of California at Berkeley.4-8 The following
four strains were used.

Strain Gene Additional Mutations Mutation Type
Designation Affected Repair LPS R Factor Detected
TA-1535 his G AurB rfa - Base-pair
substitution
TA-1537 his C Aur B rfa - Frameshift
TA-98 his D AuwrB rfa  pkMIOl Frameshift
TA-100 his G AurB rfa pkMiOl1 Base-pair
substitution

A11 the above strains have, in addition to the mutation in the histidine
operon, mutation (rfa-) that leads to defective lipopolysaccharide coat,

a deletion that covers genes involved in the synthesis of vitamin biotin
(bio-) and in the repair of ultraviolet (uv) - induced DNA damage (uvrB-).
The rfa- mutation makes the strains more permeable to many large molecules.
The uvrB- mutation decreases repair of some types of chemically or physi-
cally damaged DNA and thereby enhances the strain's sensitivity to some
mutagenic agents. The resistant transfer factor plasmid (R factor) pkKM10l
in TA-98 and TA-100 is believed to cause an increase in error-prone DNA
repair that leads to many more mutations for a given dose of most mutagens.®
In addition, plasmid pKM101l confers resistance to the antibiotic ampi-
cillin, which is a convenient marker to detect the presence of plasmid

in the cells.

A11 indicator strains are kept at 4°C on minimal medium plates supplemented
with a trace of biotin and an excess of histidine. In addition, the

plates with plasmid-carrying strains contain ampicillin (25 pg/ml) to
ensure stable maintenance of plasmid pkKM10l. New stock culture plates

are made as often as necessary from the frozen master cultures or from
single colony reisolates that were checked for their genotypic character-
istics (his, rfa uvrB, bio) and for the presence of plasmid. For each
experiment, an inoculum from the stock culture plates is grown overnight

at 37°C in nutrient broth (Oxoid CM67) and used.

B. Media

The bacterial strains were cultured in Oxoid Media #2 (Nutrient Broth).
The selective medium was Vogen Bonner Medium E with 2% glucose.!® The
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overlay agar consisted of 0.6% purified agar with 0.05 mM histidine,9
0.05 mM biotin and 0.1M NaCl according to the methods of Ames et al.

C. Activation System

1. S9 Homogenate

A 9,000 x g supernatant prepared from Sprague-Dawley adult male rat lTiver
induced by Aroclor 1254 (Ames et al.®) was purchased commercially and
used in these assays.

2. S9 Mix

S9 mix used in these assays consisted of the following components:

Concentration per Milliliter

Components $9 Mix
NADP (sodium salt) 4 pmoles
D-glucose-6-phosphate 5 umoles
MgCl, 8 pmoles
KC1 33 pmoles
Sodium phosphate buffer

pH 7.4 100 pmoles
Organ homogenate from rat

Tiver (59 fraction) 100 pliters
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V. EXPERIMENTAL DESIGN

A. Dosage Selection

Test strategy and dose selection depend upon sample type and sample avail-
ability. The Level 1 manual! recommends solids to be initially tested

at the maximum applicable dose (MAD) of 5 mg per plate and at lower con-
centrations of 2.5, 1, 0.5, 0.1 and 0.05 mg per plate. Liquids are tested
initially at the MAD of 200 ul per plate, and at lower concentrations of
100, 50 and 10 pl1 per plate. Samples are retested over a narrower range
of concentrations with strains showing positive results initially. Alter-

nate dose are employed if sample size is limiting or at the direction of
the sponsor.

Doses selected to test this sample covered the recommended dose range
for liquids. The highest dose was at the MAD level of 200 pl per plate
and included three lower dose levels of 100, 50 and 10 pl1 per plate.

These dose levels corresponded to 500, 250, 125, and 25 pg orgaincs per
plate.

B. Mutagenicity Testing

The procedure used was based on the paper published by Ames et. al.® and
was performed as follows:

1. Nonactivation Assay

To a sterile 13 x 100 mm test tube placed in a 43°C water bath the fol-
lowing was added in order:

. 2.00 m1 of 0.6% agar containing 0.05 mM histidine and
0.05 mM biotin.

. 0.01 m1 to 0.2 m) of a solution of the test chemical to
give the appropriate dose.

. 0.1 ml to 0.2 ml of indicator organism(s).
. 0.50 m1 of 0.2M phosphate buffer, pH 7.4.

This mixture was swirled gently and then poured onto minimal agar plates
(see IV B, Media). After the top agar had set, the plates were incubated
at 37°C for approximately 2 days. The number of his+ revertant colonies
growing on the plates were counted with an automatic colony counter and
recorded.

2. Activation Assay

The activation assay was run concurrently with the nonactivation assay.
The only difference was the addition of 0.5 m1 of S9 mix (see IV C, Acti-
vation System) to the tubes in place of 0.5 m1 of phosphate buffer which
was added in nonactivation assays. All other details were similar to
the procedure for nonactivation assays.
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A detailed flow diagram for the plate incorporation assay is provided in
Figure 1.

C. Control Compounds

A negative control consisting of the solvent used for the test mqter1a1
was also assayed concurrently with the test material. For negative con-
trols, step 'b' of Nonactivation Assays was replaced by 0.05 ml of the
solvent. The negative controls were employed for each.1nd1cator strain
and were performed in the absence and presence of S9 mix. T@e so!vent
used to prepare the stock solution of the test material is given in the
Results section of this report. A1l dilutions of the test material were
made using this solvent. The amount of solvent used was equal to the
maximum volume used to give the appropriate test dose.

Specific positive control compounds known to revert each strain were glso
used and assayed concurrently with the test material. The concentrations
and specificities of these compounds to specific strains are given 1n

the following table:

Concentration
per plate Salmonella
Assay Chemical Solvent (ug) Strains
Nonactivation Sodium azide Water 10.0 TA-1535, TA-100
2-Nitrofluorene Dimethyl- 10.0 TA-98
(NF) sulfoxide
9-aminoacridine Ethanol 50.0 TA-1537
(9AA)
Activation 2-anthramine Dimethyl- 2.5 For all strains
(ANTH) sulfoxide
D. Recording and Presenting Data

The number of colonies on each plate were counted and recorded on printed
forms. These raw data were analyzed in a computer program and reported
on a printout. The results are presented as revertants per plate for
each indicator strain employed in the assay. The positive and solvent
controls are provided as reference points.
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AMES ASSAY [PLATE INCORPORATION METHOD)

of bacteria[ 109 cells/ml]

saline — 8.9 + S-9—— homogenate from PCB
pretrested rat plus

necessary cofactors

Overlay poured on selective
bottom agsar medium
Plated incubatec at 37°C for 48 hours
The numbers of revertants/plate counted
Data analyzed
Interpretation/Conclusion
Figure 1 AMES SALMONELLA/MICROSOME MUTAGENESIS ASSAY

Molten [45°C] overlay agar
appropriately supplemented

Test, positive or solvent
contro! chemica!

0.1 ml Aliquot of an overnight culture
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VI. RESULTS

A. Interpretations

The test material, A81-05-030-676 (EA-2 XAD extract), in methylene chloride
was solvent exchanged to DMSO before conducting the EPA Level 1 Ames
assays. The solvent exchanged material was tested.d1rect1y and in the
presence of liver microsomal enzymes from Aroclor induced rats. Due to

the limited amount of the test sample, only TA-98 and TA-100 were used

in the assays. Tests were conducted in duplicate except for TA-100 with
activation, where only one plate per dose was used.

The results of the tests conducted on the sample in the absence of a
metabolic activation were positive with both TA-98 and TA-100.

The results of the tests conducted on the sample in the presence of a
rat Tiver activation system were positive with TA-98 and TA-100.

These results indicate that the test sample contains direct acting frame
shift and base-pair type of mutagens. The minimum effective concentration
(MEC) that exhibited mutagenic activity was at 10 pl per plate (or 25 pg
organics per plate) with TA-98 in the nonactivation assays. This response
was categorized as high (H) mutagenic activity using the IERL-EPA Level 1
evaluation critiera for the Ames Assayl.

Solvent control and positive control values were within acceptable ranges.
These results achieved assay acceptance criteria and provided confidence
in the assumptions that the recorded data represented typical responses
to the test material.

B. Tables

This report is based on the data provided in Table 1.
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RESULTS TABLE 1

Ao NAME OR CODE DESIGNATION OF THE TESY COMPGUNC: A81-05-030-676 (EA-2 KAD EXTRACT)
B. SCLVENTZ DONSO

C. TESY INITIATION DATES: 10/01/81

De. TEST COMPLETLON DATE: 10/05/81

Ee §-9 LOTw: REFOS50

NOTE: CONCENTRATIONS ARE GIVEN IN MICROLITVERS FER PLATE

REVERTANTS FER FLATE

/ - - " " - . . - > - - . - -

TESTY SPECIES TISSUE TA-98 TA=-100
1 2 2 1 2 3
NONACTIVATION
SOLVENT CONTROL enn - 30 20 134 1c8
POSIVIVE CONTROLes --- —- 7160 814 1192 1363
TEST COMPOUND
10.00 uL - —— 84 € 214 220
$0.00 uL - - 174 148 4€4 401
100.00 uL —— - 2171 186 6€6 515
200.00 uL -~ == 301 260 303 224
ACTIVATION
SOLVENT CONTROL RAT LIVER 38 45 127 132
POSITIVE CONTROLeee RAT LIVER 2036 2074 2145
TEST CONPOUND
10.00 UL RAT LIVER 11 66 210 -
$0.00 uL RAT LIVER 228 112 332 -
100.00 uL RAT LIVER 269 217 A2 -
200.00 UL RAT LIVER 366 214 444 -
.h LR 2}
TA-98 2-NITROFLUORENE 10 UG/PLATE TA-98 2=-ANTHRAMINE 2.5 UG/PLATE
TA-100 SODIUM AZIDE 10 UG/PLATE TA-100 2-ANTHRAMINE 2.5 UG/PLATE

SOLVENT €0 UL/PLATE
- INOICATES TEST WAS NOT DONE



VII. ASSAY ACCEPTANCE AND EVALUATION CRITERIA

Statistical methods are not currently used, and evaluation is based on
the eriteria included in this protocol.

Plate test data consists of direct revertant colony counts obtained from
a set of selective agar plates seeded with populations of_mutant cells
suspended in a semisolid overlay. Because the test material and the

cells are incubated in the overlay for approximately 2 days and a few
cell divisions occur during the incubation period, the test is semiquanti-
tative in nature. Although these features of the assay reduce the quanti-
tation of results, they provide certain advantages not contained in a
quantitative suspension test:

. The small number of cell divisions per@its_potential
mutagens to act on replication DNA, which is often more
sensitive than nonreplicating DNA..

. The combined incubation of the test article and @he.ce11s
in the overlay permits constant exposure of the indicator
cells for approximately 2 days.

A. Surviving Populations

- Plate test procedures do not permit exact quantitation of the number of
cells surviving chemical treatment. At Tow concentrations of the test
material, the surviving population on the treatment plates is essentially
the same as that on the negative control plate. At high concentrations,
the surviving population is usually reduced by some fraction. Our protocol
will normally employ several doses ranging over two or three log concen-
trations, the highest of these doses being selected to show slight toxicity
as determined by subjective criteria.

B. Dose-Response Phenomena

The demonstration of dose-related increased in mutant counts is an impor-
tant criterion in establishing metagenicity. A factor that might modify
dose-response results for a mutagen would be the selection of doses that
are too low (usually mutagenicity and toxicity are related). If the
highest dose is far Tower than a toxic concentration, no increases may

be observed over the dose range selected. Conversely, if the lowest

dose employed is highly cytotoxic, the test material may kill any mutants
that are induced, and the test material will not appear to be mutagenic.

C. Control Tests

Positive.and negative control assays were conducted with each experiment
and consisted of direct-acting mutagens for nonactivation assays and
mutagens that require metabolic biotransformation in activation assays.
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Negative controls consisted of the test material solvent in the overlay
agar together with the other essential components. The negative control
plate for each strain gave a reference point to which the test data was
compared. The positive control assay was conducted to demonstrate that
the test systems were functional with known mutagens.

The following normal range of revertants for solvent controls are generally
considered acceptable.

TA-1535: 8-30

TA-1537: 4-30

TA-98: 20-75

TA-100:  80-250

D. Evaluation Criteria for Ames Assay

Because the procedures to be used to evaluate the mutagenicity of the

test material are semiquantitative, the criteria to be used to determine
positive effects are inherently subjective and are based primarily on a
historical data base. Most data sets will be evaluated using the following
criteria.

1. Strains TA-1535 and TA-1537

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to three times the solvent control value will
be considered to be mutagenic.

2. Strains TA-98 and TA-100

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to twice the solvent control value for TA-98
and TA-100 will be considered to be mutagenic.

3. Pattern

Because TA-1535 and TA-100 are both derived from the same parental strain
(G-46), to some extent there is a built-in redundancy in the microbial
assay. In general, the two strains of a set respond to the same mutagen
and such a pattern is sought. Generally, if a strain responds to a mutagen
in nonactivation tests, it will do so in activation tests.

