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In 1961, from June to October inclusive, automatic volu-
metric spore traps (Hirst 1952) were continuously operated at
London and Liverpool to investigate and compare the chang-
ing concentrations of the spore content of the atmosphere in
these densely populateti areas.

The London trap was placed on the 25 metre high flat roof
of the nurses' home at St. Mary's Hospital, Paddington
(altitude 29 metres) where catches would typify a wide area
and be unbiased by any pollen or spore sources in the immediate
locality. Although the hospital lies in a densely built-up part
of Central London there is a great deal of vegetation in the
neighbourhood. Within a kilometre radius of the trapping
site are more than 500 plane trees {Plalanus acerifolia) many
of which line grassed areas, and a kilometre to the South lie
Kensington Gardens and Hyde Park where there are over
7,000 trees and 2.8 sq. kilometres of park land which is mainly
grass clad. Less than 2 kilometres to the North West, in the
area of Regent's Park, there are over 5,000 trees and approxi-
mately 2.4 sq. kilometres of grassland.

In Liverpool, the trap was sited on the 1 2 metre high roof
of the Liverpool Chest Hospital, which lies on the western
slope of Mount Pleasant Hill at an approximate altitude of
42 metres. The neighbourhood is more densely built-up than
that adjacent to the London site; there are only 45 trees



Platanus) within a kilometre of the hospital and the nearest
sizeable park (approxiiriately 72 hectares) lies about 2 kilo-
metres away.

Both traps were continuously operated at a suction rate of
10 litres per minute seven days a week throughout the period
of the investigation and were stopped each day only for the
few minutes necessary when slides were changed. The slides
were coated with petroleum jelly aJid after exposure mounted
in glycerine jelly as used by Hamilton (1959). The deposits
were scanned under an oil immersion objective and the daily
mean concentrations of pollen grains and fungal spores esti-
mated Irom counts along a single narrow traverse parallel to
the direction in \̂  hich the slide moved while in the trap.

This method of scanning samples the whole of the exposure
period and is most convenient for comparing the spore content
of the air in two different areas. The counts were not corrected
for aiiisokinetic errors in sampling and the efficiency of the
method, which averages about 80% and thus underestimates
the true concentration, is described by Gregory & Hirst
(i957)-_ _

Classification of the pollen grains and spores caught was
based on microscopic morphology and the pollen grains were
examined unstained since the natural colour of the fungal
spores must be retained for their itkntification. Fungal spores
were assigned to a series of categories or "Form Groups",
mainly those used by Gregory & Hirst (1957) and Hamilton
(1957 antl 1959) and whose relationship to well established
taxonomic genera will be described below.

POLLEN

The amount of pollen in the air is primarily tlependent upon
the seasonal cycle of plant flowering. This is governed by
climate and, in England, according to Blaekley (1873) and
Hamilton (1959) , the grass pollen season usually extends
from the beginning of June to the end of the third week in
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July. The actual amount of pollen in the air, however, is
af tected by short term weather variations and rain for instance,
has been shown by/J/ac^/ey (1873), / /v^f (1950) ^nd Hamil-
ton (19^7) to remove pollen from the atmosphere.

The mean daily estimates of grass pollen in the air at
London and Liverpool are given in Fig. i which illustrates the
enormity of the daily variation. To smooth out the curves and
make it easier to study the effects of long spells of weather
and phenology, and also render the data from the two cities
more easily comparable, the results for the common pollen
grains are presented as ten day running means. Fig. 2.

It may be seen (Fig. 2) that for Liverpool in 1961 the curve
for grass pollen ascends 9 days later than that for London, the
season was 9 days shorter than London's and in June and July
the ttjtal Liverpool catch equalled only 6G%. of the nuniber of
grains trapped in London, yet on 24th and 30th June, how-
ever, the mean daily estimates for Liverpool were 441^ grains
per cubic metre, whilst the highest concentration recorded in
London, on one day only, was 371 > grains per cubic metre on
June i5tli.

Although there are no comparable data for previous seasons
at Liverpool, Hamilton (19^9) reports that in London in
1954 and 1955 the highest grass pollen counts were obtained
on June 22nd in both years; in view of the fact that in 1961

Fig. 2.
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the highest concentration occurretl on June 15th, it must be
concluded that the date of maximum grass pollen production
varies from year to year.

