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Indus t r ia l  a n d  chemical  processes  produce s u b s t a n c e s  toxic to the  
e n v i r o n m e n t  and  h u m a n  heal th.  Occasionally,  s u c h  s u b s t a n c e s  
a re  s imply  i n t r o d u c e d  into the  e n v i r o n m e n t  wi th  or  w i t h o u t  
detoxiflcation. Chemical  agents  t ha t  damage  DNA are potent ial ly  
mutagen lc  a n d / o r  carcinogenic in h u m a n s  (Cross e t  al 1987). DNA 
d a m a g e  In the  form of single or double  s t r and  breaks  m a y  s h a r e  
these  d a n g e r o u s  mutagen lc  or carcinogenic propert ies  (Imlay e t  al 
1988). We have recen t ly  d e m o n s t r a t e d  the  u se fu lne s s  of l a se r  
s c a n n i n g  microscopy technology in the accura te  detect ion of DNA 
single s t r a n d  b reaks  (Fairbairn e t  al 1993) a n d  double  s t r a n d  
b reaks  (manusc r ip t  in preparat ion)  us ing the  single cell gel (SCG) 
a s s a y .  The  SCG a s s a y  is a very  sens i t ive ,  a c c u r a t e ,  a n d  
rep roduc ib le  m e t h o d  of de tec t ing  and  m e a s u r i n g  levels of  DNA 
s t r a n d  breaks  in individual cells (Olive et  al 1993, Vijayalaxml e t  al 
1992). 

We d e m o n s t r a t e  in this  s tudy  the ability of the SCG assay  to de tec t  
DNA damag ing  agen ts  in a sensitive way in env i ronmen ta l  wa te r  
samples .  We sampled  water  from various sources  in U tah  Coun ty  
a n d  found  tha t  one sample  in par t icular ,  which  was  t a k e n  f rom 
wa te r  being i n t r oduc e d  into Utah  Lake, con ta ins  some  agent(s)  
capable  of induc ing  DNA damage  in the  foHn of s t r and  b reaks  or 
alkali labile sites in individual h u m a n  cells. 

M A T E R I A L S  AND M E T H O D S  

Samples  of wate r  were t aken  In 50 mL volumes from different si tes 
in U t a h  Valley. One sample  was  t aken  from the  out le t  of a large 
pipe leading from an  indus t r ia l  a rea  flowlng Into Provo River {a), 
two were  t a k e n  from holding pools of was te  wa te r  p r o d u c e d  by 
large i ndus t r i a l  compan ie s  t ha t  are  s u b s e q u e n t l y  re leased  lnto  
U t a h  Lake (B a n d  C), a n d  the  las t  s ample  was  t a k e n  f rom 
indus t r ia l  was te  wate r  flowing lnto Utah Lake (D). Delonized wa te r  
was  u s e d  as a control sample  (E). All samples  were filtered us lng a 
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0 .20 /~m filter a n d  d i lu ted  with s tocks  of p h o s p h a t e  buffered sa l ine  
(PBS) to a final concen t ra t ion  of 1X PBS for t r ea tmen t .  

Rajl  cells (a h u m a n  promyelocyt ic  cell line) were m a i n t a i n e d  in 
RPMI 1640 p lus  10% fetal bovine s e r u m  (Hyclone Labs,  Logan UT) 
a t  e xponen t i a l  growth.  A s u s p e n s i o n  of cells in 0 .75% low me l t  
p o i n t  aga r o s e  was  p r e p a r e d  at  37oc ,  a n d  a very  t h l n  gel was  
p r e p a r e d  by s p r e a d i n g  3 0 0 / t L  on  a fully f ros ted slide (50 ,000 cell 
total).  The  s l ides  were p laced  In PBS p r e p a r e d  u s i n g  d i f fe rent  
wa te r  s a m p l e s  for 60 m i n u t e s  at  4 o c  to p reven t  DNA repa i r  (Ward 
e t  al 1985).  The  s ing le  cell gel a s s a y  a n d  l a s e r  s c a n n i n g  
m i c r o s c o p i c  a n a l y s i s  was  p e r f o r m e d  as  p r e v i o u s l y  d e s c r i b e d  
(Fairbalrn et  al 1993). 

DNA d a m a g e  ha s  been  shown  to correlate wi th  inc reased  migra t ion  
In t he  d i rec t ion  of e lec t rophores is  (Gedik et  al 1992, Fa l rba i rn  e t  al 
1993). M e a s u r e m e n t s  of comet  length  (x) a n d  he igh t  (y) were t a k e n  
a n d  u s e d  d u r i n g  analysis .  The rat io of y / x  Is use fu l  in c o m p a r i n g  
relative d a m a g e  levels; a control  with  no d a m a g e  would  have a y / x  
va lue  n e a r i n g  one,  while the  y / x  va lue  dec rea se s  wi th  i n c r e a s e d  
DNA d a m a g e .  S t a t i s t i c a l  a n a l y s i s  was  p e r f o r m e d  u s i n g  t h e  
s t u d e n t ' s  t - test .  All exper imen t s  were per formed blind. 

