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The carc inogenic  act ivi ty of soot f r o m  airplane engines,  of both piston and turboje t  types ,  
was demons t ra ted  in expe r imen t s  on C57 • CBA hybr id  mice.  

The carcinogenic  p r o p e r t i e s  of soot have been known fo r  a long t ime  [10, 11]. Invest igat ions [2, 3, 6, 
8, 12] have shown that p roducts  of incomplete  combust ion of automobile fuel, when l ibera ted  into the human 
externa l  environment ,  contain carc inogenic  polycycl ic  a roma t i c  hydrocarbons ,  notably benzpyrene  (BP), 
and can induce t u m or s  in  expe r imen t s  on animals .  

A study of BP in soot d i scharged  by a i rplane engines [5] showed that these  engines expel between 2 
and 4 mg BP p e r  minute of work.  The highest  content of BP was found in soot f r o m  pis ton engines,  and 
r a the r  l e s s  in that  f r o m  turboje t  engines.  

This is the f i r s t  study of a i rp lane  engines as a source  of carc inogenic  pollution of the environment .  
R e m e m b e r i n g  that soot f rom var ious  types of a i rp lane  engines can contain not only BP, but also o ther  c a r -  
cinogenic and cocarc inogenic  subs tances ,  as  well  as subs tances  inhibiting ca rc inogenes i s ,  it was decided to 
invest igate  the carcinogenic  act ivi ty of s eve ra l  s amples  of a i rplane soot in expe r imen t s  on animals .  

EXPERIMENTAL METHOD 

Several kilograms of soot were obtained from piston and turbojet airplane engines. The soot was 
extracted with benzene in Soxhlet apparatuses for 12 h. The resulting extract was concentrated by evapora- 
tion, and the BP concentration was determined by a fluorescence-spectral method [4]. The BP concentra- 
tion in soot from piston engines was 30 mg/kg and in soot from turbojet engines 27 mg/kg. 

Benzene solutions with a BP concentrat ion of 0.1% were  p r e p a r e d  for  the expe r imen t s  on animals .  

The t e s t s  were  c a r r i e d  out on f i r s t  genera t ion  C57 • CBA hybr id  mice.  BP solution was applied to 
the shaved skin of the i n t e r scapu la r  region for  4 months (twice a week for  the f i r s t  month, 3 t imes  a week 
thereaf te r ) .  The animals  of all groups  rece ived  50 applicat ions each. 

The exper imenta l  an imals  were  divided into 4 groups:  1} rece iv ing  ex t rac t  of soot f r o m  turboje t  
engines (33 mice),  2) ex t rac t  of soot f r o m  pis ton engines (33 mice),  3) 0.1% solution of BP in benzene (tech- 
nical control)  (34 mice),  and 4) pure  benzene (control) (20 mice) .  

Development  of hype rke ra to s i s ,  flaking of the skin, and loss  of ha i r  were  obse rved  in animals  of the 
f i r s t  3 groups  soon af ter  the beginning of t r ea tment .  

The f i r s t  pap i l lomas  appeared  in the an imals  of group 2 in the l l t h  week a f t e r  the beginning of appl i -  
cation; papi l lomas  were  found in groups 1 and 3 in the 13thweek. T h e t u m o r s  s o o n b e c a m e  malignant  (Fig. 1). 
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Fig. 1. Large ca rc inoma  of the 
skin developing in a mouse follow- 
ing application of soot f rom an a i r -  
plane engine to the skin. Small 
papil loma visible above. 

Fig. 2. Squamous-cel l  kera t in iz -  
ing carc inoma of the skin. Hema-  
toxylin-eosin,  300 x. 

Of the 33 animals (Table 1) in group 1, 4 died at the 
beginning of the experiment  and the remainder  had skin 
tumors  by the end of the experiment.  

At the t ime of appearance of the f i rs t  papil lomas,  group 
2 contained 29 mice, and by the end of the exper iment  all of 
these animals also had tumors.  