Urtica (nettle) not only occurs in the atmosphere throughout
the summer, but appears to have two cycles of flowering, the
numbers of airborne grains rising to a first peak in June and
then to a second peak in late August in both cities (see Fig. 2).
In June the maximum concentrations were 20 grains per cubic
metre on the 6th in London and 10 grains per cubic metre on
the 2(»t[i in Liverpool. During the August peak, however, the
maximum concentration in Liverpool was greater than that in
London and these were 9 and 17 grains per cubic metre on the
29th and 2Sth respectively. During tbe period June to October
inclusive, although the total Liverpool catch was only about
half tliat of London, in September it was f(jur times London's.

Most of the anemophilous tree pollens were shed by June
1st, so that the grains included in "all other pollens" (Fig. 2)
are predominantly those of Artemisia, other Gompositae,
Chcnopodiitm, Riimcx and miscellaneous pollen.

Tbe extent to which tlie total pollen content of the atmos-
phere in tbe Summer in EnglantI ts prei_l<jniinated by the Gni-
mineae and Urtica is clearly shown in Fig. 2. In June antl July,
in London, grass pollen accounted for 62% and Urtica 26%
of the total catch, whilst at Liverpool, the prtjportions were
70% anti 16% respectively.

F U N G A L S P O R E S

Over forty tliffcrent categories of fungal spores may be
recognizt;d in tbe deposits on slides exposed in a Hirst trap
but only those which were very common or consistently present
in the atmosphere of both cities will be considered bere.

Fungi Imperfecti:

(^ladosporittJii.—cotTiprises a spore category of a distinctive
and easily recognisable itiorpbology in which the conidia, seen
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on the slides singly, or in groups or digitate clusters, are un-
doubtedly those of the genus Cladosporinm Link ex Fries.
Although many of the spores cannot be ascribed to a species,
those of C. macrocarpum Preuss and C. herbarum Link ex
Fries are recognisable and the latter species predominates.

In London the season commenced earlier than it did at
Liverpool and rapidly rose to a daily mean peak concentration
(16,800 spores per cubic metre) on July 20th. In Liverpool
the seasonal rise in June and July was much smaller than in
London (Fig. 3), and the maximum mean daily concentration
(14,300 spores per cubic metre) was not attained until Sep-
tember 2nd. In June and July when Cladosporiuvi comprised
70% of the entire spore catch in London it was only 35% of
that in Liverpool. From late August onwards, however, the
Cladosporium concentration at Liverpool rose to almost equal
that of London.

^''Penicillium''.—The spore group ^^Penicillium^' includes the
conidia of the whole of the Aspergillaceae; the spores are
small, round or ovoid phialospores which when trapped from
the air may appear on the slides either singly or in short chains.
1 he group is designated ''Penicillium'' because cultural studies
have shown the spores of this genus outnumber by far those
of Aspergillus in the air of Britain. Ihree times as many
''Penicillium'' spores were trapped in Liverpool as were caught
in I-ondon (Fig. 4) .

liolrylis Pers. ex Fries.— (l''ig. s) protluces characteristic
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ovate almost hyaline one-celled conidia which when trapped
from the air occasionally occur in clumps of four or five. The
fungus occurs as a common saprophyte and is also pathogenic
to a wide variety of plants. It may he seen {Fig. 5) that the
greatest numbers were trapped from the air in July and late
August and September, and there tends to be an autumnal peak
particularly at Liverpool. From June to October inclusive the
London trap caught only 'J2% of the total number of Hotrytis

trapped in Liverpool.

