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INTRODUCTION 

T HE Hirst Automatic Volumetric Spore Trap (AVXT).-It is gen- 
erally agreed that allergic sensitivity to any particular kind of spore is 

usually acquired by inhaling it from the atmosphere and that both the diag- 
nosis of allergic disease due to such inhalants and the assessment of the 
effects of its treatment demand a reasonably exact estimate of exposure. For 
all these reasons, allergists have long sought, some means of obtaining a’ con- 
tinuous record of the volumetric spore content of the atmosphere. 

Scheppegrellz7 attempted, by applying Stokes’s formula, to convert 
“gravity” slide figures directly into volumetric counts. His computations 
Were corrected by Cocke.* Pollen grains are not, however, the smooth spheres 
which Stokes’s formula presupposes. Dyakowska I0 found that pollen grains 
of different shapes but of approximately the same average diameter had 
widely different rates of fall. Dahl and Ellis,” for this and other reasons, 
deprecated the publication of volumetric computations unless they were ae- 
companied by observed data expressed in terms of grains caught on unit area 
of exposed surface. Schmidt,2G however, had pointed out many years earlier 
that, far from being still or in a state of streamlined motion, as Scheppegrcll 
and others had presupposed, the outdoor air is in a constant state of turbu- 
lence; except for a very shallow layer close to the ground, “stokesian” con- 
ditions do not obtain outdoors,12 and calculations based on the supposition 
t’hat they do are fallacious. Cocke” devised and operated a volumetric ap- 
paratus and concluded from concurrent observations with gravity slides 
that his formula2 for converting gravity slide counts into volumetric con- 
centrations gave values which deviated up to 56 per cent from the actual 
concentrations obtaining. Durham5 carried out similar calibration experi- 
ments with an impingement apparatus devised by Hawes and associatesl” 
and later, using the data so obtained as a “pivot,” applied his own rate-of-fall 
figures” to compute volumetric estimates based on gravity slide counts.? 
Neither the forms of volumetric apparatus referred to, nor Hill’s dust pump, 
also used by Durham,* seems to have been used to give average volumetric 
incidence over a whole season. Durham” later made computations with a 
view to expressing seasonal incidence in numerical terms, but they were not 
based on direct volumetric measurement. Gilbert” bubbled air at a measured 
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rate through a collecting solution to obtain estimates of volumetric in- 
cidence of ragweed and oak pollen grains at Columbus, Ohio, and compared 
simultaneous gravity slide counts. 

A new approach to the volumetric estimation of airborne particles was 
made by May,2Z who utilized the principle that the numbers of airborne par- 
ticles can be estimated ideally by means of a sampling tube, provided that 
the “orifice with a feathered leading edge faces upstream with suction ap- 
plied at such a rate that the air velocities in the tube and the main air stream 
are equal.” This principle-that of isokinetic sampling-was embodied by 
May in his “cascade impactor.” In this apparatus a stream of air passes 
through a succession of sampling tubes and is impacted on a succession of 
fixed slides on which are caught particles of decreasing orders of size. The 
same principle was followed by HirstlO in his automatic volumetric spore trap, 
in which a single slide, coated with adhesive and mounted on a carrier actu- 
ated by clockwork, moves at the rate of 2 mm. an hour in front of a rectangu- 
lar orifice measuring 14 by 2 mm. and therefore receives on its surface during 
twenty-four hours a band-shaped trace 14 mm. wide and 48 mm. long. The 
air flow is kept constant at 10 liters per minute, which corresponds with a 
wind speed of 6.0 meters per second or approximately 13.5 miles per hour. This 
slide is changed daily and, when scanned lengthwise, gives counts which cor- 
respond with the average volumetric content for the whole of the twenty- 
four hours. In theory, the counts made on scanning the slides should be cor- 
rected for the actual wind speed obtaining during the operation of the ap- 
paratus, and these corrections have been determined for two types of spore 
by actual calibration using a wind tunne1.l Since every type of spore would 
need its own table of corrections, however, it has been found more con- 
venient to use the uncorrected figures, which in practice are known to be 
conservative.1s The inventor of the apparatus has published volumetric counts 
of pollen grains (undifferentiated) and of various kinds of fungus spores 

obtained by short runs with his apparatus at Harpenden, EnglandI and, in 
collaboration with Gregory, by a summer run also at Harpenden.]” Gregory 
and Sreeramu1u14 have obtained similar series of observations in an estuarine 
area in southern England. Hamilton 14a has reported on pollen and spore counts 
from London and Harpenden, Herefordshire, England. 

