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THE DETECTION OF POTENTIAL GENETIC HAZARDS IN  COMPLEX ENVIRONMENTAL 
MIXTURES USING PLANT CYTOGENETICS AND MICROBIAL MUTAGENESIS ASSAYS 

' M i l  t on  J. Constant in  and Karen Lowe, The U n i v e r s i t y  o f  Tennessee/ 
Comparative Animal Research Laboratory, 0ak'Ri.dge; Tennessee, and 
T. K. Rao, Frank W. Lar imer and James L. Ep ler ,  B io logy  D i v i s i o n ,  

Oak Ridge Nat iona l  Laboratory, Oak Ridge, Tennessee 

INTRODUCTION 

The o v e r a l l  eva lua t i on  o f  t he  h e a l t h  and environmental e f f e c t s  o f  modern. 

technology has been expanded over  recen t  years  t o  i n c l u d e  cons ide ra t i on  o f  t h e  

long- term consequences o f  exposure t o  p o t e n t i a l  mutagens .and carcinogens. The 

r e a l  i z a t i o n  t h a t  t h e  e f f l u e n t s  and wastes f rom i n d u s t r y '  cou ld  pose h e a l t h  haz- 

ards f o r  f u t u r e  generat ions has l e d  t o  cons iderab le  research and t h e  p o t e n t i a l  

f o r  r e g u l a t i o n  o f  these re leases.  The Research Conservat ion and Recovery Ac t  

(RCRA) s p e c i f  i c a l  l y  addresses the  p o t e n t i a l  h e a l t h  and environmental hazards o f  

s o l i d  wastes. The approach t h a t  we have taken w i t h  an a r r a y  o f  complex mix tures  

f rom t h e  techno log i ca l  wor ld  i nvo l ves  a coup1 i n g  o f  chemical c h a r a c t e r i z a t i o n  

and p repa ra t i on  w i t h  shor t - te rm bioassays. 

The number o f  s p e c i f i c  compounds and complex e f f l u e n t s  and streams . in  need 

o f  b i o t e s t i n g  and c h a r a c t e r i z a t i o n  i n  any technology i s  overwhelming and would 

t a x  the  s c i e n t i f i c  community 's whole-animal t e s t i n g  c a p a b i l i t i e s ;  t h e r e f o r e  . 
many "screening"  (shor t - te rm)  assays f o r  t o x i c i t y ,  mutagen ic i ty ,  t e r a t o g e n i c i  ty, 

and c a r c i n o g e n i c i t y  have been developed. The work ing hypothesis  has been t h a t  

the  r a p i d  t e s t s  can serve as p r e d i c t o r s  o f  biohazards e a r l y  i n  the.development 

o f  t h e  technology. Thus, process changes might  be i n i t i a t e d  and/or d e f i n i t i v e  



. . 

whole-animal testing considered. Conceivably, savings in both time and 

money on the technology and the biological testing would be gained. 

. . 
The possibility of using short-term biological tests to isolate 

and identify the potential hazard of.complex materials has been inves- 

tigated with -various coupled chemical and biological approaches. The 

work has usually involved chemical analyses and preparation for the bio- 

logical testing (e.g. , cytotoxici ty, mutagenicity, and car'cinogenicity 

assays). As a prescreen for potential mutagenesis and/or carcinogenesis, 

the genetic 'test for Salmonella histidine reversion [Ames test; .see re- , 

' ' 

view (1 ) ]  has been widely used. Subsequent fractionation procedures to 

aid in'isolating and identifying the mutagens in the material are carried 

out, with the bioassay being used as a tool to trace the biological ac- 
. ,  , 

tivity and guide the separations. The biological ,tests function as (1)' 

predictors of long-range hedl th effects such as mutagenesis, teratogenesis, 

and/or carcinogenesis, (2) predictors of toxicity for man and his environ- 

ment, (3) a mechanism to rapidly isolate and identify a hazardous agent . . 

in a complex material, and. (4) a key to relative biologi'cal activity 

through the correlation of control data with changes in environmental or . . .  

process conditions. 

Plant systems may offer an additional means to evaluate complex mix- 

tures. According to Kihlman (9) root tips are the ideal plant, tissue in 

which to study the effects of chemicals on chromosomes, because (1 ) they 

are readily available throughout the year, (2) they are inexpensive, 



( 3 )  they a re  easy to..handle, (4 ) .  they provide data- w i t h i n  a .  few days, 

( 5 )  they a re  d i r e c t l y  exposed t o  the  chemical i n  aqueous solut ions  of . : 
. . 

known concentrat ions,  (6 )  they provide numerous dividing c e l l s  f o r  

ana lys i s ,  and (7)  they o f f e r  t he  advantagesof  few, r e l a t i v e l y  l a rge  

chromosomes. 