A scoinycett'S :

The genera Chaetomittm, Leptosphacria, Pleospora, Sor-
daria and Ventitria are but a few whose characteristic asco-
spores may be recognised in a slide tleposit; otliers such as
Epichloe, Claviceps and Ophiobolits produce long filiform
ascospores. Uaviilton {1959) classified airborne ascospores
into Filiform, Fusiform, Leptosphaeria antl a Miscellaneotts
grottp, but restricted I.cpto.sphaeria to include only multisep-
tate fusiform yellow spores with one markeilly swollen ceil,
although in many species of Leptosphacria Ces de Not. the
ascospores have no swollen cell {Holm 1952). In the present
study the ascospore classihcation of I!aviilton (1959) is
adopted with the exception tbat the spore group designated
Leptosphaeria has been broadened to include hyaline, yellow
to brown, cylindrical or fusitoriii ascospores with transverse

B O T B Y T I S

Fig. 5. Fig. 6.
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•septae only. The Fusiform group is retained for lusitonn thiii
walled ascospores with thickened transverse septae only, but
since both these and Vcnluria ascospores were not consistently
caught (luring the period of this sun'ey they are included in
the MiscfllancoHs j^roup illustrated in Fig. S.

I.eptosphacria.—'J'hese "leaf-spot-fungi" most commonly
occur on plant leaves and stems, and Last (1955 b) has de-
scribed ascospores of the /.. eiistoma group in concentrations
of O^ooo per cubic metre in the air of a barley crop.

The atmospheric concentrations ol "I.cptosphaeria^' asco-
spores increased during August to reach a peak in late Septem-
ber at both stations (Fig. 6).

Filiforw Ascospores.—These comprise a group tlescribed
hy Hamilton as being produced mainly from lesions on plant
leaves and having a ratio of length to breadth greater than
20: I. They may be septate or aseptate and include the asco-
spores of such genera as Claviceps, Epichinc and Ophioholus,

The aerial concentrations of filiform ascospores at Liver-
pool were higher than those at Lontlon during June to October
1961 (Fig. 7). In view of the density oi urban development at
Liverpool, it is most likely that these spores originate Irom tbe
open countryside away from the cities.

Miscellaneous .-i.uospores.—This group includes such mor-
phologically recognisable ascospores as those of Chaetomiuvi,
Sordaria and J'entmia together with others which have not yet
heen classified. The general trend in I,ondon concentrations is



similar to that at Liverpool (Fig. 8) and the Liverpool catch
was higher throughout the period studied.

Basidiomycetes:

The basidiospores trom toadstools, bracket fungi etc. are
usually asynmietrical and characterized by a distinct apiculus.
A few are sufficiently distinctive to he recognizable and as-
signed to genera and even species in the Agaricaceae. The
spore form genera of Ganoderma, Tilletiopsis and Sporobolo-
myces will each be considered separately since they were re-
gularly encountered at both stations; all other basidiospores
have been simply classified according to their colour into two
groups—hyaline or coloured.

Goloured basidiospores.—-(Fig. 9) were trapped in rather
higher concentrations at Liverpool tban London, the total
London catch forming ĝ ^̂ f of tbat obtained at Liverpool
{t-'ig- 9)-

Hyaline hasidio.sporcs (Fig. 10) were trapped in far greater
numbers in Liverpool than London, the total London catch
being only 51% of that at Liverpool.

Both the hyaline antl coloured basidiospores showetl tiic
same seasonal rise to a peak concentration in late September
and early October.
Ganoderma.—A bracket fungus which grows on the trunks of
trees. The spores of G. applanattim arc brown with an outer
hyaline wall pierced by projections from an inner coloured

COLOURED HYALINE B*StOIOSPOnE5
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Fig. 9. Fig. JO.
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wall, and conseiiuently are easily identified in the deposits on
Hirst trap slides.

The concentration of Ganodcrina spores in the atmosphere
of London was consistently higher than at Liverpool (Fig.
I I ) . This is clearly correlated with the numbers of trees in the
areas; there are more than 13,000 trees within a 2 kilometre
radius of the London trap and less than i,,^"' within a similar
radius of the one at Liverpool.

Sporoholomyces.—"pink mirror yeast" produces characte-
ristic hyaline basidiospores. This fungus, together with/i/f/Zn'ti,
"white mirror yeast", and Tilletiopsis occurs abundantly on
the leaves of cereals as wheat and barley (Last 1955 a, b).
The numbers of Sporoholomyces trapped are shown in Fig. 12
and probably include some Ihillera, a less common fungus but
which has spores indistinguishable trom Sporoholomyces.
Since the concentration can rise extremely rapidly, tluring rain
as on [uly 12th at Liverpool, when from a previous daily mean
concentration of 6,500 pe r /M ' the count reached 26,440
p e r / M \ the mean daily concentrations have been given for this
fungus. The London total was 41 % of that recorded in Liver-
pool.

