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I I A k~orksh~p was held (1)  'to discuss the progress of rcsearch on t h e  

I t potential health e f f ec t s  of e-ffluetits rcsul'ting f r ' o~n  coal ccmbustion- 

I I Par t ic ipants  Fiere from Argonne. N a t i o ? ~ d  Labo:-stories .(F4L), At-gonne, I1 1 ir,o.i s; 

1 1 .  the  Inhal ation Toxicol oc~y Rcsearcl~ Ins t i tu t e  ( I  T R I ) ,  A1 buquerqi~e, Mew !::exico; 

I 1  and t!ie I-abaratsry foi- Energy-Relatec! tl2alth Eesearcii (LEt!I!) (-Form.?rly .the 

I I Radiobiol ogy Lc,boratory) a t  'the University of Cal i forn ia ,  Davis ,. Ci.,; i:ioriiia. 

1 1  F\F!L has been s t~xly ins  f ly  ash frorn a b2nch node: pressur.ized flu-idizeci bed 

coz3gstor ( 2 ) ;  IT?: kcs beer1 s'tudying f l y  ash -from an a.tmospi1itr.i~ 'flu-ldized 

bed con>listcr a t  t ' ; ~ r . ~ ~ n t o i ~ c i ,  !,lest Vi t-gini a ( 3 )  ; and ]-Eli2 has been st t!dyi ng ash 

i 1 f r m  th-? hopser ar;d f r z n  the s tack do~~nstream fr*oin electros . ta t ic  p rec ip i?z . t~ r s  

1 1 of z CQ-n?rci a1 co;li-fi red peeler plan'; (4,5,6), 

r.--., ;;,-s,lts of ~utz , ;2nic i ty  tes t ing  of coal f l y  ash from tilese di-Ffercn.2 

soi:r-c.:z :.rers c o t e 6  t o  be qui te  .d.i.Ffe)-~n-t. Tile Ai9.e~ p l a t e  i n ~ ~ r p o r a t i o n  t e s t ,  

1 \.lhiz;: c i i i  izes ; : : ~ t ~ n t s  of S a l r n ~ ~ i ~ l l a  tyg~!ii!!nuri~.:in ( 7 ) ,  was used i n  a l l  ti:!-ea 



fi.i.r:ps t ~ 5 . t  z;?.tiiodcl c3y. 

-fly ash ;;ei-e di ffei-en': 

6.f l;ii?e.th?r the r~c.tl-;ods 

I' accotint f o r  'tilt differences i  n mutagenic s,c-t iv'ity. 

among tile three labora- 

of extraction ~ i g h t  

iot- tiiese reasons, rep\-eszctatives of these laboratories decided t o  

for;;_l:ate a protocol fo r  exchange and Aces t e s t ing  of coal f l y  ashes arnong the  

thrs? laboratories.  A meeting was h?ld Nay 1 7 ,  1979 with representatives frog 

I T R l  z z d  L E H R  in ord?r t o  fornulate a protocol f o r  Ames t e s t ing  of excharigeii 

@ f 1y 2sh. A1 t h o u g h  a rzpresentative froin ANL could not be present, t ha t  

laborator;/ also participated.-in the  exchange. Dr. Wil liain Celser, Professor 

of 'ilicrobiology a t  the Univsrsity. of,-Cal i-fornia a t  Riverside, was invited t o  
- .,. 'ie 

. . 

attend as a consultant. He flas done extensive reszarch on the fac tors  

I 
i cot:tributing t o  t h e  var iat ion of r e su l t s  in .the b,nies t e s t .  His advice v:as 

most he1 pful in  planzi ng  t he  protocol - 
I 1 I .  llETHODS 

The e x p ? r i z n c !  ~ r o t o c o l  adopted a t  the ;lay l 7  meeting in\!olved the  

s2zdi rig of two f l y  zsh2s and one solvefit .extract  of f l y  ash by each laboratory 

. , t o  7::e cth?? t ~ r ~  particj2ants.  The goal of t h i s  study was t o  d e t e r m i ~ e  

. . . . 
I v;h2s!?rr : ~ 2  repart2.5 r f i  fferences i  n miltagenicity of f l y  ash b e t w e e n  thz  three  

1 Z ~ C I : ~ ~ ; Y - . ~ P S  :i3r2 222 t o  ( 1  ) diifei-e:~ces in Fkn@s tes t ing  rnethodol ogies in each' 

1 ab,5r-~tcry, ( 2 )  d i f f~r-clnces in sol vent ex.t~-actiori n!c.thods, o r  ( 3 )  act~.ial  
, 

d i f f e r -~nces  in t h 2  nutagznicity of f l y  ash derivccl frwn di.f-r'ertlnt coal 

conversion techno1 ogies. 

~ A. Experimental Protocol -- 

I 1.  The Cmes t e s t  cie'thods used in each labui-story \.;,?re t o  be desct-ibed 

in detai l  by each 1 ahoratory. Descriptions \;ere t o  include even t'h-C- sns1 l e s t  



I rol led i n  the  hzncl, vortexecl, e tc .  Each laboratory ; ~ ? s  'tq us2 i h 2 . i i -  cclrr~rlt 

1 nietiiod of tes t ing  u i~ less  an exception was slated in t h i s  pro.toco1. 

1 2. Only d f  r ec t  ~lutagenic act i v i tp  !./as t o  be exani.nt.d. The netabo'l i c  

i act'l;vation s tep Nas el irninatad n o t  only t o  reduce the VI~I-%load,  b u t  a1 so 

f beccus2 l i t t l e  indi rec t  mutagenic ac t iv i ty  had be2n seen in any of t h 2  f l y  ash 

I sanplzs. One hundrsd inicrol i ter  amounts were t o  be tested on each of tiiree 

repi icate  plates. A standard ainount of h is t id ine ,  according t o  Alms ( 7 ) ,  wss 
L, 

t o  be used in the t c p  agar. 

3. Only Salmonella typhinurium s t r a ins  Tf\ 92 and  TA 100 \:ere t o  be 

used. 

4. All raw data were t o  b? repor-ied, i  .s., ni~mbor of revsr-tants/pla'te 

I fo r  each plate  i n  the experin~ent. The repoi-ts riere .to include a l l  con-trols . 

l and  spantaneous r e v ? ~ t a n t s .  

5. Each l a S 3 r ~ t o r y  was t o  subni t t o  the other .  t:.:o laboratories tb;o f l y  

I ashes, as \ye11 2s z:? 2xtrac.t prepared by t i ie i r  own methods. The aii~ount OF . 

1 --- . extract  tes ted >;as i i ~ ~ , ;  'led. t o  the amount that  could he extracted from 2.0 9 . s ~  

I o-i f l y  ssh. I f  possible, a t  l eas t  one point was t o  be de'ternined in .the toxic 

I r e g i ~ n  a n d  th r2e  points in the l inea r  portion o f  t he  dose-rzspoase curve. 

I r . I n  oi-d?r i o  Setermin? tlio in f l  uznce' of' d-i f ferent  sol vent er.tr.ac-t'ioi~ 

I >r 4 - 

i -, .;->, ezch l a h r a t o r y  was t o  sub:nit. solvent extracts  of each of tiirce 

cc f i cen t r2 t  ' ~ n s  of or.? posi.tivr f l y  ash preparsd by th2.i r usual ex.trac.t ion 

i~!eth~d.  These  to be calcula'ted t o  ,-eprescnt thj.t.e concent.ratior?s in .the 

I 1 in,nz~- dose-response port-ion of the cilrve k:iicrt. n g  of f l y  ash/ml of solveirt i s  
i 
j pl  c t ted  ;gai nst rr;eall rzvpr-.tan'i.s/pl a h .  I f  sol vent. extracts  \.!ere cv2p01-dt2-7tl 'to 

I 
i dryoess, thcy klere .to bz )-econs.tjtu.ted in  DNSO jus t  before nailing. . TWO ml 0.f 

i 



,T t o  be incl uded. This represented a  to t a l  of f ive  "Lubzs ,of 2.0 i:ll ,ecrcfi, ;'or 
L- 

t ~ s ' t i n g .  Thz labst-a'tories w r e  t o  s h i p  the tubes o r i ~  day a f t e r  extraciioris 

i:ers ccl.iple.t~d. .Testing v:as t o  be done s ix  days.af.ter shipnent. Th? 

