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S T U D I O R U M  P R O G R E S S U S  

Suspended Particulate Matter and Benzo-(a)pyrene Immissions 

Measurements  of pa r t i cu la te  m a t t e r  immiss ions  and  
3.4 benzpyrene  were carr ied out  a t  6 measur ing  po in t s  in 
and a round  Ziirich ii1 1971/72. The measur ing  po in t s  
differred according to  the i r  immed ia t e  sur roundings ;  
t h e y  were subd iv ided  in to  indus t r ia l  zone, ] leavy t raff ic  
spots ,  res ident ia l  area and  recrea t ion  ground.  The LIB-  
m e t h o d  was used to  collect the  pa r t i cu la te  ma t t e r .  Each  
dus t  t e s t  was analyzed wi th  a f luorescence spectroscopic  
measur ing  method .  This  made  it possible to de t e rmine  the  
ex t en t  of 3.4 benzopyrene  and 11,12 benz f luo ran thene  
toge the r  w i th  a gauge for the  to ta l  con ten t  of poly-  
a romat ic  hydroca rbon .  Differences in locali ty as welI as 
var ia t ions  in t ime  were assessed. As meteorological  
pa ramete r s ,  t empera tu re ,  inversions,  h u m i d i t y  of the  air, 
wind  s t r eng th  and sunl ight  hours  were t aken  into con- 
s idera t ion  in the  evaluat ion.  

Clean air is an i m p o r t a n t  prerequis i te  for the  hea l th  of 
man.  However ,  especial ly ill closely inhab i t ed  agglomera-  
t ions, it  is pa r t ly  no t  available any  more  due to increasing 
industr ia l izat ion.  Former ly ,  air pol lu t ion was ma in ly  
perce ived as being an annoyance ,  b u t  t o d a y  its m a g n i t u d e  
gives reason to  fear t h a t  it  could be ha rmfu l  to  heal th .  
Some epidemiological  s tudies  give proof  t h a t  air pol lu t ion 
in general,  and especial ly its particle phase, has  an 
influence on morb id i t y  as well as mor t a l i t y  of the  poupla-  
t ion  1, ~. 

Hygienic signi/icance of particulate matter. Out  of the  
grea t  n u m b e r  of var ious  immissions,  we shall  there fore  
consider  the  particle phase only. This can be d iv ided  into 
sedimentary dust and  actual  suspended  particulate matter. 
Cont ra ry  to  s ed imen ta ry  dust ,  pa r t i cu la te  m a t t e r  
comprehends  the  fine par t ic les  which  pene t r a t e  in to  t he  
h u m a n  lung, i.e. t he  so-called lung-penetrating fract ion.  
W h e n  dus t  is inspired,  its effect  is main ly  de t e rmined  by  
its composi t ion.  Here,  t h e  original  chemical structure of 
dust ,  as well as its adsorbabilily, plays a decisive par t .  

A tmospher i c  dus t  consists  main ly  of soot and  mineral 
compom~zts. However ,  depend ing  on its origin, dus t  can 
also conta in  traces, such as lead, iron, cadmium,  and 
asbestos.  In  inhab i t ed  areas, lung-pene t ra t ing  dus t  
consists  main ly  of soot, i.e. of submicroscopical  agglomera-  
t ions  of pa~ticles - m o s t l y  carbon - hav ing  absorb ing  
power  due to the  large surface area. Consequent ly ,  soot  
par t ic les  can be bearers  of subs tances  harmfu l  to heal th .  

Suspended  par t icu la te  m a t t e r  is of special significance 
f rom the  hygienic  v iewpoin t ;  because of h igh adsorbing  
power  it m a y  lead to heavy  concen t ra t ions  of po l lu tan t s  

Fig. 1. Measuring apparatus for particulate matter with filter head 
and aggregate casing (LIB-procedure). By means of a rotary valve 
pump outside air is sucked vertically through the cylindric adapter 
tube passing a glass fibre filter. The volume of the absorbed air is 
measured with a gas-meter. The suctioI1 speed is approx. 0.5 m/s so 
that soot particles with a diameter greater than 15-20 v,m will settle 
before reaching the filter. Thus they are not included in the measuring. 
After taking samples, the separated (particulates) is gravimetrically 
determined and the particulate matter immission determined in 
Fg/m 3. 

