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Chapter 2 

HEALTH EFFECTS OF AIR POLLUTIa  

HITOSHI KASUGA 

2.1  BASIS OF EPIDEMIOLOGICAL S'IVDY 

It is only natural  tha t  any a i r  pollution control progrm m y  not hve any 
practical  r e su l t s  u n t i l  the  mechanism of a i r  pollution and its hea l th  e f f ec t s  
are revealed by epidgniolcgical studies. 

2.1.1 Measurement of exposure 
The f i r s t  s tep  of an epidemiological study of a i r  pollution is to  es tab l i sh  

an association between pollutant exposures and health effects. 
Estimates of personal exposure to a pollutant w h i c h  are canpared with health 

e f fec ts  i n  the c m i t y  are usually derived f m  arrbient air qual i ty  
masurements made a t  one or more authorized monitoring s ta t ions  within a 
carmunity. 
Agency consists of: 1,648 stations f o r  SO2; 1,319 stations f o r  No2; 506 
stations fo r  suspended par t icu la te  matter; and 1,021 s ta t ions  f o r  photochenical 
a i r  pollutants. In most studies,  it is assured that values measured by such 
monitoring s ta t ions  are representative of exposures throughout the  cannunity 
where correspxding health e f f ec t s  are observed. 

The Japanese a i r  monitoring network') organized by the E n v h m n t  

However, i n  the case of No2, indoor No2 pollution should be considered 
because, i n  contrast  to SO2, there are carmonly several indoor ccmbustion appli- 
ances i n  each haw serving as danestic sources e.g., gas ranges and unvented 
space heaters using gas or kerosene. 
spend over 80% of t h e i r  time indoors most of their No2 exposure may be ascribed 
t o  indoor IW2. 

charac te r i s t ic  of urban l ife and it may be worth considering i n  epidemiological 
studies. 

Since most housewives and o lder  persons 

Roadside No2 pollution f m  autanobile exhaust is another 

2.1.2 A i r  pollution indices 
W i n g  the f i r s t  decade after World War 11, dustfall masurements of coal 

ccmbustion particle emissions were the main index of a i r  pollution. 
a t t rac ted  public a t ten t ion  over the two decades between 1950 and 1970. 

SO2 then 

During 



96 

t h e  1970s. a i r  pol lu t ion  p r i o r i t i e s  s h i f t e d  to  No2 with photochemical a i r  
pol lu tan ts  acca7lpanying t h e  rap id  decrease i n  SO2 and t h e  sudden increase  i n  
t h e  number of a u t m b i l e s .  

Since c m i t y  a i r  pol lu t ion  is general ly  not  caused by a s i n g l e  p o l l u t a n t  
but  consists of canplex and v a r i a b l e  mixtures of p o l l u t a n t s ,  epidemiological 
ana lys i s  must be performed carefu l ly .  
measured d i r e c t l y ,  a s i n g l e  index p o l l u t a n t  may o f t e n  be chosen to i n d i c a t e  t h e  
s e v e r i t y  of  a given pol lu t ion  episode. 

Since p o l l u t a n t  mixtures cannot be 

2.1.3 Health e f f e c t s  markers related to air pol lu t ion  
J u s t  as a i r  poi iu t ion  is a canplex phenanenon, so too are h m  responses to 

pol lu tan t  i n s u l t s .  Necessary condi t ions for markers are: a )  a capac i ty  to  
demonstrate a significant dose-response relationship for a l l  h e a l t h  e f f e c t s  
regardless  o f  t h e  presence o f  apparent symptans, and b )  a capaci ty  to expla in  
t h e  mechanism of  poss ib le  h e a l t h  e f f e c t s  caused by an index pol lu tan t .  

C l i n i c a l m a r k e r s .  The prevalence rate of  symptans s e l e c t e d  by a 
standardized quest ionnaire  such as that of the BMRC ( B r i t i s h  Medical Research 
Council) or ATS-DLD (Fmerican Thoracic Association, Department of  Lung 
Diseases) has been used as representa t ive  o f  h e a l t h  e f f e c t s  (response) r e l a t e d  
to a i r  pol lut ion.  
phlegn were appl ied as a marker and t h e r e a f t e r  the pers i s tence  of coughs and 
phlegn has been used. 
number of  cases w i t h  t h e  BMRC quest ionnaire .  
was used by interviewers  f o r  a mal l  sanple. 
enlarged f r m  500 t o  2,000 persons, it might be d i f f i c u l t  to  interview a l l  t h e  
people. The ATS-DLD quest ionnaire ,  developed i n  1978, was designed to be 

ccmpleted by t h e  subjec t  without t h e  presence of an interviewer,  and i t  has 
been widely employed i n  p lace  of  t h e  BMRC quest ionnaire  f o r  such purposes i n  
Japan. 

I n  t h e  1960s, s y m p t m  caused by chronic  b r o n c h i t i s  wi th  

However, it has become d i f f i c u l t  to  obta in  a s u f f i c i e n t  
Or ig ina l ly  the BMRC quest ionnaire  
Even i f  t h e  sampling s i z e  is only 

The prevalence of  asthrra was used as a marker during the postwar period of 
severe a i r  pol lu t ion .  
episodes w e r e  m m r k a b l e  events  because of this asthna-air p o l l u t i o n  
relat ionship.  Hawever, no s i g n i f i c a n t  relationship between astima and a i r  
pol lu t ion  has been observed i n  any study conducted i n  the 1980s. 

The e a r l y  Tokyo-Yokohma asthna and Yokkaichi asthna 

The incidence of inf luenza and excess  deaths w a s  also used i n  the e a r l y  
period a f t e r  t h e  w a r ,  but it seems that both have lost t h e i r  s ign i f icance  as 
markers under t h e  present  condi t ions of  a i r  pol lu t ion .  

Funct ionalmarkers .  In  place of  c l i n i c a l  markers,a reduct ion in resipiratoq 
funct ion as measured with s p i r a n e t r y  was formerly used. Current ly ,  r e s p i r a t o r y  
funct ions such as flow vollane, c los ing  volume, etc. are used as func t iona l  
markers. Functional markers are very u s e f u l  i n  a d u l t s  b u t ,  f o r  ch i ldren ,  
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clinical markers are still useful for detecting health effects related to air 

pollution. However, we should not expect too much fran either functional or 

clinical markers, judging fran the results of recent epidemiological studies. 

