
a communication from India

To study distribution of algae in and around Delhi oerobiological
.Íurve)'s v,ere undertaken for two consecutit,e 1,ss7s (Septenùer, 1972, to
August, 1974). The surveys were accomplished by (a) slide exposure
method and (b) culture plate expo.rure method. A total of 850 slides
were exposed using Durham's gravity sampling device. Of these, 5ó0
slides u,ere exposed during 1973 (272 slides at th,o trlcter and 288 at
ten nrcter height) and the rest (290 slides) w,ere exposed during 1974 at
len nrcter height. A rotal of 858 culrure plates were exposed (276.[or
one hr,sur and 282 for two hours) during 1973 and the rest (300 culture
plates) were exposed during 1974 at ten meter height J'or two hours
durafittn onl.l,. Air was found to be rich in algae Jlora during the
nrcnlhs of Septenther Io Nouember. The dontinant ]òrnts o.f algoe present
v,ere all blue greens. Thi.r night he due to Ihe relutive treaîer resistance
nf hlue green algae to unJ'avorahle condition.s.

Venv FEW STUDIES have been oub l ished on  rhe
presence o f  a lgae in  the  a i r  and the i i  poss ib le  ro le  in
caus ing  rcsp i ra to ry  a l le rg ic  d isorders . ' "  In  Ind ia ,
a l though sys temic  and comprchcns ive  bo tan ica l  and
cl inical investigations on pol len, fungi, insects and dusts
have been repor ted , ' ' '  the  ro le  o f  a i rborne  a lgae was
never investigated in this country. We have published
pre l im inary  s tud ies  on  the  presence o f  a lgae. 'o ' ' '  Th is
paper, however, presents the f irst comprehensive report
lrom India on the prevalence of various algae spores in
Delhi atmosphere for two consecutive years by simul-
taneous dai ly exposure oi sl ides and culture platcs.

Materials and Methods

To study distr ibution of airborne algae in and around
Delhi aerobiological surveys were undertaken. The
surveys were accomplished by the fol lowing two
methods:

A. Slide Exposure Method

Sl ides  th in ly  smeared w i th  g lycer ine  je l l y  (w i thout
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phenol) were exposed to the atmosphere in a gravity
spore trap at the height of ten meters and two meters
from ground level for 24 hours on al l  working days from
September ,  1972,  to  August ,  1973 to  see i f  there  was
any dif ference in the total algae trapped at two dif ferent
he igh ts .  For  the  subsequent  year ,  i .e . ,  September ,  1973,
to August, 1974. the sl ides were exposed at the ten meter
he igh t  on ly .  The exposed s l ides  were  then asept ica l l y
transferred to a conical f lask (250 ml capacity)
containing 100 ml of steri le Fogg's medium with
nitrogen. These f lasks were then incubated at 27"C
under  cont inuous  i l lumina t ion  fo r  a lgae growth .

Dur ing  the  two consecut ive  years  o f  a i r  sampl ing  850
sl ides were exposed using Durt^am's Gravity sl ide
sampling device, Of these, 560 sl ides were exposed
dur ing  1973 (272 s l ides  a t  two meter  and 288 a t  ten
meter height) and the rest (290 sl ides) were exposed
during 1974 at ten meter height.

The number of days on which an alga was trapped
and i ts preponderance in the cultures were taken as
parameter for i ts distr ibution in the air.

B. Culture Plate Exposure

In an attcmpt to f ind the number of viable airborne
algae, culture plate exposure studies were also
undertaken. Petr i  dishes containing 20 ml of steri l ized
Fogg's medium with nitrogen were sol idif ied by adding
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1.5'% agar and were exposed for one hour and two hours,
s ta r t ing  a t  l1 :00  a .m.  Th is  was done to  f ind  ou t  i f
exposure t ime has an effect on the type and number of
algae trapped.

