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Progre s s  Report  

I n t r o d u c t i o n  

I n  a t t emp t ing  t o  ach i eve  our  goa l s ,  t h i s  yea r  ha s  been both one 

of g r e a t  f r u s t r a t i o n  and some sense  of accomplishment. I n  J u l y  1978, 

- our  new Varian MAT 44 g a s  chromatography-mass spec t rometer  (GC/MS) 

was i n s t a l l e d  w i th  t h e  beginnings  ,of what was cons idered  t o  be t h e  

most v e r s a t i l e  d a t a  a c q u i s i t i o n  system a v a i l a b l e  f o r  a  low r e s o l u t i o n  - 
mass spec t rometer .  A f t e r -  working prop,erly f o r  s e v e r a l  weeks, major 

f a u l t s  began t o  appear  .both i n  t h e  e l e c t r o n i c  c i r c u i t r y  and i n  t h e  

d a t a  hand l ing  system. Over t h e  ensu ing  months a s  one set of problems 

was r e so lved  by t h e  s e r v i c e  eng inee r s  and ou r se lves ,  o t h e r s  began 

t o  emerge. A s  a  consequence, about  50% of t h e  system was r ep l aced  

bu t  t o  no a v a i l .  Most r e g r e t a b l y ,  some e i g h t  months a f t e r  i n s t a l l a t i o n ,  

because of r epea t ed  f a i l u r e  ' i n  meet ing o v e r a l l . s p e c i f i c a t i o n s ,  w e  had 

no choice  but t o  r e t u r n  t h e . i n s t r u m e n t  t o  t h e  manufacturer .  I n  J u l y  

1979, a  r e c e n t l y  in t roduced  computer c o n t r o l l e d  VG Model 1 6  GC/MS 

was d e l i v e r e d  and has  now become o p e r a t i o n a l .  The performance t h u s  f a r ,  

ha s  been ou t s t and ing  and h a s  provided u s  w i th  t h e  oppor tun i ty  t o  begifi 

t o  g a t h e r  d a t a  e s s e n t i a l  t o  our  o v e r a l l  program. Nonetheless ,  because 

of t h e  d i f f i c u l t i e s  wi th  our  ' o r i g i n a l  dev i ce ,  we have s i g n i f i c a n t l y  

f a l l e n  behind schedule  i n  our  e f f o r t s  t o  . i d e n t i f y  . many of t h e  noxious 

components thought  t o  r e s i d e  i n  t h e  samples we have r ece ived  from 

c o l l a b o r a t i n g  l a b o r a t o r i e s .  I n  s p i t e  of t h i s ,  it was p o s s i b l e  t o  

move.ahead wi th  ex t ens ive  ana lyse s  of t h e  sample f r a c t i o n s  by means 



of g l a s s  c a p i l l a r y  column gas  chromatography and t h e  e s t ab l i shmen t  

of an  e l e g a n t  very h igh  r e s o l u t i o n  l i q u i d  chromatographic system 

u t i l i z i n g  r eve r sed  phase microbore columns 1-10 meters i n  l e n g t h .  

The i n t e r f a c i n g  of t h e  l a t t e r  d e v i c e  w i th  t h e  mass spec t rometer  

was a r b i t r a r i l y  postponed u n t i l  our  b a s i c  i n v e s t i g a t i o n s  i n v o l v i n g  ' 

s t r u c t u r a l  i d e n t i f i c a t i o n  of impor tan t  f r a c t i o n s  by means of GC/MS 

was back on schedule .  I n  a d d i t i o n ,  our s t u d i e s  e x p l o r i n g  t h e  p o s s i b i l i t y  - 
of u t i l i z i n g  ad ipose  t i s s u e  (ob t a ined  v i a  s imple  need le  b iopsy)  a s  

lmarkersr  f o r  t h e  r e p o s i t o r y  of exogenous hydrocarbons was s e t  i n t o  

motion. 

One f i n a l  p o i n t  about  mass spec t rometers .  They a r e  reasonably  

complicated dev i ce s  t h a t  t a k e  2-3 months t o  d e l i v e r  a f t e r  r e c e i p t  

of o r d e r  and some 2-3 weeks + t o  f u l l y  i n s t a l l .  An a d d i t i o n a l  1 -2  

months i s  o f t e n  r e q u i r e d  t o  master t h e  new dev ice  and t h e  a s s o c i a t e d  

computer c o n t r o l  and. d a t a  a c q u i s i t i o n  systems. Accordingly,  be ing  i n  

mass spectrometry f o r  about  1 4  y e a r s ,  a f t e r  viewing demons t ra t ions  

by s e v e r a l  manufacturers  and c a r e f u l l y  comparing s p e c i f i c a t i o n s  

w e  exe rc i s ed  what w e  considered t o  be g r e a t  c a r e  i n  t h e  s e l e c t i o n  of 

a n  ins t rument .  Because of a l l  of t h i s ,  when we d i scovered  t h e  magnitude 

of t h e  i n h e r e n t  d i f f i c u l t i e s  . in t h e  p a r t i c u l a r  ins t rument  d e l i v e r e d  

t o  us ,  and r e a l i z i n g  t h e  t ime frames involved i n  r e o r d e r i n g  and i n s t a l l i n g  

a  replacement system, we were r e l u c t a n t  a t  t h e  o u t s e t  t o  fo l low t h i s  

pa th  u n t i l  t h e  cdmpany involved was given ample oppor tun i ty  t o  r e c t i f y  

t h e  s i t u a t i o n .  Unfor tuna te ly ,  i n  t h e  f i n a l  a n a l y s i s ,  t h e i r  a t t e m p t s  



proved t o '  be f u t i l e  and most r e g r e t a b l y ,  t h i s  was t h e  on ly  r a t i o n a l  

I .  s o l u t i o n '  t o  t h e  problem. 