Biochemicalmarkers. For the above mentioned reasons, mre sensitive 
27-29) . 

biochemical markers have been in demand. Urinary hydroxyproline lsa 

typical biochemical mrker for respiratory disorders caused by air pollution 

which was developed by Kasuga and Matsuki, although it has also been used for 
snoking and passive snoking effects. 

2.1.4 Study populations 

The subjects used for epidemiological studies m y  be categorized into two 
The first group is selected at randan fmm a population in the study types. 

area with an appropriate sampling method. 

to assess the actual health effects in a camunity affected by air pollution. 

Therefore, this type of study accounts for the majority of the studies carried 

out by central or local health authorities. 
individuals fran a population who are currently experiencing health effects. 

Such a subject is usually used for an asthna panel study by the diary method. 

The main purpose of such a study is 

The other type of study uses 

2.1.5 Designs of studies and their application 

In general, epidemiological designs are classified as case control studies, 

cross-sectional and repeated studies, and cohrt studies. Cross-sectional 

studies have been used widely but it is necessary to solve the following 

problems: 

exposure estimates for a i r  pollutants : and 3) controlling the effects of a 
wide range of confusing factors. 

the relationship between air pollution and its health effects, but repeated 

cross-sectional studies over many years on the populations in the same 

geographical area are sometimes substituted for cohort studies. 

repeated cross-sectional studies, a statistical analysis of secular changes in 

the prevalence of coughs and phlegn in the Osaka area was canpleted by the 

Osaka municipal authority’) in 1976. 

have also been attempted by Tsunetoshi3), &chi4), Shimizu5) etc. 

Envirorment Agency conducted a survey of ccmpound air pollution using the same 

repeated sample method for five years in six cmities. Kasuga et al.6) are 

using children in a prirrary school located beside a highway in Tokyo. They are 

investigating possible health effects related to No2 in autcmobile exhaust from 

the highway over a 10 year period using repeated cross sectional surveys. 

Case-control studies are used for asthna panel studies to determine the 

relationship between the occurrence of asthna attacks or aggravation of 

symptcms and changes in enviromntal coraditions. 

1) obtaining an adequate s q l e  size : 2 )  obtaining accurate 

It is difficult to perform cohort studies on 

Using such 

Similar studies of ccmpound air pollution 

The 



98 

2 .2  AIR POLLUTION AND ITS HEALTH EFFECTS IN JAPAN FOR THE POS'IWAR DECADES 
The main industries and urban cammities i n  Japan were almost a l l  reduced 

to rubble i n  World W a r  11. 

ashes and returned t o  the prewar level. 
of econanic rehabi l i ta t ion  and urban rebuilding together with a s h i f t  of 
population to the cities. 
appear in the form of "Tokyo-Yokcham asthna". 
a i r  pollution studies f o r  t he  two postwar decades and the  corresponding 
epidemiological ~ t u d i e s . ~ )  
epidemiological studies conducted a t  the  tim as follows: "In general, Japan is 
lagging behind i n  the developnent and manufacture of sampling devices and 
analytical  ins t rumnts .  
is growing as indicated by the increasing n u r b r  of reports concerning a i r  
pollution that have been presented i n  various recent s c i e n t i f i c  meetings. 
Studies on health e f f ec t s  are making very slow progress i n  Japan. 
surveys are actually j u s t  beginning i n  only a few cities. 
a s t h m t i c  diseases and pulmonary aphysema, important diseases i n  re la t ion  to 
a i r  pollution, because of inaccuracies i n  diagnosis, may have been masquerading 
under the  diagnosis of tuberculosis or other diseases. Therefore, past medical 
statistics are inadequate f o r  use i n  the present in te rpre ta t ion  of the e f f ec t s  
of a i r  pollution. 
Network, but a t  present the technological developnent f o r  such a system is 
insufficient.  
monthly dus t f a l l  using deposit gauges and of su l fur  dioxide using lead peroxide 
candles which gather data frun rather wide areas. 
s t a n m i z e d  f o r  use i n  the routine evaluation of c i t y  air. 
determined by darkened spots on paper t a p ,  is being studied on an experimental 
basis i n  a few cities. Measwement of nitrogen oxides, hydrocarbons and other 
chmica l  substances is being studied i n  a few laboratories on an experimental 
basis only, and So2 autanatic recording devices are being developed." 

problem f o r  cannunity hea l th  were the Sapporo, Kanaishi, 
Tokyo-Kawasaki-Yoka, Yokkaichi, Osaka-mgasaki-Kobe, U b e  and Northern 
Kyushu d i s t r i c t s .  

During the 1950s Japanese industry rose frcm the 
A i r  pollution accanpanied this process 

Health e f f ec t s  related to a i r  pollution began to 
T o y m  reviewed the s t a t u s  of 

H e  s u m x i z e d  the d i f f i c u l t i e s  related to  

There are few specialists i n  this f i e ld ,  but i n t e re s t  

Morbidity 
Bronchitis, 

The government plans to es tab l i sh  a National Sampling 

General a i r  pollution has been estimated by measurement of 

These techniques have been 
Suspended matter, 

During the 1950s, the major districts where a i r  pollution presented a 

Of these c i t i e s ,  Osaka has the longest history of a i r  pollution, especially 
with problem caused by snoke. 
a f t e r  the w a r  w e r e  at  m c h  higher leve ls  than before the w a r .  A i r  pollution 
sources, except fo r  those i n  the Sapporo district i n  Hokkaido, were mainly the 
re su l t  of industrial activities. 
steel industry i n  Kamaishi, the p t r o l e u n  industry i n  Yokkaichi, the  steel 
industry i n  Kobe, and the petrolem and cement indus t r ies  i n  Ube. 

H e r e  the annual mean values of monthly d u s t f a l l  

Outstanding m n g  these w e r e  t he  i ron  and 

The 
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Tokyo-Kmasaki-Yokohama district consisted of these three cities and fo& the 

largest area affected by air pollution frcm industrial activity. 