4, Reproducibility

If a test material produces a response in a single test that cannot be
reproduced in additional runs, the initial positive test data lose signi-
ficance.

The preceding criteria are not absolute, and other extenuating factors

may enter into a final evaluation decision. However, these criteria

will be applied to the majority of situations and are presented to aid

those individuals not familar with this procedure. As the data base is

increased, the criteria for evaluation can be more firmly established.
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E. Relation Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Salmonella/Microsome Platg Assay is
not a definitive test for chemical carcinogens. It is recognized, however,
that correlative and functional relations have been demonstrated between
these two endpoints. The results of comparative tests on 300 chemicals

by McCann et al.4 show an extremely good correlation between results of
microbial mutagenesis tests and in vivo rodent carcinogenesis assays.

A1l evaluations and interpretation of the data to be presented in the
final report will be based only on the demonstration, or lack, of muta-
genic activity.

F. Criteria for Ranking Samples in the Ames Assay

The goal of EPA Level 1 Ames testing is to rank source streams by rg1§tive
degree of genetic toxicity (mutagenicity). Samples are first identified
as mutagenic or nonmutagenic by the criteria in Section D above and

then ranked using the mutagenicity categories presented in the table
below. The lowest concentration giving a positive response in any strain,
with or without metabolic activation, is identified as the minimum effec-
tive concentration (MEC) for that sample. The mutagenicity of the sample
is evaluated as high (H), moderate (M), low (L), or nondetectable (ND)
according to the evaluation criteria developed in the Level 1 manuall

and summarized below. Samples with no detectable activity at the maximum
applicable dose (MAD) are ranked nondetectable (ND).

Ames Assay Mutagenicity Ranking Criteria?l

Mutagenic Solids Liquidsa
Activity (MEC in pg/plate) (MEC in ul/plate)
High (H) <50 <2
Moderate (M) 50-500 ' 2-20
Low (L) 500-5000 20-200
Not Detectable (ND) >5000 >200

Litton

3oncentration of organic extracts is based upon organic content (pg

grgin;cs per plate) and not volume (pl extract per plate) of sample
ested.
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the Chinese
hamster ovary cell (CHO) clonal toxicity assay as described in "IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests" (1).
The data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting" (2).

The CHO clonal- toxicity assay has been shown to be a sensitive method for
detecting cytotoxic activity for a variety of chemicals representing
various chemical classes (3). This assay is one of several recommended
by EPA to identify, categorize and rank the pollutant potential of
influent and effluent streams from industrial and energy-producing
processes. This assay has been well validated with a wide range of posi-
tive and negative control chemicals and complex environmental samples.

A1l procedures and documents pertaining to the receipt, storage, prepa-
ration, testing and evaluation of the test material shall conform to
Litton Bionetics, Inc. standard operating procedures and the Good
Laboratory Practices Regulations of 1979. Deviations from standard
procedure shall be fully documented and noted in the report.

A11 test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.
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I. ASSAY SUMMARY

A.  SPONSOR: Acurex Corporation

B.  MATERIAL (TEST COMPOUND): GENETICS ASSAY NUMBER: 5880
1. Identification: A81-05-030-676 (EA-2 XAD Extract)
2. Date Received: August 26, 1981
3. Physical Description: Clear, gold 1iquid

C. TYPE OF ASSAY: Rodent Cell (CHO) Clonal Toxicity Assay

D.  ASSAY DESIGN NUMBER: 442

E.  STUDY DATES:
1. Initiation: September 23, 1981
2. Completion: October 6, 1981

F.  SUPERVISORY PERSONNEL:
1. Study Director: Brian C. Myhr, Ph.D.
2. Laboratory Supervisor: Robert Young, M.S.

G.  EVALUATION:
The test material caused a slight increase in toxicity with
increasing concentrations up to 1.0 p1/ml. The relative survival
dropped to nearly zero at 3 p1/ml and was zero for doses of
6 p1/ml and above. The ECgo was estimated graphically to be
1.72 pu1/m)l which was equivalent to 4.3 pg of organics per ml.
This sample was therefore evaluated to be in the high (H) toxicity
category defined for the IERL-EPA Level 1 CHO clonal toxicity

bioassay.!

Submitted by: Reviewed by:

Study Director

"(90 3 1!’).1!3/
ate avid J. Brusick, at
Director,
Department of Molecular Department of Molecular
Toxicology Toxicology
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II. OBJECTIVE

The objective of this study was to determine and rank the cytotoxicity
of A81-05-030-676 (EA-2 XAD extract) to cultured Chinese hamster ce]ls
(CHO-K1 cell line). The measure of cytotoxicity was the reduction in
colony-forming ability after a 24-hour exposure to the test material.
After a period of recovery and growth, the number of colonies that )
developed in the treated cultures was compared to the colony number in
unexposed vehicle control cultures. The concentration of test material
that reduced the colony number by 50% was estimated grapb1ga11y and '
referred to as the EC50 value. Standard EPA Level 1 toxicity evaluation
criteria for the CHO clonal toxicity assay were used to rank the toxicity
potential of the test material.

5-344
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III.  TEST MATERIAL

A. Description

The test material was received as a clear, gold solution in methylene
chloride. The sample contained 9.0 milligrams of organic material in
1.0 m1 of methylene chloride. No information on the sampling parameters

(such as the equivalent volume of stack gas represented by the sample)
was provided.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample was

assigned LBI safety number 7164 and LBI assay number 5880. The sample was
stored at +4°C in the dark.

Pretest sample preparation consisted of solvent-exchanging the sample

into dimethylsulfoxide (DMSO). The sample was transferred with methylene
chloride rinses into a graduated conical tube. The methylene chloride

was gradually evaporated (50°C under a stream of nitrogen) and DMSO was
sequentially added. The sample was brought to volume in 3.6 m1 of DMSO,
giving a sample concentration of 2.5 mg organics per ml DMSO. The sample
was then transferred to a glass vial and sealed with a teflon-coated rubber
septum.

A total volume of 0.45 ml of test sample was used in ‘the CHO assay. The
maximum concentration of 20 pl1/ml was obtained by adding 0.12 m1 of sample
to 5.88 ml of F12 medium; this resulted in 2% (v/v) DMSO in the medium

and effectively limited the concentration of test material that could be
assayed. Only two plates were dosed at the top dose in order to conserve
sample. Another 0.12 m1 aliquot of sample was used to prepare the 10 pl1/ml
test concentration. An additional 0.21 m1 of test sample was used to
prepare a series of dilutions in DMSO from which 1:100 dilutions into
growth medium were performed to obtain the lower assayed concentrations.
Thus, except for the 20 p1/ml test concentration, the final DMSO concen-
tration was constant at 1% (v/v).
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Iv. MATERIALS

A. Indicator Cells

The indicator cells for this study were Chinese hamster CHO-K1 cells
(ATCC No. CCL 61) obtained from Flow Laboratories, Inc., Rockville, MD.
This cell type was derived from ovarian tissue and has §pontaneogs]y
transformed to a stable, hypodiploid line of rounded, fibroblastic cells
with unlimited growth potential. Monolayer cultures have a fast doubling
time of 11 to 14 hours, and untreated cells can normally be cloned with
an efficiency of 80% or greater. Laboratory stock are maintained by
routine serial subpassage. Cells are cultivated in Ham's F-12 nutrient
medium at 37°C in 5 percent CO, with saturated humidity. Stocks are
continually observed macroscopically and microscop1ca]1y.for possible
microbial contamination. Laboratory cultures are periodically checked.
by culturing and staining methods for the absence of mycoplasma contami-
nation. Laboratory cultures are discarded every three months and new
cultures started from mycoplasma-free, long-term frozen cultures.

B. Media

The CHO-K1 cell line has an absolute requirement for proline and therefore
must be maintained in culture medium containing sufficient amounts of

this amino acid. Ham's F12 medium, which contains 3 x 10-4 M L-proline
was used, supplemented with 10% fetal bovine serum, 2mM L-glutamine,

100 units/ml of penicillin, 100 wg/ml of streptomycin, and 0.9 pl/ml1 of
amphotericin B. A 10X formulation of Ham's F10 is available commercially
and was used for the testing of aqueous test samples in order to avoid
the dilution of medium components. This medium contains 1 x 10-% L-proline
and was suppliemented in the same manner as F12, except that kanamycin at
40 pg/ml is included for additional protection against bacterial contami-
nation. Both media formulations support the growth and cloning of CHO
cells equally well,

C. Controls

The negative control consisted of three untreated cultures carried through
the same experimental time period as the treated cells. Since the test
material was tested as a solution in an organic vehicle (DMSO) and was
diluted into the medium to provide each test concentration, two sets of
vehicle control cultures containing the organic solvent at 1% and 2% by
volume were prepared in triplicate.

The average number of colonies in the negative control established the
c]oq1ng efficiency of the CHO cells used in the assay, and the appropriate
vehicle control provided the reference points for determining the effects
of different concentrations of the test material on cell survival.

[B 5-346
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V. EXPERIMENTAL DESIGN

A. Dose Selection

Uplgs§ the approximate toxicity is already known or the sample size is
1imiting, the following dose ranges are usually tested for different
sample forms. Aqueous samples, suspensions, or slurries are tested from
600 p1/m1 to 3 pi1/ml, usually in six dose steps. Eight doses are often
used when the amount of test sample is limited to provide a more precise
description of toxicity in the event of sharp dose-response curves. Dry,
particulate material is dissolved or suspended in DMSO, diluted into
growth medium, and tested at six dose levels from 1000 ug/ml to 3 pg/ml.
Samples that are solvent-exchanged into DMSO are tested from 20 p1/ml
(2% DMSO in growth medium) to 0.2 u1/ml, also in six dose steps. A
second dose study is performed with an adjusted dose range if the ECS50
was not located properly in the initial test. However, EC50 values
greater than 1000 pg/ml for particulate material, 600 pi/ml for aqueous
samples, or 20 p1/mi for organic solutions will not be determined.

This sample, A81-05-030-676 (EA-2 XAD extract), was tested at eight dose
levels. The concentrations started with the maximum applicable dose (MAD)
of 20 p1/m1 and included 10, 6, 3, 1, 0.6, 0.3, and 0.1 p1/m1. The
corresponding concentration of organics at the MAD level was 50 pg/ml;

the lTower doses were equivalent to 25, 15, 7.5, 2.5, 1.5, 0.75, and

0.25 pg organics/ml. . ’

B. Clonal Toxicity Assay

Cells from monolayer stock cultures in logarithmic growth phase were tryp-
sinized with 0.1% trypsin plus 0.01% versene for 4 minutes and the density
of the resulting cell suspension determined by hemocytometer. A number

of 60-mm culture dishes were then seeded with 200 cells and 4 ml of culture
medium per dish. The cultures were incubated for approximately 6 hours

at 37°C in a humidified atmosphere containing 5% CO, to allow attachment

of the cells. The 6-hour attachment period was used in order to avoid

cell division and the subsequent formation of two-cell colonies prior to
treatment.

The medium was aspirated from the cultures and 4 ml medium containing

the test material applied. Three cultures were exposed to each test con-
centration. After an exposure time of 24 hours at 37°C, the medium was
removed by aspiration and each culture washed three times with approxi-
mately 4 ml aliquots of Dulbecco's phosphate buffered saline (pre-warmed
to 37°C). Fresh culture medium (5 m1) was placed in each dish and incuba-
tion at 37°C is continued for an additional 6 days to allow colony develop-
ment.

The test material caused a color change in the culture medium, the pH of
the medium containing the high dose would be determined at the time of
treatment. The pH at the lowest dose that results in a slight color change
would also recorded. At the end of the treatment period, the pH values

of the discarded media from the two described treatments would be recorded
again. No sample related pH effects were noted.
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After the incubation period, the medium was drained from the cultures
and the surviving colonies fixed with 100% ethanol and stained with
Giemsa. Colonies were counted by eye; tiny colonies of approximately
50 cells or less were arbitrarily excluded from the counts.
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VI.

ASSAY ACCEPTANCE CRITERIA

The assay is considered acceptable for evaluation of the test results if
the following criteria are met:

EB BIONETICS
Litton

The average cloning efficiency of the CHO-K1 cells in the
neg;tive controls is 70% or greater, but not exceeding
115%.

The distribution of colonies in the treated cultures is
generally uniform over the surface of the culture dish.

The data points for each test concentration critical to
the location of the EC50 are the averages of at least two
treated cultures.

A sufficient number of test concentrations are available
to clearly locate the EC50 within a toxicity region as
defined under Assay Evaluation Criteria.

If the EC50 value is greater than 1000 pg/m1, 600 pliters
of aqueous sample/ml, or 20 pliters of nonaqueous sample/ml,
the plotted curve does not exceed 110% of the negative
control.
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VII. RESULTS
A. Interpretation

The application of sample A81-05-030-676 (EA-2 XAD extract) to the CHO
cell cultures caused a rapid lowering of the number of cells able to form
colonies as the concentration increased above 1.0 pl/ml. Relative sur-
vival values were calculated as the ratio of colonies formed in treated
cultures to the colonies formed in the appropriate vehicle control, and
these relative survival values were plotted against the.concentrat1on of
test material. As shown in Figure 1, the relative survival decreased
gradually in the 0.1 to 1.0 p1/ml range and dropped to nearly zero at

the 3.0 pl1/ml dose level.