Operation of Hirst AVST at Car&f.-A Hirst trap was operated almost 
continuously from late April, 1954, until the end of the pollen season of 1957 
at the pollen observatory on the roof of the National Museum of Wales, 
Cathays Park, Cardiff. The observatory is 60 feet above ground level, and the 
museum is situated at an altitude of 45 feet in an area which to the east and 
south is largely built up and for three miles to the north and west is suburban 
in character. The immediate neighborhood contains important sources of pol- 
len, including grasses, weeds, and park trees. The country around Cardiff is 
mainly agricultural, with grass and arable fields and occasional scattered 
woods.20 
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Two small modifications of the procedure described by Hirst have been 
introduced. First, the adhesive employed was glycerin jelly (containing basic 
fuchsin as a stain) and not petrolatum. Second, the chain to which the slide 
carrier was originally attached was replaced by a steel violin E string, whit+ 
was found less liable to accidental breakage. 

The exposed slides have all been scanned lengthwise. From the counts 

thus obtained, the average daily volumetric incidence in grains per cubic 
meter has been computed. In all, eighty-nine types of pollen grains have been 
recognized,2J and some 90 per cent of all grains observed have been detcr- 
mined. 

RESULTS OF THE CESSUS 

Semonnl Incidence of Thirty Types.-The principal results of scanning the 
daily slides, year by year, are summarized in Tables I to IV. It has been 
necessary, for the purpose of delimiting the season for each kind of pollen, 
to adopt an arbitrary end point; this value has been taken as one pollen grain 
per cubic m&er (corresponding to two grains per 0.9 sq. cm. of adhesive sur- 
face on the daily slide). Seasonal incidence (I)) of a particular pollen types 

TABLE I. ATMOSPHERIC POLLEN AT CARDIFF,~~~~ (APRIL 26 ONWARD) 
SEASONAL INCIDENCE OF TWENTY-ONE TYPES AS DETERMINED BY DAILY VOLUMETRIC! Corm% 

----. 
AVERAGE 

VOLUMETRIC 
COTJNTS IN SEASONAL 

GRAINS PER INCIDENCK 
DAYS CUBIcMETER P =TlX r 

POLLEN TYPE PERIOD (n\ (P) jIJNITS) 

Aeer (sycamore, maple) 8 1.5 12.- 
Aesculus (horse chestnut) 

April 29-May 6 
May 14-24 11 1.0 11 

Artemisia (mugwort) August 4-28 25 1.0 25 
Castanea (sweet chestnut) 38 3.0 114 
Chenopodiaceae (beet family) 

July 4-August 10 
0 0 

Compositae (excl. artemisia) 50 0.5 25 
Cyperaceae (sedge family) 

May 19.July 7 

Ericaceae (heather family) 
May 8-21 14 1.0 14 
August 31.Sept. 7 8 0.5 4 

Fagus (beech) May 12-15 4 1.5 6 
Gramineae (grasses) May 3-Sept. 24 145 25.0 3,625 
Juncaceae (rush family) July 12-14 3 1.5 4.5 
Pinus (pine) 
Plantago (plantain) 

May 15-June 15 3” 
125 

5.0 160 
2.0 250 

Platanus (plane) 
May 5-Sept. 6 

Quercus (oak) 
May 8-23 16 1.0 16 

Ranunculus (buttercup) 
April 30-June 21 53 71.0 583 
June 22 1 I.5 1.5 

Rumex (sorrels and docks) May 26-August 4 $1 2.0 142 
Sambucus (elder) June 13.July 3 “1 1.5 31.5 
Tilia (linden) July l-28 28 4.0 112 
Umbellif erae ( parsnip family ) 0 0 
Urtica (nettle) May 29.Sept. 18 113 20.0 2,260 

Note: The following types are omitted from this table because in 1954 their respective 
Pollen seasons were more or less complete before April 26: Alnus, Betula, Carpinus. Corylus. 
Fraxinus, Populus, Salix, Taxus, and Ulmus. 

has been computed simply as the product n x p where n equals number of days 
from first count of one grain per cubic meter to the last such count in the 
year concerned and p equals the average mean daily concentration during 
the season. Some kinds of pollen in certain seasons failed to register a mean 
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concentration of one grain per cubic meter on any single day; their seasonal 
incidence for the year(s) concerned has been entered as zero, notwithstand- 
ing the fact that grains of t,he type concerned may have been caught in our 
apparatus, although in numbers here regarded as negligible. 