Dur ing  the  year  1973 a  to ta l  o f  858 cu l tu re  p la tes
were exposed (276 for one hour and 282 for two hours),
whereas  in  1974,  300 cu l tu re  p la tes  were  exposed l 'o r

BOTANICAL ASPECTS -  MITTAL ET AL

two hours  dura t ion .  The exposed cu l tu re  p la tes  were

then incubated  in  a  cu l tu re  charnber  a t  27"C +  l 'C

under  cont inuous  i l lumina t ion .  The cu l tu rc  p la tes  were

examined dai ly for growth of algae, identi f icat ion and

their isolat ion. The dif ferent algae forms dcveloped in

s l ide  cu l tu res  and exposed cu l tu re  p la tes  were

identi f ied. '0. ' t  After identi f icat ion they were isolated by
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Table l. Viablo Algao ldenlilied lrom Air ol Delhi During Thir
Study.  

_

l .  Class Chlorophyceae
A- Order  Volvocales

a)  Fami ly  Chlamydomonadaceae
1. Chlamydomonas polypyrenoideum

B. Order  Chlorococcales
b)  Fami ly  Chlorococcaceae
2. Chlorococcum Humicola

c)  Fami ly  Chlore l laceae
3. Chlorella pyrenoidosa

d)  Fami ly  Coelast raceae
4.Scenedesmus Bijuga

l l .  Class Cyanophyceae
C. Order  Chroococcales

e)  Fami ly  Chroococcaceae
5. Aphanocapsa pulchra
6. Aphanothece naegelii
7. Gloeocapsa decorticans

D. Order  Pleurocapsales
f )  Fami ly  Pleurocapsaceae

8. Myxosarcina spectabilis
E.  Order  Nostocales

g)  Fami ly  Osci l la tor iaceae
9. Lyngbya borgerti

10. Lyngbya cryptovaginata
'11. Lyngbya mejor
12. Oscillatoria simplicissima
13. Phormidum aneustissimum
14. Phormidum bohneri
15. Spirulina major
h) Family Noslocaceae
16. Anabaena anomala
17. Anabaena fertilissima
18. Anabaenopsis circularis
19. Nostoc commune
i)  Fami ly  Rivu lar iaceae
20. Calothrix fusca
i )  Fami ly  scy lonemataceae
21. Plectonema notalum
22. Scytonema bohneri
23. Scytonema rivulare

F.  Order  St igonematales
k)  Fami ly  St igonemalaceae
24. Westieilopsis prolifica

Table l l .  A lgúe Formr Cul tured l rom Aír  Exposed St ide3 at  the Height  o l  len Meterg and Two
M€ler3 fo' 12 Month3 (h:ll"tt"-b"Lt]1 

Jo l.s."ji: 
1973ì: _

S.No.  Algae forms Heighl  Sep Oct  Nov Dec Jan Feb Mar Apr  May Jun Jul  Aug

1. Phormidium spp

2. Chlorococcum spp

3. Oscillatoria spp

4. Lyngbya sgp

5. Anabaena spp

6. Chloreila spp

7. Myxosarcine spp

8. Scytonema spp

9. Westeliopsis spg

10. Scenedesmus spp

11.  lyosfoc spp

12. Aphanothece spp

13. Plectonema spp

14. Aphanocapsa spp

15. Gleocapsa spp

Algae forms
lrapped o/o

(Meter)
1 0  M .
2 M .

1 0  M .
2 M .

1 0  M .
2 M .

1 0  M .
2 M .

1 0  M .
2 M .

1 0  M .
2 M ,

1 0  M .
2 M .

1 0  M .
2 M .

1 0  M .
2 M .'10 M.
2 M .

1 0  M .
2 M .

1 0  M .
2 M .

1 0  M .
2 M .

1 0  M .
2 M .

1 0  M .
2 M .

1 0
1 1
1 2
1 4
4
o

8
I

9
7

1 4

1

1

:
J

8
7
Y

1 4
4
5

1
1

4

4
1

I

I

.