The concentration expected to kill 50 percent of the cells (ECso) was
found to be 1.72 pl of test material per ml of culture medium. This con-
centration was equivalent to 4.3 pg of organic material per m] of
culture medium. This value placed the test material in high (H)

toxicity range defined for the IERL-EPA CHO clonal toxicity bicassay.

The cells used for the assay were in logarithmic growth phase and were
98.9 percent viable. About 89 percent of the seeded cells formed colonies
in the negative control. Colony growth was normal and well distributed
on the culture dishes. The combined results were considered to achieve
assay acceptance criteria and provided confidence in the assumption that
the recorded data represented typical responses to the test material.

B. Tables and Figures

This report is based on the data provided in Table 1 and Figure 1.
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TABLE 1
RODENT CELL (CHO) CLONAL TOXICITY ASSAY

Sample Identity: A81-05-030-676 EC50 Value: 1.72 pl/ml (4.3 pg
(EA-2 XAD Extract) organics/ml)
Description of Sample: Clear, Toxicity

Classification: _High (H)

_gold liquid

pH Alterations: None

LBI Assay No.: 5880

Comments on

Date Received: _August 26, 1981 Treatment: Sample prepared in
Test Date: September 29, 1981 DMSO at a concentration of
Vehicle:  DMSO 2.5 pg organics/pl

Cell Type: CHO-K1

Cells Seeded per Dish: 200

COLONY COUNTS

Applied Relative Cloning
Concentration Dish Dish Dish Average Survival Efficiency

Sample pl/ml #1 #2 #3 Count
NCb c --- 170 183 178 177.0 -—- 88.5
Ve, 1% 10 157 158 164 159.7 100.0 79.9
VvC, 2% 20 146 153 137 145.3 100.0 72.7
TEST 0.1 145 168 158 157.0 98.3
TEST 0.3 136 153 157 148.7 93.1
TEST 0.6 125 134 140 133.0 83.3
TEST 1.0 133 132 132 132.3 82.8
TEST 3.0 0 0 3 1.0 0.6
TEST 6.0 0 0 0 0 0
TEST 10.0 0 0 0d 0 0
TEST 20.0 0 0. S 0 0

gReIative to 2% VC for 20 ul/ml treatment and to 1%¥ VC for other treatments.
NC = Negative Control, Fi, medium

SVC = Vehicle Control, percent DMSO given

S = Plate not set up to conserve limited test sample.
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RELATIVE SURVIVAL, %

FIGURE ]

RODENT CELL (CHO) CLONAL TOXICITY ASSAY
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VIII. ASSAY EVALUATION CRITERIA

The EC50 value represents the concentrations of test material that reduces
the colony-forming ability of CHO cells to 50% of the vehicle or negative
control value. EC50 values are determined graphically by fitting a curve
by eye through relative survival data plotted as a function of the loga-
rithm of the applied concentration. Each data point normally represents
the average of three culture dishes. In order to indicate the variability
of the data, the high and low colony counts for each concentration are
used to calculate the relative survivals, and the range is shown by a

bar at the position of the plotted average. If no bar is shown, the
variability was within the size of the symbol. Statistical analysis is
unnecessary in most cases for evaluation.

The toxicity of the test material is evaluated as high, moderate, low,
or nondetectable according to the range of EC50 values defined in the
following table.

-
a Solids Aqueous Liquids Nonaqueous Liquids™
Toxicity (ECgo in pg/ml) (EC5¢ in p1/ml) (ECgo in pl1/ml)
High <10 <6 <0.2
Moderate 10 to 100 6 to 60 0.2-2
Low 100 to 1000 60 to 600 ) 2-20
Not Detectable >1000 >600 >20

3valuation criteria formulated by Litton Bionetics, Inc. for IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Jests.

bCriteria for nonaqueous liquids are tentative and under evaluation.
If the organic or solids content is known, the sample is evaluated under
the solids criteria.

Another evaluation scheme is proposed for extracts obtained from SASS
train gas volumes. The proportion of the total gas volume corresponding
to the volume of extract used in the bioassay is calculated and expressed
as L/ml of culture medium (or DSCF/m1 of culture medium). A criterion

of 1000 L/ml1 is set as the 1imit for nondetectable toxicity. This gas
volume corresponds to the average volume breathed by humans over a 2-hour
period. The subsequent toxicity ranges are defined by 10-fold dilution
steps to conform to standard procedure. The toxicity ranges are defined
in the following table for liter and dry standard cubic feet units:

ECso 1IN ECso In
Toxicity Liters/ml (L/m1) Dry Standard Cubic Feet/m1 (DSCF/m1)
High <10 <0.35 DSCF
Moderate 10-100 0.35-3.5
Low 100-1000 3.5-35
Nondetectable >1000 >35--.
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the Ames
Salmonella/microsome mutagenesis assay as described in "IERL-RTP Proce-
dures Manual: Level 1 Environmental Assessment Biological Tests"l.. The
data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting"2.

The Ames Salmonella/microsome mutagenesis assay has been shown to be a
sensitive method for detecting mutagenic activity for a variety of chemi-
cals representing various chemical classes®. This assay is one of sevequ
recommended by EPA to identify, categorize and rank the pollutant potential
of influent and effluent streams from industrial and energy-produc1ng pro-
cesses. This assay has been well validated with a wide range of positive
and negative control chemicals and complex environmental samples.

A11 procedures and documents pertaining to the receipt, storage, prepa-
ration, testing and evaluation of the test material shall conform to
Litton Bionetics, Inc. standard operating procedures and the Good Labora-
tory Practices Regulations of 1979. Deviations from standard procedure
shall be fully documented and noted in the report.

A1l test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.
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I.  ASSAY SUMMARY

A.  Sponsor: Acurex Corporation
B. Material (Test Compound): Genetics Assay Number: 5887

1. Identification: A81-05-030-744 (EA-2 Flyash)
2. Date Received: August 26, 1981

3. Physical Description: Gray and white particles with larger
(long and thin) black chunks.

C. Type of Assay: EPA Level 1 Ames Salmonella/Microsome Plate Test

D. Assay Design Number: 401 (EPA Level 1)

E. Study Dates:
1. Initiation: September 23, 1981

2. Completion: September 28, 1981

F. Supervisory Personnel:

A. Study Director: D.R. Jagannath, Ph.D.
G. Evaluation:

The test material, A81-05-030-744 (EA-2 flyash), was tested
for activity in the Ames Salmonella mutagenicity assay over a
concentration range of 0.05 mg/piate to 5.0 mg/plate. The
test was performed in duplicate under nonactivation and acti-
vation test conditions with strains TA-1535, TA-1537, TA-98,
and TA-100.

The sample was not mutagenic under the test conditions employed
and was ranked as having nondetectable (ND) mutagenic activity
as derined by the IERL-EPA Level 1 criteria for the Ames bio-
assayl.

Submitted by: Reviewed by:
Study Director

ZT/7(,<:]Z%/UVVVU£E; 1y /e)

D.R. Jagahnath, Ph.D. Date David J. Brusick, Ph.D.
Section Chief, Director,
Submammalian Genetics, Department of Molecular
Department of Molecular Toxicology

Toxicology
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I11. OBJECTIVE

The objective of this study was to determine the genetic activity of
A81-05-030-744 (EA-2 flyash) in the Salmonella/ microsome assay with and
without the addition of mammalian metabolic activation preparations. .
The genetic activity of a sample is measured in these assays by its ability
to revert the Salmonella indicator strains from histidine dependence to
histidine independence. The degree of genetic activity of a sample is

reflected in the number of revertants that are observed on the histidine-
free medium,
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I11. TEST MATERIAL

A. Description

The test material was received as gray and white particles‘with 1arger
black chunks (15 gm) and was used without further preparation. No infor-
mation on actual particle size distribution or on sampling parameters

was received.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample
was assigned LBI safety number 7171 and LBI assay number 5887. The sample
was stored at +4°C in the dark.

A total of 242.89 mg of test material was weighed and suspended in 24.3 ml
of dimethylsulfoxide. The sample formed an opaque suspension after
vortexing that settled upon standing. The suspension was incubated at
37°C on a shaker overnight to help leach material out of the particulates.
Serial dilutions were made in DMSO such that 50 pl aliquots of each dilu-
tion give the desired concentration. The suspension was well mixed when
aliquots were removed for dosing.
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Iv. MATERIALS

A. Indicator Microorganisms

The Salmonella typhimurium strains used in this assay were obtained from
Dr. Bruce Ames, University of California at Berkeley.4-8 The following
four strains were used.

A S@rain Gene Additional Mutations Mutation Type
Designation Affected Repair LPS R Factor Detected
TA-1535 his G AurB rfa - ~ Base-pair
substitution
TA-1537 his C AurB rfa - Frameshift
TA-98 his D AurB rfa  pkMiOl Frameshift
TA-100 his G AurB rfa  pkMiOl Base-pair
substitution

A11 the above strains have, in addition to the mutation in the histidine
operon, mutation (rfa-) that leads to defective lipopolysaccharide coat,

a deletion that covers genes involved in the synthesis of vitamin biotin
(bio-) and in the repair of ultraviolet (uv) - induced DNA damage (uvrB-).
The rfa- mutation makes the strains more permeable to many large molecules.
The uvrB- mutation decreases repair of some types of chemically or physi-
cally damaged DNA and thereby enhances the strain's sensitivity to some
mutagenic agents. The resistant transfer factor plasmid (R factor) pKM10l
in TA-98 and TA-100 is believed to cause an increase in error-prone DNA
repair that leads to many more mutations for a given dose of most mutagens.®
In addition, plasmid pKM101l confers resistance to the antibiotic ampi-
cillin, which is a convenient marker to detect the presence of plasmid

in the cells.

A11 indicator strains are kept at 4°C on minimal medium plates supplemented
with a trace of biotin and an excess of histidine. In addition, the

plates with plasmid-carrying strains contain ampicillin (25 pg/ml) to
ensure stable maintenance of plasmid pkKM10l. New stock culture plates

are made as often as necessary from the frozen master cultures or from
single colony reisolates that were checked for their genotypic character-
istics (his, rfa uvrB, bio) and for the presence of plasmid. For each
experiment, an inoculum from the stock culture plates is grown overnight
at 37°C in nutrient broth (Oxoid CM67) and used.

B. Media

The bacterial strains were cultured in Oxoid Media #2 (Nutrient Broth).
The selective medium was Vogen Bonner Medium E with 2% glucose.!® The
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overlay agar consisted of 0.6% purified agar with 0.05 mM histidine,

)

0.05 mM biotin and 0.1M NaCl according to the methods of Ames et al.®

C. Activation System

1. S9 Homogenate

A 9,000 x g supernatant prepared from Sprague-Dawley adult mqle rat liver
induced by Aroclor 1254 (Ames et al.®) was purchased commercially and
used in these assays.

2. $9 Mix

S9 mix used in these assays consisted of the following components:

Concentration per Milliliter

Components $9 Mix
NADP (sodium salt) 4 umoles
D-glucose-6-phosphate 5 ymoles
MgCl, 8 umoles
KC1 33 umoles
Sodium phosphate buffer X

pH 7.4 100 umoles
Organ homogenate from rat

liver (89 fraction) 100 pliters
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V. EXPERIMENTAL DESIGN

A. Dosage Selection

Te§t strategy and dose selection depend upon sample type and sample avail-
ability. The Level 1 manual! recommends solids to be initially tested

at the maximum applicable dose (MAD) of 5 mg per plate and at lower con-
centrations of 2.5, 1, 0.5, 0.1 and 0.05 mg per plate. Liquids are tested
initially at the MAD of 200 pl per plate, and at lower concentrations of
100, 50 and 10 pl per plate. Samples are retested over a narrower range
of concentrations with strains showing positive results initially. Alter-

nate dose are employed if sample size is limiting or at the direction of
the sponsor.

Doses selected to test this sample covered the recommended dose range
for solids. The highest dose was at the MAD level of 5 mg per plate

a?d included five lower dose levels of 2.5, 1, 0.5, 0.1, and 0.05 mg per
plate.

B. Mutagenicity Testing

The procedure used was based on the paper published by Ames et. al.® and
was performed as follows:

1. Nonactivation Assay

To a sterile 13 x 100 mm test tube placed in a 43°C water bath the fol-
lowing was added in order:

2.00 m1 of 0.6% agar containing 0.05 mM histidine and
0.05 mM biotin.

. 0.05 m) of a suspension of the test chemical to give the
appropriate dose.

0.1 m! to 0.2 ml of indicator organism(s).
. 0.50 m1 of 0.2M phosphate buffer, pH 7.4.