TABLE II. ATMOSPHERIC POLLEN AT CARDIFF, 1955 
SEASONAL INCIDENCE OF THIRTY TYPES AS DETERMINED BY DAILY VOLUMETRIC COUNTS 

Aesculus (horse che&nut ) 

POLLEIL' TYPE 

Alnus (alder) 
Artemisia (mugwort) 

Acer (sycamore, maple) 

Retula I birch) 
Car-pin& (hornbeam) 
Castanea (sweet chestnut) 
Chenopodiaceae (beet family) 
Corylus (hazel) 
Compositae (excl. arteniisia) 
Cyperaceae (sedge family) 
Ericaceae (heather family) 
Fagus (beech) 
Fraxinus (ash) 
Gramineae (grasses) 
Juncaceae (rush family) 
Pinus (pine) 
Plantago (plantain) 
Platanus (plane) 
Populus (poplar) 
Quercus (oak) 
Ranunculus (buttercup) 
Rumex (sorrels and docks) 
Salix (willow) 
Rambucus (elder) 
Taxus (yew) 
Tilia (linden) 
Ulmus‘ (elm)’ 
Umbelliferae (parsnip family) 
Urtica (nettle) 

May 12-30 
March 16.April 13 

PERIOD 

July 27.August 23 
April 20-May 12 

Mav 7-14 

AVERAGE 
VOLUMETRIC 
COUNTS IN SEASONAL 

GRAINS PER INCIDENCE 
DAYS CUBIC MET&F P = 1lxP 

(n) (P) (UNITS) 

8 0.5 

July IO-August 12 
July 23-August 27 
March 16April 13 
June B-August 27 
May 23-June 2 

April 13.May 11 
May 4-Sept 8 
June 30.August 7 
May 25June 12 
May 21Sept. 7 
May 25 
April 19-28 
May g-June 6 
May Z5-July 9 
May 29-July 30 
Anrit 5-Mav 11 
June 17-J&y 31 
March 15-April 24 
July 7-28 L 
March 15-May 12 
May 30-June 11 
June 4-Sept. 15 

19 0.5 
29 4.0 
28 2.0 
23 4.0 

0 

2 
3.0 
2.0 

29 2.0 
84 0.5 
11 1.0 

0 

2: 23.0 
128 77.0 

Ii 
1.0 

110 ifi 
1 1:o 

10 1.5 
29 4.0 
46 1.0 
63 
37 ::: 
45 
41 2 
22 3:o 
59 13.0 
13 0.5 

104 41.0 

4 
9.5 

116 
56 
92 

10: 
72 
58 
42 
11 

0 

661: 
9,856 

39 
114 
550 

1 
15 

116 
46 

441 

ii;: 
102.5 

66 
767 

6.5 
4,264 -- 

In Table V the thirty types whose incidence is recorded in detail in 
Tables I to IV are arranged in descending order of average incidence during 
the four (or three) years concerned. A gravity slide census covering thirteen 
years at Cardiff and one to five years at twelve other stations in Great 
Britain gave very similar results,2z except that certain types of pollen grain 
which, by reason of their small diameter, are caught less efficiently on hori- 
zontal slides than the average are now seen to stand higher in order of nu- 
merical importance than was formerly supposed ; this applies to chestnut 
(Castanea) and, above all, to nettle (Urtica) . The source plants of the eight 
typ.es at the top of Table V may be regarded as the chief hay fever plants of 
Great Britain. 