Barley, Hordeum vulgare (L) emend Lam., . has . 2n = .  14 chromosomes . , 

t h a t  range from 6 t o  8 pm i n  length. The barley embryo has from 5 t o '  

7 seminal roots  t h a t  y ie ld  numerous dividing c e l l s  f o r  analysis  within 

24 t o  48 hrs a f t e r  the  i n i t i a t i o n  of germination. Ef fec t s  of chemical 

and physical agents can be assessed in terms of cytogenet ic  and genet ic  

endpoints i n  t h e  same population of p lants  following seed. t reatments .  

This unique advantage has made barley a useful ' t e s t  organism f o r  s tud ies  

of mutagenesis. 

The most f requent ly  used method f o r  studying t he  e f f e c t s  of chemi- 

c a l s  on the  chromosomes of barley root t i p  c e l l s  is  t h e  analysis .of  ana- 

phases f o r  detectable  aberra t ions  (16).  The assay has been used i n  

s tud ies  of chemicals e i t h e r  suspected or  knownto be mutagens; gener- . . 

. . 

a l l y  the  r e s u l t s  have been i n  agreement with those derived from o ther  . ; , , 

, 

t e s t  organisms f o r  those compounds tes ted  . i n  . common. The assay has not 

been used widely t o  t e s t  comp.lex mixtures. 

In t h i s  repor t , .we have ca r r ied  out a comparative study w i t h  micro-' ' 

bial  mutagenicity assays (Salmonella and yeas t )  and p l an t  cytogenetic ' . . . 



a.ssays. The mater ia ls  u t i l i z ed  were aqueous extracts.  from a f l y  ash 

sample and an arseni  c-contami nated ground water sample (Provided by 

the  U .  S. Environmental Protection Agency). ,The s t ud i e s  a id  i n  evalu- 
. . 

a t ing  the usefulness of short-term bioassays with complex environmental 

mixtures. 

PURPOSE 

The research was designed t o  assess  the  mutagenic potent ia l  of 

complex environmental mixtures ( ex t r ac t s  of so l i d  wastes) i n  terms of 

cytogenetic e f f e c t s  in a higher plant  and of gene mutations i n  micro- 

.bial  species.  A complex environmental mixture t h a t  is  capable of i n -  

ducing-both endpoints warrants a c lose  sc ru t iny  a s  a potent ia l '  health 

hazard t o  humans. 

MATERIALS AND METHODS 

Mi crobi a1 Mutagenicity Assays 

Preparation of 1 i ver-homogenate (S-9). The m i  crosomal preparation was 

. . made according t o  Ames e t ' , a l .  [I]. The 1 i ve r  of Sprague-Dawley r a t s  

was washed in an equal volume of 0.15M NaC1, minced.with s t e r i l e .  

s c i s so r s ,  and homogenized in 3 vols. of 0.15M KC1 w i t h  a Pot ter-  

Elvehjem apparatus. The homogenate was centrifuged a t  4°C f o r  10 m i n  , ' 

a t  9000 x g . '  The supernatant was col lected and s to red  a t  -80°C. The . , 

ac t iva t ion  system (S-9) mix- contained per ml : ,0 .3  ml of 1 i ve r  hornogenate, 



8 pmol MgC12, 33 pmol KC1 , 5 'pmol glucose 6-phosphate, and 4 pmol 

. . nicotinamide adenine dinucleotide phosphate i n  100 .pmol of sodium. 

phosphate buffer  (pH 7.4). 

Bacterial mutagenicity assay. Among various bacter ia l  mutagenicity 

' t e s t  systems, t h e  assay developed by Ames u t i l i z i n g  the  h i s t i d ine  

. auxotrophic s t r a i n s  of Salmonella typhimurium i s  very widely uscd 

as  a prescreen i n  the  detection of potential  genet ic  and carcino- 

genic hazards. The standard s e t  of four  t e s t e r  s t r a i n s  a r e  gener- 
. . 

a l l y  applied i n  the  assays. The missense s t r a i n s  TA-100 and TA-1535 

a r e  designed to  de tec t  base .pa . i r ' subst i tu t ions  while s t r a i n s  TA-1537 . . 

and TA-98 a r e  used t o  de tec t  frameshift  mutations. The general pro- '  

cedure was described by Ames e t -  a1 . [I].  A bacter ia l  suspensjon 

8 ( 2  x 10 /ml ) was added i n  2 ml of molten top agar (45OC) containing 

t e s t  substance. S-9 mix (0.5 mllpla te)  was added when required t o  

incorporate metabol i  c  ac t iva t ion .  The top agar was over1 ayed on 

Vogel-. onner [I91 minimal media and rever tan t  co lon ies  were counted 

' a f t e r  2 days of incubation a t  37OC. Known chemical mutagens a s p o s i -  

t i v e  con t ro l s  and solvent controls  were rout inely  r u n .  