Establ ishment  - -  of a  Bioassay Laboratory 

Through t h e  e f f o r t s  of D r .  A .  Jonas ,  former c h i e f  o f  t h e  S e c t i o n  

of Comparative Medicine and myself ,  a  l a b o r a t o r y  was e s t a b l i s h e d  

i n  t h e  S e c t i o n  of Comparative ~ e d i c i n e  f o r  t h e  purpose of s c r e e n i n g  

- va r ious  chemicals  f o r  mutagenic.  and ca rc inogen ic  a c t i v i t y  by means 

of t h e  Ames bioassay system. The c o n s t r u c t i o n  of t h e  l a b o r a t o r y  

was made p o s s i b l e  by a  g i f t  of $60,000 t o  t h e  s c h o o l  of Medicine 

I from t h e  O l in  Corporat ion of N e w  Haven. The l a b o r a t o r y  has  r e c e n t l y  

become o p e r a t i o n a l  and h a s  a l r e a d y  processed samples f o r  u s .  The 

I ' l a b o r a t o r y  i s  under t h e  d i r e c t i o n  of D r .  Robert  Jacoby and i s  

I superv ised  by M s .  B,. C o l l e t t .  

A .  - The Sepa ra t i on  - and P a r t i a l  I d e n t i f i c a t i o n  - of I n d i v i d u a l  Components 

Found i n  Sha l e  O i l s ,  The i r  Dimethyl Su l fox ide  E x t r a c t s  and Product  ---- - - 
. . Waters. 

These s t u d i e s  were performed i n  c o l l a b o r a t i o n  wi th  D r .  Dale s p a l l  

of t h e  Los Alamos S c i e n t i f i c  Laboratory.  The m a t e r i a l s  under con- 

1 s i d e r a t i o n  h e r e  were a s  fo l l ows :  

Crude O i l s  -- DMSO E x t r a c t s  

Paraho crude (PRHO) ( PRHO) 
Occidenta l  crude (OCCD) ( CCCD . . 

( LSNA ) ' Louis iana sweet crude o i l  (LSNA) 
Kuwait crude (KUWT) ( wwT 
Paraho r e f i n e r y  .crude . (PHRR) 
Paraho hydro t r e a t e d  crude (PHRR) 
ASE 90 (PTPD') 

. : . 
(PTPD) .. 



. Waters 

, 0 cc iden . ta l  Product Water 

Paraho Product Water 
Leach Water - Paraho Spent  Sha l e  
Leach Water - Paraho Raw Sha le  

I Acid Waters from Coal Mine Dump Leachate 

Analys i s  was performed by means of GC/MS. A OV-101 g l a s s  c a p i l l a r y  

column which was programmed from 80' t o  260°c+' a t  2OC/minute was 

- .  i n t e r f a c e d  w i t h  t h e  mass spec t rometer  opera ted  i n  t h e  chemi ion iza t ion  

mode. . R e t e n t i o n  times were ob ta ined  by t h e  use  of a s t anda rd  mixture  

of polyaromatic  hydrocarbons analyzed ,under. s i m i l a r  cond i t i ons .  

Thus f a r ,  t h e  fo l l owing  compounds have been t e n t a t i v e l y  i d e n t i f i e d :  

(See Cha r t  Next Page) 



Approximate Levels of Polyaromatic Hydrocarbons (PAHtS) 
in PPM (rounded off) 

SAMPLES : CRUDE OILS -- 
Components 

naphthalene 

KUWT - PRHO ' OCCO . LSNA SAE 90 

400 500 300 600 ' 900 

acenaphthalene 150 525 -325 32,s ,,600 

- phenanthrene 300 . 475 175 320 400 

- anthracene 

f luorene 

pyrene 200 120 2 180 . 475 

fluoranthene 175 . 65 2 300 95 

chrysene 

napthacene 

20 30 tr . 25 20 

2 1 tr. 1 .  2 

3 methylcolanthrene 1 1 tr. 1 1 

7,12 dimethylbenzanthracene 1 1 tr. 1 , I  

benzo(e)pyrene 2 1 tr. 2 .3 

3 3 '. tr. 3 6 

benzo(f)quinolene 10 , 10 10 10 11 - 

' carbazole 10 10 10 10 20 

acridine 3 2 5 4 8 

1 azapyrene tr . tr. tr. tr. tr. 

12 azabenzo(a)pyrane tr . tr . dr. tr. tr . 
11 methyl 12 azabenzo(a)pyrene tr. tr. tr. tr. tr. 

trace = less than .l ppm 



. . 

Product  Waters 

Thus f a r ;  a p re l iminary  s c r e e n i n g  a n a l y s i s  was performed on t h e  

Occ iden ta l  and Paraho product  wate rs . .  They were fdund t o  c o n t a i n :  

o,p,m c r e s o l s  

phenol  and a lky lpheno l s  

t h e  xy l eno l s  

i n d o l e s ,  methyl,  e t h y l  & C4 

primary and secondary a l k y l  amines 

DMSO E x t r a c t s  of Crude O i l s  (2-20% crude o i l s  i n  e x t r a c t s )  --- 
Pre l iminary  a r i a ly s i s  showed: 

phenols  

t h i o l s  

primary & secondary amines 

thiophenes '  

, a c i d s .  

