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carrying droplet-nuclei which remained airborne
after sneezing was found to decrease geometrically
with time; only 4 9, remained airborne after 30 min.
and 29, after 40 min.

In the present investigation, the droplet-nuclei
produced in speaking, in coughing and in sneezing
have been measured by a new technique, namely,
by direct micrometry after their recovery from the
air on to oiled slides. The sizes of the smaller
respiratory droplets have been calculated from the
sizes of these-droplet-nuclei. The sizes of the larger
respiratory droplets have been estimated from
measurements made of stain-marks found on slides
" exposed directly to mouth-spray. By appropriate
combination of these two sets of findings, the formu-
lation of a comprehensive size distribution for the
respiratory droplets has been attempted. The dura-
tion of aerial infection by droplet-nuclei has been
observed by examination of the air at intervals
after droplet-spray production, for the presence
both of bacteria-carrying droplet-nuclei and of all
microscopically visible droplet-nuclei.

THE MEASUREMENT OF DROPLETS
AND DROPLET-NUCLEI

The following expiratory activities were tested:
(1) sneezes, induced by snuff or by tickling the nasal
mucosa with a throat swab; (2) coughs with the
mouth initially closed, voluntarily performed with
the lips, or with the tongue and the upper teeth,
approximated at the start of expiration; (3) coughs
with the mouth open, voluntarily performed with the
mouth kept well open and the tongue depressed;
(4) speaking loudly one hundred words, by counting
from ‘one’ to ‘a hundred’.

A. The measurement of stain-marks on slides
exposed directly to mouth-spray

In order that even the smallest droplet-marks
might be readily visible, some dye was introduced
into the mouth just prior to each test. A little congo
red, eosin or fluorescein powder was applied with
a throat swab to the surfaces of the mouth and
fauces; the heaviest application was made to the
tip of the tongue, to the front teeth and to the lips,
for droplet-spray originates largely from the secre-
tipns of the anterior mouth. Following solution of
the dye, droplet-spray was produced by sneezing,
by coughing or by speaking; it was dirécted at
a celluloid-surfaced slide held 3 in. in- front of the
mouth in tests of speaking, and 6 in. in front of
the mouth in tests of coughing and sneezing. The
slide was examined under the microscope, and the
diameters of the first few hundred droplet-marks
encountered were measured with aid of a micro-
meter eyepiece. In the case of each type of ex-
piratory activity, a number of tests, from 10 to 22,

V'es ?"Te—tgwﬂ C‘V‘O'FQQ_T.(‘ oud c‘\/*OPQT; V\UC'QQL'
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were carried out, involving the measurement of
3000 droplets.

In order to ascertain the relationship between the
diameters of the droplets while in their original
spherical state, and the diameters of the stain-marks
which the droplets leave on evaporation after im-
pinging and flattening upon a slide, the experiments
of Strausz (1926) were repeated. With the low power
of a microscope and a micrometer eyepiece, large
drops of saliva (1-3 mm. in diameter) were measured,
first while they hung from fine glass capillaries and
then again after they had fallen, flattened and
evaporated on aslide. When a glass slide was used,
it was found, as it had been by Strausz, that the

Table 1. The size distribution
of the larger droplets

. Showing -for each type of expiratory activity the
diameters of 3000 droplets calculated as half the
measured diameters of the stain-marks found on
celluloid slides exposed a few inches in front of the
mouth.

Coughs  Coughs
& with with, ] -
Diameter mouth  mouth Speaking
in p Sneezes = ‘closed’ open loudly
0-6 0 0 0 0 ls—
5-10 36 24 8 20 -7 L)
10-15 04 119 39 e loblld
15-20 267 337 127 200 —_—
20-25 312 346 189 224
25-50 807 767 577 597
50-75 593 468 593 531
75-100 260 285 341 352
100-125 144 160 231 260
125-150 105 125 202 214
150-200 116 115 253 179
200-250 82 96 165 99
250-500 118 113 213 197
500-1000 59 40 52 41
1000-2000 8 5 10 2

diameters of the original droplets were about one-
third those of the stain-marks. When a celluloid-
surfaced slide was used, the diameters of the original
droplets were about half those of the stain-marks.
Celluloid slides were used throughout the present
investigation, so the original droplet diameters have
been calculated as half the measured diameters of
the stain-marks. The size distribution so found for
the droplets expelled in the different expiratory
activities, is shown in Table 1. It will be noted that

few droplets were found of less than 10 y in diameter-

and none of less than 5u. It is presumed that
droplets smaller than this possessed: such a small
mass, or evaporated rapidly to such a small mass,
that they were carried past the slide in the deflected
air stream.

