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INTRODUCTION

Logic  is an in te l lec tu a l  t r e a d ­
m il l  which tak es  the m ind  round 
and round in the sam e  c o u r s e ,  
p e rp e tu a l ly  r e s t r a in in g  it  f ro m  
new avenues  of adven tu re ,  and 
lead ing  i t  now here .  R o b e r t  C. 
M il le r

In the eva lua t ion  of s u b s ta n c e s  u se d  fo r  o r  r e c o m m e n d e d  

fo r  d is in fec t io n  p r o c e s s e s ,  a l a rg e  n u m b e r  of tes t ing  p r o c e d u r e s  

have been  developed  in the p a s t  half c e n tu ry .  A rev iew  of such 

deve lopm ents  is  beyond the scope of th is  effort;  suffice it to 

say tha t  m ethods  have been  dev ised  which a r e  adequate  fo r  

the d e te rm in a t io n  of the e f f icacy  of a com pound in kil ling te s t  

o rg a n is m s  suspended  in an aqueous m ed iu m  o r  under  sp ec ia l  

l im i te d  condit ions .  The use  of such  t e s t s  will im m e d ia te ly  in­

fo rm  the in v e s t ig a to r  if a compound is without value as a d i s ­

infectant , in a sm u c h  as  i t  m ay  be a s s u m e d  tha t  a compound fa i l ­

ing to k i l l  m ic r o o r g a n i s m s  under  the r a t h e r  id ea l ized  condit ions 

of the P h e n o l  Coeff ic ien t  t e s t  (as an example) cannot be ex­

p ec ted  to be a s a t i s f a c to r y  d is in fec tan t  under  the m o re  r ig o ro u s
r

condit ions obta in ing in p r a c t i c a l  s i tu a t io ns .
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Com pounds w hich  have been  shown to be of high g e r m i ­

c ida l  ac t iv i ty  by the P h e n o l  C oeff ic ien t  t e s t  m ay  often be d e m ­

o n s t r a t e d  to be ineffec t ive  o r  of c o n s id e ra b ly  l e s s e n e d  ac t iv i ty  

when o rg a n ic  com pounds  a r e  added  to the t e s t  s y s te m  (1, 2). 

This i l l u s t r a t e s  the fa c t  th a t  the value  of a d is in fec t ing  sub­

s tance  canno t  be p r e d i c t e d  by one t e s t  a lone .  Salle  and Catl in  

(3) r e c o m m e n d  th a t  a  " p r o f i l e ”  eva lu a t io n  of a d is in fe c ta n t  be 

made em ploy ing  an  a r r a y  of t e s t s .  This  a r r a y  is des ig n ed  to 

d e m o n s t r a te  a g e r m i c i d e ' s  p e r f o r m a n c e  in the ab sence  of b a c -  

t e r i o s t a s i s ,  i t s  s p e e d  of ac t io n ,  t i s s u e  tox ic i ty ,  inac t iv a t io n  by 

o rgan ic  m a t t e r  and i t s  p e n e t r a b i l i ty .*  This  viewpoin t is  a d ­

m i r a b le ,  a l though  i t  m a y  be so m e w h a t  e x a g g e r a te d  by the in ­

c lu s io n  of t i s s u e  to x ic i ty  t e s t s  (a p ro te a n  t a s k  in execution!) . 

The ch ie f  c u r r e n t  t r e n d  in c h e m ic a l  d is in fec t ion  is to w ard  en­

v i ro n m e n ta l  s a n i ta t io n  (4) and  the c l in ic a l  use  of d is in fe c ta n ts  

fo r  wound t r e a t m e n t  has  l a r g e ly  b e e n  supp lan ted  by use  of the 

sulfa  d ru g s  and the a n t ib io t ic s  (4), It i s ,  how ever ,  the l a s t

* " P e n e t r a b i l i t y "  is  u sed  in the a n t i th e t ic a l  sen se  of 
the d ic t io n a ry  defin i t ion  and, as  such , is  equ iva len t  in m eaning  
to " t h e  p e n e t r a t iv e  p o w er  of a s u b s t a n c e "  o r  " th e  d iffus ib il i ty  
of a s u b s t a n c e . "  T h is  def in i t ion  is w a r r a n te d  by r e a s o n  of 
usage  and co n v en ien ce .
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c r i t e r io n  that of p en e trab i l i ty  upon which I wish to place

m ajo r  em phas is .