1  aboratories !!;ere t o  ccordinate shipmnts  by t e l  epilon~ f o r  the convenience of 

the che:xists and t e s t ing  ,laboratory. Dr. Belser \..;as to mail each laboratory 

ensush 2-ni t rof l  uorer,? from one l o t  t o  .use as a  posit-ive control. I t  vias t o  
' ?  

be diluted jus t  before use and tested a t  0.25 ~ g / l C C I l ~ l ,  0.5 llgm/lOOrll, and- 
L 

a ? 

1.0 ~c~/100./ul.  These conce:~tra.tions had been calculated t o  give a  1 inear dose 

respofise. K i t h  t h i s  infomation any f l y  ash ex t rac ts  tes ted could be co..npzred 

t o  a  posi t ive control done .the same day i~nder tile saiile conditions. 

7. The density of hac'leria ir.1 the  origin31 overnigi1.L cul turz  used eizs 

t o  be recorded. 

B. Fly Ash Extr?ct<.cn I:?ethods 
5 -: 

1. AUL I '  , 
.- - .- {: ;, 1 1 ,  

i . i 4 /+:f.ak;.. A,L i> i . i 7 kv-. L , ,,j la- b ~ M - ! t - 7 ~ 2 L  ' : . i\ ' ,>*--A '..2 

4' 
Fly ash \:as extracted v i tn  - D b W  fo'? 45 minutes a t  379i on a ro ta tor  

1 

-A 
(Fototorque ) .  The zsh  ?;as centri~iuged ,do:.rn and the  superna.tant diluted as 

needod for  t e s t i n s .  

2 .  ITRI 

i i R I  S z s z f ? :  Sag f i l t e r  f l y  ash 66(3A)-6-3-3 (130 CJ) \::as sp1i.k 

into t:.;3 eq;:a? portioils and placed in one l i t e r  arnber bot t les .  Glass 

d i s t i l  led rzthy:el:2, chloride (390 ml) ?;as added to each bo t t l e  and tile sa;nplcs 

krerc sonicated f o r  2 hours i n  a, !ia.te.r coolcd ultl-il-sonic b a t h .  The ra2thylene 

cilloricle \;as f i l t e r e d  t o  remove t h e  ash an:! ca;i.t.iously redi:cect in vol!~lii? 

(using a rotary evaporate;?) to-ab0u.t 2 m l .  This v:ns taken t o  d .~ -~~ness  w i t h  a 



' I 

4 .  
. . 5 

1. ,. 
8,- .; 

a 
1 I 

V 1 s e f i a l  l y  d i f u t e d  so ' that  0.i ml o-F -tile e x t r a c t  rcpresca.Le:; 200, 400, an : i  809 
1 

I I rr;g o f  extrac.ted f l y  ZS!!, i .e=. , 2 ml samples of 3 d.i.iferent. concentra t ions  1..:279 

i I s e n t t o  LEI.!!? ~i ; r !d  AP!L, rzprescnt ing 2000, 4000, and 8300 lilg 0.7 ei...tracic_.:l -;'I;, 

I ! A sanpl e of ITRI's Di?SO was a1 so setit (4os,o-.-0')-, a s  vrell. a s  a solvent  blank 

I I which was prepared by ovapor.a.t.i ng A00 ml methyl en? ch lor ide  t o  d i ~ n 2 s s  and 

i ~ ;. 
resuspending any r&sidi:2. prcsent  i n  12 ml WSO. 

. . 

LEHR Samples A 2nd  P,: Three grains of bo-th samples were adcled t o  50 rill 

of m t h y l  ene chl o r i de  and ex t rac ted  u l t rason ica l  l y  ss described above. Th? 
i 
I res idues  :;ere resusp~nded  i n  DHSO t o  concentrat  ions represent ing 1000, 500, 
! 
! 
t . 250,' 100, and 10 mg ex t rac ted  f l y  ash per m l  o r  103, 50, 25, 1 0 ,  and 1 mg i 

I i 
extracted f l y  ash per p l a t e ,  s i nce  0.1 m1 of ex-tract  was used i n  t h e  t e s t .  

.-!- - i . l =.-._LL .1...- * -.,,/ -- 
ANL Sainples A 2nd B :  ,.( ,Three hundred rng oF--bolkCt-s-a~p-7-e~ ~ ; e r e  added t o  10 

. . 

ml mzthyl ene chi o r ide  a n d  ex t rac ted  ul trasoni:cal l y  a s  described abov2. The 

res idues  were resgsp?-.?zd in  C1"450 t o  concenti-ations- represent ing 25, 10,  ancl 5 

i '  I -I rnS/nl, o r  2.5, 1 .0 ,  2nd 0.5 mg ex t rac ted  -Fly ash per p l a t e ,  sinct! 0.1 ml o f '  

e x t r z c t  bias used i n  t h z  t e s t .  !. ,, 
-_. - 1 . .  -, - :> 

ITRI Sansies Exchanged: Forty-gram samples each of bag  P i l t c r  f l y  ash 3 

1 .  BG(5)-5-?-1 2 n d  X ( 3 k ) - 6 - 3 - 3  b;ere sen t  t o  LEH2 and ANL f o r  ex t r ac t i on  and 

13 addi t ion to narmal t r a c e  orgsnic atialytica! pi-eca[~tions,  saclples 

and extr-acts \.;2i-2 protected f.ro;g 1 ight  a t  a l l  s t a g e s .  Fly aslies -from each 

1 abo t - a t~ ry  (Tab1 e 1 ) were extracted a s .  f o l l  OYIS : 



cel:tr.ifuge tube 1;s-ii~g an ultrasort-ic prcbt? (15 scc/min f o r  10 nin j .  

- 3 ti~roucjh il plug of solvent-2xtrsc ted coi tor:wool ,  then combiil& cs:.t::.;l-..: - . 

.to d r y n ~ s s  under a stream o f  dry pur i f i ed  nitrogen- Aftor a d d i t i o n  o f  

dimethyl sul foxide  (Schvlari-Pl~nn, Spec.trophoto:ne't r i c  .grade),  the solutio;i% 
2- 

were s2al ed i n  g l a s s  anpu1.s under vaccum using 1 iquid nitrogen. 
' 4 

Kethod 6. Each sample tias extrcc'ied as i n  t<eti~oci A i n  a Teflofi- 

stcppered c e n t r i i u g s  tube. After  cen t r i fug ing  a t  1;800 rpm fo r  15 nin:itcr.. 
.) 

t h e  supernatants  were pooled, concen.tra.ted on a ro tary  evaporator, ' a d  t ) . ~ c r ~  

f i l t e r e d  through a pl ug of sol v e n t - e x t r a ~ t e d  cottonl,.io~l before erapor;,';ic~n ti) 

dryness. 

C. An?% Test  Procedures 

The  fo l  lowing 2:-e each 1 aboratot-y' s de t a i l ed  procedicrzs f o r  perfon::ir;; . I 

I 

t h e  Amzs t e s t .  
I 

1. APIL 

a.. i:i.?c!i? Cregarati  on and S t r z i n  Maintenanc? 