This mixture was swirled gently and then poured onto minimal agar plates
(see IV B, Media). After the top agar had set, the plates were incubated
at 37°C for approximately 2 days. The number of his+ revertant colonies
growing on the plates were counted with an automatic colony counter and
recorded. :

2. Activation Assay

The activation assay was run concurrently with the nonactivation assay.
The only difference was the addition of 0.5 ml of S9 mix (see IV C, Acti-
vation System) to the tubes in place of 0.5 ml of phosphate buffer which

was added in nonactivation assays. A1l other details were similar to
the procedure for nonactivation assays.
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A detailed flow diagram for the plate incorporation assay is provided in
Figure 1.

C. Control Compounds

A negative control consisting of the solvent used.for the test mgter1a1
was also assayed concurrently with the test material. For negative con-
trols, step 'b' of Nonactivation Assays was replaced by 0.05 ml of the
solvent. The negative controls were employed for each indicator strain
and were performed in the absence and presence of 59.m1x: Tbe so]vent
used to prepare the stock solution of the test material is given in the
Results section of this report. A1l dilutions of the test material were
made using this solvent. The amount of solvent used was equal to the
maximum volume used to give the appropriate test dose.

Specific positive control compounds known to revert each strain were g]so
used and assayed concurrently with the test material. The concentrations
and specificities of these compounds to specific strains are given in

the following table:

Concentration
per plate Salmonella
Assay Chemical Solvent (vg) Strains
Nonactivation Sodium azide Water 10.0 TA-1535, TA-100
2-Nitrofluorene Dimethyl- 10.0 TA-98
(NF) sulfoxide
9-aminoacridine Ethanol 50.0 TA-1537
(9AA)
Activation 2-anthramine Dimethy1- 2.5 For all strains
(ANTH) sulfoxide
D. Recording and Presenting Data

The number of colonies on each plate were counted and recorded on printed
forms. These raw data were analyzed in a computer program and reported
on a printout. The results are presented as revertants per plate for
each indicator strain employed in the assay. The positive and solvent
controls are provided as reference points.
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AMES ASSAY [PLATE INCORPORATION METHOD)

Molten [45°C] overlay sgar
appropriately supplemented

Test, positive or solvent
contro! chemica!

0.1 mi Aliquot of an overnight culture
of bacteria[ 109 cells/mI)

0.5 ml 0.5 ml $-9 mix [hepatic

Aliquot of
auet o — =859 + 8.9 —— homogenate from PCB
pretreated rat plus
necessary cofactors

saline

Overlay poured on selective
bottom agar medium

Plated incubsated at 37°C for 48 hours

The numbers of revertants/plate counted

Data analyzed

interpretation/Conclusion

Figure 1 AMES SALMONELLA/MICROSOME MUTAGENESIS ASSAY
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VI. RESULTS

A. Interpretations

The test material, A81-05-030-744 (EA-2 flyash), was dissolved in DMSO
at a stock concentration of 100 mg/ml and leached overnight on a shaker
at 37°C. Additional dilutions were prepared in DMSO for testing. The
maximum test level was 5.0 mg/plate. There was no evidence of toxicity
at this level.

Reverse mutation was measured in strains TA-1535, TA-1537, TA-98 and
TA-100. The test was conducted in duplicate both with and without rat
Tiver SO mix for metabolic activation.

There was no mutagenic activity associated with the test material treatment
and the sample was considered nonmutagenic and non toxic. The sample

was ranked as having nondetectable (ND) mutagenic activity using the
IERL-EPA Level 1 evaluation criteria for the Ames assay!.

Solvent control and positive control values were within agceptab1e_ranges.
These results achieved assay acceptance criteria and provided confidence
in the assumptions that the recorded data represented typical responses
to the test material.

B. Tables

This report is based on the data provided in Table 1.
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RESULTS TABLE 1

P P - - - e - o - -

A. NAME OR CODE DESIGNATION OF THE TEST COMPOUNO: AB1-05-030-744 (EA-2 FYLASH)
Re SOLVENY: OMSO

Ce. TEST INITVIATION DATES: 09/24/81

D. TEST COMPLETION DATE: 09/24/81

£ $-9 LOTN: S~-9 11

NOTE?S CONCENTRATIONS ARE GIVEN IN MILLIGRAMS PER PLATE

REVERTANTS PER PLATE

TEST SPECIES TISSUE TA-1535 TA-1537 TA-98 TA-100
1 2 3 1 2 3 1 2 3 1 2 3
NONACTIVATION ’
SOLVENT CONTROL -——— -——- 12 17 9 12 46 38 132 106
POSIVIVE CONTROLes ==- - 1076 961 621 628 745 811 1308 1359
TEST COMNPOUND
0.050 MG - - 10 17 11 11 49 39 162 149
0.100 MG —— .- 10 15 9 8 A7 AD 153 139
0.500 MG -—— - 11 12 11 5 53 45 130 124
1.000 NG —- ——— 12 10 11 14 29 44 151 135
2,500 MG ——— ——- 1n 9 12 16 34 3 140 140
5000 L[] —— ——— 9 21 17 13 26 31 141 131
ACTIVATION
SOLVENT CONTROL RATY LIVER 17 11 13 8 L] 34 101 123
POSITIVE CONTROLess RAY LIVER 308 254 339 3712 1562 1600 2065 1832
TEST COMPOUND
0.050 MG RAT . LIVER 15 13 11 10 S4 L1} 128 163
0.100 MG RAT LIVER 7 12 12 20 A6 34 1371 140
0.500 MG RAT LIVER 14 11 1 10 62 54 149 111
1.000 MG RAT LIVER 13 9 13 12 49 L2} 138 127
2.500 MG RATY LIVER 2 A 9 7 37 45 140 136
5.000 L) RAY LIVER 8 7 13 10 47 48 125 142
e Y
TA-1535 SODIUM AZIDE 10 UG/PLATE TA=1535 2~ANTHRAKMINE 2.5 UG/PLATE
TA-1537 9-AMINOACRIDINE 50 UG/PLATE TA-1537 2<ANTHRAMINE 2.5 UG/PLATE
T4-98 2-NITROFLUORENE 10 UG/PLATE TA-98 2-ANTHRAMINE 2.5 UG/PLATE
TA=-100 SODIUM AZIDE 10 UG/PLATE TA-100 2=ANTHRAMINE 2.5 UG/PLATE

SOLVENT 5C UL/PLATE



VII. ASSAY ACCEPTANCE AND EVALUATION CRITERIA

Statistical methods are not currently used, and evaluation is based on
the criteria included in this protocol.

Plate test data consists of direct revertant colony counts obtained from
a set of selective agar plates seeded with populations of mutant cells
suspended in a semisolid overlay. Because the test material and the

cells are incubated in the overlay for approximately 2 days and a few
cell divisions occur during the incubation period, the test is semiquanti-
tative in nature. Although these features of the assay reduce thg quanti-
tation of results, they provide certain advantages not contained in a
quantitative suspension test:

. The small number of cell divisions permits.potentia1
mutagens to act on replication DNA, which is often more
sensitive than nonreplicating DNA.

. The combined incubation of the test article and the cells
in the overlay permits constant exposure of the indicator
cells for approximately 2 days.

A. Surviving Populations

Plate test procedures do not permit exact quantitation of the number of
cells surviving chemical treatment. At low concentrations of the test
material, the surviving population on the treatment plates is essentially
the same as that on the negative control plate. At high concentrations,
the surviving population is usually reduced by some fraction. Our protocol
will normally employ several doses ranging over two or three log concen-
trations, the highest of these doses being selected to show slight toxicity
as determined by subjective criteria.

8. Dose-Response Phenomena

The demonstration of dose-related increased in mutant counts is an impor-
tant criterion in establishing metagenicity. A factor that might modify
dose-response results for a mutagen would be the selection of doses that
are too low (usually mutagenicity and toxicity are related). If the
highest dose is far lower than a toxic concentration, no increases may

be observed over the dose range selected. Conversely, if the lowest

dose employed is highly cytotoxic, the test material may ki1l any mutants
that are induced, and the test material will not appear to be mutagenic.

C. Control Tests

Positive and negative control assays were conducted with each experiment
and consisted of direct-acting mutagens for nonactivation assays and
mutagens that require metabolic biotransformation in activation assays.
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Negative controls consisted of the test material solvent in the overlay
agar together with the other essential components. The negative control
plate for each strain gave a reference point to which the test data was
compared. The positive control assay was conducted to demonstrate that
the test systems were functional with known mutagens.

The following normal range of revertants for solvent controls are generally
considered acceptable.

TA-1535: 8-30

TA-1537: 4-30

TA-98: 20-75

TA-100:  80-250

D. Evaluation Criteria for Ames Assay

- Because the procedures to be used to evaluate the mutagenicity of the
test material are semiquantitative, the criteria to be used to determine
positive effects are inherently subjective and are based primarily on-a
historical data base. Most data sets will be evaluated using the following
criteria.

1. Strains TA-1535 and TA-1537

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to three times the solvent control value will
be considered to be mutagenic.

2. Strains TA-98 and TA-100

If the solvent control value is within the normal range, a test material
that produces a positive dose response over three concentrations with
the highest increase equal to twice the solvent control value for TA-98
and TA-100 will be considered to be mutagenic.

3. Pattern

Because TA-1535 and TA-100 are both derived from the same parental strain
(G-46), to some extent there is a built-in redundancy in the microbial
assay. In general, the two strains of a set respond to the same mutagen
and such a pattern is sought. Generally, if a strain responds to a mutagen
in nonactivation tests, it will do so in activation tests.

4, Reproducibility

If a test material produces a response in a single test that cannot be
reproduced in additional runs, the initial positive test data lose signi-
ficance.

The preceding criteria are not absolute, and other extenuating factors
may enter into a final evaluation decision. However, these criteria
will be applied to the majority of situations and are presented to aid
those individuals not familar with this procedure. As the data base is
jncreased, the criteria for evaluation can be more firmly established.
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E. Relation Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Salmonella/Microsome Plate Assay is
not a definitive test for chemical carcinogens. It is recognized, however,
that correlative and functional relations have been demonstrated between
these two endpoints. The results of comparative tests on 300 chemicals

by McCann et al.4 show an extremely good correlation between results of
microbial mutagenesis tests and in vivo rodent carcinogenesis assays.

A11 evaluations and interpretation of the data to be presented in the
final report will be based only on the demonstration, or lack, of muta-
genic activity.

F. Criteria for Ranking Samples in the Ames Assay

The goal .of EPA Level 1 Ames testing is to rank source streams by rg]qtive
degree of genetic toxicity (mutagenicity). Samples are first identified
as mutagenic or nonmutagenic by the criteria in Section D above and

then ranked using the mutagenicity categories presented in the table
below. The lowest concentration giving a positive response in any strain,
with or without metabolic activation, is identified as the minimum effec-
tive concentration (MEC) for that sample. The mutagenicity of the sample
is evaluated as high (H), moderate (M), low (L), or nondetectable (ND)
according to the evaluation criteria developed in the Level 1 manual?l

and summarized below. Samples with no detectable activity at the maximum
applicable dose (MAD) are ranked nondetectable (ND).

Ames Assay Mutagenicity Ranking Criterial

Mutagenic Solids L1'qu1'dsa
Activity (MEC in pg/plate) (MEC in pl/plate)
High (H) S0 <2
Moderate (M) 50-500 2-20
Low (L) 500-5000 20-200
Not Detectable (ND) >5000 >200

dConcentration of organic extracts is based upon organic content (ug

grgan;cs per plate) and not volume (ul extract per plate) of sample
ested.
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the rabbit
alveolar macrophage (RAM) cytotoxicity assay as described in "IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests" (1).
The data were evaluated and formatted as recommended in "Level 1 Biological
Testing Assessment and Data Formatting" (2).

The RAM cytotoxicity assay has been shown to be a sensitive -method for
detecting cytotoxic activity for a variety of chemicals representing
various chemical classes (3). This assay is one of several recommended

by EPA to identify, categorize and rank the pollutant potential of influent
and effluent streams from industrial and energy-producing processes.

This assay has been well validated with a wide range of positive and
negative control chemicals and complex environmental samples.

A1l procedures and documents pertaining to the receipt, storage, prepara-
tion, testing and evaluation of the test material shall conform to Litton
Bionetics, Inc. standard operating procedures and the Good Laboratory
Practices Regulations of 1979. Deviations from standard procedure shall
be fully documented and noted in the report.

A1l test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20895. Copies of raw
data will be supplied to the sponsor upon request.
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ASSAY SUMMARY

SPONSOR:  Acurex Corporation

MATERIAL (TEST COMPOUND): GENETICS ASSAY NUMBER: 5887
1. Identification: A81-05-030-744 (EA-2 Flyash)

2. Date Received: August 26, 1981

3. Physical Description: Fine, gray and white particles with shreds
of black material.

TYPE OF ASSAY: Rabbit Alveolar Macrophage (RAM) Cytotoxicity Assay
ASSAY DESIGN NUMBER: 443

STUDY DATES:

1. Initiation: September 23, 1981

2. Complietion: October 14, 1981

SUPERVISORY PERSONNEL:

1. Study Director: Brian Myhr, Ph.D.

2. laboratory Supervisor: Robert Young, M.S.