B. B i o l o g i c a l  T e s t i n g  

The fo l l owing  samples were submit ted f o r  b ioassay  of mutagenic/ 
- 

ca rc inogen ic  a c t i v i t y  (Ames t e s t )  

1. DMSO of Paraho Crude O i l  
2 .  Paraho Crude O i l  
3 .  Paraho  Ref inery  Run Crude O i l  
4 .  DMSO e x t r a c t  of t a r  
6 .  Leach Water from Paraho ' ~ a w  Sha le  

, 7. Leach Water from Paraho Spent Sha l e  
8. Anvi l  Pts. Burn Water 
9 .  Coal Mine Water 

10 .  Product Water Paraho 
11, Product Water - Occidenta l  
19 .  Paraho Ref inery  Hydro t rea t  



Since  t h e  b i o l o g i c a l  t e s t i n g  of c e r t a i n  s e l e c t  samples was 

c a r r i e d  ou t  i n  a r e c e n t l y  e s t a b l i s h e d  l a b o r a t o r y  w i th in  t h e  School 

of Medicine,we r eques t ed  D r .  Rober t  Jacoby, head of t h i s  Mutagenesis 

- Laborarory,  a s  w e l l  a s  t h e  S e c t i o n  of Comparative Medicine and h i s  

a s s o c i a t e  Ms. B. C o l l e t t  t o  provide u s  wi th  background in fo rma t ion  

concern ing  t h e  methods employed i n  t h e  bioassay procedure .  The i r  

r e p o r t  i s  appended t o  t h i s  one. 

R e s u l t s  

The 11 samples were examined f o r  mutagenic a c t i v i t y  wi th  f i v e  

s t r a i n s  of t h e  bacterium Salmonella typhimurium ( s t r a i n s  TA1535, 

TA1537, TA1538, TA98, and TA100) i n  t h e  s t anda rd  Ames. - Salmonella 

microsome a s say  system. Each a s say  was performed i n  t h e  presence 

and i n  t h e  absence of a metabol ic  a c t i v a t i o n  system. Sample #10 

(Paraho Product Water) was mutagenic f o r  s t r a i n s  TA1537, TA1538, 

and TA98 a f t e r  metabol ic  a c t i v a t i o n  with  normal o r  Aroclor  s t imu la t ed  

S-9 f r a c t i o n s .  Sample Nos. 6 through 9 and No. 11 were nonmutagenic 

under a l l  t e s t  cond i t i ons  (Table  1 ) .  

Sample Nos. 1-4 and 1 9  were t e s t e d  a t  500 p g / p l a t e  a f t e r  d i l u t i o n  

i n  dioxane.  The samples were nonmutagenic f o r  s t r a i n s  TA1535 and TAlOO 

under a l l  t e s t  cond i t i ons .  Mutagenic a c t i v i t y  f o r  s t r a i n  TA98 was , . 

d e t e c t e d  wi th  samples Nos. 2 and 3 a f t e r  metabol ic  a c t i v a t i o n  w i t h  

AROCLOR-stimulated S - 9 , f r a c t i o n s .  Technica l  d i f f i c u l t i e s  p o t e n t i a l l y  

r e l a t e d  t o  sample t o x i c i t y  were encountered wi th  a l l  5 samples f o r  

s t r a i n s  TA1537 and TA1538. These t e s t s  a r e  be ing  r epea t ed .  (Table  2 ) .  



Exp. No. 
Compound 
Los A1 amos 
Sampl es 

Tab le  2 

Type o f  Assay: Standard P l a t e  

Metabo l i c  
A c t i v a t i o n  Micrograms 

S-9 S-9 o f  Compound Hi s t i d i n e  Rever tan ts  per Pl a t e  
Compound NORMAL AROCLOR Added per  P l a t e  TA1535 TA1537 TA1538 TA98 TAlOO 

Negat i ve  c o n t r o l  - - 
+ 

P o s i t i v e  Cont ro l  s 
Sod iumaz ide  - - 
9-Aminoacr id ine - - 
2-Ni t r o f l  uorene - - 
2-Anthramine - - 

. + 
+ 

No; 1 

No. 2 

No. 3 

No. 4 

No. 19 - - 
+ 

+ 

* Abnormal Co lon ies  



. . 

Table 1 

Exp. No. 
Compound 
Los A1 amos 
Water Sampl es 

Type o f  Assay: Standard Pl a t e  

Metabol ic  
A c t i v a t i o n  Micrograms 

S-9 S -9 o f  Compound. Hi s t i d i  ne   ever tints per Pl a te  
Compound NORMAL AROCLOR Added per P l a t e  TA1535 TA1537 TA1538 -- TA98 TAIOO 

Negat ive c o n t r o l  - - 
t 

P o s i t i v e  Contro l  s 
- Sodium az ide  - 
.9-Aminoacridine - 
2-Ni t r o f l  uorene - 
2-Anthramine . - 

+ 

No. 6 - + 

No. 7 

No. 8 - 
t 

No. 9 

No. 11 

1.0 
100.0 

1.0 
2.0 
2.0 
2.0 

Und i l  u ted 
I 1  

I1 

Undi 1 uted 
I1 

. 11 

11 . , 
I 1  . 

I 1  



The Determination of 'Marker' Substances i n  - - - 
t h e  Adipose Tissue of Test Animals.and Man, - -- -- 

During ' the course of the  year, we have collaborated'  with t h e '  

Los Alamos S c i e n t i f i c  Laboratory (Dr. M. Holland) i n  ce r t a in  a reas  

involving animal exposure s tudies ;  .Thus f a r ,  our invest igat ions  

have been l imited t o  a study of the  nature of the  hydrocarbons found 

i n  t h e  inguinal  f a t  pads of a control  group of hamsters. Preliminary 

e f f o r t s  were di rected t o  the  i so l a t i on  and separat ion of these  

substances by means of l i qu id  chromatography and glass  cap i l l a ry  

column gas chromatography a s  follows: 

