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THE INFLUENCE OF CEnTAIN AGENTS IN DE- 

STROYING THE VITALITY OF THE TY-


PHOID AND OF THE COLONBACILL US. 


DURINGthe last year a series of re-
upon the of light, of 

and the products certain 
micro-organisms upon the vitality of some 

of the pathogenic bacteria has been car-
ried on in the Laboratory of Hygiene of the 
University of Pennsylvania, by Dr. Ade- 
laide w.' Peckham, in accordance with a 
general scheme for such investigation pre- 
pared by Dr. Weir Mitchell and Dr. Bil- 
lings, the Director of the Laboratory, and 
with the aid of a grant from the Bache fund. 
A portion of the results obtained in this re- 
search has been communicated to the Na- 
tional Academy of Sciences a t  its meetings 
in April and in October, 1894 ;but as the 
volume of the Transactions of the Academy 
which will contain these papers will not be 
issued before next year, ithas been thought 
best to publish some account of these ex-
periments without further delay. 

That direct sunlight kills or stops the 
growth of certain bacteria has been known 
since 1877, when Dowries and Blunt pre- 

sented to a report On 
"Researches on the effects of light upon 
bacteria and other organisms."* Since 
that date a number of papers on this subject 
have been published, the most important 
one in relationto the typhoi&bacillus being 
that of Janowski in 1890.t The first series 

Dr. Peckham was 
with the stuphylococms pyogenes aureus, the 
object being mainly to determine the best 
methods of investigation. 

++ prw. Roy Sot. 1877, uol.26, p. 485. 
t Zur Biologie der Typhus Bacillen, Centralbl. 

Bakteriol, etc., VIII., 1890, pp. 167, 193, 230, 269. 



Photobacteriograplls were lnacle by Bucli- 
ner's methocl, namcly, by placing a sqnarc 
of black paper, or of glass of diffcrcnt colors, 
npon the bottom of n plate containing in- 
oculatccl agar-agar during insolation; but 
although the protcctecl portion was visible 
after fifteen minutes' insolation ailcl incnba- 
tion for twenty-four liours, and sliarply dc- 
fincd aftcr two hours' insolation and incuba- 
t,ion as bcforc, no accurate cstimatc could 
be made of the differencc in the destruc- 
tive power of diffcrent pcriods of inso-
lation. Snccessful pliotobacteriograplly rc- 
qnires inoculation of 1al.f;~ quantities of 
bacteria, in orclcr that thc colonies may bc 
sct so closely togethcr that a ground-glass 
appearance is produced; in ~yhicll casc 
counting of thc coloilics is practically im- 
possible. 

For this reason tlie following method was 
nsed for each of the three organisms, 
tllc staphylococclrs pyogenes aziyezrs, tllc bacilllrs 
coli cammzlwis ancl the bacillus typhi  nbc10n1- 
inrc.lis. 

To obtain an  accnrate measnre of the 
effects procluced by lights of diffcrent in- 
tensity or of different colors, it is necessary 
to ensnrc, as far as possible, that the bac-
teria to bc cxpcrimcntecl on sllall bc nni-
formly distributed in the cultnrc mcdia. 
Tubes containing cach 10 cc. of bouillon 
were inoculated with one drop of a bonillon 
cultnrc and then placed in an incubator for 
twenty-four hours. h small quantity of 
sterilized gravel was tlien aclclcd to the 
cnlturc tube and it was thorougllly sliaken, 
after ~vllicll 10 cc. of n one-half per ccnt. 
salt solution was added and the cnltnrc 
drawn into a Knttall's dropping apparatus. 
From this, one-tn~cnticth of 1 cc. of the 
bo~zillon culture was dropped into a tube of 
mcltccl agar-agar, TT-liicl~ was slonrly and 
thoronghly agitated, ancl tllc contents were 
tlicn poured into a Petri dish, carefully 
lcvelled on a levelling tripod orcr  ice watcr. 
I n  the first metllod nsed tllc Petri clisllcs 

yc re  found to bc so ~uicvcn on tllc bottom 
that-the laycr of medium nnder the pro- 
tective square was often very tliick or w r y  
tlliil as comparccl with tliat abont the cir-
cumferencc of thc plate, ancl, therefore, 
comparisons made between tlic ccntrc and 
tlic circumference would bc in allnost crery 
casc nnrcliable. To overcome this diffi- 
cnlty, just one-lialf of the plate v a s  sllacled 
nit11 black papcr or colored glass. 