P r e s e n t  p r a c t ic e s  in sanita tion em phasize  the im portance  

of the r ig o ro u s  cleaning of su r faces  p r io r  to any a t tem pts  at 

disinfection. This em phas is  is fully jus t if ied  and the following 

r e m a rk s  p e r ta in  only to the p rov is ion  of an adequate m arg in  of 

safety in the dis infection of the re s id u a l  deb r is  on su r faces  

subjected to t r e a tm e n t  with chem ica l  d is infec tan ts  a f te r  adequate 

cleaning of the su r face .

It should be obvious that un less  a chem ical  d is infectant 

is capable of pene tra t ing  an organic  o r  p ro te inaceous  m a t r ix  

to r e a c h  o rg a n is m s  embedded there in ,  it will be of doubtful 

value as an environm ental  o r  c l in ica l  d is infectant  in situations 

where o rg a n ism s  a re  so p ro tec ted .  F o r  those d is infectants  

whose mode of action in killing m ic ro bes  is o ther  than by purely  

surface  ac tiv ity  phenomena, the ce ll wall and m em b rane  of the 

o rg an ism  to be k il led  ac ts  as  a b a r r i e r  to the p ene tra t ion  of 

the d is infectant,  and it is app a ren t  that such compounds as do 

kill m u s t  have the power to p e n e tra te  these  b a r r i e r s  to a g r e a te r  

o r  l e s s e r  extent in addition to p o sse ss in g  c h a r a c te r i s t i c s  which 

cause them to be le thal  once within the cy toplasm . Speed of
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disinfection t e s t s  can give us in formation  concerning the sum of 

two effects; the ra te  of disinfection will be a function of the ex­

t r in s ic  mobil i ty  of the d is infec tan t  a c ro s s  the cell wall or  m e m ­

brane b a r r i e r  and of the in tr in s ic  ra te  of reac t ion  of the d is in ­

fectant with such c e n te r s  of ac tiv ity  within the o rg a n ism  as may 

be responsib le  fo r  the u lt im ate  killing action. F a i lu re  to give a 

high ra te  of kil l  may, of co u rse ,  be a t tr ibu tab le  to the influence 

of e i the r  fa c to r  in the p a r t i c u la r  te s t  sy s tem . It is  c e r ta in  

that, in a speed of d is infection  t r i a l ,  if a compound can accom ­

plish the d es truc t ion  of life of the o rg a n ism s  in the reac t ion  

vesse l  in a ve ry  sh o r t  t im e in terval ,  then the t im e n e c e s s a ry  

for  the compound to have p e n e t ra te d  the o rg a n ism s  in sufficient 

concentra t ion  to be le tha l  in subsequent reac t ions  with the cyto­

p lasm  of the o rg a n is m s  m u s t  be somewhat l e s s  than the total 

time involved. This t im e  fo r  pene tra t ion  of the compound to 

the adequate concen tra t ion  cannot be g r e a te r  than the to tal time 

in te rva l  involved in the te s t .  If th is  t im e in te rva l  is  accepted  

as the m ax im um  value fo r  p ene tra t ion  to have o c c u r re d  within, 

then speed of d is infection te s ts  can be co n s ide red  to m e a su re  

the o v e r—all eff icacy of a compound with the pene trab i l i ty  of 

the compound co n s id e red  as one of the l im ita t ions  of the ra te  of
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kill. These te s ts ,  however, cannot divulge information about 

the exact ra te  of penetra t ion  and, thus, where pene trab i l i ty  alone 

is to be m easu red ,  o ther  means of m easuring  pene tra t ion  of col­

loid b a r r i e r s  m ust  be r e s o r te d  to.