Combined specimens of inguinal  adipose t i s s u e  of t he  hamsters 

were weighed and then refluxed with NaOH (10-20 m l .  of 2N NaOH i n  

aqueous ethanol) .  They were then extracted with r e d i s t i l l e d  d i e thy l  

e ther  a f t e r  d i l u t i on  with 20-30 m l .  of water. The e ther  ex t r ac t  

was washed f i v e  times with d i l u t e  NaOH and then evaporated t o  dryness 

a t  room temperature. The residues were rehydrolyzed with 2 N  NaOH 

(30 min. a t  100°C) and reextracted with d i e thy l  e ther .  The ex t r ac t s  
- 

were then concentrated and subjected t o  l i p i d  c l a s s  analys is  by means 

of s i l i c i c  acid column chromatography. Here, t he  e x i t  of a Pasteur 

p ipe t te  was blocked with a piece of s i lanized glass  wool. Approximately 

1 - 2  grams of 37-60 micron s i l i c a  p a r t i c l e s  (LiChrosorb, E.M. Merck) 

were poured dry  onto the  top of the  glass  wool. The column was gently 

tapped t o  remove a i r  bubbles and 'toppedt with another piece of g lass  

wool. The column was then placed i n  an oven a t  200°C fo r  12-16 hours. 



. - -. . - - - - - -- . . .  _-. . - -  . . 
: .. . . : . ' j ,~ . :~ ' ;e  1 

,-,- ,, P r o f i l e  of I-ii..drocarbor! i-'r.:ictio; iro:a the i:'at ?ads  (Coniined) 
0.i' a Cla;:t::rol ;;erfie:; of Iiamsters . ,  

- , . - .  . . . .  .,.,#,~?..?...... . . . . I . , .. 
0 -- . . 

........ -... .-.. . . . . . . . . . .  
.... . . . . . . . . . . . . .  . . . .  . . .  

---. 
. , - -  . . . ,  - .. - . 

. . .  . . . . .  
. . . . . .  . 8 6 . . .......... ..... ,- .............. :. ;.- j .-l .-.. ..- ........... - . :. --- . . - .  . . , .  . . . . . . . - . . . . >  . . . . . .... i . .  . . ...I . f - .  ----- . . :-- 

. . . . .  . . . i ; , I . . t  ! . I . . . . . I I . . . . .  . . 
. . .  . . . .  . . .  ...... , . I . :  . -  - . . , .  . . .......... i 

, I : . :  . . f . . . I . .  I .  . . - . - . '.-0' .- .... , ' .. ---- 
, , .'I 

t .  . . . . I  . . , .  . . .  . . . . . . .  I . :  . . !  . . . . . . .  . , , .  / : : I  ............................................................ . . I .... ......... . .  1.. . . ; .. - 
. . .  . . . .  - 

............... ......... . . . . . . . . . . . . .  ..... ...-.. ................... . -. - -. . . . . 
. . .  .... 

8 , ; '  . . . . , .  : . . 
. .  i 

. . 
. . .  

. . . . . . . . . . .  ................. ...... . . . .  . . . . . . . .  
:..- ' 

:- 

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

. . . . .  1 :  , :::: ' : - ' . . .  . . ..... . . . .  . . . . . . . . . . .  . . 
i :". --.- :--L I.-. . . . . . . .  -- - . . . . . . . .  1 , -.- j . . , ! . . , .  , . . . . 

- !._ _:___ _._: : I . . . . . . . . . . . . . . . . . . . . . . . . .  , : . I  . :  . . . .  ... .... .... . . . . . . . .  . 

. i . . . . . . . . .  - . . .  . .---- ;. . - ---., p- ...... ..... 
. . .............................._....... ._____._.W__. " . . . . . .  . .......___ ..... -- -- 

1.2 ... ; .> .*l.l.I U ...... , . .. . . . .  (..:. " .' ................ .................. --- _ _ . _ _ _ _ . _ _ _  . _ . _ - .. - . - .. - 



A f t e r  c o o l i n g  a t  room tempera ture ,  t h e  column was washed wi th  2  column 

volumes of petroleum e ' ther  (30-60° f r a c t i o n ) .  The sample was t h e n  

placed on t o p  of t h e  column wi th  a  microsyr inge and t h e  hydrocarbon 

f r a c t i o n  was s e l e c t i v e l y  s epa ra t ed  from t h e  o t h e r  l i p i d s  by e l u t i o n  

from t h e  column wi th  an  a d d i t i o n a l  2-3 column volumes of petroleum 

e t h e r .  The petroleum e t h e r  band was concen t r a t ed  and t h e n  i n j e c t e d  

i n t o  t h e  gas  chromatography c o n t a i n i n g  an  OV-101 coa ted  c a p i l l a r y  

column which was from 80° t o  250° a t  2Oc/minute. F igure  1 

('same a s  #9 i n  Renewal Proposa l )  d e p i c t s  a  t y p i c a l  ' f i n g e r p r i n t '  

chromatogram of t h e  nonsaponi f iab le ,  a l k a l i  s t a b i l i z e d  and d i e t h y l  

e t h e r  s o l u b l e  hydrocarbon f r a c t i o n  of t h e  i n g u i n a l  f a t  pad of t h e  

hamster.  E f f o r t s  a r e  now underway t o  i d e n t i f y  t h e s e  components 

I by means of gas  chromatography-mass spec t romet ry .  