.The platcs nrcrc tllcn esposccl to s~ulligllt, 
bottom upwards, so as to allow tlic snn to 
sllinc as directly as possible on the inocu- 
latcd agar-agar. At intervals of fifteen 
minntcs a platc was rcnloved and placed in 
the incubator. Tllc tcmpcrature of the 
plates clnring insolatioil was always 
below 34" C. as shown by a thermometer 
with a blackcnccl bulb which was placccl in 
the sun ancl thc tempcraturc noted every 
fiftccil minutes. Snnny, still days were 
utilizcd for insolation, beginning at 10 A. ar. 
(luring the months of October, Norcmbcr 
and December. Aftcr insolation, thc platcs, 
and also a non-insolated control platc were 
incubatccl for twcnty-four hours. 

The colonies wcrc countecl in the follonr- 
ing manncr : A nnmber 1 cyc-piece was 
diviclecl into fields (as donc by Nuttall in 
counting tnbercle bacilli), by introducing a 
disl~of black cardboard ~vhich liad a square 
opening diviclecl into four parts by two hairs 
placed a t  right angles. This eye-piece and 
an objective of lorn pon7er wcrc used in 
counting. Tlle perccntagc of germs clc-
stroyed by insolation was estimated from 
tllc mean of four counts taken on both tho 
insolated and the protcctcd llalves of the 
plate. By this neth hod an accurate statc- 
ment .can bc made regarding the difference 
in protective paver given by tllc different 
colors, not from simple observation, but by 
comparison of a definite number of colonies 
counted. 

The follo-iving table slio~vs tllc compara- 
tivc effect of tllc blue rays and of complete 



shadows on the growth of the okganisms ex- 
perimented on : 

Percentnges of or-
gnnism destroyed in 
the insolated half of 
the plnte us com-

1 pnred ii-it11 the pro- 
tected Ilnlf. 

gas prodncecl no e&ct on the growth of the 
organism as shown by connting of tlle col- 
onies. 

Illumination for four ancl one-half hours 
wit11 an incanilescent light also gave nega- 
tive results. 

A series of experiments was made with 
tubes of bouillon inoculated with the differ- 
e ~ l t  organisms and then enclosed in larger 

1 tubes containing fluids of different colors- black pnper. . ' -a t lo '  a ' i l ' 6 3 ~ 3  9,/ 99 
1.1
 / ? - I  1 1

blue glnss.. ..13 20 32 33 56 50 
Colon ...IEllnded~ ~ i t l ~ {  red, orange, ycllolv and blue, \vhicli were GO 52

II l l / exposed to sunlight with control tubes, one black pnper.. . . . .I55 . . / i 2 '72  wi 1..blue glass .. 
no 

Anrcus.. Bhndcd with 
1 placed in water, and the otlier in a similar SS S I ! s . & i  401 I 0  

tube covered with black paper. The mn- 
terials used for making tlic colored solutions 
were corallin, chromate and bicllromate of 
potassium, and methylene blue. From these 
tubes, plates were made, and the number of 
colonies counted. 

I t  was found that an  increase in the num- 
ber of colonies continued to the eighteenth 
day, the number being greater in the cololl 
ancl aureus cultures than in the typhoid. 
The colonies then bcgan to decrease, ancl on 
tllc fifty-ciglitll clay the plates contained but 
few colonies. 111this esperimcnt, as in tlie 
last, plates made from cultnrc tubes placed 
in blue fluid sllo~ved fcnrer colonies. 

Since the presentation of the above rc- 
sults, ~ ~ i t l l  details, charts and tables, to the 
Rational Academy, in April, 1894, Dr. Dieu- 
donnb lias pnblisl~ecl in the Arbeiten azis dew 
Ifiisel.Zic1ien Geeli~tdheitsa~nte, a paper on the 
effects of sunlight on bacteria, in nrhich he 
reports results silbstantially the saruc, and 
obtainecl by almost the same lnetliocls as 
tllosc of Dr. Peckham. 

finnlight not only weakens or kills the 
tj-phoid and the colon bacillus, but it affects 
culture meclia so as to render them less 
capable of snpporting the growth of these 
or&mi&iii." ' ~ r .Pcckllam found that sterile 
bouillon insolated from onc to ten days and 
thcn inoculated ~vitll tlie bacillzd typjphi ub- 
clo~n61ulis s l l o ~ ~ c d  no diminution in the num- 
ber of colonies asF comparecl wit11 a 'control 