(1 ) Top agar  i s  mede in  1500 nl quan t i t i e s .  ~ h &  agar ~ : ? d  sdl i 

a r e  s t i r r e d  \<hi12 h s ? t ? d  un t i l  conple te ly  d-issol ved. The solution i s  

df s$?iIs2< i n  100 nl q"antities, s t e r i l  i zed ,  and stor2d a t  roc3 te;;;p?rZ?~re. 

?7 1 : :  - A  + 

- il!>;~dint?-Biotin so lu t ion  i s  made as p?r Axes e t  1 1 .  ( 7 )  

2nd i;s stol-ed a t  roc? tenpeyat:rre- . . - - .  . - .  . 

(3 )  l'ogel-Bonnzr p l a t e s  (VE)  conta ining 25.0 rnl 0.f all"!' d r f l  

made as per h e s  e t  21 .  ( 7 ) .  Pla ies  a r e  allo>;ed. to dry  a t  l e a s t  tY3  ~ W S  c:: 

r O O D  t f x pe ra tu r e  p r  overnigili a t  3 7 O C  before use. Pla*ccs at-f.? s ~ o : - P ~  in.  

pl ast'i c bags a t  rooin te~nperature .  



. .., 

( 4 )  An i solstec! cclony i s  pic!:ecl f ' ro! i~ n~~tr-itln.i: agar s.tcck 
', 
A, pla.tes of s t r a i n s  TA 98 and T A  100 kept a t  4 O C  and lcrsed as 21-1 i l i ~ ~ i ~ ] ~ ! ; : ,  2 

10 nl nutrient broth culL~!r?. Fiew stock plates are  l~lade ~non'thiy. This . . 

cul ture  i s  grow,l overi-tigiit a t  37OC on a shi;ker. The next day ti)-is cultur;. .is 

tes ted vrith.. 2-nitroS1 uorene f o r  s t r a i n  Tt' 93 o r  with benzo(a) pyren2 foi- s'Lrai n 

TA 100. The remainder of -tiin cul ture  i s  stored a t  4°C until the plates 3r.e 

read. I f  the  s t r a i n  i s  rnutagenized by the  2-nitro-fluoren?, or  f o r  TA 100 by 

benzo(a)pyrene, the  stored cul ture  i s  used as an inoculcm f o r  a 300 rnl 

nutrient broth cul.ture. This cul ture '  i s  grol;ln overnight at37OC on the sh?L,?r 

and tested the  next mo!-ning against ?-nitrofluoren?. .If  the  resul ts  a re  

sa t i s fac tory ,  the cu l ture  i s  collected by centrifugation, resuspended in a 

glycerol (10%)-casamino acids (1.5;;). storage alediurn (10% G C A )  and irep't a t  4OC 

as the stock cul ture  f o r  doing Aiss tests: 

( 5 )  Two t o  thr.ee hours be-i-'ore' -the h s t ,  tile necessary aisount of 

t o p  agar i s  melted by placing bot t les  in boiling via'ter. tlc?l.ted agar i s  kept 

a t  45°C. VC plates ar?  !abelecl and prtwanned by plaz-ir;g thern i n  a  37°C 

incubator. 

( 6 )  Steri!e disposable 13 x 100 nm tubes are placed i n  t h e  

heating blocks of 2 F i  shzr Isotemp Dry Bathm (?(?ode1 145) a t  45°C. 

b. Ames T e s t  Procedure 

(1) Histidine-Biotin (10 rnl) i s  pipztted into 100 nl of rilelted 

to? 2 5 2 r  zz'! i s  S ; S ; ~ ? Z S Z ~  in 2.0 rn1 aliqcio.ts in.to t ~ b e s  in dry b a t h  with a 

1c.C c l  st2i-i: 2 d i s ~ c s a b l  e serological pipette.  

( 2 )  The amount o f  bacter-ial inoculua needed to  give 0.1 1;11 

pla-te i s  placed in tirbes and kept on ice. 

(3)  Plating i s  car-ried out in quadrup1ica.te. Plates a re  taken 

f roiil tile incubator, foul- a t  a t-irne. 

( 4 )  Racterial cul ture  (0.1 fill amounts) i s  ili sp?nseci in to  'four 

top agar tubes with a 1.0 n1 gradi~a.ted glass - l~ipe. t te .  
- 



(5 )  Tile actual pl a t i  n g .  .takes ab.sut 83 seconds for  folrr i;l d.t.;ls. 

A 109 ~ - E p p ? f l d ~ r f  pipet te  i s  used t o  dispensz thz  san~ple. The t o p  ag3r 

containing .tile cel I s  i s  remcvecl 2 n d  the sanipie i s  acibed afid voi-.'tcxcd (!lark;:- 

Geni 2 ) f o r  2-3 seconds t o  mix t h e  sanpl e and t h 2  ~ 3 1 1  s . The sampl t. i s  po~rrec! 

onto the VS pla te .  The tube i s  tapped gently on a  dry area of thz  plate  three 

ti?.?; t o  get the l a s t  drops of l iquid.  The  plate i s '  swirled t o  evenly d is -  

t r ibu te  agar on i t s  surface. The cultut-e i s  checked dilritlg each t e s t  f o r  

s t r a i n  markers and a ~ p i c i l l i n  resis tance and i s  t i t e r e d  for  ce l l  survival.  

( 6 )  Plztes are  alio\\;ed t o  sc?t a t  roo~il t e n ~ e r a t u r e  fo r  a t l e a s t  

20 minutes t o  allow the  agar t o  sol iciify; t h 2 n  they are inverted and incubated 

fo r  t ~ o  days a t  37OC. Colonies a re  counted manually. 
I --.i . I !. .. .. p . . .  . . .  2. , ,  . ! . : <  ;;j,--*u -4 j  c-/ :u>-. ,.,, ;.&, &:-!:- *,., --.l..L.- . , .,.+ .GL.U-..--, 5T7r, m*k:. L.- 

! 
L' 

a. Plediz .?reparation and Stra-i n !l?i ntenance . . 

(1 ) /?g.zr afid ~ a C l  fo r  the t o p  agar ( 7 )  are v/t?igl~eil out in 1'90 

m l  bot t lzs .  Ciater i s  zddzd and Lhe a sa r  i s  s t e r i l i z e d  on tile rnorniilg 0.f the 

t e s t .  ,The i i i s t i s ize  kiotin solution (7) i s  added a f t e r  -tile top agai- cools t o  

4 5 O C .  

( 2 )  Glvcose minimal agar plates are  prepared as  described by 

Az?s 2% a l .  (7)  2nd  r2frig2rated. Plates ar? taken out of the re f r igera tor  

(3)  Tss ter  s t r a i n s  a re  sto;-ed a t  -70°C in  1  ml aliquo-ts ( 7 ) .  ' 

\,!hen 3 nutrient hroth cul ture  i s  prepz.red, tihe v ia l s  are ta!<cn out of the 

freezzr  2 n d  21 lo:;i?d to  m2lt a t  roolri te~npsi-aturs. Appt-oxi~nately 20 nil of 

nutrient broth' i s  inocula.tecl with 0.1 1;11 ce? 1 s  and gi-om ovzraigI1.t i n  a  37°C 

shak-i ;ig wste.r bath. 



b. Ames Assay -. P;.occciiire 

( 1 )  Top ?,gar i s  au.tocla\;ed ai?d h i s t i d - i n e  b - i o t i n  sol 'ut . ion -is 

added-  

(2) Top a g a r  i s  d i s p 2 n s e d .  (2 '  ml ) i n t o  s t e r i l ?  d i  s p o s a b l  e 13 x 