I The o t h e r  t e s t  group of hamsters  exposed t o  s h a l e  o i l  i n  va r ious  

I forms by va r ious  r o u t e s  f o r  va r ious  pe r iods  of t i m e  w i l l  be a v a i l a b l e  

t o  u s  i n  t h e  near  f u t u r e .  Because of t h e  e x t r a o r d i n a r y  s o l u b i l i t y  

' i n  l i p i d s  of many o rgan ic  compounds t h a t  may e n t e r  t h e  environment, 
. . 

t h e  o v e r r i d i n g  o b j e c t i v e  h e r e  i s  t o  de te rmine  t h e  presence of c e r t a i n  ' 

'markerT subs tances  o r  m e t a b o l i t e s  t h e r e o f ,  deno t ing  a  h i s t o r y  of 

exposure (and pos s ib ly  i t s  e x t e n t )  of t 'he animal .  Depending upon 

t h e  n a t u r e  of t h e  f i n a l  data, a t t e m p t s  w i l l  be made t o  answer q u e s t i o n s  

r e g a r d i n g  c e r t a i n  a s p e c t s  of t h e  t r a n s p o r t ,  metabolism, d e p o s i t i o n  

and tu rnove r  of t h e s e  compounds i n  t h e  f a t  depo t s .  



Grea t ly  encouraged by our  p r e l imina ry  f i n d i n g s  i n  an imals ,  w e  

t h e n  s o l i c i t a t e d  t h e  a s s i s t a n c e  of P ro fe s so r  J u l e s  Hi rsch  of t h e  

Rockefe l le r  Un ive r s i t y  i n  p rov id ing  us  w i t h  specimens ( s imple  need le  

- biopsy)  of g l u t e a l  f a t  ob ta ined  from a  series of normal v o l u n t e e r s  

- used f o r  ano ther  s t udy .  F igure  2 ( # l o ,  i n  the.Renewa1 Proposa l )  

. shows a  t y p i c a l  gas  chromatographic ' f i n g e r p r i n t t  of t h e  ad ipose  

t i s s u e  ob ta ined  from a. need le  biopsy and processed by t h e  aforementioned 

methods. 'We a r e  now i n  t h e  process  of c o l l e c t i n g  a d d i t i o n a l  d a t a  
I 

I i n  o rde r  t h a t  w e  may f u r t h e r  d e f i n e  t h e  'normal t  hydrocarbon p a t t e r n s  

found i n  man. I f  s t u d i e s  of t h i s  t ype  eventua l ly .  prove t o  be rewarding,  

t h e n  s e l e c t i v e  i n v e s t i g a t i o n s  can begin on t h e  use  of a  simple and 

s a f e  needle  biopsy method ( t h e  Rocke fe l l e r  people have done thousands 

'wi thout  i n c i d e n t )  t o  procure  samples of g l u t e a l  f a t  of workers exposed 

t o  c e r t a i n  c l a s s e s  o f .  subs tances  which a r e  thought  t o  c o n t a i n  noxious 

components. Hopefully l o n g  term,  some c o r r e l a t i o n  between t h e  c l i n i c a l  

s t a t u s  ( t h e  p o s s i b l e  development of tumor format ion  o r  o t h e r  t o x i c  

m a n i f e s t a t i o n s  ) of t h e  i n d i v i d u a l  (Man), t h e  i n v i t r o  b ioassay  r e s u l t s ,  , 

and t h e  appearance and/or .d i sappearance  ( t u r n o v e r )  w i th  t i m e  - of 

c e r t a i n  s p e c i f i c  chemical  subs tances  i n  a c c e s s i b l e  t i s s u e  depo t s  - 
could  be e f f e c t i v e l y  r e a l i z e d  once and f o r  a l l .  



F i ~ u r e  2 

GC P r o f i l e  of H;,.drocar.::;o::. Fractior.   fro^. Hvtman Gluteal  Fat  T i s s u e  (tieedle Biopsy) 



The U t i l i z a t i o n  of Microbore Columns i n  t h e  - - -- 
Hicrh Reso lu t ion  Liquid C h r o m a t o a r a ~ h i c  Analvs i s  

of Samples of O i l s  Derived From Sha le  o r , C o a l  - -- ---- 

B e c a u s e . o f ' t h e  enormous complexity and d i v e r s i t y  of many of t h e  
I 

- sample t y p e s  we have had occas ion  t o  handle ,  w e  found t h a t  many of 

t h e  convent iona l  h i q h  performance l i q u i d  chromatographic systems 

. employing 25-50 c m  x 4 mm i . d .  columns d i d  no t  adequa te ly  f u l f i l l  

ou r  requirements  which g e n e r a l l y  were: 

a )  very h i g h  r e s o l u t i o n  i n  o r d e r  t o  s e p a r a t e  t h e  l a r g e s t  number 

-of components p o s s i b l e  by t h i s  t echnique  

b) t h e  convenience of r e a d i l y  s a c r i f i c i n g ' t i m e  f o r  u l t r a  h i g h  

r e s o l u t i o n  s o  t h a t  any p a r t i c u l a r  group of subs t ances  of i n t e r e s t  

cou ld  e v e n t u a l l y  be r e s o l v e d  

c )  r e l a t i v e l y  low flow r a t e s  (5'-80 ml/min. ) s o  t h a t  t h e  LC System 

can be i n t e r f a c e d  w i t h ' a  mass spec t rometer  ( a  much more u n i v e r s a l  

de t ec ' t o r )  f o r  i d e n t i f i c a t i o n  purposes (See Renewal Proposal  

f o r  d e t a i l s  h e r e )  wi thout  sample . s p l i t t i n g  

d )  t h e  a b i l i t y  t o  no t  on ly  s e p a r a t e  bu t  a l s o  t o  d e t e c t  very sma l l  

q u a n t i t i e s  of mater ia l '  under c i rcumstances  where l o n g  e l u t i o n  

times were involved.  