1 3
1 6
1 5

1
1'|
0

Fre-
quency.^
37.0
J ó . O

3 0 . 1
3 8 . 9
10.0
1  1 , 0
6 .2
4 .4
5 .5
9 .2
5 .5
9 .2
a - z

J . J

4.5
2 .5
3 .8
6 .9
J . Ò

4.0

2 .9
1 . 7
2 .2
1 . 4
1 . 5
0 .6
0 .3
0 .3
1 . 5

1 4
6

t 0

c
.l

;
I

1
2

1

1 3
1 2
7

1 0

10 M. 50.0 56.0 41.6 47.8 41.6 36.3 44.0 32.0 24.0 20.8 25.0 20.8
2  M.45.8  52 .0  50 .0  55 .0  45 .8  35 .0  48 .0  37 .5  29 .1  22 .7  22 .7  13 .6
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sub-cu l tu r ing  them on tube s lan ts  conta in ing  nu t r ien t
med ia .

Fogg 's  med ium wi th  n i t rogen was prepared w i th  the
fo l low ing  dehydra ted  mater ia ls :  po tass ium n i t ra te ,  0 .25
g,  magnes ium su lphate  0 .20  g ,  po tass ium d ihydrogcn
phosphate  0 .20  g ,  ca lc ium ch lo r ide  0 .10  g ,  FeEDTA I
ml .  A .  mic ro-nu t r ien t  so lu t ion  I  m l  and d isso lved in  I
l i t re  o f  d is t i l l ed  water .  The p l ' l  was  ad jus ted  to  7 .5 .

For  the  prepara t ion  o f  FeEDTA,  26 .1  g  o f  e thy lene

d iamine te t race t ic  ac id  was d isso lved in  268 ml  o f  I
norn ta l  po tass ium hydrox ide  so lu t ion .  To  th is  24 .9  g  o f
fe r rous  su lphate  was added and the  vo lume made uD to
one l i t rc .  Th is  was acra ted  overn igh t  and aga in  the
vo lume was made up to  one l i t re .

The stock solut ion of micronutr ients contained in one
l i t re  was ammonium molybedatc  0 .018 g ,  manganese
ch lor ide  1 .810 g ,  bor ic  ac id  2 .900 g ,  copper  su lphate
0 . 0 8 0  g  a n d  z i n c  c h l o r i d e  0 . 1 l 0  g .

Table t l l .  A lgae Forms Cul tured l rom Air  Expo3ed Sl ides at  Ten Meters Heighl  lor  12 Months
(September,  1973,  to  August ,  1974) .

Sep Oct  Nov Dec Jan Feb Mar Apr  May Jun July  AugAlgae Forms

Phormidium spp
Chlorococcum spp
Oscillataria spp
Chlorella spp
Scytonema spp
Nosfoc spp
Westieilopsis spp
Lyngbya spp
Myxosarcina spp
Anabaena spp
Spirulina spp
Anabaenopsis spp
Calothrix spp
Aphanothece spp
Chlamydomonas

spp

Algae Forms
trapped (%)

t ó o

b o o

Fre-
quen-
cyo/o
42.9
2 9 6
1 8 . 5
16.2
6 . 8
4 . 5
4 . 5
4 . ' l
3 . 4

1 . 4
1 . 0
0 6
0 . 3

!

i

1
I:

'10.
' |  1.
12.
t ó .

1 4 .
1 5 .

1 3  1 5
1 0  I
4 6
2 4
- 4
2 -

: :

1 2  1 0  1 2  1 1
I  7  1 0  6
6 6 4 4
5 6 6 4
- z - a

z z

l z
1

I

4 5 . 8  5 2 . 0  5 0 . 0  3 6 . 0  2 9 . 1  2 2 . 7  2 4 . 0  2 4 . 0  4 0 . 0  4 1 . 6  2 5  0  2 5  0

Table lV,  Algae Forms Encountered on Cul lure Pla les Exposed lor  One Hour and Two Hours
at  Ten Meters Heighl  for  12 Month3 ( l rom Septembeî ,  1972,  to  Augusl ,  1973) .