Yeast assay. The Saccharomyces assay u t i l i z e s  both a forward and a 

reverse mutation scheme. Forward mutation i s  detected by t h e  inact iva-  . . 

t ion  of the  arginine  permease gene (CAN1 ) , leading t o  r e s i s t ance  (canr) 

t o  the  t ox i c  antimetaboli te canavanine. Reverse mutation is  monitored 

by use of a h i s t i d ine  auxotroph (h i s '  1-7) which rever t s  b y  base-pair 
. . 

subs t i tu t ion .  



The t e s t  ' s t r a in  used in these experiments was constructed from stocks 

of Saccharomyces ce rev i s iae  maintained a t  ORNL and from stocks obtained from 
+ 

Berkeley co l lec t ion .  S t ra in  XL7-1OB has the  genotype p - CAN1 -.=-.-- h i s  1-7 

l y s  1-1' ura 1. 
\ .  

Detai ls  of the  preparation of media, r a t  l i v e r  homogenates, and the  
.. . 

.~iiu'Layer~ ici t y  assay have been described L12 ,I  31. The t e s t  material  was mixed 

w i t h  y ea s t  c e l l s  i n  buffer  'or  r a t  1 ive r  homogenate (S-9) i n  buffer  and i n -  

cubated f o r  3 or  24 h .  a t  30°C with shaking before i t  was plated on s e l ec t i ve  

media. Mutant clones were scored on s e l ec t i ve  p la tes  a f t e r  5 days .incubation 

a t  30°C. For determination of surv iva l ,  d i l u t i ons  were plated on yeast  ex- 

tract-peptone-dextrose p la tes  and scored a f t e r  2 days a t  30°C. 

Plant  cytogenetic assay. seeds of Himalaya barley from R. A. Nilan, washington 
. . 

s t a t e  University, Pul lman , s tored under r e f r i g e r a t i o n ,  were hand-picked f o r  

qua l i t y  j u s t  p r i o r  t o  each experiment. Approximately 25 seeds were sown 

embryo-side-up on Whatman $1 f i l t e r  paper i n  g lass  p e t r i  p la tes .  The f i l t e r  ' 

paper was thoroughly sa turated by adding 7.5 ml of e i t h e r  double-dis t i l led  

water o r  a t e s t  solut ion a t  pH 7.0. Each treatment was done i n  t r i p l i c a t e ;  

p l a t e s  were placed i n  sealed polyethylene bags, and cul tured f o r  42-46 h 

a t  25°C under 10-15 11 EMS f luorescent  l i gh t .  

Germinating seeds were k i l l ed  and fixed in  a c e t i c  ethanol (3:1 ethanol 

g lac ia l  a ce t i c  ac id )  and s tored i n  the  r e f r i ge r a to r  u n t i l  t h e  roo ts  were 

processed. Excised roots were hydrolyzed f o r  9 m i n  i n  1 N HC1 a t  60°C, 



reacted w i t h  S c h i f f ' s  Reagent f o r  a t  l e a s t  15 min, t r ea ted  with pectinase 

(0.4% i n  water, pH 4.0) f o r  a t  l 'east  30 m i n ,  squashed i n  aceto-carmine, 

and Deckglaskitt  was used t o  seal around the coversl ip.  Cells  were ob- 

served a t  1 OOOX magnif ica t ion f o r  the  presence of bridges and fragments 

.at  anaphase. 
. . 

Data were expressed as  aberra t ions  per 100 anaphases and a s  percent 

of aberrant  anaphases. S t a t i s t i c a l  inferences were drawn on the  bases of 

analysis  of -variance, and a l so  2x2 contingency chi-square t ab les  f o r  aber- 

ran t  versus normal anaphases i n  control versus chemical treatments. 

Preparation of samples. Aqueous ex t r ac t s  of the f l y  ash samples were pre- . . 

pared as  given i n  t he  federal  r e g i s t e r  Vol.' 43, No. 243, page 58946 (1978) .' 