Tokyo was polluted by somewhat mller industries along the S d d a  River and by 

exhaust gas fran motor vehicles. Yokoham and Kawasaki, especially the 

downtown factory area of Kawasaki, were darkened by srpke fran heavy 

industries. 

the Kanto Plain, containing Tokyo, Kawasaki and Yokolnma. 

The air of 

These were the major contributors to the air pollution covering 

In the postwar period there was an enormous increase in the population of 
Tokyo. 

to the increasing nunber of motor vehicles and, as a result, the nunber of days 

with dense srpg had begun to increase. 

roughly with the surrounding factory density. 

peak of the dustfall was in the spring when it often reached 70-80 tons/sq 

km/mo. 
pollution and meteorological conditions. 

In addition, a vast munt of coal and gasoline was being consuned due 

The local concentrations correlated 

In the Kawasaki factory area the 

The authorities in these three municipalities routinely measured air 

Air pollution in Sapporo, Hokkaido was caused by coal sroke fran danestic 
and industrial sources. 

diseases in city residents than in suburbanites, and a higher standardized 

mortality rate for lung cancer in Sapporo than in the other districts. 

suzuki9) observed in pmagasaki, near Osaka, that out-patient visits to 

hospitals, especially visits involving upper respiratory diseases, increased in 

reported fran Ube, near Hiroshima, that a high correlation coefficient existed 

between dustfall and mortality frun puhnary diseases, especially pnemnia 

and bronchitis. 

showed a higher proportional mrbidity ratio of respiratory disease than in 

other districts in Kyushu. 

mortality had suddenly increased during these s m  ten years and the lung 

cancer death rate in 1960 had reached the same level as that in the United 

States in 1940. 

In his survey, Abe8) found both more respiratory 

nmber on days of heavy air pollution. Over the last ten years, Nose  10 1 

In several industrial cities in northern Kyushu, Saruta 11 1 

Segi”) and Hiray-l3) also found that lung cancer 

2.3 TOKYO-YOKOHAMA ASTHMA 

According to T0ya7 I, Japan has seen no severe air pollution episodes 
similar to those seen in London in 1952 and in Donora in 1948. 
exception to this might be Tokyo-Yokoh asthna. 

disease were noted among American military personnel and their families living 
14 1 in Yokohama during 1946 and 1949. 

in 1954 as a new enviromntal respiratory disease (Yokohana-asthm) because it 

appeared to be different from classic bronchial asthm. H o w e v e r ,  Phelps 
concluded in 1962 that this condition corresponded clinically to chronic 

asthmtic bronchitis. 

However, an 

Outbreaks of asthmtic 

This disease was first reported by H U M  

15 I 

Toym assuned that there was an autmm phase of 
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Yokohama-asthna associated with meteorological factors and a winter-spring 
phase associated with a i r  pollution. I n  addition, he noted i n  1964 that causes 
of Tokyo-Yokohama astima had been reported f m  the Japanese population, not as 
chronic asthnatic bronchitis associated with a i r  pollution, but rather as 
tuberculosis, classic a s t h  or some other respiratory disease. 
the term Yokohama-asthna was changed to  Tokyo-Yokoham a s t h .  
suspected that Tokyo-Yokohama a s t h  also included many patients with chronic 
astimatic bronchitis, a t  least  i n  cases where the onset of the asthnatic attack 
and symptoms were induced or  aggravated by a i r  pollution and meterological 
factors. 
classic bronchial asthna. With th i s  episode as a turning-pint, Japanese 
in t e re s t  in  the a i r  pollution problem became increasingly active. 

As a r e s u l t ,  
Miyamto (1962) 

I n  addition, he concluded that air  pollution alone could not cause 

2.4 YOKKAIMI ASTHMA 
A i r  pollution in  the ci ty  of Yokkaichi was a major enviromntal  problem, 

ranking with the Mhmata disease and I t a i - i t a i  disease. 
about an epidemic of chronic obstructive lung disease including bronchial 
a s t h  ( the so-called Yokkaichi asthna). 
the cmunity.  
resulted i n  the earliest enforcement of area-wide a i r  pollution emission 
regulations i n  Japan and a colossal i n v e s b n t  by industries forced to  conform 
to the regulations. 

By the 1980s, Yokkaichi again had blue sk ie s  and its affected inhabitants 
had regained their health. Experience acquired during the Yokkaichi episode 
has been of inestimable value for Japanese pollution control systerns and for 
maintaining a healthly envirormnt in Japan. 

This episode brought 

A great deal of d m g e  was done to  
Various efforts that went into the epidemiological research 

Yoshida conducted an epidemiological study of this episode while he was a 
professor a t  a medical school i n  the M i e  prefecture where Yokkaichi is 
situated 16*17). H e  was also i n  charge of the administrative work on counter 
measures as Chairman of the M i e  Enviromntal Council. 

The following is a s u m a r y  of Yoshida's mnograph: 
The ci ty  of Yokkaichi is situated i n  the middle of Japan, near  Nagoya. A 

petrolem and petrochemical canplex was established i n  1955 in the southern 
dis t r ic t  of the city,  and it was rapidly enlarged t o  become the largest of its 
kind a t  that time i n  Japan. 

The major factories i n  Yokkaichi i n  1965 were steam power installations, o i l  
refineries and petrochemical plants. 

These factories w e r e  closely surrounded by mny residential d i s t r ic t s  
including Isozu, Shiohama, Mihama, Akebono and Wokoshi. These areas w e r e  
occupied before the  industrial canplex was established. 
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Trends i n  local s u l f u r  oxides d i s t r i b u t i o n  c lose ly  corresponded to  the 
d i r e c t i o n  of wind. 
oxides to  M i h a m a ,  Akebono or Shiohama, and northwesterly winds i n  win ter  
carried them to  Isozu. 
oxide pol lu t ion  f r a n  December to March. 