100 nm t u b e s  r:rith - s t e r i l e  ~ o r n v i a l l "  p i p e t t e .  Tubes a r e  k e p t  i n  a 43-45°C 

I water ba th .  

i (3 )  T e s t e r  s t r a i n s  a r e  t r a n s f e r r e d  t o  s t e r i l e  v i a l s  and 0.1 rnl 

i s  t d k e n  f o r  s e r i a l  d i l v t i o n  t o  d e t e r m i n e  t h e  p o p g l a t i o n  ( d i l u t e d  1  x 106 

i and 0.1 ml o f  t h i s  d i l u t i o n  i s  added t o  2 ml t o p  a g a r  and p l a t e d  on n u t r i e n t  

I . .  a g a r ) .  

i 
i 

( 4 )  T e s t e r  s - t r a i n  (0.1 m l ) ,  t e s t  coinpound (0.1 rn]), and' s . t c r i l e  
I 

1 s a l i n e  (3.5 n l )  a r e  added t o  t o p  a g z r  i n  tii3.t orc ler  ( t r i p l i c a t e  p l a t e s ) .  Top 

I 
i a g a r  i s  [nixed by se i7 iv igorous  r o l l  i rig o-F t u b ?  be'i;1vl?en h a n d s ,  and the mixi;~rt-t? 

I i s  p o ~ r e d  o n t o  i g a r  p l z t e s .  T h j s  p r o c e s s  I-equi r e s  no 1 orlgzr "Lian 69 s e c o n d s  

I 
i p e r  3 p l a t e s .  

! ( 5 )  S o < i c n  a z i d e  (TA 100)  and 2 - n i t r o f l l r o r e n e  (TA-98) a r e  used  
i 
f 

i a s  p s i  t i v e  c o n t r o j  m i t z g e n s .  
! 
i ( 6 )  2 1 2 t 2 s  a r e  s t o r e d  i n  a  37°C i n c u b a t o r  -For 6 0  hours .  
I 
i 
i ( 7 )  2 2 ~ 3 r t a n t  c o l o n i e s  . a r e  col.rn.ted w i t h  an  ArteP Automat ic  
j 

Col cr;y c3,23.:int2:r. . Thase  s a m p l e s  o u t  o f  t h e '  l i n e a r  r ang?  o f  the c o u n t e r  are 

r e c o ~ n t z d  mn!:al ly.  

(8)  A11 g e n e t i c  anti b-iocliem-ica'i marl:ers f o r  each  s t r a i n  a r e  

c h ~ k s d  on t h e  6ay o f  t h e  t e s t -  

< .  &% (9)  The soirl-ce o f  m a t e r i a l  s irse,d f o r  ~ ! n ? s  .tests i s shovm i n  :< 
. . 

T a b l e  2. . . 



a. Cledic? Preparation a ~ d  S t r a i  il ki2i n'teilai?ce ---- 

(1 ) k l i  s t id-in?,  b io- t in  and anp i c i l l  i n  s o l u t i o r ; ~  :For rnas-tcr 

1 p l a t e s  and h i s t i d ine -b io t i n  so.1 ut ion f o r  t op  agar a r e  mad2 a s  dcsct-ibec! by 

Aings e i  a l .  (7 ) .  Avpic i l l in  solu-t ions a r e  made mon.thly. 

( 2 )  Top sgar  (0.6"/,gar, 0.5% FlaC1) i s  made i n  1 l i t e r  
. . 

] q u a n t i t i e s ,  autoclzve.ci,, and dispensed i n  75 ml, a1 iquo ts  i n  s t e r i l e  100 o l  

bo t t l  PS .  . 
( 3 )  Ili nimal medium pl a i e s  vri'th 1.5% agar  a r z  made usi rig Vogel- 

I Bonner t4edium E 25X stock so lu t ion  and adding 40 ml of 50;: s t e r i l e  glucose ~ I so1 u t i o n  per 1 i t e r  a f t e r  autocl avi ng. Each pou:-ed pl a t e  conta i  ns approxi- 

I m a t e l y  17 in1 mi niri~al glucose agar ri~ecliuz;. Poured p l a t e s  a r e  stackecl only 5 

high t o  avoid i!neven p l a t e  surfaces .  P la tes  at-? kept i,nverted i n  metal cacs ' 

. . 

I in a ref r ig2ra"Lr  no longer than 2 weks .  

I I ( 4 )  Oxo-id'3 nut r i en t  broth i s  used f o r  overniyh.t. sro:\lti~ of t e s 2  

i  nocul urn a s  s u g ~ z s f  ed by Anes i  n suppl e:nen.tal 1 i teraturc?. acco;r,panyi ng s h i  pm2nt 

of  stozi: cu l t u r z s  f rea h i s  laboratory .  Difco nu t r i en t  bi-0th w i t h  0.8% I?!sC1 

I i i s  zsed t o  azke nutrient agar p l a t e s  f o r  con t ro l s  and inoculuri~ dens i t y  

1 de t . z z i za t i ons . ,  

1 ( 5 )  Teztzr  s t r a i n s  f o r  r ou t i  r;e use a re  k e p t  a t  4 O C  on m i  rtimal . . 

I g l u c c s ~  ?gar ? ? a t ~ s  :.;ith 0 , l  ~ n f  of 0.1 M L-his t id ine ,  O:1 rnl of 0.5 mM b i o t i n  

1 and . 3 - 1  nl of 8 ~ g / n i  aiilpic-illin ( f o r  TA 98 and TA 100) sp read 'on to  t h e  

1 .  
I p l z t z s .  S t r a in  s t o z l : ~  a r e  kept a s  frozen pern~anents a t  -70°C ( 7 ) .  l'qas.ter. 

1 / pla tes  are prepared i n  t r - i p l i c a t e  by gro\-;ing'overniyh.t 5 rnl 'of nu t r i en t  br.oi!~ 

/ / -i~iocul a ied  with a  sa-;lpl e  0.f tile frozen perzanen'i t r an s f e r r ed  vri ti1 a s l e t - i l  e  



cul tures  a rz  .tested -;lor spontaneocis reversion,. mu'tzg~nesis and for-. character- 
. . 

i s t i c  genetic r';luta'ti ons ( 7 ) .  t/lasler p1 a tes  of those cultures shoi81-i ncj r e su l t s  

I consistent with previous t e s t s  a re  sealed wit;! paraffin and used as strzi:: 
i 

sourc2s f o r  no longer than 50 days. 

b. Anzs Assay Procedures 

(1) s ixteen .to twenty hours bcfore tile t e s t ,  a s ingle  colony 

f r c ~  the  riiasterplate i s  inoculated in to  5.0 ml of nutrient brotii in a s t e r i l e  

12 x 150 mm p l a s t i c  capped tube. The tube i s  incubated a t  3 7 O C  i n  a 

shaking water bath a t  a shaker speed suf f ic ien t  t o  produce greater  than 1 x 

10? cel ls/rnl i h 16 hr. . Enough. tubes a re  inocu1a.ted t o  give 'r.l~e proper 

a ~ ~ o u n t  of bacter ial  susp2nsion >/hen p o ~ l  ed. 

( 2 )  Or! t h 2  !nor-ning o f  -the t e s t  t he  overn-ight cul tures  a rc  

removed from the i.iat?r bath and stored on ice in a covered ice bucket. T h e  

cuftui-cs a re  poole3 2nd  O.D. 450 i s  deternine6 v:ith appropriate d i lu t ions  

~ i s i  ns 2 Gi1 for53 2 i S 2  Spec-troph0too:neter. Ce1.l s/ml of the  pooled inocui urn i's. 

de t3z ined  u s i z g  z n  O.D. 450 versus ce l l s /n l  standard curve. The pooled 

in2culua i s  then di.lct2d v~i.th nutrient b r ~ t h  .to give ~1x109 cel-ls/nl arid 

k??t sn i ce  unt i l  usei. 