Four of the 34 mice in group 3 died before the appear -  
ance of papil lomas,  and of the 29 mice surviving to the end of 
the experiment,  96.5% had developed tumors  of the skin, 

I r r i ta t ion of the skin was more  severe  in the mice 
t reated with soot ext rac ts  than in the animals of the control 
groups.  The animals of these groups also weighed less  than 
the control  animals. Extracts  of soot evidently had a marked 
toxic action. The most  severe  toxic action (irri tation of the 
skin, re tardat ion in weight) was observed in mice t reated 
with ext rac t  of soot f rom a piston engine. 

E X P E R I M E N T A L  R E S U L T S  

The experimental  resul ts  are shown in Tables 1 and 2. 

Fig. 3. Metastas is  of squamous-ce l l  As Table 1 shows, in all 3 groups of experimental  mice 
ca rc inoma in a lymph gland. Mitoses. all animals developed tumors .  Near ly  all the tumors  were 
Hematoxylineosin, 300 x. malignant (96.5% in group 1, 100% in group 2, and 93% in the 

technical control  group). It can be expected that if the ani- 
mals which died ear ly  had survived longer,  they would also have developed malignant tumors.  Metas tases  
were found in groups 1 and 2 in 6 of the 52 mice (i.e., 11.5%, within the usual range of incidence of meta-  
:tasization of experimental  skin cancer).  

Microscopic  examination frequently revealed diffuse and focal hyperplas ia  of the epithelium and 
adenomatosis  of the sebaceous glands in the skin in those par t s  which were t reated with soot ex t rac ts  and 
BP solution. In these cases  the epithelium became strat if ied and the dermis  also was frequently thickened. 

At the beginning of the p rocess ,  sol i tary and multiple papil lomas with the cha rac te r i s t i c  microscopic  
s t ruc ture  were formed,  and these subsequently changed into malignant tumors,  In some places  the begin- 
ning of infil tration could be observed,  and the epithelium began to invade the deeper  l aye rs  of the dermis .  
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TABLE 1. General Results of Experiments  

Group 

2 

3 (Technical control)] 

4 (Control) 

Extrac t  

Soot f rom turbojet  
engine s 

Soot f rom piston 
engine s 

BP solution 0.1% 

Benzene 

Number of 
animals at 
beginning of i 
experiment  

33 

33 

34 

20 

Time of ap- Number of 
animals at 

pearance  of 
f i r s t  tumor  
(weeks) 

13 

11 

t ime of ap- 
perance of 
f i rs t  tumor 

29 
(lo0%) 

29 
(lOO%) 

29 
(lO0%) 

20 

if| 

Number of animals with 
tumors 

total 

29 
(100%) 

29 
(100%) 

13 28 
(96.5%) 

malignant 

28 
(96.5%) 

29 
(100%) 

26 
(93.0%) 

TABLE 2. Distribution of Tumors  by Types 

Group 

1 . . o . . . . . . . I , , * ~ 1 7 6 1 7 6 1 7 6  

2 , . . . ~ 1 7 6 1 7 6  

Total ~ r  e x p e ~ m e ~ a l  groups . . . .  
3 (Technical co~rol )  . . . . . . . . . . .  

Papi l loma 

1 
0 
1 
2 

Malignant Tumor  

squamous-cel l  
ca rc inoma of 
the skin 

26 
26 
52 
23 

sa rcoma  

0 
1 
1 
0 

ca rc inoma 
and sa rcoma  

2 
2 
4 
3 

Metastases  of 
ca rc inoma in 
lymph glands 

Malignant tumors  of the skin were most  commonly squamous-ce l l  ca rc inomas  with a varying degree of 
keratinization (Fig. 2). Sometimes separate  epithelial pea r l s  were found in the layer  of epithelial cells,  
while at other t imes an apparently amorphous mass of kerat in was presen t  in the middle of the layer  of 
epithelial cells. Less  frequently, a squamous-cel l  ca rc inoma with ve ry  slight keratinization occurred.  
The cel ls  p rogress ive ly  lost their  differentiation and mitoses  appeared more and more frequently. They 
were par t icular ly  numerous in one case (with metastases) .  