Remarkably high peak concentrat ions,  up to the level of 1 m, were observed 
The cause of  these  high concentrat ions was mrted crude o i l  w i t h  

Prevalent southeaster ly  winds i n  s m r  carried s u l f u r  

As a r e s u l t ,  t h e  Isozu d i s t r i c t  had the highest  sulfur 

frequently. 
a s u l f u r  content  of over 3%. 

100,000 tons. 
and i n  winter  0.16 p p .  
the current  s tandard values  for SO2. 

of SO2 to H2S04, s u l f u r i c  a c i d  mist. 

Annual SO2 emissions i n  this area totaled over 
I n  1964 i n  Isozu, the annual average concentrat ion was 0.1 ppn 

These concentrations were over t e n  times higher than 

A decrease i n  t h e  pH of r a i n  w a t e r  was caused by the atrospheric oxidat ion 

Since about 1960, increasing a t t e n t i o n  has been paid t o  the abnormally high 
incidence of  a s t h n a t i c  d i sorders  i n  t h e  pol lu ted  d i s t r i c t s ,  e s p e c i a l l y  i n  
Isozu. 

To study t h e  hea l th  e f f e c t s  of a i r  pol lu t ion ,  they inves t iga ted  the 
incidence of  resp i ra tory  diseases using Nat ional  Health Insurance records i n  
the 13 d i s t r i c t s  of Yokkaichi. These d i s t r i c t s  d i f f e r e d  i n  the level of 
pol lut ion.  
d i s t r i c t s  was carrpared with t h a t  i n  non-polluted d i s t r i c t s .  
d i f fe rences  w e r e  found f o r  a s t h n a t i c  diseases .  With increasing age, the 
di f fe rences  became even g r e a t e r ,  espec ia l ly  i n  those over 50 years  old. 
w a s  a very clear c o r r e l a t i o n  between the accunlated prevalence of asthna i n  
those over 50 years  o l d  and s u l f u r  oxides levels. 

The incidence of  scme r e s p i r a t o q  d iseases  i n  the mre pol lu ted  
Remarkable 

There 

To inves t iga te  t h e  relationship between a s t h n a t i c  attacks and SO2, the 
medical records of  13 a s t h n a t i c  p a t i e n t s  i n  Isozu were s tudied  w i t h  the 
cooperation of Dr.  Nakayama, a general  p r a c t i t i o n e r  i n  Isozu. 
c w f f i c e n t  between the weekly average SO2 concentrat ion and the nunber of 
as thna t ic  a t t a c k s  was as high as +0.88. 

The c o r r e l a t i o n  

The epidemiology of  chronic  bronchi t i s  and pulmonary obs t ruc t ive  disorders 
i n  pol luted and non-polluted d i s t r i c t s  was studied. 
o l d  i n  six  d i s t r i c t s ,  (three pol luted and three non-polluted), were 
invest igated by t h e  BMRC method. 
was  found i n  t h e  pol luted d i s t r i c t s .  

Inhabi tan ts  over 40 years  

An increased prevalence of chronic  bronchi t i s  

A re la t ionship  between t h e  prevalence of chronic  bronchi t i s  and the s u l f u r  
oxide l e v e l  was confirmed. 
subsidize a l l  t h e  medical expenses of  t h e  p a t i e n t s  approved by the o f f i c i a l  
c i t y  medical canni t tee  on a i r  pol lut ion.  
of over 600 approved p a t i e n t s  w e r e  subsidized by the c i t y .  
the Relief A c t  f o r  t h e  Sufferers  f r a n  h v i r o n n e n t a l  Pol lu t ion  w a s  enacted by 

I n  May 1965, the mayor of Yokkaichi decided to 

By the end of  1969, medical expenses 
A t  the end of 1970, 
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the G a v e m n t .  
with legal responsibility and demanded ccmpensation according to  the Japanese 
Civil Code. 

I n  1967, some asthnatic patients i n  Isozu charged the cunplex 

They won their suit .  
The f i r s t  attempt to  solve the problem was made i n  1964 by the Joint 

National Investigation C a n n i t t e e  of the Ministry of Health and Welfare and the 
Ministry of International Trade and Industry. 
Kurokawa Group, recannended the raising of stack heights t o  avoid dowrrwash of 
SO2 fran the stacks. 
emissions, were not over 60 meters. 

The camnittee, known as the 

I n  tbse  days, the heights of stacks, even with high SO2 

Based on the experience i n  Yokkaichi, the Air Pollution Prevention A c t  was 
established and the emission of SO2 was limited according to  effective stack 
height. 
T h i s  regulation w a s  effective i n  preventing high peak surface concentrations i n  
neighboring dis t r ic ts ,  but the increased n-r of high stacks w i t h  high 
emissions concentrated i n  -11 geographical areas caused yet another problem. 
In Yokkaichi, fran about 1967, increased dispersion f m  high stacks spread the 
SO2 pollution over a larger area. 
was polluted above the SO2 standard concentration. 

prefectural ordinance for total  emission control of sulfur oxides was 
promulgated i n  1971. I n  this new prefectural ordinance, limits on allowable 
to ta l  enission f m  each factory were set by means of atmspheric dispersion 
estimation techniques using canputer simulation. A special project tern was  
formed i n  April 1972 for this purpose. 

T h i s  system is called K-value regulation i n  Japan. (See Chapter 5) 

I n  1971, over 50% of the e n t i r e  c i ty  area 

For a cunplete solution of the problem, a new control system, the 

Yoshida was the head of this  tern. 
By this prefectural ordinance, pre-1971 emissions of over 100,000 tons of 

SO2 w e r e  drastically reduced to  17,000 tons i n  1975. 
reduction was achieved by desulfurization of stack gas, and other decreases 
resulted frun a reduction in the sulfur content of fuel o i l  or a change frun 
heavy o i l  t o  gas. 
concentration of SO2 in the ci ty  dropped and reached the target value i n  1975. 

diseases such as chronic bronchitis, bronchial asthm and emphysema w e r e  higher 
in the polluted Yokkaichi d i s t r ic t s  than i n  the non-polluted dis t r ic ts .  
exmple, the mortality ra te  for chronic bronchitis and emphysema was gradually 
increasing u n t i l  1975, then the mortality rates began to  decrease. 
Yokkaichi actually shaws slightly lower morbidity and mortality than i n  other 
unplluted areas. 