EVALUATION:

The test material was tested as supplied and after puliverization
to a very fine powder. Both forms of the material caused only slight
toxicity at concentrations above 500 pg/ml. The most sensitive
parameters, ATP content and viability index, indicated ECgo values
above the MAD level of 1000 pg/ml. Therefore, the results were
evaluated as showing nondetectable (ND) toxicity for this test
material, according to the IERL-EPA Level 1 toxicity categories in
the RAM Cytotoxicity Assay.

Submitted by:

Study Director

’z&m HZ%L ”5«25![5/
rian Myhr, Ph.@. Dat

David

. Brusick,
Associate Director, Director,
Department of Molecular Department of Molecular
Toxicology Toxicology
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I1. OBJECTIVE

The objective of this study was to determine and rank the cytotoxicity
of A81~05-030-744 (EA-2 Flyash) to cultured rabbit alveolar macrophage
(RAM) cells. The measure of cytotoxicity was the reduction in cell
viability and adenosine triphosphate (ATP) content of the cultures after
a 20 hour exposure to the test material. At the conclusion of the exposure
period, the number of viable cells and total ATP content in the treated
cultures were compared to the corresponding values in unexposed control
cultures. The concentration of test material that reduced each experi-
mental parameter by 50% was estimated graphically and referred to as the
EC50 value. Standard EPA Level 1 toxicity evaluation criteria for the
RAM cytotoxicity assay were used to rank the toxicity potential of the
test material based upon the most sensitive parameter.

5-376

[B BIONETICS 2
Litton



III. TEST MATERIAL
A. Description

The test material was received as a gray and white particulate containing
thiq shreds of black material. The amount of sample supplied was 15 grams.
No information on the sampling parameters was provided.

B. Handling.and Preparation

The test material was received on August 26, 1981, and was assigned LBI

assay number 5887 and LBI safety number 7171. The sample was stored at
+4°C in the dark.

Approximately 34 mg of the test material was tested as supplied. Then
on October 1, 1981, the remaining sample was ground in a mortar and pestle
to fine black powder. Approximately 2.5 grams of the ground sample was
further pulverized on October 8, 1981, to a very fine, black powder of
which 30 mg was used in the second trial of the assay. For both trials,
the test material was suspended in serum-free EMEM culture medium at a
concentration of 2000 ug/ml and incubated at 37°C on a roller drum for

8 hours. The original material settled quickly on standing, but the
suspension formed from the pulverized powder remained well-dispersed for
dilutions. No pH changes were observed. The suspensions were serially
diluted with EMEM (serum-free) and applied to the cultures at a maximum
concentration of 1000 pg/ml in the presence of 10% serum.
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Iv. MATERIALS

A. Indicator Cells

The two trials employed short-term primary cultures of alveolar macrophage
cells obtained by lung lavages of male New Zealand white rabbits (2.0-

2.5 kg). The rabbits were maintained on Purina Lab Rabbit Chow 5321 and
water ad libitum and were examined for the absence of respiratory illnesses
prior to use.

B. Media

The cells were maintained and treated in Eagle's Minimum Essential Medium
(EMEM) with Earle's salts and supplemented with 10% fetal bovine serum
(heat-inactivated), 100 units/ml penicillin, 100 ug/ml streptomycin,

17.6 pg/ml kanamycin, and 0.4 ug/ml amphotericin B.

C. Negative Controls

The negative control for the first trial consisted of six untreated
cultures carried through the same experimental time period as the treated
cells. Six cultures were used because a large number of cells was obtained
by pooling the yield from two rabbits in order to run two concurrent
assays. Only one animal was used for the second trial, and the usual

three untreated cultures were prepared. The average viability and ATP
content of the negative controls provided the reference points for deter-
mining the effects of. different concentrations of the test material on

the assay parameters.
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V. EXPERIMENTAL DESIGN

A. Procurement of Cells

The rabbits were sacrificed by injection of Nembuta1® (60 mg/m1) into the
marginal ear vein, and sterile operating techniques were used to perform

a tracheostomy. Prewarmed normal saline (30 m1) was then introduced

into the lungs via a catheter and allowed to stand for 15 minutes. This
lavqge fluid was removed and placed into a 50-m1 sterile centrifuge tube
on ice. Nine additional lavages were similarly performed and collected,
except the saline was removed shortly after its introduction into the
lungs. Any lavage fluid containing blood or mucous was discarded. The
lavages were centrifuged at 365 x g for 15 minutes and the cells resus-
pended in cold 0.85% saline. After two washes in saline by centrifugation,
the cell pellets were resuspended in cold EMEM containing 20% serum and
then combined. A cell count was obtained by hemocytometer and the suspen-
sion diluted to between 5 x 10° and 10¢ cells/ml. Viability was determined
by trypan blue staining and the cells were not used if less than 95%
viable. Also, a differential cell count from Wright-stained smears was
performed to verify that the macrophage content was above 90%.

B. Sample Forms

The usual sample form for application to the cells is a suspension of
particulate material. Solid samples are ground to fine particles and a
weighed portion is suspended in a known volume of EMEM (0% FBS) for about
eight hours to help leach any water-soluble material. Finely-divided
test material may be suspended directly in culture medium without further
grinding. Aqueous liquids, suspensions, or slurries containing less

than 0.5% organic solvent are added by volume to culture medium.

Samples supplied as solutions in organic solvents are usually solvent-
exchanged into DMSO before testing. Original sample volumes may first

be reduced a maximum of 10-fold in a Kuderna-Danish concentrator, and

the concentrative factor is used to convert assayed volumes into equi-
valent original sample volumes in the absence of jnformation about solute
concentration. An aliquot of the reduced volume is exchanged into DMSO
by repeated, partial evaporation under a stream of nitrogen in a warm
water bath (50°C); the evaporated volumes are replaced with equal volumes
of DMSO.

Samples adsorbed on XAD-2 resin are extracted with methylene chloride
or acetone in a Soxhlet apparatus for 24 hours. The extract is then
concentrated and solvent-exchanged into DMSO. Alternatively, acetone
extracts can be assayed directly at concentrations up to 2% by volume in
the culture medium.

Samples impregnated on fiber glass or teflon filters are repeatedly soni-
cated in cyclohexane to remove particulates. The resulting cyclohexane
particulate suspension is then evaporated to dryness and the particulates
resuspended in EMEM culture medium at the desired concentration.

5-379

e BIONETICS 5



Litton

Sponsor-specified handling of sample materials will be followed if the
above procedures are not applicable or a specific procedure is desired.

C. Dose Selection

Unless the approximate toxicity is already known or the samp]e size is
limiting, the following usual dose ranges are tegted for different sample
forms. Dry, particulate material is tested at six dose levels from

1000 pg/ml to 3 pg/ml. Aqueous samples, suspensions, or slurries are
tested from 600 pl to 3 p1/ml in six dose steps. Samp]es that are solvent-
exchanged into DMSO are tested from 20 p1/ml (2% DMSO in grgwth medium)

to 0.2 p1/ml, also in six dose steps. A second dose study 1s performed
with an adjusted dose range if the EC50 was not located properly in ?he
initial test. However, EC50 values greater than 1000 p1/ml for partlcglate
material, 600 pl/ml for aqueous samples, or 20 pl/ml for organic solutions
will not be determined.

This test material, A81-05-030-744 (EA-2 flyash), was tested as sgpp1ied
at 6 dose levels in the first trial, starting at the maximum applicable
dose (MAD) of 1000 pg/ml and including 600, 300, 100, 60 and ?0 pg/ml.
The second trial was performed with only three doses of the finely ground
test material: 1000, 600 and 300 pg/ml.

D. Treatment

A series of 25 cm?® culture flasks were prepared, each containing 2.0 mi
of serum-free medium at 37°C and the test material at twice the desired
final concentration. Three flasks were prepared for each test concen-
tration. Aliquots of cell suspension (2 ml) were then added; each flask,
therefore, contained from 1 to 2 x 10% viable cells in a 4-m1 volume of
media containing 10% serum. The flasks were placed on a rocker platform
in a 37°C incubator with a humidified atmosphere containing 5% CO,.

After sitting for about 30 minutes, the flasks were slowly rocked for
the remainder of a 20-hour exposure period.

If the test substance causes a color change in the growth medium, the pH
is determined in additional treated flasks. After the exposure period,
the pH of the medium in the experimental flasks is again recorded.

E. Cell Viability Assay

At the end of the treatment period, the medium containing unattached
cells was decanted into a centrifuge tube on ice. The attached cells
were rinsed with 1 ml of 0.1% trypsin/0.01% versene and then incubated
with 2 m] of the trypsin/versene solution for about 5 minutes at 37°C.
The trypsinates and decanted media were combined for each culture to
yield a 7-m1 cell suspension for subsequent analysis.

A 0.5 ml or 1.0 ml aliquot of the cell suspension was removed for cell
count and viability determination. The aliquot was combined with 1.0 ml
of 0.4% trypan blue and counted by hemocytometer about 5 to 15 minutes
later. The total number of cells counted per culture was the sum of the
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numbers found in five squares for each chamber of the hemocytometer (1 pl

total volume). The numbers of live (colorless) and dead (blue) cells
were recorded.

F. ATP Assay

. ATP was immediately analyzed by extraction of a 0.1-ml sample of cell

suspension with 0.9 ml of 90% DMSO. After 2 minutes at room temperature
5.0 m1 cold MOPS buffer (0.01 M morpholinopropane sulfonic acid) at pH 7.4
was added and the extract mixed well and placed on ice. Aliquots of

10 p1 were injected into a cuvette containing a luciferin-luciferase
reaction mixture in a DuPont Model 760 Luminescence Biometer. The Biometer
was calibrated daily with standard ATP solutions to provide a direct
read-out of the ATP content. Each test sample was assayed at least twice
to obtain repeatable readings.
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VI.

ASSAY ACCEPTANCE CRITERIA

The assay will be considered acceptable for evaluation of the test results
if the following criteria are met:

1.

BIONETICS

The macrophage population is 90% or greater of the total nucleated
cells collected by lung lavage.

The percent viability of the macrophages used to initiate the assay
is 95% or greater.

The survival of viable macrophages in the negative control cultures
over the 20 hour treatment priod is 70% or greater.

A sufficient number of data points (for five test concentrations or
less) are available to clearly locate the EC50 of the most sensitive
test parameter within a toxicity region as defined under Assay Eval-
uation Criteria.

The data points critical to the location of the EC50 for the most
sensitive parameter are the averages of at least two treated cultures.

If all the test parameters yield EC50 values greater than 1000 pg/ml,
600 u1/m1 for aqueous solutions, or 20 p1/ml1 for organic solutions,
the plotted curves for ATP content and viability index parameters

do not exceed 120% of the negative control.
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VII. RESULTS

A. Interpretation

Two.tfials were performed to test the effect of puliverization on the
toxicity of the test material to the RAM cells. The original test material
consisted of a fine powder and long, thin shreds of black material, and
the test results for this material are presented in Table 1 and Figures 1
and 2. When the test material was puliverized to a very fine powder,

the results shown in Table 2 and Figures 3 and 4 were obtained. Absolute
and relative assay parameters are provided in the tables, whereas the
relative values are plotted in the figures to determine ECgo positions.

In both assays, the test parameters remained above 70% of the negative
control values for all applied dosed up to the MAD level of 1000 ug/ml.
Some toxicity was indicated in the 100-1000 pg/m1 concentration range by
the viability index and the ATP content, but the decreased in these para-
meters were insufficient to ascribe toxic properties to the test material.
Pulverization of the test material appeared to slightly reduce the toxi-
city, if it did anything, perhaps by eliminating the long thin strands

of material that could pierce the cells after being englufed. Since the
most sensitive assay parameters (ATP content and viability index) indicated
ECso values above 1000 pg/ml1, the test material was evaluated as having
nondetectable (ND) toxicity, according to the toxicity categories defined
for the IERL-EPA Level 1 RAM assayl.

The macrophages collected for both assays had normal morphology and
appeared to be in a healthy state. The initial viability was approxi-
mately 99% and the survival of viable cells in the negative controls for
both trials was at least 96 percent. The average cellular ATP content
of the negative control (ATP/10® total cells) of the negative controls
was within the historical range for acceptable cultures in both assays.
These results achieved the assay acceptance criteria and provided confi-
dence in the assumption that the collected data represented typical
responses to the test material.