S.No.  Alga€ forms Hours Sep Oct  Nov Dec Jan Feb Mar Apr  MayJuneJuly  Aug
of  ex-
postlre

1. Phormidium spp

2. Chlorococcum spp

3. Chlorella spg

4. Anabaena spp

5. Oscillatoria spp

6. Scytonema sgp

7. Lyngbya spp

8. ^rosfoc spp

9. Myxosarcina spp

10. Westiellopsis spp

Algae lorms
trapped (%)

1
2
1

;
,l

H r .
H r S .
H r .
H r s .
H r .
H TS.
H r .
n  r s .
H r .
H r s .
H r .
H r s .
H r .
H r s .
H r .
Hrs.
H r .
Hrs.
H r .
Hrs.

Fre-
quen-
cy o/.
23 .9
22.7
9 .0
5 .7
7 . 2
6 .7
5 .0
4 . 6
4 .3
3 . 6
î o

2.9
t . J
1 Q

2 . 1
1 . 8
2 . 1
1 . 4
1 . 0

1 3
1 4
2'I

4
1
1
1

:
;
1

ì

U
1 0

Hr .  20 .8  34 .8  28 .6  25 .0  36 .0  30 .0  31 .8  16 .6  30 .0  12 .5  20 .0  20 .8
Hrs. 20.8 34.8 20.0 37.5 28.0 27 .1 31.8 20.8 30.0 12.5 32.0 8.3
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Table V. Algae Formr Encountered on Cullure Pleter Expored lor Two Hour! al Ton Metet!

Hoight  lor  i2  Month!  (September,  1973,  to  August '  1974) .

Seo Oct Nov Dec Jan Feb Mar Apr May Jun July Aug Fre-
quen-
cy "h
3 1 . 0
t 2  î
9 . 0
t . J

o . J

4 . 6
4.3
1 . 6
1 . 6
0 . 6

32.0 36.0 32.0 24.0 24.0 16.6 20.0 24.0 16.0 28.0 26.9 24.O

Algae Forms

1. Phormidium spp
2. Chlorococcum spp
3. Chlorella spp
4. Oscillatoria spp
5. Nosfoc spp
6. Lyngbya spp
7. Westielopsis spp
8. Anabaena spp
9. Scytonema spp

10. Myxosarcina sgg

Algae forms
trapped (%)

7 6 4
4 4 4

2

1 1 1

l l _
- 1

1 5
4
4
4

;

l 4
4

5

;

Results

Resu l ts  o f  the  aerob io log ica l  s tudres  n tade th rough

s l i d e  e x p o s u r e  l n d  c u l t u r e  p Ì i ì t e  c x p o s u r e  a r c

s u m n r a r i z e d  i n  T . r b l c :  I .  I l .  l l l .  I V  r r n d  V .

cond i t ions .
There was no stat ist ical ly signif icant dif ference in

cu l tu re  p la tcs  exposed a t  ten  meter  fo r  one hour  and
ten culture plates exposed at ten meter for one hour and
two hours duration during 1973. Therefore, in the
following year the slides were exposed for 24 hours at
ten meters and the culture plates were exposed for two
hours each day at the height of ten meters only.

During the rainy season (July to mid-September),
although the algae growth on land is profuse, the
incidence of airborne alsae becomes l imited because of
high humidity and the ra-in washing out the air.  Towards
the end of the rainy season in mid-September, during
which land is covered with a profuse growth of algae,
the  env i ronmenta l  cond i t ions  become favorab le .
Humidity and temperature decrease and the rains also

VOLU N , f  E  . I : .  A  PR  IL  .  I  q?9

Table Vl. Monlhly Variation in P€rcenlage ot Algae Forme Trappcd

ai ien ileteru Îaight with Rolpect lo Tomportture, RolatiYe

Humidity rnd Rainfall.