About 30% of this 

As a r e s u l t  of the new regulations, the annual average 

Prior t o  these controls, the mortality rates fran chronic obstructive 

For 

As of 1985, 

2.5 RELATIONSHIP BFIWEEN ASTI-MA AND A I R  POUUTION 
As already noted i n  the case of Yokkaichi asthra, an abnormlly high 

incidence of asthmtic disorders was observed i n  the polluted d is t r ic t s ,  
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especially in Isozu, after and around 1960. 
cases in Isozu occurring after 1960 were caused by air pollution, in contrast 

to mst of the classic asthna cases which appeared before 1960. 

features of Yokkaichi asthm were similar to those of classic asthna but 

corresponding family histories of classic asthna w e r e  rare, positive rates for 
allergens such as house-dust and pollen were significantly low, and treatment 

by changing the air was mch more effective than with classic asthna. 

Miyamto") stressed in his study on Tokyo-Yokohana asthna, it is very 

difficult to explain the hypothesis that chenical pollutants such as SO2 and 
No2 may be causes of classic asthm on the basis of present medical knowledge. 

Hawever, SO2 air pollution in Yokkaichi during the 1960s was over ten times 
higher than the national air quality standards. the circurstances 

in Yokohama might have been the same. 

the case of sane persons with a predisposition to asthna, such a high level of 

air pollution by SO2 could induce asthnatic symptars. 

not only in the rural areas but in all industrial areas. 

concentrations are still increasing or are stable in contrast to SO2, the 
relationship between No2 and asthna has attracted the attention of 

epidemiologists. Although a weak, significant correlation between then has 

been reported by a project (the CHFSS study by the Pmerican EPA) using the 

asthm panel study, its conclusions are now criticized. In Japan, four studies 

using the same method as the CHESS study -- the self-written diary method -- 
were reported. yOshidal9) reported a positive relationship between N O ~  and 

asthm in 1977, Miz~guchi~~) showed a correlation between EJo2 and orthopnea at 

night in 1977, and 0ka2l) noted a significant association of temperature drops 

with asthra attacks in 1980. 

It appears that the asthnatic 

Clinical 

As 

We therefore assune that, at least in 

As of 1985, SO2 concentrations are much lower than the national standard, 

Since EJo2 

The latest study is by Inaoka in 198322). She conducted an asthna panel 

study to exmine the health effects of air pollution in Tokyo frun October 1980 
to August 1981. 
including term influencing the individual's probability of suffering fmm an 

attack. This probability was associated with daily levels of air pollution, 

climatological measurements and the occurrence of an attack on the preceding 

day. 

attacks, three factors (SO2, No2, and TSP) could be extracted. 

were no significant associations with asthna attacks. 

attacks on the previous day showed a marked and significant association. 
significant relationship between sane characteristics of the patients was 

observd . 

An analysis was perform4 based on a multiple effects model 

(1) Applying the factor analysis to the variables related to asthm 

H a w w e r ,  there 
( 2 )  The presence of 

( 3 )  A 

No consistent association has been demonstrated except for a canparatory 

study using the flow volm curve test by Tsunetoshi and his In 
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addition, according to a study of the relationship between respiratory disease 

mortality and a i r  pollution in Tokyo by ( 1984 ) , asthna mortality was 

not correlated with No2 levels. The relationship between roadside No2 air 

pollution fm autmbile exhaust and respiratory symptcms was studied by the 

Enviromnt Agen~y~~)(1977), Kitabatake26)(1977), Nitta27)( 1983) and Kasuga and 

his coworkers 

as chronic coughing, phlegn and wheezing, and moderate breathlessness were 

reported more frequently armng residents nearer to roads, asthna was unchanged 

except for the report of Kitabatake. 

( 1983). Although sane chronic respiratory symptcms such 28-30) 

2.6 COMPOUM) AIR IQLLUTION 

Air pollution does not consist of a single pollutant but many different 

kinds of pollutants. 

important pollutant in the early postwar days. 

levels rapidily decreased a canbination of No2 and SPM attracted 

Dustfall in canbination with SO2 was regarded as the most 

Thereafter, as anbient SO2 

epidemiologists’ attention. 

pollution must consider that other pollutants always coexist. 

Therefore epidemiological studies of No2 air 
31) Yoshida 

(1976) showed that the prevalence rate of persistent coughing and phlegn was 

significantly correlated with indices of air pollution including No2 and SO2. 

T~unetoshi~~) ( 1977) damnstrated a significant relation between the prevalence 

rate and No2 coexisting with SO2, SPM and No2. T~ubota~~) (1977) found a 

significant relation between the prevalence rate and levels of No2, Nox and SPM 

in excess of the national standads for No2 and SO2. Naturally, various types 

of statistical analysis were used in these studies. Shimi~u~~) (1974) reported 

a statistical study on the relation between the symptan prevalence of chronic 

bronchitis and caTlpound air pollution with SO2 and No2 in people over 40 years 

of age living in c m i t i e s  in the Osaka region. 

symptoms and SO2 and No2 ,which were used as air pollution indices, led to the 

following : 

The relation between the 

(1) y = 1.94 SO2 + 2.87, 

(3) y = 1.0 (SO2 - 1.0 ) + 0.6 Nox + 2.7 

( 2 )  y = 0.88 Nox + 2.81 

where y is the symptcm prevalence, 

(1) 
(2) No value estimated fran the smke diffusion equation, 

(3) 

A very important and influential report was published by S ~ z u k i ~ ~ )  (Chairman 

SO2 values by the PHI2 method, 

canbined effect af SO2 and Nox. 
X 

of the ~ i r  Pollution DeparbTlent, Central Council for Environmntal Pollution 

Control) and his coworkers based on research conducted by the Enviromntal 

Agency. 

running through 1974 to obtain data on air pollution and health effects. 

major s w e y  results were reported by the E n v h m n t  Agency in 1977. 

A cross-sectional survey was repeated each year beginning in 1970 and 

The 

Suzuki 
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and his coworkers analyzed these data. 