The range of seasonal incidence registered varies widely in all types. 
Thus, in Urtica (nettle), Plantago (plantain), Taxus (yew), and Populus 
(poplar) the highest value is about twice the lowest; in grasses it is three 
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TABLE III. ATMOSPHERIC POLLEN AT CARDIFF, 1956 
SEASOKAL IIWIDENCE OF THIRTY TYPES AS DETERMINED BY DAILY VOLUMETRIC COUNTS 

~-I_- 

POLLEN TYPE 
Acer (sycamore, maple) 
Aesculus (horse chestnut) 
Alnus f alder) 

---I_-__ _-.--.. -- 
AVERACE 

VOLI:METRIC' 
(!OU~TS IN SEAsOKAL 

GRAINs PER IN(:II)ENCE 
nhrs I ('1:BI(' METER P zz 11 x p 

PERIOD ( II I iP, ( r~xrl~s) 
May 6-23 1X 1.0 1x -' 
Mav 15-23 

Artemisia (mugwort ) 
Retula (birch) 
Carainus i hornbeam 1 

March 4-April 14 
August 7-21 
April 11-May 26 
April IO-May I 
July g-August 15 
July 24-August 13 
March 4-April ‘ i 
June 13-July 19 
May IO-June 12 

9 
42 
15 
46 

Casianea jsweet chektnut) 
Chenopodiaceae (beet family) 
Corylw (hazel) 
Composit,ae (excl. artemisia) 
Cyperaceae (sedge family) 
Ericaceae (heather family ) 
Fagus (beech) 
Fraxinus (ash) 
Qramineae (grasses) 
Juncaceae (rush family) 
Pinus (pine) 
Plantago (plantain) 
Platanus (dane\ 
Populus (i;oplarj 
Ouercus (oak) 
I&anunculus (buttercup) 
Rumex (sorrels and docks) 
Salix (willow) 
Sambucus (elder) 
Taxus Ivrw’, 
Tilia (&de,) 
Ulmus (elm) 
Vmbelliferae (parsnip family) 

22 
39 
“I 

1.0 
8.0 
3.0 

3u.n 
1.0 
9.0 
1.0 
7.0 

9 
:i:w 

45 
1,748 

0‘) -I 

35 

May 4-26 
April ll-May 10 
May 4-Sept. 26 
May l-16 
May 16-June 23 
Mav IO-SeDt. 2 
Mai 10-J&e 4 
April 7-26 
Mav ‘i-June 22 
Mai 29.June II 
May 21.July 29 
March 27-May 10 
June 12-July 30 
March 4-May 9 
June 2%July 29 
March 4-May 15 
June 1 

37 
34 

n.2 
1.0 

0 
33 
3n 

146 

11.0 
8.0 

28.0 
0.5 
4.0 
5.0 

16 
39 

116 
26 
20 
47 
14 
70 
45 
49 
(ii 
32 
73 

3.0 
1.5 

i 7.0 
0.5 
5.0 
‘2.5 
1.0 
5.5 36X.5 
3.0 96 

30.0 2,190 
1.5 

2,280 
1.5 

19.0 Urtira (nettle) ~-.-- Mav 31.Srpt. 27 -__.~ - 

times as high and in certain trees it is very much higher. Over a longer 
period of years, wider differences might well be observed. These variations 
are illustrated graphically in the frequency diagrams (Figs. 2 to 9) and es- 
pecially by those for tree pollens (elm, ash, birch, and oak in Figs. 2, 3, 4, 
and 6, respectively). The potential significance to allergists of such variations 
has been indicated in an earlier communication*“; it, should always he borne 
in mind when the effects of treatment, are assessed. 

Phenology: The time relations of the various types are set out in the 
calendar (Fig. l), in which are indicated the earliest and latest dates, re- 
spectively, in any of these four (or three) years on which a count of at least 
1 grain per cubic meter was registered, and also the period, if any, during 
which such a minimum count was registered in each and all of these years. 
F’or example, elm pollen was present in 1957 as early as February 2 and in 
1956 as late as mid-May, while every year it was present from March 15 to 

no, as shown by the black line. Eighteen types out of the thirty exhibited 
such a constant period; three (grasses, plantain, and nettle) had very long ones, 
but twelve had none. The data here recorded are essentially similar to those 
obtained in earlier stndies based on horizontal slides.1Q-21 
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Day-to-day incidence with special reference to eight principal types: The 
day-to-day volumetric counts of all types exhibit considerable oscillations 
during the course of each season, so that the average figures given in Tables 
I to V do not nearly state the actual mean daily concentrations to which 
patients may be subjected from time to time. Details of the atmospheric 
incidence of the eight principal types during the years 1954 (or 1955) to 1957 
are therefore set out graphically in the form of day-to-day frequency dia- 
grams in Figs. 2 to 9. The order is that of seasonal onset. The diagrams 
may be distinguished according to their general pattern as either compact 
(symmetrical about a midseason maximum) or diffuse (with no regularly 
recurring maximum phase).*O 