R E S U L T S  A N D  D I S C U S S I O N  

Figure  I d e m o n s t r a t e s  the  a p p e a r a n c e  of comets .  DNA m i g r a t e s  
f rom the  h e a d  of the  come t  in the  d i rec t ion  of e l ec t rophores l s  in  
cells wi th  i n d u c e d  damage .  We initially s c reened  t he  s a m p l e s  for 
s u b s t a n c e s  toxic to the  DNA of h u m a n  cells by t rea t ing  whole  cells 
wi th  PBS p repa red  us ing  sample  water.  Cells were sub jec ted  to the  
SCG a s s a y  a n d  ind iv idua l  come t s  were scored  as  desc r ibed  u s i n g  
laser  s c a n n i n g  microscopy.  The s amp le s  were d i lu ted  as  one  pa r t  
wa te r  s a m p l e  to two pa r t s  delonized water  In the  PBS p repa ra t ion .  
The  r e s u l t s  of  t he  in i t ia l  s c r e e n i n g  d i s p l a y e d  in Table  I a re  
averages  of  four  exper iments .  

Table I. Sc reen ing  env i ronmenta l  water  s amp le s  for DNA d a m a g i n g  
agents .  

Sample* x~um) SD difference from significance(p) 
control (/tm) 

A (into river) 19.2 3.7 0.3 
B (holding pool) 28.5 6.6 9.0 
C {holding Ix~ol) 20.0 3.6 0.4 
D (into lake) 21.4 3.9 1.9 
E (deion. water) 19.5 3.2 control  

*25 come t s  were scored  per  s ample  In each  of four  trials. 

0.631 
<0.001 
0.479 
0 .004 
cont ro l  

The negat ive control  comet s  (sample E) had  an  average l eng th  of 
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Figure I. Comet  images  visualized us ing the  LSM (A) Control  
cell DNA with no induced  DNA damage  (B) Raji cell with i nduced  
DNA damage.  2 5 / t m  = ~ 

19.52 /~m, w h e r e a s  the  average comet  length  in s ample  B was  
28 .54  /~m. We decided to fu r the r  analyze sample  B b e c a u s e  it 
a p p e a r e d  to con ta in  some agent  capable of caus ing  a s ignif icant  
i n c r e a s e  in DNA migra t ion  u n d e r  a lkal ine condi t ions  wh ich  is 
representa t ive  of DNA damage.  

We p repa red  th ree  different  di lut ions of the  sample  a n d  r a n  the  
SCG a s s a y  us ing  these  di lu t ions  c o m p a r e d  aga ins t  a deionlzed 
wa te r  negative control.  We inc luded  1:2, I : I 0  and  I : I 0 0  wa te r  
s a m p l e  d i lu t ions  in deionized wa te r  w h e n  p repa r ing  the  PBS 
so lu t ions  for exposure .  We wished  to dete~cczlne w h e t h e r  the  
agen t s  responsib le  for the  appa ren t  increase  In DNA d a m a g e  In 
the  above sample  could be detected at  the different dilutions.  The 
expe r imen ta l  condi t ions  used  were identical  to t h a t  u s e d  above. 
The resul t s  of four sets  of exper iments  are given in Table 2. 

Table 2. Effect of  di lut ion on the  ability to de tec t  DNA damag ing  
agents  in an  envi ronmenta l  water  sample. 

Sample* y / x  SD x (~m) SD diff. from slgnlf. 
cntrl~um) (p) 

control  0.92 0.06 2 I. 1 3.8 control  control  
1:100 0.91 0.07 21.6 3.3 0.5 0.453 
I : I 0  0.76 0 . I0  26.7 5.0 5.6 <0.001 
1:2 0.45 0.07 44.0 4.8 22.8 <0.001 

*25 comets  were scored per sample In each of four trials. 

The come t  charac te r i s t i c s  were not  signlflcanfly different  for the  
1:100 dflutlon. At thls  dilution, It was not  possible to de tec t  the  
DNA d a m a g i n g  agent(s) .  It was  possible,  however ,  to d e t e c t  
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s igni f icant  DNA damage  at  d i lu t ions  less t h a n  1:10 as 
demonstrated In the table above. The DNA damage induced by this 
environmental  sample Is demonstrated by both an increase in the 
length of migrat ion of DNA in individual  h u m a n  cells when  
subjected to electrophoresis, as well as a decrease In the y / x  value, 
which is also characteristic of DNA damage. 

We found tha t  it is possible to screen water  samples  being 
in t roduced into the environment for agents that  are capable of 
inducing DNA damage in h u m a n  cells using the single cell gel 
assay .  Al though we have not  charac te r i zed  the  agent(s)  
respons ib le  for DNA damage induct ion  In the sample  tha t  
demonstrated the most significant increases in DNA migration, we 
demonst ra te  in this s tudy that  It is possible to detect the DNA 
damaging agents. This assay is very sensitive and reproducible, 
and  may prove to be useful in the detection of DNA damaging 
agents in environmental samples. 
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