200 

i 100 

o ~  
E i i i , i i i i i i r i 

]an. Feb.Mar. Apr. May June July Aug.Sept.Oct.Nov. Dec. 1971 ~ m > , ,  

~ 200 ----- ~ . / : ,  10 

100 

" - - o  . . . . . . . .  . . . - , - " "  

i h i i i ~ t i i i i i 

]an. Feb.Mar. Apr. May June July Aug.Sept.Oct.Nov.Dec. 1972 

Fig. 2. Monthly mean values of particulate matter and 3.4 benzo- 
pyrene immiSsions. Average values of 5 measuring points ill Zurich- 
City (without Uetliberg). 

1 W. WINKELSTEIN, S. KANTOR, E. W. DAVIS, C. S. MANERI and 
W. E. MOSHER, Arch. envir. Hlth. 74, 162 (1967); 16, 401 (1968). 

2 L. D. ZEIDBERG, R. J. M[. HORTON and E. LANDAU, Arch. envir. 
Hlth. 15, 225 (1967). 
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locally. Therefore,  in the  respi ra tory  t rac t  a locally 
increased effect of adsorbed substances is possible in the  
v ic in i ty  of a deposi ted part icle.  Fur thermore ,  soot  
enhances the  chemical  react ions be tween var ious com- 
ponents  of air pollut ion.  Photochemica l  reactions be tween 
hydrocarbons  and oxides of ni t rogen are examples  which 
lead to the  so-called 'smog' .  Solar radia t ion  Call thus  be 
reduced by  up to more than  50%. Therefore,  par t icula te  
m a t t e r  has a special significance even before human  
contact .  

Sulphur  oxides, as well as polyaromatic hydrocarbons 
(paHC), to which cancerogenic Benzo(a)pyrene (BaP) 
belongs, are among  the  most  impor t an t  soot part icles  
adsorbing components .  Among  HC, B a P  holds the  posi- 
t ion of an indicat ing substance, because B a P  is chemical ly  
the  most  stable and therefore most  f requent  of the  bio- 
logically ve ry  ac t ive  p a H C  3. P a H C  originate  from the  
same condit ions as soot, viz. through incomplete  combus- 
t ion of organic substances 4. Consequently,  hea t ing  in- 
stallations,  combust ion  motors  and special industr ia l  
processes are the  most  impor t an t  emission sources of 
BaP.  

In  the  measurements  carried out  in Ziirich, immissions 
of suspended par t icula te  m a t t e r  and benzo(a)pyrene 
were ascertained represen ta t ive ly  a t  moni tor ing po in t  w i th  
va ry ing  env i romnenta l  character .  Simultaneously,  the  
var ious  air pol lut ion sources (heating installations,  motor  
vehicles, industry) were p ropor t iona te ly  assessed. 

Measurements in Zurich. In  the  years 1971/72 par t icu-  
la te  m a t t e r  was measured in Zurich at  6 different  moni tor-  
ing points.  The  so-called LIB-procedure was applied, 
which had former ly  been used by  the  'Landesans ta l t  fiir 
Immissions-  und Bodennutzungsschutz  des Landes  
Nordrhein-Westfa len ' ,  par t icu lar ly  in the  Ruhr  region. 
This procedure  permi ts  the  de te rmina t ion  of average 
concentra t ions  of par t icu la te  m a t t e r  over  24 h and the  
collection of par t icu la te  m a t t e r  quant i t ies  of 50 t o  100 mg 
for analyt ica l  purposes (Figure 1). 