. The As-contaminated sample was used as  provided by the  Environmental' Pro- 

t ec t ion  Agency. Resin concentration (XAD-2) procedures were previously 

described [4]. A 500-1111. aqueous ex t r ac t  i s  passed th'rough 4 g XAD-2 

(Isolab,  Inc. ) a t  a flow r a t e  of. 1.2 ml/min. The column was r insed w i t h  

deionized. water, and then el uted 'with acetone. The acetone e lua t e  was . 

evaporated t o  dryness and the  sample was dissolved in 2 ml . dimethyl sul foxi de. 

RESULTS AND DISCUSSION 

salmonel 1 a assay 

Aqueous samples.from the  As-contaminated ground water and i t s  XAD-2 

concentrate (12-5-fold, v/v). were ' t e s t e d  f o r  mutagenicity a t  nontoxic 
. . 

dose range. ' The r e s u l t s  obtained a re  given i n  . igure '1.. ,The ground 



water sample was n o t  mutagenic (F ig .  1  A) even w i t h  me tabo l i c  a c t i v a t i o n  

f o r  ' s t r a i n s  TA-98 and TA-100. However, t h e  XAD-2 concent ra te  ' o f  ground 

water  (F ig.  1  A) e.v&n w i t h  metabol ic. .  a c t i v a t i o n  f o r  s t r a i n s  TA-98 and . . 

TA-100. However, t h e  XAD-2 concentrate o f  ground water  (F ig .  1 B) ex- 

h i b i t e d  a  c l e a r  dose response w i t h  the  f r a m e s h i f t  s t r a i n s  TA-1537 and 

TA-98, and the  h i g h l y  s e n s i t i v e  TA-100 s t r a i n .  The missense s t r a i n  

TA-1535 was n o t  rever ted .  These r e s u l t s  suggest t h e  presence o f  muta- 

genic c o n s t i t u e n t ( s )  i n  t h e  aqueous sample whose a c t i v i t y  i s  ev iden t  o n l y  

-when a  proper  concen t ra t i on  method was couple'd t o  t h e  bioassay. 

The EP e x t r a c t  and i t s  XAD-2 concent ra te  from f ly. ash. sample were 

n o t  mutagenic when t e s t e d  w i t h  t h e  bas ic  s e t  o f  t e s t e r  s t r a i n s  and the  

r e s u l t s  a re  g iven i n  Table 1. A d d i t i o n  o f  metabo l ic  a c t i v a t i o n  system 

d i d  n o t  i n f l u e n c e  the  r e s u l t .  Lack o f  mutagenic a c t i v i t y  o f  f l y  ash from 

power p l a n t  i s  i n  c o n f l i c t  w i t h  e a r l i e r  r e p o r t s  o f  Chr isp,  F i she r  and 

Lammert [3] and Kubitschek and Venta [ l o ]  t h a t  'used serum e x t r a c t i o n ,  and 

Hobbs e t  a l .  [8] t h a t  used d ime thy l su l fox ide  f o r  e x t r a c t i o n .  The.EP ex- 

t r a c t i o n  procedure i s  probably n o t  adequate t o  e x t r a c t  mutagenic agents 

from f l y  ash. When benzene e x t r a c t i o n  was u t i l i z e d  w i t h  a  s i m i l a r  f l y  

' 

' ash sample ob ta ined from a  d i f f e r e n t  power p l a n t ,  a  dose dependent i n - .  
- .  

c r e i s e  i n  t he  i n d u c t i o n  o f  h i s t i d i n e  r e v e r t a n t s  was observed (unpubl i s h i d  

o b s e r v a t i o n ) .  Resul ts  ob ta ined w i t h  known chemical mutagens ( p o s i t i v e  

c o n t r o l s )  a r e  g iven i n  Table 1B. The a1 k y l a t i n g  agents EMS and MMS a re  



TABLE 1 

SALMONELLA MUTATION ASSAY: FLYASH - EP AND ITS CONCENTRATE (XAD-2) 

his' r e v e r t a n t s / p l  a t e  

. . TA-1535 TA-1537 TA-95 TA-100 
'EP XAD-2 EP XAD-2 EP :XAD-2 EP XAD-2 

. . . , . , 

A. Concentrat ion 
p l / P l a t e  

. . 