Downloaded from https://www.cambridge.org/care. IP address: 87.5.6.185, on 08 Jun 2020 at 16:58:51, subject to the Cambridge Core terms of use, available at
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IJ W' o ?(/QT T{/\,Q/: &0—(—11 b.j ’Ddéci—l',s , w @
XAV oJo'r&c‘w oL ?WOI’JQ 2)(' QT:L/ D ('b/z.'/w.f"'of, '/
M/L'@L\ el s X,\OWAZM‘X%} J\ray@i‘(’i ’?ﬁv.é@whf—w

W Xne\/a_ @ Q mr'ds ok ESK%P} ,

'06_\, T['a"bc\)w\/.e, I a,(jooci VL“T 7[9\/‘ 1l
QW?/"J / daTe - I7 in callest
an\ ' ll'o(g_‘ /\/ormée/ C_J('O-I_WI'LDO‘E«'OL&Y
gm"-- T _
Rg*a | = —(—}}E""‘P t 6‘(42‘" )
K 10
L\0© i i ¢ $ ! ———gf——‘* J

f t \ i : 1 1
We) 20 50 9 0 60O Lo Lo $o

VAN

ML}@\/L CJ — C{'CQ/(WTQ\/\ '/M, = eh/m/dfmc!'dMTO\f
- / _ |
G = vams. (Sraudovd dusrion)

2 - coulieaT

0(}» ecowrde Thevre ave ?UOATUOQJ 'Z,QQ,OTVQ To
Buéuf‘m

Tl éccu\/dcd f?[ 1 QKMMMTJ fcj

duw doo Yeavs Mmove secudte QXpeviammewra &

TQCL‘W\CQUQ). L)GVQ. BQQM. &V”ﬁ—or)ed.



Owu Il')e,se, cLold Avae éjég,gat, T e CovreyT @

&ma@e wey Jov SéJ,e ’J

—

% Z/S_.m - h\

NN
m
\\g\j®

(\\\
[\)
v ©
c Y
]
c
NN
( =
v O o

Jeere d | &73¢er>7-'[o€L Soseep i MQ
b , — >

tgo' TL)Q QU@/;TL'OLg (e no mr The Je&om‘j :
/ .
BMU"W'MA’ TL'OT 4&265@ DROPS COUEIL U Moy ¢
copied OJ he \/«,\/‘u_?/
o Ho /\Mém,J s bowr A(d clwoP/QgE Cau ede
T)’NC TM/O -SJ&O,QPT.'}Q/QQ l'uJ«'t/.'oLUQ/e'p ?
Tw 67 bev '\A/O(/CI.S h o a does The PO F 0/
Lm cJ\/‘OFe,o:d CLlOud& w1 _HLm Q//)Icﬂt/uc,(_
COV’ Me) 7 |



Owee, d(V‘AOrV\L/ AWOFQQTJ CAn O’O Ou%

/l’(/\'u(%.g :
4. They cou oL

< T(/\e(j CAuw @\/'LQPO(/éTC

TL\;T;)[&&

Dvo Pfe——(:Q

__LM.- e.@.@ | uvre

——

__U

@®

——

lw O

W e ef»dvz, c,omr:u%.o_cl 7 e

dreem | L \/QLOC ’\J OJe’\.S’AMdL(, dvople T a4,

(‘U" _ [g) _ J > \ ‘'u t he JV\:Y'FOT(-M'%
5= F + &H 0(( e S70 kes i
g » |
a Ko, = fordp b 4
\' .
,— N ¢ Wi
CF: cl,e.l/\S’( Ij OJ Qc!ro’t,__ 1090 V‘y; TL‘:A z? A vaX'A\
S?+: % ”J Sey . A | L i /W:]C[’ (O—S—cm/s] ,
M= facosr : v L 00O e
S = /8 M/S 5 O o
| 9 O O/?G’
0 O/&C(
5 0,00



60 ; ‘T Tuvks ow TL\,QT‘(O\/ o CIV’OP Tl @

én'om_l’ev cl P: IO/lAMLN"O—ﬁM«J o ’d(u.i OLOOuT
GGG Mcouds To Qo Tuﬂmuucl J 2 mnd Tl ool
A 60 m “e\z,‘d Wi {:/mootln €Qw¢]

AP lOo/w@ zo/«w@ to/u«e

oA

O

il ! gy R JemiRacy
S |

Y ”! 7 =463 TYamin Ta [gmin

7

OLDOLL T

o (¢ dve Rm' e g

;Dd\/(’u\ﬁ 3 SV\QQ,[/L/ Jvop
(&/QAO Auna (i

5 maleve e Seeousdt
7 he d‘@-—(— ( The \Sm/zgj 2Cowds

| O seTuP

_OT O[Z>0MT
\LMTW> _
Cf/o/ww \/wx guvo% -
SISR% AMOM/ Tl \BQ,T
43«600(/\37 oud  dhouT

O/ S 4 S*‘CObOJ
i 2

M‘ .
3 uﬂlﬁ S sl dvops | Swwolly,
U e e
?@% Tvavel wi Tl

| 4 M Tey L
4 Secow I l LL \SLT\

~ évmfo/

{

Tvavely O/§m {

own A A LI(,( 4( o(,e_eauc{j




Bufr/ anleee ?mﬂ'a»@ag TM&/QQJ TL\.QJ @
Qi/é,Po;/é,Te. _ Pl\luj dv\i Qx'PoSe_ql o éwlﬁwl\
'V il s c'ud euev L | ¢]\<7 COMFéva |

