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Atmospheric organic matter(AOM) derived from suspended pa r t i cu la t e s  is 
carcinogenic fo mouse skin (Hoffman and Wynder 1968). For a s s e s s m e n t  of 
polluted air  fo human health,  var ious chemical and biological quant i-  
t a t ive  de te rmina t ions  have been carr ied  out(Hughes et  al. 1980, Chrisp 
and Fisher 1980), however,  AOM conta ins  severa l  hundred organics  tha t  
bave hOt ye t  been t e s t e d  individually for  carcinogenic ac t iv i ty  and 
only 30-40~ of the components  has been identif ied(Van Cauwenberghe and 
Van Vaeck 1983). Recently, much a t t en t ion  has been focused on a re la-  
tion between oxygen radical and carc inogenes is (Ames 1983). Nakayama et  
al. (1983 and 1984) sugges ted  a possible role of f ree  radicals  and sub- 
sequent ly  formed act ive  oxygens such as superoxide anion r ad ica l (02 - ) ,  
hydrogen peoxide (H202) and hydroxyl radica l ( .  OH) in a romat ic  amine and 
tabacco carc inogenes is ,  in both the ini t iat ion and promotion s t eps .  
Furthermore, t hese  oxygen radicals  have long been thought  to be in- 
volved in cancer  caused by radiat ion.  If is, t he re fo re ,  cur ren t ly  
impor tant  fo c la r i fy  whether  AOM g e n e r a t e s  oxygen radicals  or  not.  In 
this  r epor t ,  we demons t r a t e  the genera t ion  of superoxide anion radical 
(Oz-) from AOM and descr ibe  the contr ibut ion of the acidic f rac t ion  of 
AOM to 02- genera t ion .  

MATERIALS AND METHODS 

Suspended pa r t i cu la t e  ma t t e r (SP)  was col lected af the roof  of our in- 
s t i tu te (Kobe ,  Japan) by a high-volume air  sampler  fo r  24h in August, 
1986. AOM was ex t r ac t ed  with benzene /e thano l (4 :  l )  by a Soxlet e x t r a c -  
to r .  The solution was evapora ted  to d ryness  and the residue(AOM) was 
dissolved in 2.5ml of chloroform/methanol(2:l). The sample solut ion 
waf s t o r ed  a t  -20™ Mean value -+ S.D. was 55+24~g/m ~ fo r  a tmospher ic  
SP level and 5. 5_+2. 8~g/m �87 for  AOM. SP contained 12.8_+5.5g of AOM. 
(Table 1). AOM was s epa ra t ed  into neut ra l  plus basic,  e the r - so lub le  
and wa te r - so lub le  acidic f r ac t ions  by ac id-base  par t i t ioning .  AOM(52mg) 
was t r a n s f e r r e d  into a s e p a r a t o r y  funnel with 200ml of both diethyl 
e t h e r  and O. 1N-NaOH, and shaken for  frein. The organic layer  was washed, 
dried and e v a p o r a t e d ( t h e  neutra l+basic  f r ac t ion ) .  Aqueous layer  was 
acidified with lOml of 1N-HCI and e x t r a c t e d  twice with 30ml of diethyl 
e the r .  The e t h e r  l ayer  ,vas dried and e v a p o r a t e d ( t h e  e the r - so lub le  
acidic f r ac t ion ) .  The aqueous layer  was passed through SEP-PAK C18 
c a r t r i d g e ( W a t e r s ,  U.S.A. ). The ca r t r idge  was washed with ~ml of wa te r .  
The wa te r - so tub le  acidic f rac t ion  was eluted with 5ml of methanol.  02- 
was de tec ted  by reduct ion of ni t ro  blue tetrazolium(NBT) according to 
the method of Nakayama et  al. (1984).  An appropr ia te  amount of AOM and 
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Table 1. Daily var ia t ion  of a tmospher ic  SP and AOM level 

Date Air SP SP/Air AOM AOM/hir AO~/SP 
(m 3 ) (mg) (~g/m 3 ) (mg) (kg/m a ) (%) 

8/01 2592 125 48.2 11.60 4.48 9.3 
/04 2447 60 24.5 15.77 6.44 26.3 
/05 2486 79 31.8 10.16 4.09 12.9 
/06 2462 198 80.4 30.55 12.41 15.4 
/07 2507 171 68.2 15.79 6.30 9.2 
/18 2582 128 49.6 13.87 5.37 10.8 
/19 2615 120 45.9 11.70 4.47 9.8 
/20 2534 107 42.2 13.10 5.17 12.2 
/21 2498 250 100.1 23.56 9.43 9.4 

i fs  individual f rac t ion  were  redissolved in dimethyl sulfoxide.  The 
solut ion (O . lml) was added fo 3ml of lOOmM sodium phosphate  bu f fe t  
(01t7.4) containing 50~M NBT, IO0~M EDTA and 0.06~ Triton X-IO0 in a 
photomet r ic  cell, mixed immediately and incubated af  37™ Blue- 
formazan which is the reduct ion product  of NBT was measured by reading 
the absorbance  af  560nm. To determine the acid component of AOM, the 
subs tance  was dissolved in 2ml of diethyl e t h e r / e t h a n o l ( 2 : l )  and 
t i t r a t e d  with O. 1N-KOH ethanolic  solut ion using phenolphthalein as an 
indicator .  If was expressed  as ac id i ty (a l  of O.1N-KOH ethanolic 
solut ion required fo neu t ra l i ze  lmg of AOM). 