B. Tables and Figures

This report is based on the data provided in Tables 1 and 2 and Figures 1
to 4.
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TABLE 1
RABBIT ALVEOLAR MACROPHAGE (RAM) CYTOTOXICITY ASSAY DATA

LBI Assay No.: 5887 (Trial I, Unground sample)

Test Material Identity: A81-05-030-744 (EA-2 Flyash)

Initial Cell Viability: 98.8%

Viable Macrophage Seeded/Flask: 2.0 x 10® cells/flask

Test Date: September 23, 1981 Macrophage Population Percentage: >90.0%

Survival of Negative Control

Macrophage Over Treatment Time: 99.1X
Vehicle: EMEM

a Average Values ger Culture Flask ATP Per Expressed as Percent of Negative Control
Sample Concentration able Cells otal Cells b 108 Cells Viability Viability ATP Per
Hg/ml 108 Units 108 Units 108fg 108 fg x Viability Index ATP 10% Cells

NC© --- 2.14 2.16 66.4 30.7 99.1 100.0 100.0 100.0 100.0
TEST 30 1.91 1.92 67.6 35.2 99.5 100.4 89.3 101.8 114.7
TEST 60 1.96 2.00 65.5 32.8 98.0 98.9 91.6 98.6 106.8
TEST 100 1.83 1.86 65.9 35.4 98.4 99.3 85.5 99.2 115.3
TEST 300 1.91 2.04 64.7 31.7 93.6 94.5 89.3 97.4 103.3
TEST 600 1.53 1.63 56.7 34.8 93.9 94.8 71.5 85.4 113.4
TEST 1000 1.62 1.89 47.0 24.9 85.7 86.5 75.7 70.8 81.1
3pH change in culture medium: None observed dECSO VALUES:
b pg/mi: >1000 >1000 >1000 >1000
fg = Femtogram (10-!5 gram). :
“ne = Negative Control, EMEM culture medium.
dDetermined from data plots in Figures 1 and 2. Toxicity

Classification: Nondetectable
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TABLE 2
RABBIT ALVEOLAR MACROPHAGE (RAM) CYTOTOXICITY ASSAY DATA

LBl Assay No.: 5887 (Trial II Ground sample)
Test Material Identity:

A81-05-030-744 (EA-2 Flyash)

Initial Cell Viability: 99.3%

Viable Macrophage Seeded/Flask: 1 x 10% cells/flask

Test Date: October 13, 1981 Macrophage Population Percentage: >90.0%
Survival of Negative Control
Macrophage Over Treatment Time: 96.0%
Vehicle: EMEM
a Average Values per Culture Flask ATP Per Expressed as Percent of Negative Control
Sample Concentration ViabTe Cells Eotal Cells ATP b 108 Cells Viability Viability ATP Per
ug/ml 108 Units 108 Units 108fg 108 fgq % Viability * Index - ATP 108 Cells
Nce --- 0.97 1.01 25.4 25.1 96.0 100.0 100.0 100.0 100.0
TEST 300 0.90 0.95 22.4 23.6 94.7 98.6 92.8 88.2 94.0
TeST 600 0.83 0.86 22.7 26.4 96.5 100.5 85.6 89.4 105.2
TEST 1000 0.75 0.80 21.1 26.4 93.8 97.7 77.3 813.1 105.2
apH change in culture medium: None observed dECSO VALUES:
b pg/ml: >1000 >1000 >1000 >1000
fg = Femtogram (10-'5 gram).
ne = Negative Control, EMEM culture medium.
uDetermined from data plots in Figures 3 and 4. Toxicity
Classification: Nondetectable
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VIII. ASSAY EVALUATION CRITERIA

The EC50 value represents the concentration of test material that reduces
the most sensitive parameter of the RAM assay to 50% of the vehicle or
negative control value. EC50 values are determined graphically by fitting
a curve by eye through relative toxicity data plotted as a function of

the logarithm of the applied concentration. Each data p91nt normally )
represents the average of three culture dishes. Statistical analysis is
unnecessary in most cases for evaluation.

The toxicity of the test material is evaluated as high, moderate, low,
or nondetectable according to the range of EC50 values defined in the
following table.

h
Solids Aqueous Liquids Nonaqueous Liquids™
Toxicity? (ECso in pg/ml) (ECgo in pl1/ml) (ECgo in pl1/ml)
High <10 <b <0.2
Moderate 10 to 100 6 to 60 0.2-2
Low 100 to 1000 60 to 600 2-20
Not Detectable >1000 >600 >20

3Evaluation criteria formulated by Litton Bionetics, Inc. for IERL-RTP
Procedures Manual: Level 1 Environmental Assessment Biological Tests!.

bCriteria for nonaqueous liquids are tentative and under eva]uation: If
the organic or solid content is known, the solid evaluation criteria
are applied.

Another evaluation scheme is proposed for extracts obtained from SASS
train gas volumes. The proportion of the total gas volume corresponding
to the volume of extract used in the bioassay is calculated and expressed
as L/m1 of culture medium (or DSCF/ml of culture medium). A criterion

of 1000 L/m1 is set as the 1imit for nondetectable toxicity. This gas
volume corresponds to the average volume breathed by humans over a 2-hour
period. The subsequent toxicity ranges are defined by 10-fold dilution
steps to conform to standard procedure. The toxicity ranges are defined
in the following table for liter and dry standard cubic feet units:

Ecso In ECso In
Toxicity Liters/ml (L/ml) Dry Standard Cubic Feet/ml1 (DSCF/ml)
High <10 <0.35 DSCF
Moderate 10-100 0.35-3.5
Low 100-1000 3.5-35
Nondetectable >1000 >35

5-390
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PREFACE

This assay conforms to the standard EPA Level 1 procedure for the acute

1n vivo toxicity test in rodents as described in "IERL-RTP Procedures
ManuaT: Level 1 Environmental Assessment Biological Tests"!. The data
were evaluated and formatted as recommended in “"Level 1 Biological Testing
Assessment and Data Formatting"2. The organisms used in this assay were
male and female weanling mice as recommended by the Level 1 Manual.!?

The advantages of in vivo toxicity assays are embodied mainly in the fact
that the §o§icolog1cai assessment is performed in whole animals. There

1s a significant background of test data on a wide range of toxicants

for the rodent systems, thus supplying needed information for the reliable
interpretation of results with complex effluents3. The main disadvantage
of an acute rodent toxicity study is a possibly unsatisfactory prediction
of toxicity induced by lTong-term/ Tow-level exposures. An additional
consideration is the need for multi-gram quantities of test material

which may prohibit testing where small amounts of sample are available,
such as from source streams containing gaseous and particulate material.

§ince the major objective of the Level 1 biological testing procedures

is to identify toxicological problems at minimal cost, a two-step approach
was developed for the initial acute in vivo toxicological evaluation of
unknown compounds. The first step is based on the quantal (all-or-none)-
response of dosing animals only at the maximum applicable dose. If no
animals die in the quantal test, further in vivo testing is not initiated
and the sample toxicity is categorized as not detectable. If any animals
die in the quantal screening, a multiple dose quantitative test is initiated
to determine the dose that kills 50 percent of the animals (LDsg). The
toxicity potential of the test material is then ranked using standard

EPA Level 1 toxicity evaluation criteria for the acute in vivo rodent
toxicity assay!.

A11 procedures and documents pertaining to the receipt, storage, prepara-
tion, testing and evaluation of the test material shall conform to Litton
Bionetics, Inc. standard operating procedures and the Good Laboratory
Practices Regulations of 1979. Deviations from standard procedure shall
be fully documented and noted in the report.

A1l test and control results in this report are supported by fully docu-
mented raw data which are permanently maintained in the files of the
Department of Molecular Toxicology or in the archives of Litton Bionetics,
Inc., 5516 Nicholson Lane, Kensington, Maryland 20795. Copies of raw
data will be supplied to the sponsor upon request.

5-393
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I. ASSAY SUMMARY

A. SPONSOR: Acurex Corporation

B. MATERIAL (TEST COMPOUND): GENETICS ASSAY NO.: 5887
1. Ildentification: A81-05-030-744 (EA-2 Flyash)
2. Date Received: August 26, 1981

3. Physical Description: Gray and white particles with much
larger, long and thin black chunks.

C. TYPE OF ASSAY: EPA Level 1 Rodent Quantal Toxicity Assay
D. STUDY DATES:
A. Initiation: October 5, 1981
B. Completion: October 23, 1981
E. SUPERVISORY PERSONNEL:
A. Study Director: David J. Brusick, Ph.D.
B. Senior Technician: Joan McGowan '
F. EVALUATION:

The test substance, A81-05-030-744 (EA-2 Flyash), was not lethal
or toxic for weanling mice following an oral gavage dose of

5 gm/kg body weight. Although one female animal was found

dead, the death did not appear compound-related because of the
absence of toxic signs. Otherwise there were no unusual findings
upon necropsy that would suggest test substance related toxicity.
The LDgo of the test material was found to be higher than the
maximum applicable dose (MAD) of 5 gm/kg. The test sample
response was evaluated as being in the nondetectable range as
defined for the IERL-EPA Level 1 Rodent Quantal Toxicity Assay!.

Submitted by:

QQ‘M NEL
avid J. Brusick, Ph.D. at

Director
Department of Molecular
Toxicology
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II. OBJECTIVES

The objective of this assay was to evaluate the acute toxicity of

sample A81-05-030-744 (EA-2 flyash) when administered by oral gavage to
male and female weanling mice. Test strategy involved initial testing
of the sample at the maximum applicable dose in the quantal assay. If
Tethality was observed in the guantal assay, additional testing would be
initiated at lower doses to identify the LDgg.

The assay consisted of recording any lethality and toxic signs that occur-
red initially and over a 14-day period following a single treatment.
Additional information was collected from necropsy observations on animals
that died during the course of the experiment or were killed at the end
of the 14-day observation period.

5-397
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ITI. TEST MATERIAL

A. Description

The test material, A81-05-030-744 (EA-2 flyash), was received as gray

and white particles with larger (long and thin) black chunks. The amount
of sample supplied was 15.0040 grams. No information on the sampling
parameter was provided.

B. Handling and Preparation

The test material was received at LBI on August 26, 1981. The sample
was assigned LBI safety number 7171 and LBI assay number 5887. The sample
was stored at +4°C in the dark.

On October 1, 1981, the test material was ground in a mortar and pestle
to a fine, black powder. The primary dosing suspension was prepared

24 hours in advance to permit water soluble materials in the flyash to
leach into the water at room temperature. A total of 1628.31 mg of test
material was suspended in 17.43 ml1 of sterile distilled water giving a
stock concentration of 93.6 mg/ml. This suspension would not pass freely
through a 24G gavage needle so it was discarded. On October 8, 1981,
approximately 2.5 gm of the previously ground sample was puliverized a
second time in a mortar and pestle. The suspension, prepared 24 hours

in advance of dosing, passed through the gavage needle without difficulty.
A total of 1411.04 mg of test material was suspended in 10.1 ml of sterile
water giving a stock concentration of 140 mg/ml.

5-398
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Iv. MATERIALS

A. Test Organisms

The test organisms for this study were weanling Charles River CD-1 mice.
Weanlings were used because they are 1likely to be more sensitivg to toxic
effects of test materials than adult mice. In addition, significantly
less test material is required for dosing.

Eight nursing female Charles River CD-1 mice with ten pups each (5 male
and 5 female) were obtained from Charles River Breeding Laboratories,
Inc., Wilmington, MA on September 30, 1981. The birth date of the pups
was September 13, 1981. The animals were quarantined for 5 days upon
receipt. The litters were individually housed on Ab-sorb-dri bedQ1ng in
polycarbonate cages and were cared for according to Litton Bionetics,
Inc., Department of Molecular Toxicology and LAMS Standard Operating
Procedures. Purina certified laboratory chow and water (pH 2.5) were
provided ad libitum. The pups were maintained with mothers until weaned.
The animals were identified by eartags and cage cards and were released
for study on October 9, 1981.

5-399
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V. EXPERIMENTAL DESIGN

A. Quantal Test

Ten male and ten female weanling CD-1 mice were used in the initial quantal
screening test. The pups appeared to be in good health with no ph¥s1ca1

or behavioral problems noted. Pups that were selected were of similar
size. The pups were 26 days old at the time of dosing.

Prior to dosing, each animal was individually weighed and the mean weight
calculated for each sex. The volume of test material to be administered
was based on the mean weight if all animals were within plus or minus

15 percent of the average for the sex. If any animals were outside that
range, they were then excluded from the average, a new mean calculated
for the remaining animals and individual dosing volumes calculated for
each outlying animals.

The test material was administered by gavage to the pups at the rate of

5 gm/kg. The average weight of the males was 11.5 grams and that of the
females was 12.0 grams. The weight of one female, animal number 9058,
exceeded *15 percent of the average of the females. This animal was
excluded, and the new average of 11.8 grams calculated for the females.
The test material, suspended at a concentration of 140 mg/ml, was applied
to the animals in two equal doses that totaled 0.41 ml for the males,
0.51 for the females, except animal number 9058 that received 0.42 ml.

Immediately following administration of the test substance and during

the first day, observations of the frequency and severity of all toxic
signs or pharmacological effects (Table 1) were recorded. Particular
attention was paid to time of onset and disappearance of signs. Observa-
tions were made and recorded on all animals through a 14-day period. At
termination of the observation period, all surviving animals were weighed,
killed, and then gross necropsies performed. Necropsies were also per-
formed on all animals that died during the course of this study.