1 : (3) To? a ~ a r  i s  rnelteci in a ~ni'crokiave oven, then kept 2.2- 48" -in.  

, ,  t i .  Eistidine-biotin solution i s  added with a 20  nl p las t ic  ciispas- a * ' - - - -  

abl e syri n g n .  

( 4 )  Two ml of top .agar with h.istidine and biot in  i s  added rri'iil 

I a p las t ic  disposable 20 ml syr i  ngc. t o .  s t e r i l e  13 x. 108 iilril p1ast:i-c c.appc?d tv.b?s 



( 5 )  Fl attls containing app,-oi:irna.tc?ly 1 7  nl o-F 1n.i n-iiml n;3:li urn ar? 

roc3 i s  cold, the  plates a r e  p u t i n  an -i;lc:jba.tor fo r  15-30 min.. 

( 6 )  Serial  ten-fold d-ilu-tions of .the inocu'l u m  t o  1 x 19-7 arc  

made ( t 2  m l  of each d i lu t ion) .  These are  then used t o  deternine cells/ml, 

e i t h e r  by plating 0.1 ml of 1 x 10-5 t o  1 x di lut ions onto nutr ient  

1 brcth plates ,  o r  by pl a t i r ~ g  0.1 1r;1 0;: 'the same dilutiorls w i ' t i l  top agar .  

Predetenilined correction fac tors  a re  used t o  correct fo r  the type of pipet f ip  

used, e.g., glass  or- pi as t ic .  

( 7 )  Tubzs containing top agar are  transferred t o  a Sybi-onD 

Themolync Dri-Bath kept a t  47"-48" i n a l .abgardO Larnincli- Fl o!., tlood. 

(8) Test samples a re  thaved and di luted,  4 - F  cecessary. The 

I I t e s t  saniples arid bscter ia  a re  c!ispensecl and pl a tes  a re  pouretl in a 1ar:linai- 

flobl hood. Sanples z re  dispensed in 100 91 ainounts vl.itfl an Oxfordo adjustabl t? 

1 50-200 micrc;ipnt :sing s t e r i l e ,  individual ?y wrapped', pofypi-opyl enc t ip s .  
i 

Bacteria a r 2  d i s p ~ n s e ~ d  ir! 3-drop a1 iquots (z0.1 ml) eliti.1 s t e r i l e  9"  Pasteur . 

~ i s2 - t .  The ord?c o f  zddition i s  sample, then c e l l s *  Tubes are voi-texed f o r  4 . , 

1 seconds on a Van !,latsrs a ~ d  Rogersa Vari.-blhirl vor-texer a t  a "5" sct t ing.  
i 

k f t 2 r  t h 2  contents c f  t he  tube a re  poured onto the center 0.F the plate ,  t h e  

t u b ?  i s  sha>:en ovsr t h 2  plate t o  remve any sample l e f t  i ' n  the tube. Plctes , 

I I 

i 1 a re  t h e n  "Litsd t o  . d j s t r ibu te  .the top agar. - Total time fro* addi-tion of c e l l s  
j 

1 t o  the coapletior, of pouring i s  approximately 2 5  seconds per plate. 

( 9 )  Plates conta'ining only bac.te1-ia. a r e  prepared .to t e s t  the 

spontaneous anil rn:rtcgen inc:luced revct'slon properties o-f tllz t e s t e r  s t r a ins .  
! 

Pl a tes  with the laictagcns 2 nitro.i'l uorene (TA 9 8 )  and ~:?.t.hylnic!:i~ane su1 fotlatt" 

(TA 100) a re  added t o  papzr discs  placecl. in the center- of poured ancl coole:l ~ :, 



pl z t e s  t o  ccnfi  ml tii? response of t h e  s t r a i  iis t o  ki7o::in :nui;agi.ns. 21 a t z s  

con.tai n.i r?!;l bacter.ia acd various d0si.s (0-1 5 pg/pl a t e )  of t h c  2-nit!-of1 uo:-cn.? 

i  r;cot-pc~rat~cl i n to  'the top  a3ar  a r e  a1 so prz?a)-ed t o  cft..tenli ne mii.tr?gen-ic 

a c t i v i t y  of a knawn mttagen f o r  both TA 98 and TA 100. 

I I (10) P l a t e s  a r e  kept a t  room teapera tu re  f o r  a t  l e a s t  20 

mindles t o  s e t  t he  t o ?  agar. P l a t e s  a r e  t i i en  invzr ted  and placed i n  a  Fonm 

Sc iec t  i f  i c  @Plodel 3314 .i ncubator i n  equal s t acks  evenly spaced t o  ensure 

I I m a x i n u i ~  u n i f o m  a i r  ilo:/. P la tes  a r e  incubated 53-65 hrs a t  37' and counted 

l l  ' on a t!evi BrunswickQ ::ode1 C I I I  Giotran I1  colony counter  vhich i s  regil larly 

ca l  i  bratecl by c ~ m p a r i  ng nachi ne and  hand counts over t he  range of col oiiies p2r  

p l a t e .  If very small colonies  a r e  present ,  i t  i s  of-ten nec6ssary to do. hand 
I 

cotlnts bzcaus2 machine counts. a r c  not acccrrate. i 
! 
; (1  1 )  The l a w s .  d f  p l a t e s  w i t h  a  I-cpresentat ive range of 

colorlies and v;ith a range of t h e  dose l e v e l s  t e s t e d  a r e  exanit:t?d under a 

d i s s ec t i on  micr.>scc?? t o  check f o r  proper 1 awn appearance (snal  1 , , b a r e l y  

v i s i b l e ,  crowd& cs I . sn i .2~  i n  healthy 1a~ ln )  ar;d f o r  t o x i c i t y  e f f e c t s  .(viicicly 

spzcsd 1 arg2 col znizs  j . 
( 1 2 )  A nininu:n of 100 colonies  froiil pl a t c s  represetrti  ng several 

c o z c ~ n t r a t i o n s  of ozch t e s t  sa~nple a r e  se lec ted  w i t h  a  Slam21 loop and . . 

. . 
t r ?ns fe : r r ? . i  t o  a;h:-s! mediilnt p l a t e s  with 0.5 nl4 b jo t i n  t o  forin a gricl for- . 

- .  r e i ; ! i ~ ~ t ?  p l a t e  t s s t i q . .  Colon'ies a r e  rep l i ca  plated onto n in i~na l -b io t in  

p la tes  ai?d fic'L;-jcnt agar p l a t e s  2-3 t-;riles t o  t e s t  f o r  f a l s e  r eve r t an t s ,  whicii 

mi' appeal- as a r e s u l t  of t o x i c i t y .  

(13)  All bac te r ia l  s t r a i n s  a r e  .tes.teci a t  t h e  end of t h e  t e s t  

f o r  stt-ai n markers by s t r e ak i  ng on appropriate yl a t e s  and checki 1-19 gt-oe~t h .  
5 P.'u 

, . 
(14) The source of ma'ierials -for A:xs tes t ing  i s  shown i n  Table 
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11. RESL'L'TS 

Ti-12 range in numbers o f  bacterial  c e l l s  plated i n  each lakarator-y i s  

show -in Tab1 e 4. The spon.tal;eous reversion ra tes  (number of 2-i s-~- 

revertants .per p la te )  a re  shonn in Table 5- 2eversion ra t?s  on solvent 

control plates were sirnilar t o  spontaneous rev~31-sion ra tes -  Data from three 

re ,? icate  plates elere lrsed t o  si!mmarize r e su l t s  a s  s ta ted in  t h e  experimental 

p:-otocol. In sone cases data from Tour rep l ica te  plates were submStted, a n t  

t h 2  count:;/plate for  one plate  erere ciiosen a t  rando!n and eliminated froin ti-e' 

analysis. 