Tillcliopsis-—produces minute sickle-shaped basidiospores
which when trapped by impaction from the air are usually
folded hinge-like into two unequal parts. Hamilton (1959)
reports the peak occurrence of TUlchopsis spores occurred in
September and October, and that their numbers in air were not

OCLQBOLOMtCES
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significantly increased when rain was falling. In this stutly, the
coneentrations of Tilletiopsis spores in the air of London were
far less than at Liverpool where they rose to a distinct peak in
late September and early October.

Total—All Spores.—Refore Mid-August the total fungal
spore concentrations at Lontlon were higher than those at
Liverpool, hut from then on the Liverpool concentrations were
the higher. {Fig. 14). The contribution of each spore category
to the total air-spora together with tbe dates of highest daily
concentrations during the i)eriod stutlied is given in Table i.

D I S C r S S I O N A N ' D C O N C I, T P 1 () N S

The constituents of the air-spora may he classified into
groups according to their season, in Britain, Cladosporiiim,
Ustilago and Sporoholomyces have summer maxima, the spores
of Botrytis, such ascomycetes as I.eptosphacria and certain
basidiomycetes occur in highest concentration in the autumn.

[he far higher total spore count at London during the
summer was mainly due to a preponderance of Cladosporium
(Figs. }, and 14). In the public parks in the proximity of the
London trap there is approximately five square kilometres of
grass (mainly Poa, Holcus and Festuca spp.) which is mown
weekly and the cuttings left lying on tiie sward. Since Cladn-
sporium predominates the primary flora which coloni/es mori-
bund grass tissue {/reh.Ucr 1956, Htidsoti & If'chstcr U)^?,)

T I L L E T I O P S I S

Fig. 14.
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this area ot substrate, presented \\cck.ly, nuist be important in
contributing to the Gladosporium concentration in the London
atmosphere during the slimmer months. Sampling in the park
was therefore initiated in 1962 with rotorod samplers [Perkins

TABLK I
Cnntribuhuiti uf Spore Categories lo the Total Air Spora.

t.ondon Liverpool

HiEhest daily
conceniration

Date

27.IX

I I.VII &

i6.vin
13.IX

lo.X
20.IX

i.VIlI
l .VI I

29.VI11

21.VII

20. VII

lO.IX

3>-V

8.V
r .VII I

7.x
24-IX

30.VIII

22.VI

5.IX

30.VIII

Numbet
M," of air

5 8 0

90

1,940

1,890

1,100

r 10

16,310

360

2 2 0

4 2 0

[6,860

110

140

1,060

1 0 0

2 7 0

2 7 0

ho

2,80a

4 9 0

S i O

34,040

^ 1
/o of
total

air spi)rj

11.04

0.18

^•79

S-30

3 79
0.42

7.S7

0.61

0.41

0.96

61.SI

0.26

U43
2.35

0.10

o-.V
0.31

0.12

3 4 ^
2.30

2.27

Spore category

. I SI ospores

f.cplosphacria

Filifnrin
Misrellanenus

tiastdios pores

(Vilftiircd

Hyaline
(lanoderrnn

Sporohdifimvces
T'lHctinpsis

Alternaria
Botrytis
(.'ladospdriiim
P^pirncriim

Hiysiphe
Penicillium
Polythrinciuiii
Pulliilaria
I'oriila
I redosporcs
Ustilago
Other Sport-s
Mycelium

Tr)tal Sports

".'a of
Total

air spora

I . O

0-48

'3-52

7.67

0.17

20.11

3.8.