Accordingly,  we i n v e s t i g a t e d  two systems which we considered 

t o  hold p ron i se  i n  t h i s  r ega rd .  They were t h e  open t u b u l a r  c a p i d l a r y  

columns desc r ibed  by I s h i ,  J. of Chrom., 156, 173  (1978) and 157, 43 - - 
(1978) ,  and t h e  microbore column system of S c o t t  ( J .  of Chrom. 165  

-3 



51, (1979) .. With r i f e r e n c e  t o  t h e  former,  we found t h a t  problems - 
a s s o c i a t e d  w i th  t h e  very s t r i n g e n t  r e d u c t i o n  of d e t e c t o r  and i n j e c t o r  

- volumes were s o  s eve re ,  t h a t  t h i s  system a t  t h i s  time appears  h i g h l y  

imprac t i ca l !  Th i s  was n o t  t h e  c a s e  i n  p o i n t  w i th  t h e  microbore 

column, and a s s o c i a t e d  min i a tu r i zed  liV f low c e l l .  Here, we found 

- extremely h i g h  mass s e n s i t i v i t y .  For example, w i t h  convent iona l  LC 

- columns (25-50 crn x 4 mrn i . d .  ) with  a d e t e c t o r  s e n s i t i v i t y  of 1 0 - * ~ m s / m l ,  

- ' a d e t e c t o r  volume of 8 p 1  and a s s o c i a t e d  t u b i n g  dead volume of a t  

l e a s t  5 p1, one peak emerging i n  1 m i .  would have t o  c o n t a i n .  about  

1 0  nanograms t o  be d e t e c t a b l e .  - 
I n  c o n t r a s t ,  u s i n g  microbore columns i n  conjunc t ion  wi th  a 

UV d e t e c t o r  wi th  same s e n s i t i v i t y  gms/'ki.) where t h e  flow c e l l  

'volume h a s  been reduced t o  0 .8  p 1  and t h e  dead volume of a s s o c i a t e d  

t u b i n g -  0.2 p l y  t h e  peak width of a n  a p p r o p r i a t e l y  s e l e c t e d  component 

band i s  u s u a l l y  i n  t h e  o r d e r  of 10-20 p l .  Under t h e s e  c i rcumstances ,  

t h e  mass conta ined  i n  t h e  pe'ak i s  i n  t h e  range  0.1-0.2 nanograms, 

p rov id ing  one wi th  a g a i n  of a b s o l u t e  mass s e n s i t i v i t y  of approximately  

. . 50-100: 1. 

It was a l s o  appa ren t  t h a t  t h e  e f f i c i e n c y  of such a column system 

i n c r e a s e s  l i n e a r l y ,  wi th  l e n g t h .  Accordingly,  it was found t h a t  1 t o  

1 0  meter column l e n g t h s  could be convenien t ly  u t i l i z e d  wi thout  t h e  

use  of e x t r a o r d i n a r i l y  high p r e s s u r e s .  Moreover, peak broadening was 

minimal s o  t h a t  t h e  h igh  s e n s i t i v i t y  could be maintained throughout  

t h e  a n a l y s i s  d e s p i t e  t h e  very  l o n g  e l u t i o n  t imes .  



Examples of t h e  h i g h  r e s o l u t i o n  . a n a l y s i s  of pentane e x t r a c t s  of 

c o a l  de r ived  m a t e r i a l s  are noted i n  F igures  3,4. I d e n t i f i c a t i o n  

- of t h e  component bands w i l l  be c a r r i e d  o u t  i n  t h e  f u t u r e  (See Renewal 

P roposa l )  when t h i s  system is' i n t e r f a c e d  wi th  a mass spec t rometer .  

Fu r the r  work i s  a l s o  i n  p rog re s s  t o  f i n d  s u i t a b l e  s o l v e n t  

systems f o r  t h o s e  o i l  f r a c t i o n s  no t  s o l u b l e  i n  t h e  u s u a l  aqueous 

- s o l v e n t s  used i n  r eve r sed  phase chromatography. 
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INTRODUCTION 

The Mutagenesis Laboratory,  Sec t ion  o f  Comparative Medicine exam- 

i n e d  11 samples f o r  mu tagen ic i t y  b y  i n  v i t r o  m i c r o b i o l o g i c a l  assays w i t h  

' - f i , ve  s t r a i n s  o f  Salrnonel l a  typhimurium (TA1535, TA1537, 'TA1538, TA98, 

and TA100). Normal and Aroc l  o r  1254-stimul ated r a t - 1  i v e r  .homogenate 

metabo l i c  a c t i v a t i o n  systems were i nc luded  i n  t h e  assay procedures t o  

p rov ide  metabo l i c  steps, t h a t  t h e  b a c t e r i a  e i t h e r  a r e  incapab le  o f  con- 

d u c t i n g  o r  do no t  c a r r y  ou t  under t h e  assay cond i t i ons .  

The assay procedure w i t h  - S. typhimurium has proven t o  be approx i -  

mate ly  85 t o  90% r e l i a b l e  i n  d e t e c t i n g  carcinogens as mutagens, and i t  

has about t h e  s a m e , r e l i a b i l i t y  i n  i d e n t i , f y i n g  chemicals t h a t  a r e  no t  

carc inogenic .  ' The assay does n o t  always p rov ide  100% c o r r e l a t i o n  w i t h  

animal c a r c i n o g e n i c i t y  i n v e s t i g a t i o n s ,  so n e i t h e r  a p o s i t i v e  nor a neg- 

a t i v e  response c o n c l u s i v e l y  proves t h a t  a chemical i s  hazardous o r  non- 

hazardous t o  humans. 