RESULTS AND DISCUSSION 

To t e s t  whether  or  not AOM can gene ra t e  02-,  the substance(O.  3 -1 .2mg)  
was incubated with NBT at  37™ up fo 120min and the de tec t ion  of 02- 
was a t t empted  by measuring b lue- formazan .  As shown in Fig. 1, the 
absorbance  af 560nm increased  propor t ional ly  with the amount of AOM 
added and the rime incubated.  The resu l t  indica tes  t ha t  AOM can reduce 
NBT fo formazan,  however ,  if was unknown whether  the format ion was due 
to the act ion of 02- genera ted  or  the organic component i t se l f .  The 
e f f e c t  of superoxide dismutase(SOl), Sigma) was examined on the yield 
of the formazan in o rde r  fo determine the reducing spec ies .  This is 
because the emzyme is known fo scavenge the ac t ive  oxygen as fol lows:  

0 2 -  + 0 2 -  + 2H + -~  H202 + Oz 
As shown in Fig. 2, SOD decreased  the yield of the product  and com- 
pletely inhibited the format ion af the dose of 2ag. This resu l t  c lea r -  
ly d e m o n s t r a t e s  t h a t  the fromazan was produced by the act ion of 02- 
gene ra ted  from the component of AOM via some chemical p rocess .  Thus, 
AOM was shown fo be 02- g e n e r a t o r  under the physiological condit ions.  

AOM was s epa ra t ed  into th ree  chemical c l a s s e s ( t h e  neutra l+basic ,  the 
e the r - so lub l e  and the wa te r - so lub le  acidic) and the individual f r ac -  
tion was s tudied fo r  the contr ibut ion fo 02- genera t ion  of the crude 
mixture .  Results  are  shown in Table 2. Approximately a half  amount of 
the organic mater ia l  was recovered ,  on the con t r a ry ,  only one f i f th  
was did fo r  the 02- genera t ion .  The d i f f e rence  between these  r ecovery  
r a t e s  s u g g e s t s  the p resence  of some synergism of the individual com- 
ponent in the crude mixture and /o r  chemical dena ture  of the component 
responsible  for  the 02- genera t ion  by tha t  f rac t iona t ion .  The e t h e r -  
and the wa te r - so lub le  acidic f r ac t ions  accounted fo r  80g of the sum of 
the organics  r ecovered  and did for  almost  ail of the 02- genera t ion  
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Figure 1. ( l e f t )  Reduction of NBT by AOM. �9 : l . 2 m g  AOM/incubate,  X : 
O. 9mgAOM/incubate,  �9 :0 .6mgAOM/incubate ,  I :0 .3mgAOM/incubate .  
AOM used fo r  the  e x p e r i m e n t s  shown in Figs. 2 and 3, and Table 2 was 
co l lec ted  during August 11-15 and 25-29,  1986. 

Figure 2. ( r igh t )  Ef fec t  of superox ide  dismutase(SOD) on the  reduct ion 
of NBT by AOM. : wi thout  SOD, 0 0 : with SOD. 
SOD from bovine e r y t h r o c y t e ( S i g m a )  was used.  An a l iquo t (20~l )  of the  
di luted enzyme solut ion  was  added. The mix tu re  containing lmg of AOM 
was incubated  f o r  90rein both with and wi thout  SOI). 

Table 2. Frac t iona t ion  of AOM and 02- gene ra t ion  

Weight Superoxide Radical  
F rac t i on  mg g A56on./mg/90min %Contribution 

Crude mixture(AOM) 52.0 100 0.159 
Neutral+Basic  6.4 12.4 0.007 
E t h e r - s o l u b l e  a c i d i c s  17.8 34.2 0.029 
Wate r - so lub le  a c i d i c s  5.0 9.6 0.237 
Sum of  ind iv idua l  29.2 56.2 

100 
0.5 
5.8 

14.3 
20.6 

A lmg-a l iquo t  of  each f r ac t i on  was de te rmined  fo r  the  02- gene ra t ion .  
Values fo r  the  cont r ibu t ion  of the  individual were  e x p r e s s e d  as  a 
p e r c e n t a g e  of the  ac t i v i t y  of the  crude  mixture(AOM). 

r e c o v e r e d .  The r a t e  of  02- gene ra t ion  was approx ima te ly  8 fold g r e a t e r  
f o r  the  w a t e r - s o l u b l e  acidic f r ac t i on  than  f o r  the  e t h e r - s o l u b l e s .  
Although the  sure of  the  individual con t r ibu t ion  was  very  low, the  
ac id ics  w a t e r - s o l u b l e  were  shown to  play the  mos t  i n p o r t a n t  role  in 
the  02- gene ra t i on  of AOM. 