B. Quantitative Test

Since no animals died during the preliminary quantal screening test, the
quantitative test to determine the LDg, was unneccessary.

5-400
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TABLE 1. DEFINITION OF PHARMACOLOGICAL TOXIC SIGNS
Observation and
Organ System Examination Common Signs of Toxicity
CNS and Behavior Change in attitude to observer,
somatomotor unusual vocalization, restless-
ness, sedation
Movements Twitch, tremor, ataxia, cata-
tonia, paralysis, convulsion,
forced movements
Reactivity to various Irritability, passivity,
stimuli anaesthesis, hyperaesthesis
Cerebral and spinal Sluggishness, absence
reflexes '
Muscle tone Rigidity, flaccidity
Autonomic Pupil size Myosis, mydriasis
nervous system
Secretion Salivation, lacrimation
Respiratory Nostrils Discharge
Character and rate Bradypnoea, dyspnoea, Cheyne-
of breathing Stokes breathing, Kussmaul
breathing
Cardiovascular Palpation of cardiac Thrill, bradycardia, arrhy-
region thmia, stronger or weaker
beat
Gastrointestinal Events Diarrhea, constipation,

Skin and fur

Mucous membranes

Abdominal shape
Feces consistency
and color

Vulva, mammary
glands

Penis

Perianal region

Color, turgor,
integrity

Conjunctiva, mouth

Flatulence, contraction
Unformed, black or clay colored

Swelling

Prolapse
Soiled

Reddening, flaccid skinfold,
eruptions, piloerection

' Discharge, congestion,

hemorrhage cyanosis, jaundice

Eye Eyeball Exophthalmus, nystagmus
Transparency Opacities
Others Rectal or paw skin Subnormal, increased temperature
General Condition Abnormal posture, emaciation
5-401
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VI. RESULTS

A. Interpretation

The test material, A81-05-030-744 (EA-2 flyash), was tested and evaluated
in the EPA Level 1 Acute In Vivo Rodent Toxicity Assay. The first phase
of testing was the quantal toxicity test in which 10 male and 10 female
weanling CD-1 mice were exposed to an oral dose of the test material.
This dose was at the maximum applicable dose (MAD) of 5 gm/kg as recom-
mended by the EPA Level 1 procedures manuall.

Nineteen animals survived the exposure with no evidence of any significant
compound-related behavioral or toxic signs (see Table 1 for dgf]n1t1ons).
The animals seemed uncomfortable after dosing (slow moving, wiping mouth
and eyes half-shut) but animals appeared normal after 2 hours. There

was a small amount of test material on the muzzle of some animals after
dosing. One animal, female number 9053, was found dead on day 3 of the
study. The animal had been dead a number of hours; rigor mortis had set
in and the intestines were filled with gas. Necropsy of animal 9053
indicated necrosis of the liver but no other gross lesions. The death

of this animal did not appear directly attributable to the test material.

The test material was found to have an LDg, greater than the maximum
applicable dose of 5 gm/kg. Because of the lack of significant toxic
effects and because the death of animal number 9053 did not appear to be
compound-related, the quantitative study (LDg, determination) was unneces-
sary. The test material was evaluated as having nondetectable (ND)
toxicity based on EPA Level 1 evaluation criterial.

B. Tables

This report is based on the data provided in Table 2.

5-402
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TABLE 2
QUANTAL TOXICITY DATA WTH WEANLING MICE

Quantal Toxicity: Weanling CD-1 mice

Sponsor: Acurex Corporation

Test Article: A81-05-030-744 (EA-2 flyash)

Description: Gray and white particles with Jarger (long and thin) black

chunks. Sample pulverized to a fine, black powder.
Vehicle: Sterile, deionized water

Study Dates: October 8, 1981 to October 23, 1981
Animals: Charles River CD-1 mice, P.0. 106949
Dose: 5 gm/kg administered by oral gavage

Initial Final Visible
i Weight Weight Tgxica o
Animal No. gm gm Signs Gross Necropsy Findings
Males
9042 10.8 19.1 NTSP NSLS
9043 11.5 21.2 NTS NSL
9044 11.0 20.8 NTS NSL
9045 11.1 23.9 NTS NSL
9046 11.6 22.4 NTS NSL
8047 11.6 22.3 NTS Intestines yellow and
flaccid
9048 10.8 20.7 NTS NSL
9049 11.5 21.0 NTS NSL
9050 12.1 23.0 NTS NSL
9051 13.1 25.8 NTS . Large white mucous plug

in bladder and uretha.

gm (Standard Deviation)

Mean Body Weight: Initial .7 iation)
) Y | .9 gm (Standard Deviation)

Final

3Animals observed over 14 days. ] )

Note: Staining of the muzzle from the test material was noted in some
b animals after dosing. Animals seemed uncomfortable after dosing.
cNTS No Toxic Signs.

NSL = No Significant Lesions

. 5-403
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TABLE 2 (Continued)
QUANTAL TOXICITY DATA WTH WEANLING MICE

Initial Final Visible
Weight Weight Toxica oo

Animal No. gm gm Signs Gross Necropsy Findings

Females

9052 11.3 18.4 NTSP NSLE

9053 11.3 9.5 Death? Animal had been dead
several hours, abdomen
bloated; intestines light
red and filled with gas.
Liver dark green colored

' with apparent necrosis.

Lungs pale but normal.
No other gross abnormal-
ities noted.

9054 11.1 19.6 NTS NSL

9055 13.1 20.3 NTS NSL

9056 11.3 18.4 NTS NSL

9057 11.6 19.4 NTS NSL

9058 14.3 19.4 NTS NSL

9059 11.9 19.3 NTS NSL

9060 12.4 18.9 NTS NSL

9061 12.0 20.3 NTS NSL

Mean Body Weight:
Initial
Final

12.0 + 1.0 gm (Standard Deviation)
+ 0.7 gm (Standard Deviation)®

3Animals observed over 14 days.
Note: Staining of the muzzle from the test material was noted in some

b animals after dosing. Animals seemed uncomfortable after dosing.
CNTS = No Toxic Signs.

dNSL = No Significant Lesions

Animal found dead 8:00 a.m. 10-12-81 (day 3 of the stud last
alive 9:00 a.m. 10-11-81. y y), last seen

Animal 9053 excluded from average.

: 5-404
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VII. EVALUATION CRITERIA

If no morta]ity occurs in the quantal study, no further studies will be
performed with the test substance and the LDso should be reported as
greater than 5 ml/kg or 5 g/kg. The test material is then ranked as
having nondectable toxicity (ND) at the maximum applicable dose (MAD).
gff1uent samples which produce harmful effects in vivo and do not result
in deaths will be noted in the results summary.” Such observations are
difficult to quantitate but provide insight into the sublethal.effects

of a samp]e on rodents. Further investigations may be recommended from
observations of nonlethal toxic effects.

If a single animal in the quantal study dies in the 14-day observation
period, a quantitative study will be performed. An LDso will be calculated
by the method of Litchfield and Wilcoxint. If the data are not suitable
for calculation of a precise LDgq, i.e., total mortality occurs for the
Towest dose, an estimate of the LDgs, could be made or the LDgo could be
expressed as 0.05 m1/kg or 0.05 g/kg or less. Occasionally, it may be
necessary to use a different series of dosages in a repeat study to
accurately locate the LDgo. The calculated LDg, value is used to rank

the toxicity of the test material according to the dose ranges presented
in Table 3.

Frequent observations are also made and recorded on all animals through
the 14-day period. As in the quantal phase, no attempt is made to quanti-
tate or rank observations. The average animal body weight of each group
is determined initially and at the termination of the experiment. The
average weights and the weights as fractions of the control are reported
for each dose level. Necropsy observations are recorded and reported.

TABLE 3
ACUTE IN VIVO RODENT TOXICITY ASSAY EVALUATION CRITERIA

Solids Liquids

Toxicity? (LDso in g/kg) (LDgo in m1/kg)
High <0.05 <0.05
Moderate 0.05 to 0.5 0.05 to 0.5
Low 0.5 to 5 0.5 to 5
Not Detectable >5 >5

3valuation criteria formulated by Litton Bionetics, Inc. for IERL-RTP .
Procedures Manual: Level 1 Environmental Assessment Biological lests.

5-405
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INTRODUCTION

The purpose of this study was to estimate the acute
toxicity of five samples received from the Acurex Corporation
to freshwater organisms. All five materials were tested with

the water flea (Daphnia magna) and the freshwater algae (Selenastrum

capricornutum)L ‘Three of the samples were also tested with the

fathead minnow (Pimephales promelas). Results of tests performed

with water fleas and fathead minnows are reported as median lethal
concentrations (LC50's) and corresponding 95% confidence intervals.
Results of the tests performed with the freshwater alga are re-
ported as the median effect concentration (EC50) and corresponding
95% confidence interval. Toxicity tests performed with water

fleas and fathead minnows were conducted at the Aquatic Toxicology
Laboratory of EG&G, Bionomics, Wareham, Massachusetts and the

tests performed with the alga were conducted at EG&G, Bionomics
Marine Research lLaboratory (BMRL), Pensacola, Florida. All raw
data related to these tests are stored at the respective laboratory

at which they were performed.
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MATERIALS AND METHODS

Methods used in performing the acute toxicity tests followed
those described in "IERL-RTP Procedures Manual: Level I Environ-
mental Assessment Biological Tests" (1980) unless specified

otherwise.

The five samples were received at EG&G, Bionomics, Wareham,
Massachusetts on 24 June 1981. The samples were received at
ambient temperature (20-25°C) and were refrigerated (4%) upon
receipt. On 25 June, a portion of each sample was shipped to
BMRL. Samples were received at BMRL on 26 June. At BMRL, the
four solid samples were stored at ambient room temperature, while
the liquid sample was stored at 4°c. The five samples are des-
cribed in Appendix A. Tests performed with D. magna and P. promelas
were limited to a high test concentration of 1000 mg/%. If
insufficient mortality was observed at this treatment level, the

LC50 was estimated to be >1000 mg/%.

Test Organisms

The water flea used in this toxicity test were obtained from
laboratory stocks cultured at EG&G, Bionomics. The culture water
was prepared by reconstituting deionized water (U.S. EPA, 1975)
and filtering it through an Amberlite XAD-7 resin column to remove

any potential organic contaminants. This water had a total hardness
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and akalinity as calcium carbonate (CaCO,;) of 170 + 15 mg/¢

and 120 + 10 mg/2, respectively; a pH range of 7.9-8.3, a temper-
ature of 22 + 1°c, a specific conductance of 400-600 micromhos
per centimeter (ymhos/cm), and a dissolved oxygen (DO) concentra-

tion of greater than 5.3 mg/f. (60% of saturation).

The fathead minnows (Bionomics lot #81A6) were obtained from
cultures spawned and raised at EG&G, Bionomics, Wareham, Massachu-
setts. The fish were held in a 500-% fiberglass tank under a
photoperiod of 16 hours light and 8 hours dérkness. All fish were
fed a dry, pelleted food, ad libitum, daily except during the
48 hours prior to testing. There was no mortality in the test
fish population during this 2 day period (Daily Record of Fish
Holding Conditions). The well water whiéh flowed into this tank
was characterized as having total hardness and alkalinity ranges
as calcium carbonate (CaCO,) of 20-25 mg/% and 20-28 mg/%, respec-
tively, and a specific conductance range of 90-110 micromhos per
centimeter (ymhos/cm) (Weekly Gravity Feed Tank Water Quality
Analysis Logbook). Other parameters monitored in the holding
tank were a pH range of 6.2-6.9, a dissolved oxygen (DO) range of
80-92% of saturation and a flow rate range of 6-7 tank volume
replacements/day (Weekly Record of Fish Holding Water Characteris-
tics). Test fish were maintained under these conditions for a .
minimum of 14 days. The temperature in the holding tank ranged
from 20-22°C during this 14 day period (Daily Record of Fish Holding
Conditions). The specific conductance was measured with a YSI

Model #33 conductivity meter, t?ﬁ pH was measured with an Instru-



mentation Laboratory Model #175 pH meter and combination elec-

trode, the DO was measured ‘with a YSI Model #57 dissolved oxygen
meter and probe and the temperature was measured with a Brooklyn
alcohol thermometer. Total hardness and alkalinity were measured

according to APHA et al. (1975).

The freshwater alga were obtained from the U.S. Envir-
onmental Protection Agency's Environmental Research Laboratory,
Corvallis, Oregon and maintained in stock culture at BMRL. Culture
procedures used for the alga followed those described in "IERL-RTP
Procedures Manual: Level I Environmenﬁal Assessment Biological

Tests" dated September 1980.