From this series of experimcats the fol- 
lowing results were obtained : 

Insolation for fifteen minutes destroys to 
a slight extent each of the tlirec organisms 
experimented upon. Two hours1 insolation 
destroys 98% of tlle germs and from three 
to six hours kills all. The colon bacillus is 
more easily destroyed by illsolation than is 
the tjphoid bacillus. Exposnre to cliffuse 
ilayligllt, to gas light, or to the incandcs- 
cent electric liglit produces little effect. 
Red, orange, yello~v, and grecn light pro- 
cluce little effect, (luring t ~ v o  lionrs' insola- 
tion ; -n-llile tlle blue and violet rays kill 
nearly as rapidly ancl as certainly as  full 
sunlight. Insolation from six to eight liours 
lessens the number of colonies under tlic 
protective square to a slight extent, for thc 
colors red, orange, yellow ancl green. 

Plates Jverc macle in the same manner 
and exposed to diffused light for periods 
varying from fifteen minutes to two days. 
The exposure was made on clear sunny days 
in the light part of a room. I n  this ex-
periment tlle result was negative, the num- 
ber of colonies on the two sides of tlie platc 
being approximately tlie same. 

An ordinary gas-burn& arid a n  incaidcs- 
cent light were each used as tllc sourcc of 
illumination. The plates werc placed bot- 
tom-up~arcls in a dark room near thc light 
used. Illumination for sistecn liours with 
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plate made from a similar culture not so 
exposed. Twenty days insolation and then 
inoculation with the typhoid bacillus 
showed great decrease in the number of 
colonies on all the plates ;some of them were 
sterile. Insolation of forty days, and inoc- 
ulation in the same manner, gave very few 
colonies for each plate, probably the same 
as the number of germs introduced, i. e., 
there had been no development. Bouillon 
insolated 50-60 days and inoculated gave 
sterile tubes. This insolated bouillon after 
inoculation and incubation remained per- 
fectly clear, and plates made after a week 
of incubation gave no more colonies than 
those made a t  the end of twenty-four hours. 
I t s  reaction was alkaline, but not intensely 
SO. 

h~solated agar-agar-Of twenty-three tubes 
of agar-agar insolated twenty days, and 
then inoculated with the bacillus typhi ab- 
do?ni?zulis, all except one remained sterile, 
and neither the bucillzts typhi abdominalis nor 
the bacillus coli commu?zis grew when inocu- 
lated in stripes on these plates. Of seven 
tubes of agar-agar insolated forty days and 
then inoculated with the bacillus of typhoid, 
all remained sterile. On four of these plates 
mould appeared after some days. Of seven 
tubes of agar-agar insolated forty days and 
then inoculated and incubated as before, all 
remained sterile. 

lizsolated ge1utilze.-Of ten gelatine tubes 
insolated forty days and then inoculated 
with the bacillus typhi abdomi?zalis, six re- 
mained sterile, two contained a few colonies 
of bacillus typhi abdominalis, and two were 
contaminated. 

The insolated bouillon was then kept in 
diffuse daylight for forty days and again 
inoculated with the typhoid bacillus. TTTithin 
twenty-four hours the tubes of bouillon be- 
tame turbid and plates made from them 
shonred innumerable colonies. 

I t  is difficult to account for the effect of 
insolation on culture media. Roux in his 

experiments on anthrax found that insol* 
tion of bouillon for two or three hours rcn- 
dered i t  unsuitable for germination of the 
spores, but if the bacilli were introduced 
they would thrive. H e  attributes this alter- 
ation to some chemical change which the 
culture media undergo during the insolation. 
He found also that if the insolated media 
were kept in the dark or in diffuse daylight 
for a time, the original nutritive qualities 
were restored and germination of spores 
would take place. Geisler and Janowski 
observed the bactericidal properties of inso- 
lated media, but the latter could find no 
chemical alteration in such media. 