TABLE IV. ATMOSPHERIC POLLEN AT CARDIFF, 1957 
SEASONAL INCIDENCE OF THIRTY TYPES AS DETERMINED BY DAILY VOLUMETRIC COUNTS 

I / iv$$!%c / SEASONAL 

Acer (sycamore, maple) 
Aesculus (horse chestnut ) 
Alnus f alder) 
Artemisia (mugwort ) 
Betula (birch) 
Carpinus (hornbeam) 
Castanea (sweet chestnut) 
Chenopodiaceae (beet family) 
Corylus (hazel) 
Compositae (excl. artemisia) 
Cyperaceae (sedge family) 
Ericaceae (heather familv) 
Fagus (beech) 

“I 

Fraxinus (ash) 
Gramineae’ (grasses) 
Juncaceae (rush family) 

May 15 
April 19.May 15 
March 7-28 
August 1-22 
March 28-May 25 

27 
22 
22 
59 

0 

1.0 
4.0 
9.5 

22 

586:.5 
0 

90 June 26-August 3 
August l-12 
February 26April 4 
May 19 
June 4-20 

36 2.5 
12 1.5 18 

38 38 1.0 
1 

17 
0 

2.0 
0.5 

2 
8.5 
0 
0 0 

1;; 
23 

37 
153 

17 
20 
34 

1 

March 19sApril 24 
April 5Sept. 26 
May 3-4; June 20. 

July 10 
Mav IO-June 15 
April 24Sept. 23 
April 19-May 5 
March 26-April 14 
April 16.May 19 
May 22 
May 21.July 10 
March 12-April 5 
June 4-29 
Feb: l-April 5 
June 19-July 13 
Feb. I-March 30 

14.0 518 
50.0 8,750 

Pinus (pine) 
Plantago (plantain) 
Platanus (plane) 
Populus (poplar) 
Quercus (oak) 
Ranuneulus (buttercup) 
Rumex (sorrels and docks) 
Salix (willow) 
Sambucus (elder) 
Taxus (yew) 
Tilia (linden) 
Ulmus (elm) 
Umbelliferae (parsnip family) 
Urtica (nettle) 

1.0 

33:: 

23 

111 
535.5 

0.5 

19:: 

8.5 
30 

408 
1.5 1.5 

51 
25 

5.0 
0.5 
2.5 

255 
12.5 
65 

256 
26 

i; 
58 

0 

4.0 
7.0 
7.5 

175 
435 

0 
June 4Sept. 26 115 18.0 2,070 

Elm (Ulmus, Pig. 2). The diagrams for the two years, 1955 and 1956, 
are clearly of the compact type, attaining their maxima very near the middle 
of the season in both years. The 1957 season was much less intense and did 
not conform so closely to the same pattern. The differences in dates of on- 
set of the pollen season are to be related to weather during the preceding 



TABLE V. ATMOSPHERIC POLLEN AT CARDWF, 1954 TO 1957 
THIRTY MAIN TYPES ARRANGED IN DESCENDING ORDER OF NUMERICAL IMPORTANCE 

---____ 

POLLENTYPE 

Gramineae (grasses) 
Urtica (nettle) 