The survey subjects consisted of about 400 m n ,  each 30 years of age at 

An the start of the study selected randanly in each of the six ccmnunities. 

average of 78.6% of the survey subjects were interviewed by means of the FMRC 

questionnaire. 

38.3% to 84.4% of the survey subjects. 

the fall each year. 

A respiratory function test (spiranetry) was also performed on 
A health examination was conducted in 

A i r  pollution levels were masured for eight pollutants : So2 

(conductmtric), SOx (sulfation rate by the lead peroxide method), No 

(Saltzm method), No2 (Saltzman method), Nox (No+No2), CO (nondispersive 

infrared absorption mthcd), suspended particulate matter (SEN, gravimetric 

high v o l w  mthxl) and dustfall (dust air or deposit gauge metkd). 

quality monitoring stations were located within the study area or within a 

distance of 5 kilmters from the center of the study area. 

The 6 air 

The six survey areas ranged frun an agricultural area to new and old 

industrial areas. 

general, relatively low. 

The degree of air pollution in each of these areas was, in 

The degree of air pollution differed between the survey areas. The 

five-year overall average for the 6 areas for 1970-1974 ranged fnm 0.012 to 

0.033 p p  for SO2, frun 0.013 to 0.043 p p  for No2 and fnm 0.6 to 4.2 ppn for 

CO. During that five-year period SO2 and CO declined while Nox did not change 

or increased slightly. Hmver, the relationship between the pollutants and 

the relative level of air pollution in the six areas remained unchanged during 
the five-year period. 

Analysis of air pollution data revealed that sulfur oxides, SEN and dustfall 

formed one group of pollutants and nitrogen oxides formed another. The former 

group was daninant in the period before 1972 and the latter group was daninant 

in the period after 1972. 

segned to have changed in 1972. 

Thus, the major air pollutant or "index pollutant" 

Based on this cross-sectional study, no particular relationship was Observed 

between death rate, ppulation density, degree of air pollution and 

socioeconcmic factors. However, industrialization and urbanization were 

notable in each survey area during the survey period. 

No clear relationship was observed between the degree of air pollution and 

results of the respiratory function test. 

The prevalence rate of respiratory symptams; coughing, phlegn and persistent 

coughing and phlegn differed frun one area to another ranging fran 0.9 to 6.0% 

for persistent coughing and phlegn. 

declined during the study period. 

decreasing air pollution, the repeated interview effect and other reasons. 

The prevalence rate of the sane symptons 

The declining trend could be attributed to 

No clear relationship was observed between age and respiratory symptuns. 
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Sinwle correlation coef f ic ien ts  between the prevalence rate of pers i s ten t  
coughing and phlegn and SO2, So,, CO and SFM were high i n  1970, while the  
coefficients between the same prevalence rate and No, NO2 and Nox were high i n  
1974, also suggesting that the  major pollutants changed f m  su l fu r  oxides and 
SFM to nitmgen oxides. 

A chi-square test based on a l i nea r  &el between the  prevalence rate of 
persistent coughing and phlegn and the degree of a i r  pollution revealed that 
the relationship between the prevalence of these symptoms and SO2, No2, NOx, 

SFM and d u s t f a l l  i n  1972, and N3, NO2 and Nox in 1973 and 1974 were 

s t a t i s t i c a l l y  significant.  
coughing and phlegn and nitrogen oxides i n  1972-1974 was noted, but it should 
be kept i n  mind that the relationship existed i n  the presence of other 

The possible relationship between persistent 

pollutants. 
When the annual average concentrations of No2, So2 and SFM wxe below 0.02 

3 ppn, 0.03 ppn and 100 m i c r o g r s r r s / m  respectively, the prevalence rate of 
persistent coughing and phlegn w a s  below 2%, but when the degree of a i r  
pollution exceeded these leve ls ,  the prevalence rate w a s  4-6%. 

The above is a sumary of this in f luen t i a l  study. The Public Works 
Carmittee i n  the  US Senate s u t d t t e d  this Japanese study f o r  consideration i n  
December 1973. 
was  not clear. 
established only six months before with more stringent values than those of the 

U.S.A., it might be that the Senate wanted to know the re la t ionship  between 
Japanese standards and the re su l t s  of this study as soon as possible, 
especially since the Japanese EPA was  scheduled t o  m l g a t e  a strict 
reduction progrm f o r  au tambi le  exhaust. 

The reason the  Senate took an i n t e re s t  i n  this unfinished study 
However, since Japanese air qual i ty  standards f o r  No2 had been 

This study depended on anbient a i r  qua l i ty  measurements a t  a s ingle  site 
within a cannunity f o r  correlation with obsenred health e f fec ts .  In addition 
since the subjects selected i n  each study area were housewives, it is assuned 
that they were subjected to the impacts of indoor air  pollution. 
authors were certainly a w a r e  of indoor a i r  pollution, its impact on the  outcane 
of these studies was unclear, since a personal smpler for No2 had not been 
developed. 
various countries ignore indoor air pollution, as noted by the WHO Expert 
C ~ n n i t t e e ~ ~ )  (1958). 
standards must be considered i n  s p i t e  of l eg i s l a t ive  d i f f i cu l t i e s .  
it is essent ia l  to determine whether the higher indoor concentrations of No2 

often experienced i n  da i ly  l i f e  have adverse health e f fec ts .  

Although the 

A t  present, the national d i e n t  a i r  qua l i ty  standards f o r  No2 i n  

However, the impact of indoor a i r  pollution on mbient  
Therefore, 

2.7 HEALTH EFFMST OF NO2 
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2.7.1 a i r  pollution361 37 
By the 1970s, SO2 a i r  pollution was already under control and the annual 

average concentrations w e r e  generally below the national a i r  quality standards. 
Sudden outbreaks of a characteristic acute disease which was suspected as k i n g  
associated with photochemical a i r  pollution were reported amng school children 
i n  Tokyo, Osaka and other c i t ies ,  These episodes created a sensation, since 
many of the cases exhibited several questionable symptans, mps resulting 
f r m  a mass psychogenic illness3*), in addition to  acute general symptons 
usually caused by photochemical a i r  pollution. 
whether or not these symptcm were caused by mass psychogenic systemic i l lness 
has sti l l  not been settled, the anti-air pollution mvement i n  Japan used this 
opportunity to  create a scenario ascribing obstructive respiratory diseases, 
including asthna, to mbient No2 a i r  pollution. 
Agency prcmulgated the world's s t r ic tes t  autcmobile exhaust regulations. 
autcmobile industry responded with a series of br i l l iant  technical advances 
conforming to  these regulations. Hcwever, the health effects associated with 
ambient No2 pollution have not been denonstrated by epidgniological studies in 
spite of the relaxation of the national a i r  quality standards for No2 fmm a 
24-hour average value of 0.02 ppn to  0.06 ppn in  1978. 