No a c t i v a t i o n  

A r  S-9 a c t i v a t i o n  

. . .  P o s i t i v e  Contro l  sC 

50 v1 (5%) EMS 

"o lvent  Cont ro l  :.  umbers underscored represent  p o s i t i v e  . 

response t o  mutagens 

b ~ o l  ven t  +S-9 c o n t r o l  
-9- 



very specif ic  in reverting TA-1535 and TA-100 respectively while the frame- 

s h i f t  s t r a ins  a re  reverted by 8-AmQ and B(a)P. 8 AmQ exhibits spec i f ic i ty  

to  the s t r a i n  TA-1537 and B(a)P i s  mutagenic only when activated with Ar- 

S-9 mix. 
. .  . 

Seccharomyces mutation assay.  he arsenic-contaminated ground water sample 

whs r~u t ~r~utayenlc (Tab? e 2 ) .  The XAU-2 concentrate 'of t h i s  sample was muta- 

genic without metabol i c  activation fo r  a 24 h .  exposure. A dose-dependent 

response was observed. Metabol i c  activation appeared t o  reduce the mutagenic 

potential of t h e  XAD-2 concentrate. Neither of t h e s e  t e s t  materials was 

toxic. Yeast resu l t s  show a moderate preponderance of induced forward muta- 

t ion to  - canr r e l a t ive  to  induced reversion of the his 1-7 base-pair substi-  
, . 

tut ion.  This i s  typical for  a response (by this system) to  a frameshifting 

agent. 

The f l y  ash EP extract  and i t s  XAD-2 concentrate were nontoxic and non- 

mutagenic to  yeast   a able 3 ) .  

Plant cytogenetic assay. Two methods of presentation have been adop'ted fo r  

'.the cytogenetic e f fec ts  observed in barley root t i p  c e l l  s ;  - viz. ,  . percentage 

of aberrant anaphases and aberrations per 100 anaphas.es. Table.a'shows the 

dis t r ibut ion of anaphases i.nto normal and aberrant c lasses  for  negative, 

posit ive,  and solvent controls versus complex environmental mixtures. 'The 

probabili ty values shown in the f a r  right-hand column were calculated by 

means of a 2 x 2 contingency chi-square table  designed t o  t e s t  f o r  interact ion.  



TABLE 2 

YEAST-MUTATION: AS-CONTAMINATED GROUNDWATER AND ITS XAD-2 CONCENTRATE 

I 

% Survival - canr/107 survivors - HIS+/~O~  survivors 

Concentration 3 hr 24 hr 3 hr 24 hr 3 hr 24 hr 
b 1) 

Sample XAD-2 Sample XAD-2 Sample XAD-2 Sample XAD-2 Sample XAD-2 Sample XAD-2 

N o  activation 

Control 100 100 100 100 2 7 24 19 15 6 13 1 1  6 
0.1 7 1 94 23 16 16 8 
1.0 84 8 1 20 19 8 8 

10 75 116 85 95 13 19 19 17 13 8 9 9 
20 127 98 15 34 8 24 

I 
-..I 50 138 93 17 69 6 3 7 
d 

I 100 89 156 99 86 16 17 13 1 76 9 9 1 1  55 

cpB activation . . 
. Control 100 100 100 100 14 17 . 1 7 . '  15 12 . 10 . 12 8 

I 0.1 107 103 2 1 14 ' 10 9 
1.0 5 9 87 27 2 1 10 10 

I 

10 82 105 103 94 2 1 18 14 19 14 11 9 12 
I 

20 98 86 20 3 1 13 6 
50 103 79 16 89 8 29 

100 9 1 112 119 7 1 18 2 1 18 107 12 7 7 24 

Ar a c t i v ~ t i o n  . 

Control 100 100 100 100 17 15 2 1 14 9 9 1 1  6 
0 .1  97 94 18 20 . 1 1  9 
1.3 92 96 13 27 8 7 

10 ' 87 107 9 1 108 21 12 22 13 12 10 10 8 
. . ' 20 11 1 122 25 4 1 11  9 

50 122 9 1 13 74 5 17 
100 88 - 90 103 82 ' 24 . 13 22 118 11 8 13 3 8 

EMS, 1% v/v  22 448 1270 . 

-- - - 



. . 

. TABLE 3 . . . . .  . . 

YEAST MUTATION: FLY ASH EP ETTRACT AND I T S  XAD-2,CONCENTRATE ' 

' 

. . 

7 . . 
. ' % Survival s r / 1 0  survivors . . . . - ~1~+/107,survi.vors , ' ' 

Concentration 3 hr 24 hr '. 3 h r  24 hr . 3 h r .  
6JI) . 