---- 
RANGE OF HIGHEST MEAN DAILY 

AVERAGE SEASONAL (%-HOUR) CONCENTRATION --. 
SEASONAL INCIDENCE VALIJE 
INCIDENCE (PERCENTOF (GRAINSPER 

(UNITS) AVERAGE) CUBIC METER) DATE 

6,580 55-150 594 June 24. 1955 - 
2.718 76-157 

Ulmus ielm) 
Betula (birch) 
Plantago (plant,ain) 
Quercus (oak) 
Fraxinus (ash) 
Kumax (sorrels and docks) 
Taxus (yew ) 
Castanea (sweet chestnut) 
Alnus (alder) 
Pinus (pine ) 
(lorylus (hazel) 
Tilia (linden) 
Fagus (beech ) 
Kambucus (elder ) 
Salix (willow) 
artemisia (mugwort) 
Chenopodiaceae (beet family) 

e 
Platanus (plane ) 
Populus (poplar) 
Compositxe (excl. artemisia) 
Juneaceae (rush family) 
Cyperaceae (sedge family) 
Ranunculus (buttercup) 
Aesculus (horse chestnut) 
Acer (sycamore, maple) 
Carpinus (hornbeam) 
Umbelliferae (parsnip family) 
F:riraceae (heather family) 

'848 51-258 
800 I“-%18 d 
4i9 52-121 
476 24-l 6X 
175 51-141 
29i 48-l 50 
242 43-106 
161 47.“li Y 
158 14-213 
135 82-118 
114 33-215 
112 59-156 

64 o-393 
59 54.153 
54 "4-210 
53 47-166 
28 0 257 

206 
251 

29 
ii 

l-12 
50 
tii 
Xi 
i3 
3') 
34 
24 
2 3 
12 
13 

Aug. 31; 1954 
April 3, 1956 
April 27, 1956 
June 11, 1956 
May 22, 1956 
Marvh 29, 195i 
June II, 195ti 
March 23, J95ti 
*July 17, 1956 
March 19, 1956 
.June 1, 1955 
Marcah 19, 1956 
June 20, 19.57 
May 9, JWX 
July 9, 1955 
March 27, 1956 
ALW. 7. 195i 

26 
25 
19 
19 
Ii 
14 
14 

9 
7 
2 

4-300 
so-120 
10-291 i 
24.2% 
53.200 
11-328 
64.193 
11-200 

O-300 
O-300 
O-400 ---__ 

May 14, 1956 
llpril 5, 1957 
May 19, 1951 
July 8, 1955 
May lti. 1956 
June 17. 1955 
May 12, 1957 
May 3, 1954 
hp;il 23? 1956 
June 1. 1955 
Sept. 7, 1954 

I JAN I FEB I MAR I APR I MAY I .,JN I JUL I AUG I SEP I 

ELM:ULMUS’ 
I I I I I I , I 

YEW :TAXU?! I I I I I I t 8  

, HAZEL : CORVLUS ’ I I I I I 1  , 

ALDERtALN+JS 
I- I I I I I 8  

WILLOW: SALIX : 
I I , , , I 

ASH : FRAXIW I 8 I , 8  I 

POPLAF!:POwLUs I’ 
t I I , I 

1  BIRCH rBETULA ’ 
I I , I I I 

GRASSES:GRA~.~NEAE ’ I I I t I 

HOWBEAM ‘CARPINUS 
=-==f 

I I , I I 

1  OAK : QJERCUS t I , , I 

I PLANE I PLATANUS ’ I I I n  I 

HORSE CHESTNUT : AESCULUS : 
I t , I 1  

I PLANTAM : PLANTAGO 
1 I I , I 

I I SVCAMOREiACER!zuzw-s ’ 1  I I , 

I RUSH FAMlLY:JUNCACEAE&- ’ 8  , I I 

I I BEECH:FAGUS~ ’ I I I , 

, SEDGE FAMILV*CVPERACEAE 
I I I PINE:PIwS 

: 
I I 6  I 
I I 1  I 

I COMPOS,TAE (EXCL.ARTEMISIA, : ’ : : ; 
I SORRELS AND DOCKS:FlUMEX 
I BUTTERCUP FAMILV:RAf,UNCULUS ’ I I I , 

I I I NETTLE : WITICA ’ 
4 , I t 

I CARROT FAMILY : LMBELLIFERAE km 
I I 1  

I I 1  ELDER : SAMBUCUS 
: 