Although the controversy over 

As a result ,  the Enviromnt 
The 
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Fig. 2.1. Effect of personal No2 exposure to urinary hydrcDcyproline to 
creatinine ratio,  w i t h  d i n g  habits as parameters: active Snoker 
of 11-20 cig/day, 8 passive smker of 11-20 cig/day, 0 nonsmoker. 50) 



108 

I t  is necessary t o  consider t ha t  health e f f ec t s  caused by accidental  
exposure t o  high No2 l eve ls  (many ppn) might be d i f fe ren t  frcm those due t o  No2 

a t  or below 0.1 plm. 

According t o  a series of long tern exposure experiments on rats using 4.0, 
0.4 and 0.04 ppn of No2 by Sagai, Ichinose et al.39) (National I n s t i t u t e  f o r  
Env i romnt  Studies),  i t  seems that indices of t he  e f f e c t s  w i t h  No2 change from 
respiratory symptars to morphogenic changes i n  the  alveolar w a l l ,  and f ina l ly  

to changes i n  various deccnrposition products of collagen and e l a s t i n  such as 

urinary hydroxyproline, demosine and hydroxylysine as No2 l eve ls  decrease. 

correlated significantly with urinary hydmxypmline (HOP) 

c igare t te  snoking. 

Yanagisawa et a1.50) They investigated the e f f ec t  by exanining the personal No2 

exposure, smking habit  and urinary hydroxypmline of about 800 adul t  wcmen i n  
winter. The personal exposure w a s  measured with the  personal monitor developed 
by Yanagisawa et al.40) 
hydroxyproline t o  creatinine ratio (H0P:C) was used i n  order to canpensate for 
contingent d i lu t ion  of urine samples. 
range frcm 10 t o  100 ppb, which means the  personal No2 exposure is 
predaninantly detezmined by the indoor No2 level. 
devided in to  ac t ive  m k e r s ,  passive m k e r s  and n o m k e r s ,  the H0P:C fo r  each 
group was found to increase l inear ly  with the personal No2 exposure level a s  
shown i n  Fig. 2.1. 
30 ppn c lear ly  a f f ec t s  the leve l  of urinary HOP a s  does m k i n g .  

Matsuki, Kasuga et reported i n  1983 that personal No2 exposures w e r e  
# but not with 

The health e f fec t  of No2 was most c lear ly  d m n s t r a t e d  by the  work of 

Instead of hydmxyproline ocncentration, the 

The personal No2 exposure w a s  found to 

When the  subjects were 

This means tha t  an No exposure leve l  a s  low a s  20 or 2 

2.7.2 Indoor No2 air pollution 
When studying indoor a i r  pollution, it is es sen t i a l  to  masure personal 

exposures. Yanagisawa40) developed a diffusion type personal sampler f o r  No2 

( f i l t e r  badge) i n  1981. 
epidemiological studies. 

Maeda w a s  the f i r s t  to use t h i s  sampler i n  

The main sources of indoor FD2 are ccmbustion appliances such as stoves for 
cooking and space heating. 
households according to the fue l  used f o r  stoves. 
divided in to  two categories, according to whether o r  not unvented stoves f o r  
space heating are used. In  contrast ,  categories i n  the U.S.A. and the  U.K. are 
generally based on whether the cooking fue l  is e l e c t r i c i t y  or gas and 
secondarily on the presence of unvented canbustion space heaters. 
f o r  the Japanese c lass i f ica t ion  is that electric kitchen ranges and cent ra l  
heating systents are not i n  general use i n  Japan. 

Epidemiological s tud ies  usually categorize 
In Japan, households are 

The reason 

A year round survey of 10 housewives l i v ing  i n  a res ident ia l  area of Tokyo 
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was performed by Yanagisawa, Matsuki et aL4’) Daily average exposures w e r e  
measured with a f i l t e r  badge fo r  7 consecutive days i n  every month. 
of subjects who used unvented space heaters depended on the minimun temperature 
during the day and changed f ran  1.5 to 1.0 a t  10°C. 
averages of expsure could be estimated f m  personal exposures i n  February and 
i n  July, and the r a t i o  of days with the minimun temperature below 10°C per 
year. 

The ratio 

Annual geanetrical  

Annual averages thus estimated agreed w e l l  with the  observed data. 
Matsuki, Yanagisawa e t  a1.30) reported i n  1985 a typical canparative study 

by season and by area. 
m t h e r s  i n  three areas with d i f fe ren t  anbient No2 concentrations. 
personal No2 exposures of subjects l iv ing  i n  households with unvented space 
heaters were 2-3 times higher i n  winter than i n  sunner. H m v e r ,  subjects with 
vented stoves a l so  had msderate exposures i n  winter due to No2 originating frun 
the kitchen and trapped by poor ventilation. Possible health e f f ec t s  caused by 
indoor No2 w e r e  damnstrated by urinary hydraxyproline (HOP) levels. Since the 
indoor No2 l eve l  of each study area i n  the s m r  was almost the same as the 
ambient No2 l eve l ,  regional differences of indoor No2 were observed. In  
contrast, i n  winter, indoor levels were the  sane i n  each area as long as 
unvented stoves w e r e  used. 
winter is independent of mbient  a i r  pollution and is driven by indoor sources. 