' 24 'hr 

, . EP XAD-2 EP XAD-2 EP XAD-2 EP XAD-2 EP. .XAD-2 . E P ,  XAD-2" 

N o  activation' 

Control 100 100 100 
0.1 104 10 1 
1.0 109, 96 - 

10 .. 94 . 103 , 97 
20 105 
50 102 

100 97 . 96 99 

cpB activation 
. . 

Control . . 100 100 100 17 24 16 . . 2 3 :  1 1  9 '  . 9 . 8  
0.1 106 107 20 1 1  9 8 
1.0 100 102 12 13 . - 3  . . 14 

10 10 1 98 102 17 25 17 19.  , 9 . .  6 6 9 
20 . ; . 107 23 19 8 , . I 1  
50 96 ': 18 22 1 1  7 

100 94 . . 109 .' 89 10 2 9 13 2 7 6 9 8 11  

Ar activation 

Control 
0.1 
1.0 

10 
20 
50 . ' 

100 

B(a)P, 100 Gg 
Ar-Acf ivation , 



The so l  vent  c o n t r o l s  (phosphate b u f f e r  and ' a c e t i c  a c i d  ex tkac t i on  s o l u t i o n )  

y i e l d e d  aberrant  anaphases a t  a  frequency t h a t  d i d  n o t  d i f f e r  from ' t h a t  o f  

t h e  negat ive  c o n t r o l ,  d i s t i l l e d  water.  I n  con t ras t ,  t h e  frequency o f  aber- 

r a n t  anaphases was increased i n  the  popu la t i on  o f  seeds t r e a t e d  w i t h  e t h y l  

methan,esulfonate, a  p o s i t i v e  c o n t r o l ,  and i n  those t r e a t e d  w i t h  t h e  f l y  ash 

e x t r a c t  and t h e  arsenic-contaminated ground water.  The f l y  ash e x t r a c t  was 

used as we rece ived i t  except f o r  t h e  ad,justment t o  pH 7.0 whereas t h e  a rsen ic -  

contaminated ground water  was d i l u t e d  1 :8 and 1:16 w i t h  phosphate b u f f e r .  

The more concentrated s o l u t i o n s  were t o x i c  t o  t h e  germinat ing  seed, i .e., 

germinat ion was delayed and r o o t  growth was i n h i b i t e d .  

Table 5 shows the  same experimental  da ta  as shown i n  Table 4 b u t  expressed 

as abe r ra t i ons  per- 100 c e l l s  (mean p l u s  o r  minus one s tandard  d e v i a t i o n  f o r  

each t rea tment  popu la t i on ) .  An arc  s i n  percent  t r a n s f o r m a t i o n  o f  t h e  data 

was done p r i o r  t o  doing t h e  ana lys i s  o f  var iance t o  reduce t h e  nonhomogeneity 

o f  t he  t rea tment  var iances.  Resul t s  o f  a  Student-Neuman-Keul comparison o f  

t rea tment  means [18] showed no d i f f e r e n c e  between t h e  nega t i ve  c o n t r o l  ' (d is-  

' t i l l e d  water )  and e i t h e r  o f  the '  so l ven t  c o n t r o l s  (ohosphate b u f f e r  and a c e t i c  

a c i d  e x t r a c t i o n  s o l u t i o n )  whereas the  p o s i t i v e  c o n t r o l  ( e t h y l  'rnethanesu1,fonate) 

and t h e  two.complex envi'ronmental m ix tu res  ( f l y  ash e x t r a c t  and t h e  arsen ic -  

contaminated ground water)  induced a s i g n i f i c a n t l y  inc reased number o f  aber- 

r a t i o n s  per  100 anaphases. 



Although the  two methods o f  data p resen ta t i on  address d i f f e r e n t  

aspects o f  t he  c e l l  p o p u l a t i o n ' s  response t o  seed t reatment ,  t h e  con- 

c l  us ion  i s  t h e  same. That  i s ,  t h a t  t h e  b a r l e y  r o o t  t i p  system responded 

t o  unknown mutagenic ' substance(s) i n  t h e  two complex envi ronmental '  mix- 

t u res  i n  a  manner s i m i l a r  t o  i t s  response t o  ethylmethanesulfonate'., a, 

kr~uwn mutagen. Ph is  response was observed as an increase i n  t h e  per -  

cen t  o f  abe r ran t  anaphases and i n  the  number o f  a b e r r a t i o n s  pe r  100 

anaphases . 
Our r e s u l t s  w i t h  the  b a r l e y  r o o t  t i p  cy togenet ic  a b e r r a t i o n  assay 

agree w i t h  expectat ions.  According t o  Brewen and Pres ton  (2)  s t r u c t u r a l  

changes in-chromosomes c o n s t i t u t e  a  s i g n i f i c a n t  p r o p o r t i o n  o f  mutagenic 

events. Chemicals t h a t  induce mutat ions i n  eukaryotes i n v a r i a b l y  a l s o  

induce chromosomal s t r u c t u r a l  changes ( 5 , l l ) .  F l y  ash from coa l  com- 

b u s t i o n  has been repo r ted  t o  be mutagenic i n  b a c t e r i a  and known mutagens 

have been i s o l a t e d  and i d e n t i f i e d .  Arsenic and heavy meta ls  a r e  known 

t o  induce bo th  muta t ions  and cy togene t i c  e f f e c t s .  