The spec i f ic  nlutagen-ic ac t iv i ty  (iiis' r e v ~ r t a n t s  per  mg cf f l y  ash 

extracted) f o r  each f l y  ash extract  v:as dztek-nir?ed by Fi t t ing  .the number of  

rev2r tan . t~  by 1 inear  regression, i .e. y = ax + b vihere T h e  slope, a ,  i s  in  

tei-irls o-F revertants pc7r Iny of f l y  ash extr::cted. The correlat ion coe~r'~Ficien~t, 
. 

r ,  ;.\as a i ~ o  calculated. Tables 6,  7 ,  ant1 8 each i l l u s t r a t e  A!.:I~s tes t  r e su l t s  

of one solvent e x t r ~ c t  i;r; al.7 three labol-atories tising one bac.teri.al s t r a i n ,  

-. 
1 h 2  specific: activi . ty of an AF,!L f l y  ash extracted with D?:lSO and tested 

viiti: S z i z o n ~ l ? ~  typl;!'mriun s t r a i n  TA 98 was about tltreefold grea ter  as 
. . 

d e t ? ~ ; z ? d  a t  Ai:L t h a n  a t  ITRI o r  LEHR (Table 6 ) .  Also, the spec i f i c  ac t iv i ty  

- .  . .  - 
OT 2 - ~ : 5 : - - ~ 7 ! ~ 3 ? - 2 ~ 3 ,  ccntributed by Dr. Eolser t o  ' a l l  three laborator-ies, \.izs. . 

ap?rc.xim?te!y f ';,eiold cjreatet- a t -  A i K  than a t  t h e  other t i ~ o  1 allot-atori es. I t  

i s  c l ? s r  t ha t  -1k2 mutso,enicity of both th? f l y  ash extract  and 2-n-itt-o.ilr.rorene 

was s igni f icznt ly  g r ea t e r  a t  AKL. The degree of difference elas rather  ur.l&;r- 

pectcd, ar:d .th? reasons are  not obvio :~~.  D-ifference.~ betveen laborator ies  in  

ei . ther km3s t e s t  rne.ti~odolcgy or  spccif ic  substrain sensiti\ji.i;-ies cou1.d scco~.int 

f o r  the var iat ions in t e s t  I-2sults. Th? r a t i o s  or  thc extract  slope to the  



I .  " 
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2-nitrofl  uor?!le sl  opzs vier2 coixpa~-cd f o r  each 1 aboi-iitory 'i a ord2r t o  see i-l' 
1 

I resu l t s  r.~ould bc ;;:ore sirnilar bet;!een 1 aboratories :./hen riomal ize:! t o  res:;l.ts 

I with the posit'ivc contro'l miltagen. The i  nterl  a b o i  d-i-F.Fere:;ze~ i n  -th.is 
I 
1 r a t i o  \:12re no greater  than tilreefold. 
i 

The specif ic  ac t iv i ty  o-f the ITEI f l y  ash extracted with nethylene 

ch? cr ide was qui te  low in  a l l  thrze laborator ies  (Tzble 7) .  A1 though ANL 

I specif ic  ac t iv i ty  \<as s l igh t ly  higher, no s ig r~ i f i can t  differences e:ere 
f 
I 
1 

I i 
appzrsnt betw,on 1 aboratories.  ' The difference in  slope rati-os i s  probably 

meaningless when t h ?  nutzgenic ac t iv i ty  i s  t h i s  1 o;.~. 
i 

The spec i f ic  a c t i v i t y  of a LEHR f l y  ash extracted w i t h  bei~zene/methanol 

was 2 l i0  greater  a t  MIL  than a t  the other two laborator ies   able 8). Again, 

I t h 2  l i~ax' inl~ 'm difference v;as no greater  than three- t o  fourfold,  and t h e  d i f r e r -  
I i 

I ence in r a t io s  of extract  slope t o  the 2-ni-trofluorene slope was no g r z a t ~ . r  

1 
than threefold.  ' H i i ? n  t h e  Ames t e s t  data a re  exam-in~d, i t  should be real ized 

f 

1 i. t ha t  A ~ e s  t e s t  n l ; ta~~s- ic i . ty  data f o r  the saae complex mixtur-e within a l l  -three 

laboratcr ies  czn ;;cry a s .  much as  te~ofold betwen test '  days. Therefore, t h i s  

degre? of variation ccul d be expected betxeen 1 aboratories.  

During the second pa ' r t  of the  experiment, two f l y  ashes fron each labora- 

L p,?-i' y ; = r 3  
, . , - , exchas~.trJ ;~nd extracted using a d i f fe rent  extract ion rnetiiod in .  each 

I i 
lab.ir:.??-;;, and ezs? ;.;25 t es ted  with. both TA 98 and TA. 100. The r e su l t s  'are 

?.oth f l y  asbes T ' i - ~ m  the bench m?.odal fluidized bed combustor sub!ni%.tecl by 

ANL ::sre qui t?  nu;,.gcnic for.- TA 98 in  a l l  three labora.tor.ies, regai-dless of 

%" e.xtrzdtior; nstiiod' (Ta;,le 9 ) .  T\l<Ii.-i\ f l y  ash -e;as the salne on?. sul:n~.it.ted .by 

I AilL as part of ti?? cx.traci: c::c;lii;?gc t l isc~~sset l  p~-,nvio(~sly (Ta!~le  6 )  - Thc DMSO. 

sljeci.'iic activ.ity \.:as identical t o  tha t  pre\/iously detcl-rni ncii by AQIL. Aga-i n, 

. . 

- ... 



the sp-?cii ic activ.i ly \.!as Iiighei- a t  At!i.- tila;! a t  1-TRI oi -  LEtiFI. Cecause of thz 

dissi;nilari . t ies bei:.;een Ax?s -test resu l t s  !/;!en ccrnncn extracLs or con-trol 

mu.ta92ns were -tested, the .dg-terrni nation of e f fec t  of d i f fe rent  extrac.tion 

met hods on tnut agenici t y  t e s t i  ng, was sorilewhat co:riound~d. ;{o:ic\ver, because of 

the nuch lobier specif ic  ac t iv i ty  of the benzzne/:wthanol extract of ANL-A as  

deteEined a t  L E H R  cornpared .to tha t  seen by LEtIR with a  D r ' S O  extract of the  

s a w  f l y  ash (Table 6 ) ,  we suspect tha t  benzen~/nethanol may 02 l e s s  e f f i c i e n t  

than CBISO f o r  extrscf ion of niutage::~ froin t h i s  particulat- complex mixture. In 

contrast ,  t h e  patterr, o f  specif ic  a c t i v i t i e s  of AP,!L-B extracts  was qui te  

different .  He can only assurne tha t  D+!SO was a  very inef f ic ien t  solvent -for 

t h i s  par t icu lar  f l y  ash, o r  e l se  t h ? . A N L  A ~ s  t e s t  \+:as much l e s s  sens i t ive  f o r  

t h i s  par t icu lar  conipl ex rnixt ure- On the  -other hand, the specif ic  n ~ ~ t a g e n i  z 

a c t i v i t i e s  of both A::IL-A arld A;sIL-6 f l y  ash extracts  \.!ere quite co!ilparable in . 

a l l  three laboratories :.!hen t2s'teci with strair: TA 160 (Table 19). I t  should 

. -. be noted tha t  s t r s ~ r ;  is 100 i s  generally regarcleci as Sting less  se~is - i t ive  than. 

s t r a i n  TA 98 fo r  t ? ~  <?termination of mutagenic act . ivi ty  due t o  f r a x s h i f t .  . 

rnutaag2i;s. 