At this  point, the t e r m  penetrab i l i ty  m u s t  be defined and 

I choose to do so as follows. The pene trab i l i ty  of a chemical 

disinfectant is the abili ty  of a dis infectant at some orig inal con­

centrat ion  in the environm ent to en te r  a colloid b a r r i e r  and r e ­

sult in a concentra t ion  sufficient to kill  o rgan ism s  at this site 

in some m inim um  time in terval .  This may be a l te rna te ly  taken 

to mean that pene trab i l i ty  is a function of the ra te  at which the 

disinfectant will t r a v e r s e  a l in ea r  d is tance through a colloidal 

b a r r i e r  which may o r  may not have the capacity  to en te r  into 

chemical o r  physica l  combination with the penetra t ing  substance. 

This is c le a r ly  a s ta tem en t  of the ra te  of diffusion of a sub­

stance with the added qualification that the s ta t ionary  phase of 

the sys tem  may en te r  into chem ical  o r  physical combination 

with the m igra t ing  substance .  It then follows that when one 

considers  pene trab i l i ty ,  one m ust  consider  the na ture  of both 

the diffusing substance and the s ta t ionary  phase, the concen tra ­

tion of the diffusing substance and of the e lem ents  of the
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s ta t ionary  phase susceptib le  of combination with this substance. 

The conditions of te m p e ra tu re ,  p r e s s u r e ,  pH (due to the effect 

on ionic spec ies  of the components of both phases) and the 

p re sence  of additional ions p re se n t  in e i the r  phase will l ike­

wise affect the ra te  and extent of the penetra t ion .

If adequate in form ation  concerning the diffusion coeffi­

cients of substances  used as dis infectants  v e r s u s  the appropria te  

s ta t ionary  phases  likely to be encountered  in application of d is ­

infectants w ere  available , it would be a m a t te r  of simple c a l ­

culation to p red ic t  pene trab i l i ty .  Unfortunately, this condition 

does not ex is t  fo r  any combination of e i th e r  p ra c t ica l  or  the­

o re t ica l  in te re s t ,  as a b r ie f  examination of the International 

C r i t ica l  Tables  (5) will d isc lose .  T herefore ,  e m p ir ica l  methods 

for the de te rm ina t ion  of pene trab i l i ty  m ust  be employed.

Many e m p ir ic a l  te s ts  (to be d esc r ib ed  m ore  complete ly  

in the succeeding section) have been devised for the ostensib le  

determ inat ion  of pene trab i l i ty  employing 1'non rep roduc ib le11 s ta ­

t ionary  p hases .  An example of one such technic is a modified 

agar  cup p ro ced u re  wherein  the dis infectant is sealed in a sac 

made of a length of chicken in testine tied at the amputa ted ends 

and the whole embedded in a b a c te r ia - s e e d e d  nu tr ien t  agar
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plate , diffusion of the d is infec tan t  th rough the t i s sue  l a y e r s  of 

the in tes t ine  r e su l t in g  in a g r e a t e r  o r  l e s s e r  zone of inhibition 

of the b a c te r i a l  g row th  in the su rrounding  m edium . Such te s t s ,  

employing t i s s u e s  a s  b a r r i e r s  to the pen e tra t io n  of a d is in fec ­

tant,  fa i l  in s im p l ic i ty  of execution  and co m p ara t iv e  value b e ­

cause of the e s se n t ia l  n on rep roduc ib i l i ty  of the s ta t io n a ry  phase .  

This type of t e s t  is inadequate  in yet ano ther  re sp e c t ,  as  the 

inves t iga to r  ‘ s choice of p r i m a r y  s ta t io n a ry  p h ases  is d is t inc t ly  

l im i ted  and e x p e r im e n ta l  v a r ia t io n  of the concen tra t ion  and con­

dition of th is  phase  is  not f lex ib le .