Chrisp, F isher  and Lammert (3 )  repo r ted  t h a t  horse serum, phosphate- ' . 

b u f f e r e d  sa l i ne ,  and cyclohexane f i l t r a t e s  o f  f l y . a s h  o f  a  mass median 

d iameter  o f  2.2 pm, t h e  f i n e s t  p a r t i . c l e  s i z e  f r a c t i o n ,  tes ted ,  induced ,an . .. 

i nc reased number o f  h i s t i d i n e  r e v e r t a n t s  i n  Salmonel la ' typhi rnur ium s t r a i n s  

TA-98 and TA-1538. The rank o r d e r  of  a c t i v i t y  was horse serum >>cycle- . . 

hexane >, s a l i n e .  I n  a  more recen t  r e p o r t ,  Fisher,. Chr isp  and Raabe (6) 



Table 4 L i s t  of-seed treatmerlts, the number of normal and aberrant anaphases 

observed, and the probability for chi-square ialues for the comparisons 

of treatment frequencies. 

Anaphases Observed 

Treatment Normal Aberrant P 
1 

Distilled Water 

Phosphate Buffer 
2 

3 EMS , 2241 154 ' 7.59 .s 0.001 

Acetic Acid 

Extraction Solution 4 

5 
Fly Ash Extract ,2874 437 13.20 < 0.001 

1221 .' As-Contaminated 190 .13.47 < 0.001 
6 Ground Water 

'2x2 Contingency tables were used to compute chi-square for interaction; 

P =.probability of difference being due to chance. . . 

Monobasic and dibasic phosphate buffer at pH 7.0. 

5 Ethyl methanesulfbnate at 0.025 M in phosphate buffer at pH 7.0; seeds soaked 

aerobically in water at % 1°C for 16 hrs, 2 hrs in EMS at % 1°c plus 6 hrs at 

24"C, rinsed and cultured on a water-saturated Whatman #1 filter. 

Weak acetic' acid extraction solution as published in 43FR58956 

Extract was used as received, i. e., not diluted. . . 

Pooled values from treatments using 1 :8 and 1 :16 dilution (1.25 and 0.625 ml . . 

extract plus sufficient wafer. to make 10 ml of solution) . . . 



have repo r ted  t h a t  serum f i  1 t r a t e s  o f  t h e  most r e p i  r a b l  e s t a c k - c o l l  ec ted  f l y  

ash a r e  mutagenic i n  'Salmonel l a  typh imur i  um s t r a i n s  .TA-98,. TA-100, and TA-1538. 

Serum f i l t r a t e s  o f  t he  mutagenic f l y  ash f r a c t i o n  heated t o  350°C were non- 

mutagenic i n  t h e  Salmonella assays. They hypothesized t h a t  t h e  mutagenic ac- 

t i v i t y  o f  f l y  ash i s  associated w i t h  o rgan ic  compounds. Lee, e t  a l .  (14) 

havc found d imethy lsu l  r d l e  and I t s  h y d r o l y s i s '  product ,  monomethylsulfate, a t  

concent ra t ions  as h igh  as 830 ppm i n  f l y  ash and a i r -bo rne  p a r t i c u l a t e  m a t t e r  

f rom coal  combustion. These compounds a r e  known mutagens.. 

I n  t h e  case o f  t he  arsenic-contaminated ground water, numerous metals  

were present  ( e . g .  Cd-485; Ni-935; Pb-117, Sb-297; T i -7 ,  720; and Tn-251 p g / l )  

(4 ) .  Arsenic, e s p e c i a l l y  i n  t h e  a r s e n i t e  s ta te ,  i s  known t o  induce muta t ions  

and chromosome aber ra t i ons  (17) .  Some o f  t he  heavy metals  a r e  known t o  be 

mutagenic and/or carc inogenic (7,15). 

CONCLUSIONS . .  . 

. . 