G

T—‘o TLQ_ QJVOP(Z,QTX Y T(..QJ\A{]@(/(), | o COM/—_,“TQ

( LL Q\IQPOVQLT\'OLA Q_,._QTQ, e()/ QIVOF&TJ . W2
'LQ% (élwcl e | &d}qo MaeQVO /o .pé,)o)

ow o wsearele l;a M/M,Z/)[lﬂiq)/w‘a‘«g

(5 (w Tovu boyesl ou a paper J’J Xgo;fwu(/ﬁg)
The wag te wlele 2 dvop  Loses sl z;[

@v%amh’m RN Jo%wS[Cé‘&SWW'@/?/P}

CAup

- ’)T’J DTNX/W["" %/w\] Spoyir
'F
- C]‘\/‘OF CJ'SMTQ\/’ ‘ --69\“'

d
D = c\}J vSrow we,ffa'e«'g(/kr Of Vdpour (w &y
N

= )Q/usge/@_(’ WAAA.L?(/\(_ ETVCO/%}Q/) ?Vo/jm‘ﬂ'%:( _
B = @@//j'c'@ur (:’E\.ow ST o éfv]



We eaw 'Zszuh'TQ : | @
._ﬁcli
L

T & ] '
A C—E_/J _ Tc/ DFF/V“ &Lf“ BMJ

S
7.9 7 s l%)___j/)/{/x/ AN
.g'm&]f,
c{;@ e bl |
1 K
TT s an epuolvoce ad'(h depavabl vau's e,
Jddd) - - de
dY _ _ ht 1 Cowr ud

—

2
d(+) = \/Jf» ht




wwloma c(o (5 1 he divo 1w Tl
QVOF@T CJ'@MTW

‘. / .

T e mé\l'ou %@T % Ja (s (0 Cong de
éjgzl\l,u,(“ e V\l/l’wMMVL\_Y/Q/Q,. /%MAAM i (:f _
_\/1/32— @/\/c‘\savél_tlom BN 8€owa\/ L'J 7/(2 'L
t‘D move ’Q/MWJ -

AP#’(\,@TUO%
Qv /Q/‘“"’“J'Tj = 107
Tt exTumaby eid o oy e Vi

@.T{é\/ek.-&ozj c’t'\/{)fb% ‘440/0 !/MAAML:(‘T\T

The Pehowe of 630 0o Jotto s

T - MWe ohsow o Tlol
J&—>¢LF"- ~— 4 _ Sawsll c\vops evapovale
\ Layrevw
\ A '—DV'OP.S \/Qbu’,s)/\ Ceal

8 \'V\'Tg_ T“'M’\Q.
WA
PR R
< =

v



Tlhar~e ove (awe l}f SDUMT»'OM N

N :Cé,w T )><_ é@CQPT.S -y IL\Q(‘

ol\f\o?& Q—\/épo\féTuz__ «::Lo«uu\ o

éc'§épp—eé\/ ?

2,~’WL\&T" i 1 L/PLT 00[
| Tl e

e \/dPO(/é—(—_\.'OQ/\. oL

!

QII‘O(IT\"LDGTK/OU\, gj o\l‘é/w.e(-—ﬁ\/f



@E_fﬁgc,—(/- QJ Q\/é?eva"—*'@u\ O Lo

o vop 8876 e c:l ST ko T 0wl

(Og—r | —_— ,3\3‘9%:0 MTI‘M:Os

——— S =zoism |t Z9533

NS ; ,

. o ) 4

/\/Gﬂ . g, :0/>omLt_4. S
\/W\A«\/QJj_/O ‘O"—

AVOY@G’\(%

' >

+ = RS &@ép&e,cl O('?—O/\M SMLQ_,LQ _

50/ t‘é we use 1 e AMOCLQL/ %fﬁJ
/—X—cg*e—C/O(/\-A (Q(,(_ \DJOP& lf\é\/i, . P
A“&é Ppee\/g,' d E\/_Q__l,\ "‘4" ?8ZL\&A,WJ'):7°

. 5
60/ wlAJ o T L wouvy |



b TlaT ep)

O%Q, \‘mFovT&w—r ?oc'u.T o)

’eroqve-Q.‘\.S CouU Tl Muollev T e

CShwo ( Q\/éPO(/éTQ‘ T(ucdg }"P\/OT@'IASL

élwé— "7/L\e, Vivus .‘TS@QYX el (o .—_Giaj
/

—

FWOTQU(A_ [~ £ 0 N\-@MOMO,TQ\/_QJ

QUQ.)T\.'O(A 4
fJ 2 dvop couTadus ou.e:( 0,4 Za
Wow Vo Cat vl s fl_ev; wha T w 'L he

K ,J’V\ o8 Sr'ﬁr 7

e LT oV

(_)) = QVZVéCLTI,0L4 QJ X/ V.M [ wou MSZJTG:/

q e O/ 42 [&QMTPUV‘( wafwz
| C")t - 0, 4 4¢ V

‘ual / .