Test Conditions

Water flea

The toxicity tests exposing D. magna to the samples were
conducted in 250 milliliter (m&) glass beakers. The dilution water
used during this study was prepared in the same manner as the
culture water except that the quantity of salts were reduced to
yield a.total hardness and alkalinity of 107 mg/% as CaCO; and
69 mg/f as CaCO,;, a pH of 8.0 and a specific conductance of 400’
pymhos/cm. For each test concentration, the appropriate amount

of test material was added to dilution water to total 1000 mL,

then vigorously mixed on a magnetic stirrer. Eight hundred milli-
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liters of this test mixture were divided into four beakers to
provide replicate exposure treatments each containing 200 mg. -
The remaining 200 m& of the control and the high, middle and low
test concentrations were used for 0-hour dissolved oxygen (DO),
pH and specific conductance determinations. Four control beakers
containing the same dilution water and maintained under the same
conditions as the exposure concentrations, but coﬁtaining no
sample, were established. The ambient air temperature in the
laboratory was controlled in order to maintain test solution
temperatures at 21-22%c. Test solutions weie not aerated. The
test area was illuminated with Durotest (Optima) fluorescent

lights at an intensity of 50-70 footcandles.

Twenty water flea, <24 hours old, were impartially distri-
buted to each concentration (5 water flea per replicate) within
30 minutes after the test solutions had been prepared. Mortalities
in replicate test solutions were recorded at 24 and 48 hour expo-
sures. Biological observations and observations of the physical
characteristics of each replicate test solution were also made
and recorded at 0, 24 and 48 hours. The pH, DO and specific con-
ductance were measured at 0 and 48 hours of exposure in the control
and the high, middle and low test solutions. The temperature of
the control and all test concentrations were measured at 0, 24,

and 48 hours exposure.

5-413



Fathead minnow

Toxicity tests performed with the fathead minnow were per-
formed in 19.6-% glass jars which contained 15-% of test solu;ion.
The dilution water used was hard water reconstituted from
deionized water according to recommended procedures (U.S. EPA,
1975). This water had a total hardness and alkalinity as CaCO;
of 94 mg/% and 68 mg/%, respectively, a pH of 7.9 and a specific
conductance of 345 ymhos/cm (Reconstituted Water, Quality

Analysis).

Test solutions were prepared by adding appropriate amounts
of test material directly to test vessels containing a sufficient
quantity of dilution water to total 15 f£. Solutions were mixed
by stirring with a glass rod. Each test concentration and controls

were replicated.

Two control jars containing the same dilution water as used in
the exposure jars, but containing no test material, were established.
All test solution temperatures were controlled by a system which
maintained temperatures at 21-22°c. Test solutions were not
aerated during the exposure period. The photoperiod during testing

was the same as that provided during acclimation.

Ten fathead minnows with a mean (range, N=30) wet weight and

total length of 0.29(0.13-0.47) grams and 33(25-38) millimeters,
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respectively (Fish Weights and Lengths Log) were randomly disti-
buted to each test jar within 10 minutes after the test solutions

had been prepared.

Mortalities were recorded and removed from each test jar‘
at 0, 24, 48, 72 and 96 hours exposure. Biological observations
of the fish and observations of the physical characteristics of
the test solutions were also made at each 24 hour interval. The
pH and DO concentrations of the control, high, middle and low test
concentrations were measured at 0, 24, 48 and 96 hours of the exposure
period. Specific conductance of the control, high, middle and
low test concentrations were measured at 0 hour. The temperature

was measured in the control jar every 24 hours during exposure.
Freshwater algae

The toxicity tests exposing the freshwater alga to the test
sample was conducted in 125 mf flasks each of which contained
50 mg of test medium. Beginning cell numbers in the test flasks
were approximately 1.0 x 10" cells/mf. Triplicate qultures were
employed for each of the test concentrations and control. Cultures
were incubated at 24°C under approximately 2,400 lux illumination.
'Cell counts were made at 0- and 120-hour exposures using a hemar
cytometer and a Zeiss Standard 14 compound microscope. The pH of

all test solutions were measured at 0 and 120 hours of exposure.
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Statistical Analysis

The concentrations tested and corresponding mortality data
derived from the toxicity tests exposing water flea gnd fathe;d
minnows to the test materials were used to estimate median lethal
concentrations (LC50) and 95% confidence intervals. The LC50 is
defined as the concentration (nominal or measured) of the test
compound in dilution water which caused mortality of 50% of the
test animal population at the stated éexposure interval. The compu-
ter program utilized (Stephan, 1978, personél communication) esti-
mated LC50 values using one of three statistical methods in the
following order of preference: moving average angle analysis,
probit analysis, binomial probability. The method selected was
determined by the characteristics of the data base (i.e. presence
or absence of test concentrations causing 100% mortality of the
test animal population, number of concentrations causing mortality
of a partial number of the test animal population). The computer
program scanned the data base, identified the most preferred
statistical method and performed the analysis. The no discernible
effect concentration was also determined for each effluent sample.
The no discernible effect concentration is defined as the highest
concentration tested at which there were no mortalities or observed
behavioral and physical abnormalities (i.e. erratic swimming, -

flared carapace).
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The concentrations tested and corresponding percentage
decrease in cell numbers from the toxicity tests exposing the
freshwater alga to the test materials were used to estimate con-
centrations of each sample that caused a 50% and 95% decrease in
cell numbers of the exposed cultures, EC50 and EC95, respectively.
Each test concentration was converted to a logarithm and the
corresponding percentage decrease of cell numbers was converted
to a probit (Finney, 1971). The 120-hour EC50's and EC95's and

their respective 95% confidence intervals were calculated by linear

regression.
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RESULTS

The estimated LC50 values, 95% confidence intervals and no
discernible effect concentrations for D. magna and P. Eromelas
exposed to the test samples are presented in Table 1. Table 2
presents the estimated 120-hour EC50 and EC95 values and corres-

ponding 95% confidence intervals for S. capricornutum exposed

to the test samples. P. promelas was the least sensitive species
to the effects of the test materials. None of the three samples
(AB0-09-023-5, A81-05-030-662, A8l1-05-031-765) tested with P.

promelas exhibited toxicity with this organism. §. capricornutum

was the most sensitive species to the toxic effects of the test
materials. All of the ash samples had 120-hour EC50 values less
than 400 mg/s. The 48-hour LCS0 values for the 5 materials tested

with D. magna ranged from 680 mg/f to >1000 mg/%.

The nominal concentrations of the test materials and corres-
ponding effects for the three species tested are presented in
Tables 3-15. The water quality parameters measured during the
toxicity tests with D. magna and P. promelas are presented in
Tables 16 and 17, respectively. The pH of the test solutions

measured during the tests performed with S. capricornutum are

presented in Table 18.
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TABLES*

*Results of samples other than those pertinent to this study (A81-05-030-662
and A81-05-030-744) have been purposely deleted from the original report.
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Estimated LCS0 values, confidence intervals and no discernible effect concentrations for D. magna

Table 1.
and P. promelas exposed to Acurex samples.
No discernible
1C50 (95% confidence interval)a effect concentration
L
Sample species 24 hour 48 hour 72 hour 9? hour {mg/%)
]
AB1-05-030-662 D. magna >1000 -680b - - 220
(570-830) .
P. promelas >1000 >1000 . >1000 >1000 1000
A81-05-030-744 D. magna >1000 960b - - 360
(830~-1200) -

a
mg/%.
b
" Estimated by the moving average

angle method.



Table 2. Calculated 5-day EC50's and EC95's for Selenastrum capricornutum
exposed to the five samples provided by the Acurex Corporation.
The EC values were based on decrease of cell numbers on exposed
cultures as compared to the control. (The 95% confidence limits
are in parentheses). Concentrations were based on

‘' milligrams
of the saiiples per liter of algal growth medium.
Sample ECS0 EC95
AB1-05-030-662 290 (204-~412) 853(534-1,362)
ABl-05-030-744 347(328-367) 894 (830-963)
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Table 6. Concentrations tested, corresponding percentage mortalities and observations made during the
48-hour exposure of the water flea (Daphnia magna) to the sample coded A81-05-030-662.

Nominal a .
concentration 24 hour 48 hour
(mg/) A B C D F A B [ D
1000 0 20 20 20 1sb 80 60 80 80 75
o 600 1] o o 0 o 80 60 20 20 ' 45b
é 360 0 o 0 o 0 20 0 0 0 5
220 0 o o 4] 1] o (4] o 0 0
130 o 0 0 o 0 0 o 0 o 0
control 0 0 0 0 0 o o 0 0 o

a

A dark gray colored particulate matter was present on the bottom of all mixtures of AB81-05-030-662.

b
Several daphnids were lethargic.



Table 7. Concentrations tested and corresponding percentage mortalities
of fathead minnows (Pimephales promelas) exposed to the sample
coded AB1-05-030-662 for 24, 48, 72 and 96 hours.

Nominal
concentrationa 24 hour 48 hour 72 hour 96 hou;ﬁ=
(mg/2) A B x A B x A B X A B x
1000° o o 0 o o o6 o o o0 o0 0 O
600° o o o o o0 o0 ©6 o ©o 0 0 0
360 0 0 0 0 0 0 0 0 o o o} (o}
220 0 0 0 (v} 0 0 0 0 0 (o] 0 0
130 0 0 o} 0 o} o} 0 o o} 0 0 0

A dark gray particulate matter was present in all mixtures of A81-05-030-662.
b

Mixtures were cloudy at O hour of exposure.
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Table 8. Results of a 5-day exposure of the freshwater algae Selenastrum
capricornutum to A81-05-030-662. Percentage change is decrease

of cell numbers in exposed cultures as compared to the control
at day 5.

Nominal concentration

(mg/L) Percentage change
control -
125 ) -7
250 -56 ‘
500 -84 )
1,000 -94
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Table 9. Concentrations tested, corresponding percentage mortalities and observations made during the
48-hour exposure of the water flea (Daphnia magna) to the sample coded A81-05-030-744.

Nominal a
concentration 24 hour 48 hour
(mg/L) A B Cc D x A B C D x
1000 0 0 0 o, o? 20 40 80 80 55D
600 0 0 0 0 o? 0 20 0 0 sP
o .
L 360 0 0 1] 0 0 0 0 0 o - 1]
N
o
220 0 0 0 (1] 1] 0 0 0 o (1]
130 0 1] 0 0 0 0 1] o 0 0
control 0 0 0 0 0 0 0 0 o] 0

a
A gray-black colored particulate matter was present in all test mixtures of AB1-05-030-744.

b
Particulate matter was adhering to many daphnids.

C
Several daphnids were lethargic.



Table 10. Results of a S-day exposure of the freshwater alga Selenastrum

capricornutum to A81-05-030-744. Percentage change is decrease

of cell numbers in exposed cultures as compared to the control
at day 5.

Nominal concentration

(mg/2) Percentage change
control -
125, -4
250 -2
500 -71
1,000 -97
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Table 16. Water quality characterization of the test solutions measured .
during the acute toxicity tests exposing the water flea (Daphnia
magna) to the Acurex test samples.

Nominal Dissolved” specific”

concentration oxygen a conductance

Sample (mg/L) (mg/2) pH (imhos/cm)
AB1-05-030-662 1000 8.1-8.2 10.1-9.2 430-420
360 8.1-8.3 9.2-8.8 370-400
130 8.0-7.9 8.9-8.5 360-370
control 7.5-7.6 8.1-8.1 350-360
AB1-05-030-744 1000 8.2-8.1 10.2-9.0 380-380
360 8.2-8.0 9.5-8.7 370-380
130 8.3-8.0 8.9-8,3 350-360
control 7.5-7.6 8.1-8.1 350-360

a
0-48 hour measurements.
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Table 17. water quality parameters measured during 96-hour toxicity tests with Acurex

test samples and fathead minnow (Pimephales promelas).

Nominal
concentration
Sample Parameter (mg/L) 0 hour 24 hour 48 hour 72 hour 96 hour
A81-05-030-662 PH 1000 9.9 10.0 9.8 9.6 9.4
360 9.4 9.2 9.1 8.9 8.8
130 8.5 8.6 8.4 8.3 8.2
control 8.0 7.5 7.3 7.3 7.3
Do (mg/%) 1000 8.7 6.9 5.8 5.8 5.6
360 8.6 7.6 6.8 6.8 6.2
130 8.6 7.5 6.1 6.7 6.6
control 8.5 7.7 7.4 5.5 4.6
specific 1000 380 - - - -
conductance
370 - - - -
(umhos/cm) 600 _
360 360 - - - -
220 350 - -~ - -
130 345 - - - -
control 340 -
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Table 18. pH's of test solutions during the acute toxicity tests exposing the
freshwater alga (Selenastrum capricornutum) to Acurex test samples.

Nominal
concentration _PH
Sample (ppm) 0 hour 120 hour
ABl-05-030-662 1000 ‘10.5 8.9
500 10.2 8.6
250 ‘9.9 9.7
125 9.4 8.9
control 7.2 8.2
ABl-05-030-744 1000 10.4 8.8
500 10.1 8.6
250 9.5 9.2
125 9.3 8.5
control 7.2 8.2
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Appeidix A

Species Amount of -
Sample code Sample name tested sample received Sample description
A81-05-030-662 EA-1 D. magna 100 g dark gray ash with white
flakes
flyash P. promelas
S. capricornutum

A81-05-030-744 EA-2 D. magna 20 g dark gray ash

flyash S. capricornutum
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