Based on r e s u l t s  observed, t he  f o l l o w i n g  conclus ions were 'reached: 
. . 

1. The Salmonel la and Saccharomyces assays indi.cated t h e  presence o f  muta- 

genic a c t i v i t y  i n  t h e  XAD-2 concent ra te  o f  t h e  As-contaminated ground 

water,  b u t  n o t  i ' n  t h e  aqueous e x t r a c t  o f  t he  f l y  ash sample. 

2. Both assays imp1 i cated f ramesh i f t  mutagenesis as t h e  mechanism invo lved.  

3.  The Hordeum r o o t  t i p  assay i n d i c a t e d  t h e  presence o f  mutadenic a c t i v i t y  . 
. 

i n  bo th  complex mix tures  tes ted .  



' .  

Table  5 L i s t  o f  seed t r ea tmen t s ,  t h e  number of germinat ing embryos s t u d i e d ,  

and mean number of  a b e r r a t i o n s  p e r  100 c e l l s  and t h e i r  s t a n d a r d  

d e v i a t i o n s .  The comparison of t rea tment  means was done u s i n g  a r c  

s i n  'j-t t ransformed d a t a ;  however, t h e  a c t u a l  va lues  a r e  shown 
. . i n  t h i s  t a b l e . "  

Treatments  
Mean Number of . 

Embryos Aberra t ions  
S tandard  

Devia t ion  
. . 

N / l o 0  c e l l s  

' .  D i s t i l l e d '  Water .  60 .2.75 .; 3.04 

A c e t i c  Acid 
E x t r a c t i o n  S o l u t i o n  G O  

F ly  Ash Ex t r ac t  60 16.30 

5 9 Phosphate Buffer '  4.37 4.23 

EMS '(0.025M) 63 11.02 9.73 

A s  -Cont aminat ed 
Ground Water 

* 
Footnotes  shown i n  Table 4 r ega rd ing  t r ea tmen t s  apply  h e r e  a s  w e l l .  



4. Chemical analyses of both complex mi.xtures show the  presence of heavy. 

metals imp1 ica t ing  them as the  possible cause of chromosomal aberrat ions .. 

Solid wastes have been characterized t o  determine t h e i r  potent ia l  

hazard t o  humans and the  enviyonment. An arsenic-contaminated ground water 

sample increased the  frequency of h i s t i d ine  rever tants  i n  Salmonel 1 a typhimu- 

rium (TA-98) a t  0.025 to  5.000 p1 per p la te  with Aroclor-induced S-9 l i v e r  - 
microsomes. When 2.5 t o  75 p1 of the  XAD-2 concentrate (12.5-fold, v:v) 

were  used, the  mutant frequency was increased i n  s t ra in , s  TA-98, TA-100, and . . 

TA-1537; metabolic ac t iva t ion  was not required. Only t h e  XAD-2 concentrate 

was mutagenic i n  the  Saccharornyces cerevisdae haploid s t r a i n  XL7-1OB; meta- 

bol ic  ac t iva t ion  was not required.  The mutagenic p,r incipal ,  which i s  not 

known, appears t o  be a t  the  l i m i t  of resolution; '  hence, the  XAD-2 concentra- 

t ion  i s  necessary t o  demonstrate mutagenic ac t i v i t y .  The arsenic-contaminated . 

ground water (0.0625 an'd 0.125 d i l u t i o n s )  and the  power p lan t  f l y  ash ex t rac t  

(undiluted) increase.d the  frequency of bridges and fragments a t  anaphase i n .  

root  t i p  c e l l s  of Hordeum. The f l y  ash sample was negative i n  the  microbial 

assays.  Results emphasize (1 ) t he  need f o r  a ba t te ry  of assays with d i f f e r en t  

, . 
organisms and ( 2 )  the  potential  .of a simple assay using plant  roo t  t i p  c e l l s  

t o  de tec t  mutagenic a c t i v i t y  in complex environmental mixtures. 



Abbreviations. Ar-S9, Aroclor 1254 ( i n j e c t i o n )  induced r a t  1 i v e r  homogenate ; 

B(a)P, ~ e n z o ( a ) ~ ~ r e n e ;  EMS, ethylmethanesul fonate;  MMS, emth,ylmethanesulfonate; 

8 -AmQ,  8-Aminoquinoline. 
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Figure  Legend 

Mutagen ic i ty  o f  As-contaminated ground water  and i t s  XAD-2 concentrate 

i n  the Salmonella assay. Each p o i n t  represents  an 'average o f  a t  l e a s t  t h ree  

independent experiments.. 