3 E. CLAR, Polycyclic Hydrocarbons (Academic Press, London 1964). 
4 I(. H. HOMANN, Russbildung in KohlenwasserstofHlammen (Arbeits- 

tagung Schwebestofftechnik, Battelle-Institut, Gen~ve 1971). 
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Table I. Measurements of suspended particuIate matter and 3.4 benzopyrene 
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Measuring points Particulate matter concentration 3.4 Benzopyrene concentration 

Yearly mean value Extreme values 24 h Yearly mean value 
([xg/m 3) ([xg/m 3) (ng/m 3) 

Industrial zone 
Escher-Wyss 128 21484 5.3 0.5-21 
Congested squares 
Paradeplatz 160 24-503 5.5 0.5-24 
Albisriederplatz 181 26-605 7.7 1.5-27 
Residential areas 
Untere Z~iune 125 26-460 6.4 0.5-28 
Triemli 100 18-385 4.1 0.3-19 
Recreation zone 
Uetliberg �9 approx. 50 14-114 approx. 2.5 0.3- 9 

Extreme values 24 h 
(ng/m 3) 

6 measuring points in Zurich, measuring period April 1971 to March 1972. " Measuring period September 1971 to March 1972. 

E v e r y  single dus t  sample  was ana lyzed  for benzo(a)-  
py rene  (BaP). A f luorescent  spect ropb.otometr ic  pro-  
cedure 5 was used, which  makes  i t  possible to  ob ta in  
selectively,  w i thou t  ch roma tograph ic  separat ion,  B a P  in 
the  cyc lohexane  ex t r ac t  of pa r t i cu la te  m a t t e r  by  measur-  
ing f luorescent  in t ens i ty  in 7 d i f ferent  combina t ions  of 
exci ter  and  analyzer  wave  lengths  and  t ak ing  in to  
cons idera t ion  influences of interference.  

The moni to r ing  po in t s  were  d i f fe rent  as regards  t he  
immed ia t e  surroundings .  They  were d iv ided  in to  indust r ia l  
zone (Escher-Wyss) ,  conges ted  squares  (Paradepla tz ,  
Albisr iederplatz) ,  res ident ia l  areas (Untere  Z~iune, Triem! i) 
and  recrea t ion  zones (Uetliberg).  On 16 days  per  m o n t h ,  
24-hours mean  values  were ga thered .  

Results. As can be seen in Table I, the  yearly mean 
values for pa r t i cu la t e  m a t t e r  concen t ra t ions  were  h ighes t  
a t  conges ted  squares  (Paradep la tz  and Albisr iederplatz) .  
The indus t r ia l  zone (Escher-Wyss)  and the  old t o w n  
res ident ia l  areas (Untere  Z~iune) were in the  i n t e rmed ia t e  
posi t ion.  The more  mode rn  res ident ia l  area (Triemli) 
and  especial ly t h e  recrea t ion  zone (Uetliberg) showed 
lower values. The year ly  mean  values  for 3.4 benzo-  
pyrene  immiss ions  were s imilar ly  p ropor t ioned ,  w i t h  
excep t ion  of those  a t  the  old t o w n  measur ing  point .  
There  the  value  was grea t ly  inf luenced by  increased 
B a P  conten t ,  especial ly dur ing  the  hea t ing  period.  

The monthly mean values of par t i cu la te  m a t t e r  and  
B a P  immiss ions  for 1971 and  1972 are shown in Figure  2. 
I t  is ev iden t  t h a t  the  immiss ions  dur ing those  2 years  
showed a p ronounced  course. In  win te r  t h e y  were 
cons iderably  higher  t h a n  in summer ;  the  h ighes t  par t icu-  
late m a t t e r  concen t ra t ions  over  24 h ocurred in win te r  
(600 ~xg/m3), the  lowest  in s u m m e r  (20-30 ~g/m3); a 
m a x i m u m  value for 3.4 benzopyrene  was measured  in 
win te r  (28 ng/ma). (1 ng  = 10 -a ~g.) 