METHODS* 

Salmonella typhimurium S t r a i n s  TA1535, TA1537, TA1538, 

TA98, and TAlOO 

The Salmonella typhimurium s t r a i n s '  used i n  t h e  Ames' t e s t  a re  h i s -  

t i d i n e  auxotrophs by v i r t u e -  o f  mutat ions i n  t h e  h i s t i d i n e  operon.. When 

these h is t id ine-dependent  b a c t e r i a  a re  grown on a minimal media con- 

- t a i n i n g  a t r a c e  of h i s t i d i n e ,  on l y  those organisms t h a t  r e v e r t  t o  h i s t i -  

d ine  independence (h i s t )  a re  ab le  t o  form colonies.  A small amount o f  

h i s t i d i n e  i s  added t o  t h e  medium t o  a l l ow  a l l  t h e  p l a t e d  b a c t e r i a  t o  

undergo a few d i v i s i o n s  becquse t h i s  growth i s  o f t e n  essen t i a l  f o r  muta- 

t 
genesis t o  occur. The - h i s  reve r tan ts  a re  scored as co lon ies  aga ins t  a 

background lawn. The spontaneous muta t ion  frequency o f  each s t r a i n  i s  

re1  a t i v e l y  constant,  b u t  .when a mutagen i s  added t o  ' t h e  agar t h e  muta- 

t i o n  frequency i s  increased 2- t o  100-fold. 

The - S. typhimurium s t r a i n s  were obta ined from Dr. .Bruce Ames o f  t h e  
,. . 

u n i v e r s i t y  o f  .Gal i f o r n i a  a t  Berkeley. I n  a d d i t i o n  t o  having muta- 

t i o n s  i n  t h e  h i s t i d i n e  operon, a l l  t he  i n d i c a t o r  s t r a i n s  have a muta t ion  

( r f a - )  t h a t  leads t o  a d e f e c t i v e  1 ipopolysacchar ide coat;  they  a1 so have 

a d e l e t i o n  t h a t  covers genes. involved i n  t h e  syn thes is  o f  v i t am in  b i o t i n  

( b i o - )  and i n  t h e  r e p a i r  o f  u l t r a v i o l e t  (uv)- induced DNA damage (uvrB-).  

The rfa- mutat ion  makes t h e  s t r a i n s  more permeable t o  many l a r g e  aro- 

mat ic  molecules, thereby, i nc reas ing  t h e  mutagenic e f f e c t  o f  these 

* Por t i ons  o f  t h e  background t e x t  have been adapted and modi f ied  from 

t h e  format o f  t he  Stanford Research I n s t i t u t e .  



mo~lecules. The uvrB- muta t ion  decreases r e p a i r  o f  some types o f  chemi-. 

c a l  l y  o r  p h y s i c a l l y  damaged DNA and thereby enhances t h e  s t r a i n s '  sensi-  

t i v i t y  t o  some mutagenic agents. S t r a i n  TA1535 i s  reve r ted  t o  hist by 

many mutagens t h a t  cause base-pair  subs t i t u t i ons .  TAlOO i s  der ived from 

- TA1535 by  t h e  i n t r o d u c t i o n  o f  t h e  res i s tance  t r a n s f e r  f a c t o r  plasmid 

pKM101. Th is  plasmid i s  be l i eved  t o  cause an increase i n  e r ro r -prone 

DNA r e p a i r  t h a t  leads t o  many more mutat ions f o r  a  g iven dose o f  most 

mutagens.5 I n  add i t i on ,  p l  asmid pKMlOl confers  res i s tance  t o  t h e  a n t i -  

b i o t i c  a m p i c i l l i n ,  which i s  a  convenient marker t o  de tec t  t h e  presence 

o f  t h e  plasmid i n  t h e  c e l l s .  The presence o f  t h i s  p l  asmid a l s o  makes 

s t r a i n  TAlOO s e n s i t i v e  t o  some f ramesh i f t  mutagens. S t r a i n s  TA1537 and 

TA1538 a re  reve r ted  by many f r a m e s h i f t  mutagens, TA1537 i s  more s,ensi- 

t i v e  than TA1538 t o  muta t ion  by some a c r i d i n e s  and benzanthracenes, b u t  

t h e  d i f f e r e n c e  i s  q u a n t i t a t i v e  r a t h e r  than q u a l i t a t i v e .  S t r a i n  TA98 i s  

de r i ved  from TA1538 by t h e  a d d i t i o n  o f  t h e  plasmid pKM101, which makes 

i t  more s e n s i t i v e  t o  some mutagenic agents. 

0 

A l l  i n d i c a t o r  s t r a i n s  a r e  kept  a t  4 C on minimal medium p la tes ;  

supplemented w i t h  a . t r a c e  o f  b i o t i n ,  and an excess o f  h i s t i d i n e .  The 

p l a t e s  w i t h  t h e  p l  asmid-carrying s t r a i n s  conta in,  i n  add i t i on ,  amp ic i l -  

1  i n  (25 pg/ml ) , t o  ensure stab1 e  maintenance o f  p l  asmid pKM101. New 

s tock  c u l t u r e  p l a t e s  a re  made every two months f rom s i n g l e  colony r e i s o -  

l a t e s  t h a t  a r e  checked f o r  t h e i r  genotypic c h a r a c t e r i s t i c s  ( h i s ,  r f a ,  

uvrB, b i o )  and f o r  t h e  presence o f  t h e  plasrnid. For each experiment, an -- 
' 0  

i nocu l  um from t h e  stock cu1,ture p l a t e s  i s  grown overn igh t  a t  37 C i n  

n u t r i e n t  b r o t h  (Oxoid, CM67). A f t e r  s t a t i o n a r y  overn igh t  growth, t h e  

c u l t u r e s  are  shaken f o r  3  t o  4 hours t o  ensure opt imal  growth. 