A vsry 792; z - s ~ n t  OF specif ic  ac t iv i ty  for  s t r a i n  TA 98 was found i n  
. . 

IT~I-::. fl;; Z S ~  tay 2 : ;  three laboratories (Tables 11 and 15). ITRI-B f l y  ash 

- .  - extrz.cls ';;272 ?351'Cii.'? in a l l  three laborator ies; .  however, tile resu l t s  

SI , " - s -~  t h a t  bar;zsne/n?thdnol rilay be  a superior solvent f o r  t h i s  par t icu lar  

f l y  ,ash. A mihylen? chloride extract  of t h i s  sarfie f l y  ash was submitted 

durfng tile extract  exchange .which was previo~rs1,y disc.ussztl (Table 7 ) .  ITRI-A 

exti-acts k12re sl igh-tly posit ive for  TA 100 a t  Ar.IL and: :I-TRI, b u t  n o t  a t  L E H R  
. .- . - . . .  
. .. . ,. 

(Tables 12 and 1 G ) .  . . .  . . -.. 

. . .. . . . - -.. . .. . .> . -  . 
. - "  ..- 

. .y.z . . . 

, . 



I l abo ra to r i e s  (Table 13 and 15).  Ho:~evei-, r .es~r1.t~ s:rgg?sC t h a t  methy1er.e 

I ch lor ide  may bc an i'ni'er-ior solv2nt f o r  extract-ion o f  r!i?if;agens f r c in  t h i s  

pa r t i cu l a r  Sly ash. This irnpre.ssioii was f u r t h e r  confinned by t h e  I -esul ts  vi i t i~ 

TA I00 (Tables 14 and 16) ,  v;hich show a ratilei- lo?; spec i f i c  a c t i v i t y  . f o r  t he  

m2thg ien~  ch lor ide  ex t r ac t  when coinpared t o  the  DM50 o r  benzene/nethanol 

ex t r s c t s .  LEHR-B f l y .  ash proved to be only nargiilal ly  posit-ive w i t h  s t r a i n  TA 

98 a t  L E H R  and nzgative a t  ANL and ITRI (Table 13 and 14 ) .  I t  siiou1cI be. noted 

j * t h a t  a  much large 'r  mount  of f l y  ash was ~ i t r a c t e d  a t  LEtIF? than a t  t h ?  other  

two labora to r ies .  LEIIR-B was not mutagenic f o r  s t r a i r !  TA 100 i n  any of t h e  

t h r ee  l abora to r ies  (Tzbles 14 and 16) ; '  
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1 Tab12 1 .  i.lc.thotls f o r  F l y  Ash S ~ l \ j e i ~ t  Extraction a t  LEtIK 

1 - --- 

DflSO Fi nai 

I - .  

Fly Ash \.lei g h t  Extrac t  ion  'Jo 1  urn? Co'nc2nt r a t  < on 
S o ~ r c e  ( gn )  I-12.t hod \!ol une ( i l l )  . . (gni/ml ) 

I 

. . 

LEHR A 30.C)S B 3 x 125 i:11 1'. 5  20.0 

. . 

P r o c e d u r z l  
Cont ro l  1 - A 3 x 20 ml ) a 6.0 - 

- A 3 x 2'0 m l  2 



. . 

Table 2. Source of Materials Used for h e s  Test at ANL 

Bacto Nutrient Broth 

Bacto Agar 

Bacto Nutrient Agar 

Glucose 

NaNH4HP04 . qH20 

Citric Acid . H2° 

MgS04 . .7H,O 
. i 

KC 1 

NaZHP04 

NaH,P04 . H20 - 
NaC 1 

Difco 

Difco 

Difco 

American Drug and 
Chemical Company. . 

Fisher Scientific 

Fisher Scientific. 

Mallinckrodt 

Allied Chemicai 

Mallinckrodt 

J. T. Baker 

Fisher Scientific 

KZHPo4 Fisher Scientific 

NAD P 

Histidine 

Biotin 

.hnpicillin 

Sigma 

Sigma , 

Sigma 

. Sigma 

Sigma 

Aldrich 
. . 

. -. . . . -. - Litton Bionetics' 



$;c 

T a b l e  zl, Source? o-F ; ' l a t e r - i a l s  Used f o r  A m s  Test a t  -IT21 

-- 

Bacto  b lu t r i cn t  Et-c.th D -i f c  o 

Agar (50: 50 rni;;ture) Difco:Si gna 

Glucose  r la l l  i , nckrod t  

I PlaNHqHPOr, JHiO ' Ma1 1 i n c k r o d t  
i 
I 
I, C i t r i c  F.cid t120 r4a11inckrodt . . 

I . .  
1 ,  MyS04 7820 !:la11 i n c k r o d t  
i 1 I;lgC1 2 Ma1 1 i r:cXrodt 

i : 
KC 1 Piall i n c k r o d t  

Pla2HPOil 7i-(20 !:la1 1 i n c k r o d t  

MaHz204 520 I!ia 1 1 i nck r o d t  

Na CL Ma1 l i  nckrod t  

Sigma 

Sigma 

Sigma ' . 

Sigma 

- $ 2  . . -,:, -- a 2 - Sigma 

- ,  S i gma G7 ~ . - - . - ~ - ~ - . ; ; ? ~ s p h a ~ e  &UL 

Analabs ,  Inc .  



C i t r i c  Ficid (ani.1ydrotis) . Si gnia 

l<2tl?O4 31.129 S i gnla 

Si gina. MCJSOS (snhydrcus)  

[(I C B ~ ~ N H ~ H P O ~ . < H ~ ~  
L 

B i o t i n  Ca 1 biocherrl 

iji s t  i d i  ne Cal biochen 

Ampicill i n  Bri s t01  

Ampicill i n  d i s c s  10 pg/di sc U i  f co  

Agar 

KaC1 

50% G i  ~.:cs.? ( s t e r i l e )  

Difco 

A1 1 ied Cllemical 

Abb0t.t 

t,:ubi e ~ t  k:-cf :: f o r  pl a-tes Di fco. 

*: i ; u t r i  k.~.::h, f o r  i nocul urn growth Oxoi d 

% , - -  i.,ci:.ly: - t - ; k 2 > 2  su l fo t i a t e  (?#INS) Aldr ich  

p n i t r o f ;  s i .~??;? (2KF) 
L A1 d r i c h  

- .  --. . . . . . 



Table 4-  Rar,ge i n  I;urnbers of Gac-tei-ial C e l l s  P l a t e d  i n  Each Lal?crl.tor!! 