In  winter ,  pa r t i cu la te  m a t t e r  immiss ions  were abou t  2.5 
t imes  higher  t h a n  in summer ,  and  the  3.4 benzopyrene  
immiss ions  were abou t  5 t imes  as high. These differences 
were more  mark ed  in res ident ia l  areas t h a n  on conges ted  
squares.  One of t he  pr inc ipal  sources of emission of 
par t i cu la te  m a t t e r  in win te r  is the  heating installations. 
I t  o f ten  h ap p en s  t h a t  due  to  bad  ma in tenance ,  t he  
combus t ib les  are no t  b u r n t  comple te ly  and  therefore  
great  quan t i t i e s  of soot  are expelled.  A quant i f ica t ion  
of seasonal  and  local differences,  however ,  was no t  possible, 
as the  a tmospher ic  inversion condi t ions  which  occur more  
f r equen t ly  in win te r  also lead to an increase of immissions.  

In/luence o/ atmospheric conditions. The inf luence of 
a tmospher i c  condi t ions  was of special  in te res t  for t h e  
relat ions b e t w een  immiss ions  and emissions.  Based  on 

5 M. WAIB]EL, Dissertation Nr. 5107, ETH Zfirich (1973). 

Table II. Measurements of suspended particulate matter (LIB-procedure) 

Location Yearly mean values (Ixg/m3) 

Average Individual measuring points 
Duisburg 257 227 254 
Oberbausen 222 222 
Bottrop 206 206 
Gelsenkirehen 199 186 21i 
Dortmund 198 198 198 
Essen 181 138 176 
Bochum 181 181 
Castrop Rauxel 167 167 
Zfirich 139 100 125 
Frecheu 129 129 
Horrem 125 125 
Hiirth 120 120 

291 

189 

128 

220 

160 181 

Number of measuring days per year: Zurich 192, Germany 156. 
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cor re la t ion  c o m p u t a t i o n s  w i t h  dai ly  m e a n  va lues  of 5 
measu r ing  po in t s  du r ing  t h e  t e s t  pe r iod  f rom J a n u a r y  
1971 to Apr i l  1972, a n d  t he  meteoro logica l  d a t a  repre-  
s e n t a t i v e  for Zurich,  t he  fol lowing can  be sa id:  W i t h  
g rea te r  wind  speed and  h ighe r  a t m o s p h e r i c  p rec ip i t a t ions ,  
t he  immiss ion  c o n c e n t r a t i o n s  decreased.  I n  a t m o s p h e r i c  
invers ion  condi t ions ,  immiss ions  increased  great ly .  
The  lower t he  air  t e m p e r a t u r e ,  t he  h igher  were t h e  
immiss ions  measured .  

I t  is obv ious  t h a t  these  meteoro logica l  p a r a m e t e r s  h a d  a 
decisive inf luence  on  immiss ion  concen t ra t ions ,  as da i ly  
m e a n  va lues  could be  obse rved  which  va r i ed  great ly .  
F igure  3 shows these  f indings.  Here  t he  course of immis-  
sion concen t r a t i ons  of pa r t i cu l a t e  m a t t e r  and  B a P  du r ing  
15 days  is compared  to  t he  course of meteoro log ica l  
p a r a m e t e r s  showing  a s t a t i s t i ca l ly  g u a r a n t e e d  re l a t ion  
w i t h  t h e  immiss ions .  Fo r  t h i s  g r a p h  a m o n t h  w i th  par-  
t i cu la r ly  g rea t  v a r i a t i o n s  of immiss ions  and  a t m o s p h e r i c  
cond i t ions  was chosen.  I t  c lear ly shows t h a t  above all the 
inversions decisively influence immission concentrations 
( m a x i m u m  va lue  F e b r u a r y  7, 1972). 