Ai r  *as  found to  bc  r i ch  in  a lgae l ' l o ra  f ronr

September  to  \ovember .  . \no ther  peak .  a l though o f  less

m a g n i t u d e .  \ r a s  o b s e r r e d  d u r r n g  i v l a y  a n d  J u n c .  s e p t ' 7 2

Phornti cl i u nr a n gu t I i s.\ i nt u nt. Os c i I ! ut or i a s i nrp I í ci.s s i nta 3:i
and Ch l r t roc , ) . (un t  hunt i .o io  *e re  in  the  a i r  round the  Dec.
year, lol loned br (.hlorel lu l l renÒiJo.Ía, Anabentt l l l  

i3

fert i l issinra. L) 'nqhr t t  , ,u.1,rr,  i r t , ,ne ma btthneri an,J [r?.
Westiel lop-sis prol i , l ica. I t  was interesting to note that Apr.

a  d ry  c l imate  íncreased the  inc idence o f  a i r -borne  a lgae.  Y : t "
S imi la r  resu l ts  \ \  e re  ob ta ined by  cu l tu re  p la te  i ; i y
exposure. 4us.

The monthl l '  variat ion in spore counts, with respect 3:?:
to  ra in fa l l ,  tempera ture  and re la t i ve  humid i ty  dur ing  thc  Nov.
two consecutive vears (September l9l2 to August 1974) 

?f,î .  ,ro
a t  ten  meter  he igh t  i s  g iven  in  Tab le  V l .  Feb.

Discussion Mer'

The dominant algae present in air were mostly blue ît?!
greens. This mighi be due to the rclat ively glrcater j l Í }"
resistance of blue green algae to unfavorable nué.

Months Mean
lemperature

( " c )

28.6
25.8
21.3
16.2
14.3.19 .1

3 0 . 1
33.7

3"1 .5
29.4
29.8
26.2
20.3
1 3 . 9
14.0
1 5 . 6
24.O
30.5
32.9

J U , J

30.5

Rainfal l

(mms)

036.0
032.6
1 0 0 . 1

Ni l
029.3
007.0
000.8

Ni l
0 1 5 . 9
0  15 .5
140.3
340.9
067.0
043.3

Nil
008.0

Ni l
000.2
004.0

Ni l
005.0
o 2 1 . 0
375.4
102.4

Algae forms
Trapped

"^
50.0
56.0
4 1  . 6
47.8
41.6
36.3
44.O
32.0
24.0
20.8
zó.v
20.8
45.8
52.O
50.0
36.0
29.1

24.0
24.O
40.0
4  1 . 6
25.0
z a . u

Relalive humidilY

o/o

5 4 . 0
5 7 . 0

bo.u
b v . c
57.5
4 0 . s
26.5
3 1 . 5
4 8 . s
67.5
80.0
7 0 . 0
J O . U

50.0
A q n

54.0
49.0
42.0
28.0
3 1 . 0
40.0
75.0
70.0

Courtesy Meleorological Deparlmenl' Ministry of Tourism and Civil
Avial ion. Lodhi Road, New Delhi.

stop. The soi l  starts drying up. Al l  these factors help

in ènriching the air with algae and there is an increased

incidence of airborne algae ranging lrom 41-56%' during

the period from September to November.
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" l t  has  been made a  sub jec t  r 'o r  re rnark  tha t  wr i tc rs  on  Naturar  I I i s ro ry ,
l l l : : i : : l  

Phys io logy , .and Chemisr ry  a re  usua l ìy  men o f  n , i ld  and . l ruUr .charac ter  and o f  a  haDpy d ispos i t ion ;  wh i re  wr i re rs  on  [_aw ancr  p< ih r ics ,
and even on  Mora l  eÉ i iósophy.  , re  o l  u 'd ì rn - ,a l  and mc lancho ly  tcnrpcr .The reason is  no t  f t r r  tu ,c .k ,  the  fo rmcr  l< rnr i . i . ,  Nature  ,na . , r ru . lu , f r .work  o f  lhe  grear  Be ing ,  wh i le  the  lauer  observe  S" . ; . ; t ; ;  ;d ; ; ; ; . ' r rp " ,
the  works  o l  man.  The i r  s tud ies  are  bound to  a f fec i  them d i f fe ren t ly . , '
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