Arocl or 1254-Stimul ated Metabolic Activation System 

Some carcinogenic chemicals, ei ther  of the aromatic amino type or 

polycyclic hydrocarbon type, are inactive unless they are metabolized t o  

active forms. In animals and  humans, an enzyme system in the l iver  or 

other organs (e.g., lung or kidney), i s  capable of metabolizing a 1 arge 

number of these chemica1.s t o  carcinogens. 4 3  6-8 Some of these interme- 

diate metabolites are very potent mutagens in the - S. typhimurium tes t .  

Ames has described the l iver  metabolic activation system used i n  our 

laboratory.6 Briefly,  adult male ra t s  (250 t o  300 g )  are given a single 

500-mg/kg intraperitoneal injection of a polychl'orinated biphenyl , Aro- 

clor 1254. This treatment enhances the synthesis of enzymes involved 

in the metabolic conversion of chemicals. Four days af ter  the injection 

the an'imal s '  food i s  removed b u t  drinking water i s  provided - ad libitum. 

On the f i f t h  day, the ra t s  are killed, and the l iver  homogenate i s  pre- 

pared as follows: 

The l ivers  are'removed aseptically and placed i n  a preweighed ster- 

i l  e glass beaker. The organ weight i s '  determined, and a1 1 subsequent 

operations are conducted i n  an ice bath. The 1 ivers are hashed in an 

equal volume of cold, s t e r i l e  0.15 M KC1 (1 ml/g of wet o r g a n ) ,  minced 

with s t e r i l e  surgical scissors in three volumes of 0.15 M KC1 ; and ho- 

mogenized with a Potter-El vehjem apparatus. . The homogenate i s  centri- 

fuged for 10 minutes a t  9000 x g, and the supernatant, referred t o  as 
0 

.the S-9 fraction, i s  quickly frozen in,dry ice a n d  stored a t  -80 C .  



The metabol i c  a c t i v a t i o n  mixture  f o r  each experiment cbnsi  s ts  o f ,  

f o r  10  ml : 

. 1.0 " G-6-P (50mM) ' 

NADP (40mM) . 1.0 " 

. 1.0 " Na2HP04 (1000mM) . 

. 3 . 5 "  H20 

Method from Arnes' Paper 

In a d d i t i o n  i s  Aroc lor -ac t iva ted  S-9 f r a c t i o n s ,  S-9 f r a c t i o n s  from 

normal r a t  l i v e r s  a r e  a l s o  used f o r  our metabol ic  a c t i v a t i o n  tests. 

~ s s a ~ s  i n  Agar 
. . 

. . . . 
> 

1. To a s t e r i l e . 1 3  x 100 mm tes t  t u b e  con ta in ing  2.0 ml of  0.6% Top 
0 * .  

Agar held i n  a  45 C waterba th ,  add i n  t h e  fo l lowing  order :  

2. 0..2 ml o f  i  nd i ca to r  organi  sms (4  t ubes lo rgan i  sm) . After inocul a t i o n  
0 

of  organism p l ace  t ube  i n  43  C hea t ing  block. 

3. 0.1 ml o f  t e s t  compound. 

4. 0.5'ml o f  metabol ic  a c t i v a t i o n  mixture.  

Tube 1 - none 

Tube 2 - none 

Tube 3 - normal S-9 f r a c t i o n  

Tube 4 - Aroclor-induced S-9 f r a c t i o n  
I 

* 0.6% Top aga r  c o n t a i n s  0.05 mM h i s t i d i n e  and 0.05 mM b i o t i n .  



Tube 1 

1. 2.5 m l  Top agar 

- 2. 0.2 m l  B a c t e r i a .  

3. 0.1 ml Sol ven t  

Tube 2  

1. 2.5 ml Top agar 1. 

2. 0.2 ml B a c t e r i a  2. 

3. 0.1 ml Test  compound 3. 

Tube 4  

1. 2.0 ml Top agar 

2. 0.2 ml Bac te r i a  

3. . 0.1 ml Test  compound 
- .  

4. 0.5 m l  A roc lo r  induced S-9 

Tube 3  

2.0 ml Top agar 

0.2 m l  B a c t e r i a  

0.1 ml Tes t  compound 

0.5 ml Normal S-9 

For p o s i t i v e  c o n t r o l s ,  we t e s t  each c u l t u r e  by s p e c i f i c  mutagens 

known t o  r e v e r t  each s t r a i n  us ing  steps ( I ) ,  ( 2 ) ,  ( 3 ) ,  ( o p t i o n a l )  and 

( 4 )  

Th i s  m i x t u r e  i s  s t i r r e d  g e n t l y  and then poured onto minimal agar 
0 

p la tes . t  A f t e r  t h e  t o p  agar has set,  t h e  p l a t e s  a r e  incubated a t  37 C f o r  

+ 
2  days. The number o f  r e v e r t a n t  c o l o n i e s  i s  counted and recorded. 

Each assay i s  c a r r i e d  ou t  i n  d u p l i c a t e  w i t h  i n d i v i d u a l  assays r u n  

on separate days. I f  r e s u l t s  i n d i c a t e  t h a t  mutagenic a c t i v i t y  i s  marginal ,  

p r e i  ncubat ion steps may be included. I n  t h i s  procedure, t e s t  compound 
0 

i s  incubated w i t h  normal o r  A roc lo r -ac t i va ted  S-9 f r a c t i o n s  a t  37 C f o r  

20 minutes be fo re  p l a t i n g .  

. . 

Minimal agar p l  a tes  c o n s i s t  o f ,  per 1  i t e r ,  15 g  o f  aga r ,  

50 g  of glucose, 0.2 g o f  ~ ~ ~ 0 ~ . 7 ~ ~ 0 , ' 2  g  o f  c i t r i c  a c i d  

monohydrate, 10 g  of: KiHP04 and3 .5  g  o f  NaHNH4P04.4H20. 
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