Percy Frankland in his chapter on action 
of light on niici~o-organisms* concludes from 
the results obtained by many investigators 
' that the effect is due to a process of oxi-
dation possibly brought about through the 
agency of ozone or peroxide of hydrogen, or 
both ; that all apparently direct low tcm-
peraturc oxidatiorls require the presence of 
water. And inasmuch as the bactericidal 
action of light is unquestionably a case of 
low temperature oxidation, there is the 
strongest presumptive evidence, as well as 
weighty experimental evidence, that moist- 
ure, which practically means the possibility 
of the presence of peroxide of hydrogen or of 
some similar material, is essential for its 
manifestation.'+ TTTestbrook(' Some of the 
effects of sunlight on tetanus cultures, 
Jour. of Pathol. & Bacteriol. III., Nov. 
1894, 71 ') found that old broth cultures of 
the tetanus bacillus in an  atmosphere of 
hydrogen were not in the least affected by 
exposure to sunlight, either in regard to 
their virulence or their rapidity of growth 
on reinoculation. When the same culture 
was sealed up in the presence of air, the 

"Jlicro-organisms in vater, p. 390. 
tGelatine, to nhich vere added different amounts 

of the peroxide of hydrogen, nas  inoculated nith the 
bncilltts typhi nbdomi)aalis and poured into plates. 
Those plates in nhich more than one part of the 
peroxide to 5000 of gelatine vas used, were sterile. 
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micro-organisms, m-ere not only killed, but 
the material was completely harmless when 
inoculated into white mice. It was, how- 
ever, possible to obtain vigorous and viru- 
lent growths from cultures which had been 
made quite innocuous by the action of the 
sun. Oxygen was used up in the process. 
Under ordinary circumstances one might 
be tempted to explain the effect of sunlight 
in destroying bacteria by the drying of the 
organisms exposed to it, especially in the 
case of those bacteria which do not form 
spores, but our experiments show that 
desiccation for months has little effect on 
the vitality of the typhoid or of the colon 
bacillus. To determine the influence of 
desiccation upon these oi.ganisms, and also 
upon the staphylococcus aurez18, the following 
experiments were made : 

Bouillon cultures of the bacillzls typhi ab- 
domi~zalis,the bacillus coli com?nunis and the 
staphylococcus aureus were roughly dried on 
threads one centimetre long and then desic- 
cated, a portion being placed in a vacuum, 
another portion in a desiccator over sul-
phuric acid, and a third in a closet; all 
were kept in the dark. The result of the 
desiccation under the three different condi- 
t'ions is as follows : 
Bacillus typhi abdo~ni7zalis : 

Lived in a vacuum from December 30 
until July 24, or 207 days. I n  a desic- 
cator over sulphuric acid from January 
3 until July 24, or 213 days. 

In  a closet from December 18 until July 
24, or 229 days. 

Bacillus coli commu?zis : 
Lived in vacuum from November 29 to 

May 30, or 183 dayE;. 
In a desiccator over sulphuric acid from 

January 3 until July 24, or 213 days. 
I n  a closet from December 30 until May 

30, or 152 days. 
Staphylococcus azcreus : 

Lived in vacuum from November 29 until 
July 24, or 207 days. 

I n  a desiccator over sulphuric acid from 
October 25 until April 19, or 178 days. 

I n  a closet from February 13 until July 
24, or 162 days. 

I t  will be seen from these experiments 
that the organisms experimented on endure 
desiccation for five months, or more, with- 
out losing their vitality, and hence the slight 
evaporation which may have occurred in 
the insolation experiments, had probably no 
influence on the results. 

It is evident that sunshine must exercise 
considerable influence in destroying bacteria 
on the surface of soil, streets, etc., exposed 
to its influence, but its action is almost con- 
fined to the surface, as appears from the re- 
sults obtained by Esmarch in attempts to dis- 
infect bedding and clothing by this agency. 
While the light from an incandescent elec- 
tric lamp has little germicidal effect, that 
from a powerful arc lamp produces effects 
similar to those of sunlight, and it has been 
proposed to use this means to disinfect the 
malls of infected rooms. The bacillus of 
tuberculosis appears to be more quickly de- 
stroyed by light than the typhoid or the 
colon bacillus, being killed by exposure to 
simple diffused daylight in about a week,* 
and this fact should be borne in mind in ad- 
vising measures to prevent the diffusion of 
this organism. 

The investigations upon the typhoid and 
the colon bacillus referred to in this paper, 
mere undertaken as part of a general scheme 
of inquiry to ascertain the agencies which 
tend to detroy the typhoid bacillus when it 
is introducedinto a source of water supply, 
as, for example, into a running stream. 
An important part of this investigation 
relates to the influence of the common 
water bacteria, or of their products, upon 
the vitality of the typhoid bacillus. 