, I , 

I I 1  I LIME I TILIA .rmziwm: I I 

I I SWEET CHESTNUT : CASTANEA ’ 
I , 

I  b GOOSEFOOT FAMILY : CHENOPODIACEAE m,&w-m ’ I 

, 1  I , MUGWORT : ARTEMISIA , ’ 
, 

I I 1  I I h4EATHER *CALLUNA -  ’ 
I I , I I I I , 1  

,AN I FEB , MAR I APR , MAY I J”N I JUL , AUG , SEP I 

AT LEAST 1 POLLEN GRAlN -  IN ONE OR MORE YEARS 

PER CUBlC METRE -  EVERY YEAR 

Fig. L-Atmospheric pollen calendar for Cardiff, based on direct volumetric counts, 1954-1957. 
(For further explanation, see text.) 
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months. The average mean temperature for January and February in 1955 
and 1956 was 36O I?., but in 1957 it was 42.4O 11’. The low daily and 
a,verage concentrations observed in 1957 cannot be explained either by un- 
favorable weather (there were only three slight frosts after January 19) 
or by wind direction, which was prevailingly westerly during the ulmus 
season in all three years; low pollen productivity in that year is doubtless 
to be related rat,her to the heavy fruiting observed in 1956 and the consequent 
exhaustion of reserves. 

90 
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Fig. Z-Elm Wlmus) pollen at Cardiff, 1955-1957. Daily mean counts in grains per cubic 
meter. (For further explanation. see text.) 

Ash (Praxinus, Pig. 3). All the diagrams are compact, with the climax 
count at mid-season. The wide differences in date of onset and the reasons 
therefor are similar to those noted above for Ulmus. Here again, relatively 
low pollen productivity in one year (but not the same year) is to be related 
to internal causes and not to external influences. 

Birch (Betuka, Fig. 4). All the diagrams are compact. The contrasted 
seasons, 1955 and 1956, again illustrate the fact that in some trees a bumper 
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pollen season may follow or be followed by an almost negligible one. In each 
year except 1957 the highest concentration was recorded at mid-season. 

Grasses (Gramineae, Fig. 5). Daily concentrations exhibit a pat,tern of 
rises and falls in which the rises increase up to a maximum before the mid- 
dle of the season and thereafter decrease (compact type). The peak count. 
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Jfk. S.-Ash (B’raxinus) pollen at Cardiff, lg!j5-195$. Daily mean counts in grains per cubl(’ 
meter. (For further explanation, see text.) 

a’lways comes between the middle and the end of .June-in 1954 on June 22, 
in 1955 on June 24, in 1956 on June 22, and in 1957 on June 15. Violent day- 
to-day oscillations in concentration are a normal feature of the grass pollen 
season in Qreat Britain; they seem to be related at Cardiff to oscillations in 
t,hc daily number of hours of bright sunshine.21a In 1957, however, there was a 
period when both these sets of oscillations were suspended. From June 10 
‘to July 6 the weather was unusually sunny; there was an average of 10.2 
hours of bright sunshine daily. During this time the pollen count remained 
well up between 200 and 400 grains per cubic meter and over twenty-seven 
days averaged 282 per cubic meter. No such period of weather occurred at 
the same time of year in 1954,1955, or 1956. 

The 1957 grass pollen season also differed from the three preceding it 
in being virtually complete by July 10. The drought that had gone on 



228 HYDE J. Allergy 
May-June, 1959 

throughout June brought growth (and incidentally flowering) to a stop; 
rainfall from July 10 caused a resumption of growth but did not result in a 
recrudescence of grass-pollen fall (contrast with Urtica) . 

Oak (Quercus, Fig. 6). The diagrams are compact. As in the case of 
betula, the pollen seasons of 1955 and 1956 form a marked contrast, 

50 

40 

30 

20 

IO 

0 

IO 

0 

bo 

50 

40 

30 

20 

IO 

0 

30 

20 

IO 

OA 

Fig. (.--Birch (Betula) pollen at Cardiff. 1954-1957. Daily mean CountS in grainS Per 
cubic meter. Daily concentrations from April 12 to April 25. 1959. have been computed from 
gravity slide counts (the average relation between gravity slide and Hirst trap counts having 
been determined for Betula from concurrent exposures at Cardift’, 1955-1957). (For further 
explanation, see text. ) 

Plantain (Plantago, Pig. 7). The frequency diagrams are of the diffuse 
type, although various submaxima occur. Pollen concentration was con- 
sistently lower throughout 1954 than in the subsequent years. The opening 
of the season varied widely, from May 20 in 1955 to April 24 in 1957. 