0.19

0-3 5
28.40

0,14

0.25

7.98
0.20

0.18

0.17

0.17

2.18

4.40

i'75

Highest daily
concentraiion

Number
M^ of air

3 6 0

2 3 0

2,1590

I.S2O

2,S4o

1 2 0

26,440

2,s8o

2 4 0

830

14,300

9 0

2 7 0

1,590

1 5 0

110

2 4 0

80

2,800

1.630

1,250

4i,8So

Date

21.IX

16.VI

18.VII

28.VIII

4.x
29.VIII

12.\'II

4.x

29. VIII
12.VII
2.IX

I & 9.1X
25.VII
29.VIII
29.VIII
3I.V1II
29.VIII
29.VIII
30. VI

22.IX
I.IX

[2.VII
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1957)' '̂ ''"-1 ^^^^ concentrations there compared with those
recorded by the Hirst trap on the 25 metre high roof a kilo-
metre away. The results given in Table 11 are typical of those
obtained when samples were taken between 1300—1401) hours.

TABLE 2

Variation in Cladosporium concentrations at different sites. Samples li'crc taken
simultaneously and counts are given per cubic metre.

June

Kensingtons
Rdof (25 m
Streets

fs^ensingtonh
Roof (25 m

Day

(iardens
high)

Day

tiardeiis
hieh)

25

92,400

25.530

372

.tnly

2

16,590
4,700
3-500

26

123,180
1,116

900

6

17.250
2,500

27

49,200
1,600

120

17,500
5,200

2y

i,yoo
700
180

9

44-H4
533
155

Since the park concentrations are so much higher than at the
other sites it must be concUuletl that in the summer months, the
grassland of the puhlic parks is an important source of atmos-
pheric Gladospor'utm in central London. By contrast, in Liver-
pool where there is no comparahle area of grassland near tbe
trapping site, airborne Cladosporium concentrations in June
;ttid July 1961 were only half that m London. From late
August onwards, the Cladosporittm concentrations at Liver-
pool rose and approached that oi London. This may be ex-
plained by tiie commencement of the autumnal seasonal decay
of vegetative matter throughout tbe Hritisb countryside, ami
by the fact that as the summer temperatures decline, tbe rate

' Trapping efficiency nf the rotorod \ ;iries with partick- size, for Cladosporium

it was taken as 50 % since under still air conditions in the laboratory its efficiency

varied betivet-ri 40-50 "X̂  \vhen compared with a slit-sampler (liourdilton ft al.

1941).
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at which ^rass j^rows and ttic trcqucncy ot inowinj^ uinl pro-
vision of fresh substrate for colonization in the park dim-
inishes.

Peak concentrations for Cladosporiinn in London, hut not
Liverpool, may he correlated with the highest summer tem-
peratures. Rockmann (1933) recorded temperatures hetween
21—26'' C as optimal for the development of Cladosporiitm In
culture and Rirhards (1956) found a correlation hetween tem-
perature and the numher of conidia in the air. Since highest
Cladosporium counts in Liverpool were not obtained until the
autumn however, the availahility ol suhstrate for colonization
appears to have a greater eftect on the Cladosporium content
of the air than does temperature.

The conclusion of Richards (1956) based on culture plate
exposures, that the numher of Cladosporium spores in the air
are inversely related to the degree of urban development ot
the trapping site environs, is here substantiated, despite the
tact that Gregory & Stedman (1953) have shown the trapping
efficiency of the exposetl Petri dish to he no higher than 5%
and that of the Hirst trap is approximately 80%.

Three times as many ''Penicillimn" spores were trappeil in
Li\erpool as were caught in London (Fig. 4) .

Ambler & I'ernon ( i9i ; i ) and Richards (195^1), in New
Zealand and Britain respectively, found Penicilliitm to be more
frequently deposited from the air ot large towns than in less
huilt up places.

It is noteworthy that liroicn (1936) descrihcd moulds as
the weeds of the home, and Davies (1960) not only found
Penicillium to he the mould genus most frequently isolated
from house dust, hut present in larger numbers in dust trom
densely huilt up areas than that from less urban districts. Given
atiequate conditions of humidity, hoth Penieillium and Asper-
gillus readily colonize house dust, whilst Cladosporium is not
only unahle to colonize house dust, but rapidly loses viability
in it and can be rarely isolated {Davies 1960). In view of these
findings and the fact that the present study shows the "Peni-
cillium''' spore type to be far more abundant in the more dense-
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ly huilr up area, it must be concluded that ''Penicillium'^ is
characteristic of urban areas in contrast to Cladosporium which
IS more common in the air of the open country.