This research was conducted as follows : 

* Ueber bacteriologische Forschung : Vortrag in der 
ersten allgem. Sitzung des X internationalen Con-
gress, 1890. 



1. Forty-five varieties of bacteria founcl 
jn the water of the Sclluylkill river were 
used in the first experiment. Cnltnres of 
each organism were lnacle on agar-agar ancl 
after attaining ,z luxuriant gron~th were 
sterilizecl, the reaction was taken, and tlie 
meclium was again slantecl. A set of tliese 
tubes mas inoculatecl with tllc bucilltls typlti 
abdoinincilis ancl a second set wit11 bcicilltrs 
coli coii1litti7zis. 

Tlie object of this research was to ascer- 
tain wliether the two organisms nrould 
on media containing the products of tllc ac- 
tivity of water bacteria. The reaction was 
alkaline in every t'ubc. The bucilllts typhi  
abdouti7zcllis and the bacilltis coli co~ni)ltl?zis 
livecl in every instance, some showing fairly 
luxuriant growths, while others mere only 
transparent films. 

2. I n  the seconcl experiment, thirty-nine 
varieties of tlle water bacteria nsecl in the 
first experiment were inocnlatecl into tubes 
cacll containing 10 cc. of sterilizecl tap-water 
and 5 clrops of bouillon. TWO sets of tubes 
nrere macle as before, one being inocnlatecl 
with the bacillzls typhi abdovti7lulis ancl the 
other with the bcicillzis coli conu~zzrnis.. To 
ascertain wllether tlle two organisms nllcler 
consideration wonlcl multiply in tlie pres- 
ence of water bacteria, gelatine plates were 
macle for twelve or more clays. Both ba- 
cilli gave characteristic colonies nit11 each 
of the water organisms, except tn-o which 
had apparent'ly an antagonistic effect upon 
tlleir development. They were botll mem- 
bers of the s~rbtilisgroup. I n  other mem- 
bers of this group this peculiarity was ab-
sent. 

The typhoid bacillus in several instances 
ontlivecl its associate organism. I n  one 
instance a gelatine plate macle from a tube 
of sterilizecl water inoculated with the ty- 
plloicl bacillus ancl a water bacterium 1 G O  
days previously gave cliaracteristic colonies 
of tlle bucillzrs typhi  abdontiizcilis. 

3. To meet tlle objection tliat might be 

[N. S. VOL. I. NO. 7. 

raisccl to tlic nse of lieat for the sterilization 
of the mecli~m in whicli the water organ- 
isms had grown, tlie opinion liaving been ad- 
rancecl that some proclucts of growth arc 
either volatile or renclerecl inert by liigli tem- 
peratures, flasks each containing 70 cc. of 
bouillon were inocnlatecl with water bacteria 
and incubatecl for from 15 to 20 days. Tlie 
cnltnres were then filtered tllrougll porcc- 
lain, the reaction was taken, ancl the filtrate 
u-as run into sterilizecl tubes which were 
inocnlatecl with tlie bacilllis t y p l ~ i  abdonti- 
nalis  ancl the bucillzls coli coiiu1zu7zis and tlicn 
incubated. I n  each of tlle tliirteen filtrates 
inocnlatecl the bacilli grew and mnltiplied 
for a t  least four clays. 

Jonh- S. BILLINGS. 
ADELAIDEWARDPECKHAM. 

CUBREATTXOTES OLV PITITSIOGRii PJII' (I.). 

INTEODUCTOR'J7 NOTE. 

ITis proposed to eontribute to SCIENCE 
unclcr tlie above title a series of notes ancl 
co~umcntson recent investigations and cur- 
rent literature concerning pllysiogrnphy, or 
pllysical geography in its modern form. A 
brief statement of the field to be covered 
may be appropriate a t  tlle outset. 

Following the plan introduced by Carl 
Ritter, ancl popularized in  tliis country 
chiefly by Arnold Gnyot, geography may be 
defined as tlle study of tlie earth in its rela- 
tion to man. Some prefer to extend this 
relation to all forms of life. Physics1 geog- 
raphy may then be defined as t ' l~e  rational 
study of those features of the earth which 
must be understood in order to appreciate 
its relation to man. I n  deference to the 
opinions of the. majority of the conference 
on geography, lleld in Cllicago in Christmas 
week, 1892, physiography is taken as the 
name of this subject in its modern form, 
with particular reference to the rational 
stucly of t,he lands, where man dwells. De-
scriptive geography is an empirical study 