Lzboratory TA 99 .. TA. 100 

ANL 3.5. - 8.1 x l09a , .  1.2 x 109 

ITRI 1.2 - 2.0 x 109 1.0 - 1.3 x 109 

- -- 

aBac te r i a l  c e l l s  per m i l l i l i t e r  



Tab1 e 5. A v ~ r a g e  Spcr,.tc;t~oous Rzvers- ion Val ues f o r  
Salmo:!.zll a Typhimuri urn 5.tra.i 11s TA 98 and - 

. ' -rA 100 

L a b o r a t o r y  TA 98 TA 100 

aHi s' r e v e r t a n t s / p l  a t e  5 on2 s t a n d a r d  d e v i a t i o n  



Table 6. E ~ t t - a c t  Exchanga: AFIL Fly Ash Exirac'icd ki'i-l'n D?',SO? d i ~ r i  

Tested wi.t h T/\ 32 

Slope of Slope of 
Lab Extract  r b  o f .  2-NF r of Extract Slope/ 

Testing (R?v/mg) ~ x t r a . c t  (Rev /~g ) '  2-NFc 2-FIF Slope 

ANL $1 9 0.99 1117 0. 98. 0.38 x 10-3 - 

ITRI . i 21 0.99 182 0.99 0.G7 x 10-3 

.aDinetiiyl sir1 f o x i d e  

bcorrzl a t  i  on coe f f i c i en t  

c2-Ni t rof i .uoron2 



Table 7. Ext rzc t  Exci-~ange: TTRI Fly Ash Extrac.ted w i t h  f;l-.C12a 
and Tes ted  with  T/l 98 

Slope of Slope of  
Lab Ex t r ac t  r b  0.i 2-;.;Fc r o f ,  Ext rac t  Sl ope/ 

Tes t ing  (Rev/ng) Ex-t ract  ( R e ~ / ~ g )  2-NF 2-NF S l o p e .  

ANL 1.1 0.97 1028 0.96 0.001 x 10-3 .  
LI 

- 
ITR I C ..9 0.99 188 0.99 ' 0.005 x 10-3 

at~letligl ene  ch! o r i d e  

b ~ o r r e l  a t i o n  c o ~ f f  i c i c n t  

c2-Ni t rof  1 L;orfr!e 



Tab1 e 8. Extract  Exchange: LEI-!I? Fly Ash Extracted x i  t h  k/l<ie" 
and Tested v i i t h  TA 98 

Slope of Slope of 
Lab Extract  rb  of 2-NiC r of Extract  Slop?/ 

Testing (Rev/mg) Extract  (Revlug) 2-NF 2-NF. Slope 

ANL 118 . 0.94 : 1028 0.96' 0.11 x lo,-3 

. 
ITR I 3 1  0.99 188 0.99 0.16 x 10-3 

b ~ o r r e l  a t ion  coe f f i c i en t  

c2-Mitrofl ~ a r e n e  



-- 

Table 9. F l y  A s h  Excl~ang;.: tlkiL Fly As:? A a n d  B Extrac1;ecl ariici Tes.ted !.,f.th 
TA 93 

. 
L i n e a r  Dosc Maxi:nua T o x i c  Dose 

Lab/ Sl ope Rani~e Dose or Raiige 
Sol v e n t  (Rev/mq) r a (ng!pl) - (mg /p l )  ( m g / ~ l )  

' ANL A 

L E H R  
(~e/t , le) d 

ANL B 

ITR I 
(MeC1 2 )  



Table 10. Fly.Ash Exci~sncje: A?il Fly Ash A a n d  P, Extracted a n d  Tested w i t h  
TA -100 

. . 

Ls b/ S1 ope 
Sol \lent (Rev/mg ) r a 

Linear Dose ;4a x i  iii~in Toxic Dose 
Range Dose o r  Range 

(mgI~7 ) (mg/pl) (ng/pl )  

I ANL A 

ITRI 6 9 
(MeC12)C 

ANL G 

ANL 57 
(DMSO) 

ITRI 
(?ieC12) 



... 

I 
I 

T a b l e  11. F l y  A:ii Cxchsny?: ITRl F l y  Ash A a n d  3 ~ x t r a c t f d  ~ i l d  Tes ted  :!iih 
TA 98 

- 
1 

L i n e a r  Dose ivla x i riitii;~ T o x i c  Dose 
Lab/ S1 ope Range Dose o r  Rar;g? 

Sol vent  (Rev/rng ) r a ( m g / p l )  ( W / P ~  (mg/?l)  

I I ITRI A 

ITRl 
(MeCl2)C 

LEHR 
( ~ e / b ! e ) d  

'ITRI B 

L E H R  2. E. 0.99 0 - 2 j 0  1000 ' ' 400 - 1090 
( 2 2/;.:9 j 



~ ~ t ; ' t p  12. Fly Ash Exciian;e: 1Tl':l F'ly Ash A an3 C Extrsc'te-! znlt Tr:s;ccl :;i " ' .  C 1 l  

TA 100 

-- 

L i n e a r  Dose illax i iilt13 Toxic Dose 
Lzb/ $1 op2 Ra rlge Dose - o r  Rariye 

Sol ven t  (Rev/mg) r a (mg/?l) (m!J /~ l )  ( m ~ l p l )  

ITRI A 

L E H R  0.033 0.50 0 - 1000 1000 - 
( ~ e / i - l e )  

i .  ITRI B 

ITRI p : .z, u .  : -  0.98 0 - 2000 2000 
(h12C12 ) 

i L E H R  c - .i 1 .u .  c.._ 0.35 0 . -  200 1000 
I 

400 - 1000 
1 (Bg/i.+) 



Fly A s h  Exci lange: 
w i t h  TA 98 

l..EIil'< F l  jt Ash A anri L", Ex'ti"acted and Tes'ted 

L i n z a r  Dose Maxi  nlunl Toxic Dose 
La51 Sl ope Range Dose .or Range 
Sol vent (F?ev/ing ) r a (m3/~1) (mglpl) ( m c ~ / ~ l )  

LEHR A 

APIL 86 
( G : . I S ~ ) ~  

LEHR 6 1 
(~e /b ie )d  

ITRI 
(E52C1 2 )  

LEHR c . !  1 0.95 0 - 800 1000 1000 
(+/+) 



Fly. Ash Excilangn: 
TA 100 .. 

L i n e a r  Dose :;lz x  i I : ~ L I ~  T o x i c  Dose. 
Lab/ Sl ope Rang? Dose or 2ai-192. 
Sol vent (Rev/nlg) r a ( W P ~  (mg /p l )  (mg/?l) 

LEHR A 

ITR I 3 
(t~1eC12)C 

LEHR 
( ~ e / b ? e ) ~  

ANL 1 .<. 
(DMSO) 

ITRI -3.2 
(I4eC12) 



Table 15. Co~i~parisor! of S p e c i f i c  Idlutagenic A c i i v i t y ~ o f  Coal 
Fly Ash P2s-Led rvi'ch Salr i~oneila  Typh!'m!.it.-itiin TA 98 - -- 

Sample Lc;b/Sol v e n t '  -- 
Fly A s h  ~ L I D ~ ' - I I O ~  I~~ I /:,le~l 2 C  L E  t l R / E e / ~ d  

L E H R  A 74 - 98 16 - ' 20 59 - 64 

LEHR B -0.53 - .O .  30 --- . -  -0.04 - 0..12 0.09 - 0-13  

aRever ta t i t s /~c j  f2y ash ex t rac ted  

bD.inethyl sul f o x i d e  

conf iS?,?s? i n t e r v a l  of s p e c i f i c  a c t i v i t y  



Tahle 16. Comparison o f  Spec i f i c  Mgtac.snic Actj\/.i-tya of Coal Fly Ash 
Tested v i t h  Salmonel 1 a Typh?muriun TA 1CO - - 

Sampl e 
Fly Ash 

Lab/Sol vent 
ITR 1 / i + 2 ~ 1 ~ ~  ~ E H R / B ~ / P ? ~ ( ~  

ANL P, 

ITRI P, 0.25 - 1.26 0.01 - 9.05 -0.007 - 0.073 

ITRI B 0.11 - 1.37'  0.12 - 0.17 0.48 - 0.80 

LEHf? E -1 -8.7 - 4.69 -0.447 - -0.001- -9.002 - Oi392 
- - 

aRev2rtants!sg f l y  ash extract?d 

b ~ i n z . t i i ~ l  sul ?oxid? 

e95~r  con=:8,+-- 
13 , bL-q.. .d in te rva l .  of spec i f ' i c  a c t i v i t y  