Rumex (sorrels, R. acetosa, and R. acetosella; and docks, especially R. 
crispus and R. obtusijlorus; Pig. 8). Pollen of Rumex acetosa is prevalent 
during June, that of the docks later, but no recurrent marked maxima can 
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Fig. 5.-Grass pollen at Card% 1954-1957. Daily mean counts in grains per cubic 
meter. The effective onset of the season and the climax count both come in June every 
year; in other respects, the 1957 season differed from the three preceding seasons. (For 
further explanation, see text.) 
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Fig. 6.-O&k (Quercus) p$&& at Cardiff, 1954-1957. Daily mean counts in grains per cubic 
. (For further explanation, see text.) 

Fig. 7.-Plantain (Plantago) pollen at Cardiff, 1954-1957. Daily mean counts in grainS Per 
cubic meter. (For further explanation, see text.) 
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be related to the seasons of the respective species. The diagrams are of the 
diffuse type, like those of plantago; here, too, average daily concentrations 
in 1954 are consistently low. 
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Fig. 8.-Sorrel and dock (Rumex) pollen at Cardiff, 1954-1957. Daily mean counts in grains 
per cubic meter. (For further explanation, see text.) 

Nettle (Urtim, Pig. 9). As already indicated by its position in Table 1’. 
nettle pollen is the only kind which during the period concerned gave volu- 
metric counts comparable with those for grass pollen. The frequency diagrams 
differ from those for grasses in that there is no single peak period which 
recurs within a particular range of dates; the highest counts occurred in 
dit&rent. years on various dates between June 16 and August 31. A pre- 
liminary consideration of these diagrams has shown that their general shape 
is related not to the calendar but to the weather, and in particular to pre- 
seasonal and coseasonal rainfall. Thus, the exceptionally dry period, from 
.June 1 to July 6, 1957, followed a relatively dry spring; Urtica pollen release 
rose steeply after its onset to a moderate level on June 11 and thereafter 
fell steadily to a very low value on July 27. Rainfall in *July permitt,& fresh 
growth and a, new and higher wave of pollen production, the highest count 
of the season being attained on August 12 (contrast the grass pollen season 
for the same year). 

The highest mean daily (twenty-four-hour) concentrations of all the 
thirty types whose incidence is here regarded as significant are stated in thr 
fourth column of Table V. 
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Fig. 9.-Nettle (Urtica) pollen at Cardiff, 1954-1957. 
meter. 

Daily mean counts in grains per cubic 
(For further explanation, see text.) 



VOLUMETRIC COUNTS OF POI,L,EN GRAINS ‘,:j:j 

SUMMARY 

1. The article presents the principal results of a four-year pollen census 
carried out with a Hirst automatic volumetric spore trap. 

2. Direct volumetric estimates have been made of the pollen incidence 
of the various types of pollen concerned; the potential value of such csti- 
mates in the study of inhalant allergy needs no emphasis. 

3. The survey has confirmed the general conclusions (based on a much 
longer gravity slide census) on the qualitative and (with the exceptions 
stated below) the quantitative botanical composition of the pollen cloud ovw 
South Wales, on the phenology and (with the same exceptions) t,he rclativc~ 
abundance of its constituent types, and on their variation from year to ycsar. 

4. Use of an efficient volumetric trap has made possible a more rorront 
assessment of the numerical a.bundance of certain types (notably .lirtica 1 
whose relative importance. by reason of their sma,ll size. had previously bcotl 
nnderestimatcd. 

5. Attention is drawn to especially wide variations in the annual in- 
cidencr of certain principal types and to t,he need to consider such variations 
when the cffcct,s of treatment are assessed. 

Grateful acknowledgment is made to Dr. D. A. Williams, Medical Director of tltc 

Asthma and Allergy Research Unit, St. David’s Hospital, Cardiff, for his unfailing ill- 
terest and stimulating comment; to the technical staft of the Tinit, particularly Mr. 1,ior. 
gan Robertson, Mrs. IX. F. Adams, and Miss A. Gould, for their tievoted work; antI 11, 
the South Wales Electricity Board for use of a 1K’ motor and to Mr. \j:. Hall for Iii. 

ready help in ronnection therewith. 
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