The  in f luence  of o the r  p a r a m e t e r s  - such  as wind  
speed,  a tmosphe r i c  p rec ip i t a t ions ,  air  t e m p e r a t u r e -  
c a n n o t  be  seen clear ly in  F igure  3. The  s ta t i s t i ca l  e labora-  
t i on  of t he  d a t a  g a t h e r e d  in 235 m e a s u r i n g  days  resul ted ,  
however ,  in  unequ ivoca l  re la t ions  b e t w e e n  immiss ions  
a n d  these  pa rame te r s .  An  inf luence  of re la t ive  air  h u m i d -  
i ty,  as well  as d u r a t i o n  of sunshine ,  on immiss ions  of 
pa r t i cu l a t e  m a t t e r  could n o t  be  observed .  On t he  o the r  
hand ,  immiss ions  of B a P  increased  w i t h  g rea t  air  h u m i d i t y .  
W i t h  increas ing  sunl ight ,  t he  c o n t e n t  of these  c o m p o n e n t s  
in  p a r t i c u l a t e  m a t t e r  decreased.  

Comparisons with measurements in other countries. I n  
Tab le  I I  t he  m e a s u r e m e n t s  of Zur ich  are c o m p a r e d  to  
those  of some G e r m a n  towns  6. Y e a r l y  m e a n  va lues  of 
p a r t i c u l a t e  m a t t e r  immiss ions  of a t o t a l  of 5 m e a s u r i n g  
po in t s  in Zur ich  and  18 in G e r m a n y  were avai lable .  

I t  is obv ious  t h a t  t h e  average  c o n c e n t r a t i o n s  of 
suspended  p a r t i c u l a t e  m a t t e r  in Zur ich  were in genera l  
lower t h a n  those  in t he  indus t r i a l  agg lomera t ion  cent res  in 
t he  R u h r  area.  However ,  w h e n  c o m p a r i n g  i nd iv idua l  
m e a s u r i n g  poin ts ,  i t  can  be  obse rved  t h a t  in  G e r m a n y  
6 m e a s u r i n g  po in t s  showed lower a n d  12 showed equa l  or 
h igher  yea r ly  m e a n  va lues  t h a n  those  of Alb i s r i ede rp la tz  
in  Zurich.  Lower  yea r ly  m e a n  va lues  t h a n  those  of 
P a r a d e p l a t z  occurred  on ly  a t  4 G e r m a n  m e a s u r i n g  po in t s .  
A t  t he  m e a s u r i n g  po in t s  Escher -Wyss ,  U n t e r e  Z~tune and  
Tr ieml i  t he  yea r ly  m e a n  va lues  were t he  same or lower 
t h a n  those  of t h e  R u h r  a rea  w i t h  t he  smal les t  immiss ion  
concen t ra t ions .  

I n  Tab le  III ,  5-year  m e a n  va lues  of some A m e r i c a n  
towns  are  shown.  Of a t o t a l  of 60 A m e r i c a n  m e a s u r i n g  
points ,  only  3 h a d  lower  va lues  t h a n  those  of t he  l imi t ing  
va lues  (p r imary  s t a n d a r d )  of 75 ~zg/m a 7. W h e n  c o m p a r i n g  
measu red  va lues  of t he  va r ious  towns,  i t  mus t ,  however ,  
be  t a k e n  in to  cons ide ra t ion  t h a t  measu r ing  m e t h o d s  and 
loca t ion  of m e a s u r i n g  po in t s  cause ce r t a in  differences.  

Significance o/ immissions o/ suspended particulate 
matter. Epidemio log ica l  s tud ies  in  t he  U n i t e d  S ta te s  
(cited in s) h a v e  shown  t h a t  a r e l a t ionsh ip  exis ts  be tween  
suspended  pa r t i cu l a t e  m a t t e r  immiss ions  and  m o r b i d i t y  
as well  as m o r t a l i t y  of t h e  popu la t ion .  S t r ange ly  enough,  
no dependence  be tween  suspended  p a r t i c u l a t e  m a t t e r  
c o n t e n t  of t he  a i r  a n d  lung  cancer  occur red ;  bu t ,  a 
c o n n e c t i o n  w i t h  m o r t a l i t y  due to s t o m a c h  cancer  could be  
observed .  The  inf luence  of a i r  po l lu t ion  on  m o r t a l i t y  
d u e  to diseases of t he  r e s p i r a t o r y  t r a c t  was pa r t i cu l a r l y  
m a r k e d :  i t  t r i p l i ca t ed  f rom t h e  degree w i t h  t he  lowest  
( <  80 ~zg d u s t / m  8) to  t he  degree w i t h  t he  h ighes t  ( >  135 
~g/m ~) air  pol lu t ion .  