The roadside No2 a i r  pollution was associated with urinary HOP only during 

The urinary HOP levels were a l so  higher i n  winter than i n  sunner but the 

The subjects were 531 school children and 310 of their 
Average 

These data suggest that indoor a i r  pollution i n  

s m r  because it was overshadmed by the higher indoor No2 i n  winter. 

range of variation was smaller than that of personal No2 exposures. 

fran the urinary HOP levels,  health e f f ec t s  of ac t ive  and passive smking 
increased with the numbers of c igare t tes  smoked i n  a l l  seasons. 

Judging 

2.7.3 Roadside No2 a i r  pollution 
Health e f f ec t s  caused by the  dispersion of a u t m b i l e  exhaust f r an  the 

roads should be examined, because No2 concentrations near roadside areas 
(within 50m) a re  sanetimes twice as high as background areas. 
(1983) found a high prevalence of chronic respiratory symptans m n g  2,217 
f m l e  residents,  40 to 59 year of age, in two areas along t r a f f i c  arteries i n  
Tokyo. Each resident was placed i n  one of two g r o u p  according to the 
distances fran the m j o r  arteries t o  the house. 
wheezing and mera te  shortness of breath were reported more frequently among 
residents nearer t o  roads, although t h i s  was not true f o r  asthm. 

N i t t a  and Maeda 

Chronic coughing, phlegn, 

In an earlier study, Kasuga, Matsuki et  al.28) (1977)  demonstrated that the 
elevated prevalence of a s t h m t i c  symptans m n g  metropolitan Tokyo school 
children was related to canpound a i r  pollution frun a u t m b i l e  exhaust and 
passive -king. Their study used the sane method a s  N i t t a ,  but this 
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relationship disappeared with a decrease i n  autanobile exhaust. 
Kitabatake26) (1977) also found higher v i s i t  rates to  physicians due to 

respiratory disorders i n  residents l iv ing  i n  areas within 2Om of the  highway. 
Alm3st the  sane study conducted by the Envirorrnent Agency (1977) f a i l ed  t o  
indicate such a relation. 

Kasuga, Matski et  a1.6) reported r e su l t s  of a repeated cross-sectional 
study frcm 1977 to  1983. School children were divided in to  three categories 
based on distances f ran  the  road to the house, i.e.) within 5Om. 51-100111 and 
over 10h. 
effects.  

Urinary hydroxyproline (HOP) was  used as a marker f o r  health 

Since urinary HOP increases with smoking and passive smoking, subjects were 
limited to non-passive snokers who were not affected by f m i l y  smoking. 
Urinary HOP i n  children l iv ing  within 5Om of roads has been the highest every 
year and its trends with time agree w i t h  annual changes i n  No2 concentrations 
measured by a mni tor ing  s t a t ion  located beside a road. 
observed i n  a study of indoor a i r  pollution in 1985, a s  already noted. 

HOP decreased with distance f r an  the road. 

This r e l a t ion  w a s  
Urinary 

2.8 
2.8.1 Roadside a i r  pollution produced by studded tires, 

OTHER TYPES OF A I R  POLLUTION 

Since 1980, c i t izens  l iv ing  i n  d i s t r i c t s  w i t h  snow have been troubled by 

dust originating f m  f r i c t ion  between the road surface and studded tires on 
au tambi les  during the period fran late winter to ear ly  spring. 
caused by t h i s  roadside dust were found not only i n  the f i e lds  of opthalmology 
and otolaryngology, but also i n  the  respiratory system. 
armunts of such inhaled dust i n  Sendai using a method of measuring extremely 
weak magnetic f i e lds  manating f ran  the lungs. 
c m t e r s  riding mtorb ikes ,  street sweepers and shoes polishers a t  the  
roadside had abnormally high values. 
differences between school children l i v ing  i n  the center and suburbs of Sendai. 
Other researchers performed cross sectional s tud ies  i n  other cities using 
standardized questionnaires and had similar findings. 

Health e f f ec t s  

T a k i ~ h i m a ~ ~ )  estimated 

H e  found that mre than 70% of 

An asthna panel study found s igni f icant  

2.8.2 A i r  pollution and lung cancer 
T ~ n h a g a ~ ~ )  (1981) reported that the mortali ty due to  lung cancer i n  males 

was  correlated with the anbient concentrations of SO2 and No2, and those i n  
f m l e s  were correlated with No2, population s i zes ,  population dens i t ies ,  and 
smoking rates. 
towns and cities. 

This study used a multiple regression analysis on data f ran  40 

S h i m i z ~ ~ ~ )  (1977) found i n  Nagoya that the m r t a l i t y  rate f r an  lung cancer 
i n  both sexes increased m n g  residents l iv ing  along roads with increasing 
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nmbers of autarobiles but these rates we= not related to distances f m  the 

road to the house. 

lung cancer was correlated with SO2 and SPM i n  Nagoya. 

physicians due to lung cancer and a i r  pollution in Yokkaichi but the 
association was not significant. 

Shimiz~~~) (1979) reported that the mortality rate frun 

(1980) noted an association between the rates of visits to 

2.8.3 Air pollution and excess deaths 

Watanabe47 ) ( 1979 ) reported a relationship between the arnbient concentration 
of pollutants and the n m r  of deaths per day for a 10 year period (1962-1972) 
in Osaka. 

+ S o 2 ) ,  (temp. + No ) or (temp. + SFM) were dmnstrated. 

Significant relations between the nmber of deaths and (temperature 

2 

2.8.4 Air pollution and volcanic ash 

of Mt. Sakurajima (1980s) were noted by W a k i ~ a k . 3 ~ ~ ) ;  there were negative 

correlations between both the prevalence rates of bronchial asthna and 
nasopharyngitis, and the distance f m  Mt. Sakurajima but in the case of the 

prevalence of conjunctivities, a positive correlation was reported. 

Health effects associated with volcanic ash originating f m  the eruptions 

49 1 The effect of the 1977 eruption of the Usu volcano was reported by Saito . 
The mst c m n l y  reported symptans were headache and shoulder or neck 

stiffness. 

falls. 

eye diseases, coughing and the sense of a “foreign W y ”  in the eye. 

Approximately 30% of symptaw were considered to relate to the ash 
Physical examinations indicated that most of the people suffered f m  
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