The spores of Holrylis, Leptosphaeria, Tililiopsis antl the
hyaline and coloured hasidiospores were trapped in their high-
est concentrations in the autumn. Among the ascospores those of
Leptosphaeria were trapped in similar numbers at both cities,
the other groups were more common in the air at I.i\'erpool;
apart from Ganodcrma more basidiosporcs were trapped in
Liverpool tban London. The number ot (nniodcrma spores
trapped in London must he correlated with tlie fact that there
are over 13,000 large trees within 2 kilometres of the trapping
site and less than i,.]oo in tbe comparable area of Liverpool.
Most ol the fungi jn these groups are uncommonly foLiiid
growing in city areas; Leptosphaeria, Sporoholomyces and
Tilletiopsis o c c u r a b u n d a n t l y o n c e r e a l s {Last 1 9 ^ 1 a, b ) , fili-
t o r m a s c o s p o r e s a r e p r o d u c e d by p a t h o g e n s of t h e Gramineac
such as (Javiceps, Epichloe and Ophioholus, the ascospores ol
the miscellaneous group are mainly from sapropbytic or copro-
pbilous fungi antl tbe association of tbc higher basidiomycetes
with torest trees is \\c\\ known. Clearly the origin of sucb
spores must mainly lie in tbc countrysitle adjacent to the cities.
The fact that tbc trapping sites at London and Liv^erpool re-

spectively, were approximately i -; antl ^ kilometres away from
open country with mixetl vegetation and land under crops,
most probably accounts for the higher ascospore and hasidio-
spore catches at Li\'erpool. In this sLir\ey, tbe ascospores and
basidiospores together comprised ^4% of the total spore catcb
at Liverpool and 299̂ - at Lontlon, and yet, as allergens their
role has heen scarcely investigated. Feinhcrg (1945) and
Frankland (personal communication) have reported tbat posi-
tive skin reactions may be obtained witb some of the fungi in
these groups and they are worthy of further investigation. The
lack ot knowledge of these fungi lies in part with the fact tbat
most air-spore surveys bave been made witb culture plate
exposures antl as notetl by Hamilton (1919) only the spores
ot tbe Fitrigi hnperfecti and M/tcorineae were VQCordtid. Under
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conditions of artificial culture 32% of the spores trapped at
Liverpool and 2 1 % at London, would fail to produce an
identifiable colony, even if no competition was presented by the
other fungal constituents of the air-spora.

The effect of buildings on wind flow and the pollen and
spore concentrations in city streets does not appear to have been
investigated although preliminary studies (see Table II)
suggest street levels more akin to indoor concentrations than
those of wide open spaces.

The sampling ot atmospheric allergens is beset with numer-
ous prohldiTis, concentrations not only vary from hour to hour
hut with the patients immeiliate environment and the weather.
At present, the roof top continuous sampler which provides a
visual record of the entire air-spora seems the most practical
approach to the eity wide survey; since concentrations will be
higher in the adjacent countryside and lower in the central
streets, the record should be supplemented with "spot" samples
taken in every conceivable situation. Detailed studies on the
preponderance of Penidlliitm and Aspergillus spp. in urhan
areas must employ volumetric cultural methods such as those
described by Botirdillion el al. (1941} and Andersen (1958).
The ultimate aim of al! such sampling must be to record the
range of pollen and spore concentrations to which the patient
is exposed, it is for the clinicians to decide their allergic im-
portance.
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S W M M A RY

The summer and autumn air-sporas at London and iJver-
pool were compared by continuous automatic sampling from
May 28th to October 31st 1961. The grass pollen season at
London rose to a peak 9 days earlier than at Liverpool where
the season was shorter. Migher spore concentrations at l-ondon
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during the summer were due to a preponderance of (Clado-
sporium and this was correlated with the amount of grass park
land in Central London. Ascospores and basidiospores were
trapped in higher concentrations at Liverpool and related to
the relative distances of the trapping sites from open country-
side. Preliminary studies of spore concentrations in open
spaces, at roof top and ground level in the streets, show street
concentrations to be low and akin to those indoors.
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