W h e t h e r  these  unwho le some  effects can  on ly  be  a t t r i b -  
u t ed  to t he  benzo(a )py rene  c o n t e n t  of p a r t i c u l a t e  
m a t t e r  can  h a r d l y  be  a sce r t a ined  on the  basis  of epi- 
demi01ogical s tudies  alone. This  would  no t  on ly  requi re  
knowledge  of t he  effect  of p a r t i c u l a t e  ma t t e r ,  b u t  a n  
a d d i t i o n a l  d i f f e ren t i a t ion  b y  c o m p o n e n t s  adso rbed  in 
pa r t i cu l a t e  m a t t e r .  I t  can, however ,  be accep ted  t h a t  the  
sum of var ious  subs tances ,  especial ly  p o l y a r o m a t i c  
h y d r o c a r b o n s  (paHC), c o n t r i b u t e  to  t he  carc inogenic  
effect  of p a r t i c u l a t e  m a t t e r .  

A m o n g  these  paHC,  benzo (a )py rene  has  t he  pos i t ion  of 
an  i nd i ca t i ng  subs tance ,  as i t  is a biological ly  ve ry  act ive,  
chemica l ly  s tab le  and  the re fore  a f r e q u e n t l y  occur r ing  
c o m p o n e n t  of a i r  po l lu t ion .  The  pos i t ion  of an  i nd i ca t i ng  
s u b s t a n c e  is f u r t h e r m o r e  ind ica ted ,  as i t  o r ig ina tes  
t o g e t h e r  w i t h  o the r  p o l y a r o m a t i c  h y d r o c a r b o n s  a n d  soot  
f rom incomple t e  c o m b u s t i o n  of organic  mate r ia l .  

The  p a r t i c u l a t e  m a t t e r  and  3.4 b e n z o p y r e n e  concen t ra -  
t ions  m e a s u r e d  in Zur ich  - especial ly on  some days  in t he  
w i n t e r  m o n t h s  - are p a r t l y  ve ry  high.  Based  on t he  
epidemiologic  s tud ies  men t ioned ,  h e a l t h  in jur ies  m u s t  be  
expec ted  here  too. Therefore ,  it is necessary to reduce 
emissions by means of well-planned measures: heating 
systems have to be more closely supervised; in winter 
months rooms should not be overheated; new housing 
developments should be provided with a central heating 
system in an adequate location; in new buildings more 
attention should be paid to insulation; ]urthermore, effective 
laws and controls on motor vehicle exhaust gasses should be 
put  into force. 

Table III. Measurements of suspended particulate matter (High- 
Volume-Air-Sample) 

Zusammen/assung.  Mit te ls  L I B - V e r f a h r e n  und  fluo- 
r e szenzspek t roskop i scher  Ana lyse  w u r d e n  w ~ h r e n d  meh-  
r e ren  J a h r e n  I m m i s s i o n s m e s s u n g e n  yon  S c h w e b e s t a u b  
und  3 ,4 -Benzpy ren  in der  Grol3stadt  u n d  U m g e b u n g  
an  cha rak t e r i s t i s ch  d ive rgen t en  Megste l len  durchgef i ihr t .  

Cattanooga 180 
Philadelphia 170 
Detroit 143 
Boston 134 
Nashville 128 
Memphis 113 
Washington 104 
Houston 101 
Worcester 93 
Springfield 70 
Greensboro 60 
Miami 58 
5-year mean values 1961 to 1965 in [zg dust/m 3. 

M. WAIBEL and  H.  U. WANNER 

Department o[ Hygiene and Work Physiology, 
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