02- gene ra t ion  by AOM was f u r t h e r  s tudied  fo r  the  dependency on the  
acid con ten t .  Daily l eve l s  of  t h e s e  two p r o p e r t i e s  were  measured  and 
the  co r r e l a t i on  c o e f f i c i e n t  was ca lcu la ted .  As shown in Table 3, both 
the  leve ls  var ied  day by day widely.  Mean value was 0.062 fo r  02- 
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Table 3. Daily v a r i a t i o n  of  02- 
genera t ion  and a c i d i t y  of  AOM. 

Date Oz-(Asy Acidity(O.1N- 
/mg AOM) KOH~l/mg AOM) 

8/01 0.040 15.6 
/04 0.030 8.1 
/05 0.082 18.2 
/06 0.132 25.3 
/07 0.046 26.4 
/18 0.064 15.1 
/19 0.033 10.7 
/20 0.024 8.1 
/21 0.105 18.6 
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Figure 3. ( r ight )  Correlat ion between 02- genera t ion  and acidi ty of 
AOM. A lmg-a l iquot  of AOM was used for  both the de te rmina t ions .  

genera t ion  and 17.3 for  the acid con ten t .  The coe f f i c i en t s  of var ia -  
tion were 60.5~ and 44.47~, r espec t ive ly .  The cor re la t ion  coef f ic ien t  
was found t o b e  0.7580 and the value was s t a t i s t i c a l l y  s igni fcant  af  
p(O. 05. Thus, 02- genera t ion  by AOM was demons t ra t ed  fo be dependent  
on the amount of the acidic components  of AOM (Fig. 3) .  The probable 
acidic components  a re  polyphenols,  because  1)in the sepa ra t ion  s tep ,  a 
typical  dark brown color  of the alkarine solution of the acidic f r ac -  
tion disappeared on acidi f icat ion,  being sugges ted  to be compounds of 
polyphenolic na tu re  and 2 ) the  authent ic  compounds are  known to produce 
ac t ive  oxygens(02-  and H202) by the i r  autoxidat ion(Nakayama e t  al. 
1984). These organic  acidic mate r i a l s  should be f u r t h e r  cha rac t e r i zed  
and ident i f ied  fo r  the elucidaton of the i r  e f f e c t s  fo r  human health.  

In the course  of th is  s tudy,  carbonyl  con ten t  of AOM was also examined 
for  the re la t ion  fo 02- genera t ion ,  since these  compounds seemed to 
gene ra t e  the ac t ive  oxygens(Levin e t  al. 1982). As a resu l t ,  no s ig-  
n i f icant  cor re la t ion  was observed(r=O.1339,  p<O.05). Some of them 
(alkanals and alkadienals)  become po ten t  02- g e n e r a t o r s  in the 
p resence  of xanthine oxidase(unpubl ished da t a ) .  The ex ten t  of  the i r  
cont r ibut ion  in vivo remains fo be determined.  

Although hazardous  e f f e c t  has been descr ibed in tbis  r epo r t  only for  
the organic por t ion of suspended pa r t i cu l a t e s ,  the non-o rgan ic s (more  
than 3/4 of SP, sec  Table 1) should also be considered as toxicant  
a n d / o r  s y n e r g i s t s .  One of them, iron ions are  impor tant  as  they may 
produce much s t r o n g e r  oxygen radicals(X202 and OH.) from 02- via the 
Fentone type  Xarber-Weiss  reac t ion  as fol lows:  

02- + Fe 3+ - 02 + Fe 2+ 
tt202 + Fe 2+ y .OH + OH- + Fe 3+ 

These radicals  can cause lipid peroxidat ion(Tien and Aust 1982) and 
yield numerous toxic and mutagenic p roduc t s  such as lipid hydroper -  
oxides,  a ldehydes and epoxides(Yamaguchi 1980, Yoshioka and Kaneda 
1974). The de le te r ious  r e a c t i o n i  may indeed oceur  in lung, a t a r g e t  
organ of SP, because  if is rich in po lyunsa tu ra t ed  lipids and the 
metal  ions a re  abundant  in SP. These oxidative damages also d e c r e a s e s  
cel lular  an t iox idants  such as gluta thione,  a s co rba t e  and vitamin E. 
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The oxygen radicals directly or indirectly cause damage to DNA. 
Nakayama et  al. (1985) repor ted  tha t  DNA single-s t rand breaks in human 
cells induced by c igare t te  smoke may be ascribed to active oxygens 
generated from c igare t t e  smoke. The radical species can act ivate  car-  
cinogens such as benzo(a)pyrene and naphthylamine with or without per-  
oxidized lipid radicals (Kodama 1985). 

Mutagenic act ivi ty has long been used as an important index for  the 
risk assessment  of air pollution and numerous repor t s  have been pub- 
lished for  the mutagenicity of airborne organic mater ials .  Recent 
findings show that  both the initiation and promotion s tages  in carci-  
nogenicity may involve oxidative damage to the organism caused by the 
active oxygens. Airborne par t iculate  mat te r  should be investigated for  
the quanti tat ive estimation of the oxidative s t r e s s  on human beings. 
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