In many cases  the tumor  grew through the dermis  and invaded the subjacent muscular  layer ,  des t roy-  
ing the muscles.  In a few cases ,  besides the p r i m a r y  focus of the tumor,  metas tases  also were found in 
the regional lymph glands (Fig. 3). Sometimes mitoses  also were frequent in these metas tases ,  and some-  
t imes they were highly keratinized. 

Besides the squamous-cel l  carc inoma of the skin, in some cases  (Table 2) a sa rcoma  was found. 
Sometimes groups of cancer  cells  were found among the t i ssues  of the sarcoma.  These cases  were c l a s s i -  
fied as carc inosarcoma.  

The microscopic  investigation thus confirmed phys ic .chemica l  data indicating that soot f rom airplane 
engines contains carcinogenic substances.  It is c lea r  f rom Table 2 that the principal lesion obtained was a 
squamous-cel l  ca rc inoma with keratinization (52 of 58 cases).  In 1 case a s a r coma  developed in an a rea  
of skin to which soot extract  had been applied, and in 4 cases  the animal developed a carc inosarcoma.  In 
6 cases ,  metas tases  of carc inoma of the skin were found in the lymph glands. 

In the control  group, receiving a pure solution of BP, s imi lar  resul ts  were obtained: ca rc inoma of 
the skin in 23 of the 28 cases  and ca r c inosa r coma  in 3 cases .  No skin tumors  appeared in the "pure 
control" group. 

The f i rs t  conclusion to be drawn f rom this investigation is that the animal experiments  reliably dem- 
onstrated the carcinogenici ty  of the samples of soot tested f rom airplane engines of the two main types. 

The slight variat ions in the t imes of appearance of the f i rs t  papil lomas,  in the wr i t e r s '  opinion, are 
of no significance. On the other hand, soot extracts  were found to be more toxic than the pure BP solution; 
this was par t icu lar ly  true of soot f rom the piston engine, and it was manifested by a decrease  in the body weight 
of the animals. 
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The re su l t s  of these  e x p e r i m e n t s  c l ea r ly  demons t r a t ed  yet  again that  the BP concentra t ion is a r e l i -  
able indicator  of the carc inogenic i ty  of a given product  or  mixture.  If the p r e s e n c e  of BP is  es tab l i shed  in 
such subs tances  by the f l u o r e s c e n c e - s p e c t r a l  method, a conclusion regard ing  the i r  ca rc inogenic i ty  can be 
drawn. 

L I T E R A T U R E  C I T E D  

1. B . P .  Gurinov,  F. D. Mashbi ts ,  and L. M. Shabad, Gig. i San., No. 10, 12 (1954). 
2. B . P .  Gurinov et al., Gig. i San., No. 2, 19 (1962). 
3. M . A .  Zabezhinski i ,  The Role of the Automobile in Atmospher ic  Pollution by Carc inogenic  Hydro -  

carbons .  Author ' s  abs t r ac t  of candida te ' s  d i s se r ta t ion ,  Moscow (1965). 
�9 4. A. Ya. Khesina, in: Abs t rac t s  of P roceed ings  of the 13th All-Union Conference on Luminescence  [in 

Russ ian] ,  Moscow (1964), p. 113. 
L. M. Shabad and G. A. Smirnov,  Gig. i San., No. 2, 98 (1969). 5. 

6. D. Hoffman and E. Wynder,  Nat. Cancer  Inst. Monogr. ,  No. 9, 91 (1962). 
7. P. Kotin e t  al., Arch.  Industr .  Hyg., 9, 153 and 164 (1954). 
8. P. Kotin, H. I. Falk,  and M. Thomas ,  Arch. Industr .  Hyg., 1_11, 113 (1955). 
9. P. Kotin, Cancer  Res . ,  1_66,375 (1956). 

10. R. P a s s e y ,  Bri t .  Med. J . ,  No. 3232, 1112 (1922). 
11. R. P a s s e y ,  J. Path.  Bact . ,  28, 133 (1925). 
12. L. SchSnbauer, Wien. Klin. Wschr . ,  7_~4, 202 (1962). 

183 