If, then, a t i s su e  b a r r i e r  be o m it ted  and only a b a c t e r i a -  

seeded  n u t r ie n t  a g a r  gel phase  u t i l ized ,  a se r io u s  objection s t i l l  

r e m a in s  in tha t  g row th  of the o rg a n is m s  used  as  bio logical i n ­

d ic a to rs  is  p roceed ing  in a lo g a r i th m ic  o r d e r  while the diffu­

sion of the d is in fec tan t  cannot exceed  that  of a f i r s t  o r d e r  r e ­

action ra te .  Hence, the advancing g e rm ic id a l  concen tra t ion  of 

the d is in fec tan t  e n co u n te rs  in c re as in g ly  g r e a t e r  n u m b ers  of b a c ­

t e r ia  in vary ing  physio log ica l  s ta te s .  This  f ac to r  is m o s t  evident 

when d if fe ren t  o rg a n is m s  a r e  te s ted  ag a in s t  the sam e compound 

a t  iden tica l  c o n cen t ra t io n s .  The differing d ia m e te r s  of the zones 

of inhibition obviously  cannot be due to a varying diffusion ra te
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(a cons tan t  fo r  iden tica l  condit ions) , su pe rf ic ia l ly  then th is  would 

appear  to be c au sed  by differing suscep t ib i l i t ie s  of the o rg a n ism s  

to the compound. A ctua l ly  the phenomenon may be r e la te d  a l ­

m os t  e n t i re ly  to the d if fe ren t  growth  r a te s  of the o rg a n ism s  and 

p a r t ly  to d if fe ren t  su sc e p t ib i l i t ie s  of the o rg a n is m s  to the d is in ­

fectant.  Th is  c r i t i c i s m  should l ikewise  extend to those a t tem pts  

to d e te rm in e  the antib io tic  s p e c t r a  by the sam e ra t iona le .  A 

fu r th e r  l im i ta t ion  of this  m ethod  is  that the investigation  is 

l im ited ,  by the r e q u i r e m e n t  tha t  growth  of the ind ica to r  o rg a n ­

ism  m u s t  take p lace  in the suspending m e n s t ru u m ,  to the p h y s i ­

o logical range  of t e m p e r a tu r e ,  pH and sa l t  concen tra t ion ,  and 

the e l im ina t ion  of b a c t e r i o s t a s i s  is  quite difficult when not im ­

poss ib le .

The p ro b le m  thus p r e s e n te d  is to evolve some technic 

for m e a s u r in g  the r a t e s  of diffusion of d is in fec tan t  compounds 

in rep ro du c ib le  s y s te m s  of the e x p e r im e n te r  Ls design, where 

none of the above c r i t i c i s m s  p e r ta in .  F u r t h e r ,  it would be de­

s i ra b le  to have avai lab le  a second technic  uti liz ing a com plete ly  

d if fe ren t  modus ope rand i  w hereby  checking of r e s u l t s  could be 

pos s ib le .
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This has been the au th o r 's  objective, but the degree to 

which he has been successfu l  in attaining this end must  r e s t  

upon the acceptance and extension of his lab o rs  by independent 

inve s t iga to r  s .



HISTORICAL REVIEW

The Development of Methods for  M easuring the 
P e n e t ra t iv e  P o w ers  of Disinfectants

The methodologies which have been developed fo r  m e a ­

suring the pene tra t ive  pow ers  of d is infec tan ts  may be considered  

under four headings, o rgan ized  as to the type of b a r r i e r  p r i ­

m ar i ly  involved in the te s t .  These c la s s e s  are :  (1) those in

which the o rg a n ism s  to be kil led  a re  p ro tec ted  by a b a r r i e r  in 

the fo rm  of adhe ren t  p a r t i c le s  of organic  m a t te r ;  (2) those in 

which the b a r r i e r  is a " n a t u r a l 11 t issue  (e.g., an ep iderm al  t i s ­

sue); (3) those in which the b a r r i e r  is an a r t i f ic ia l  colloidal 

m a tr ix  such as  an agar i f ied  nu tr ien t  solution; and (4) those in 

which the ce ll  wall o r  m em brane  of a p a r t i c u la r  o rgan ism  se rv es  

as the only b a r r i e r  to en trance  of the dis infectant.

Under the f i r s t  heading, this methodology was introduced 

by Vincent (6) in 1897. This inves t iga to r  studied the action of 

d is infectants  in use at that time upon fecal  m a te r ia l  and demon­

s t ra te d  that chem ica l  agents were la rge ly  ineffective in the d is­

infection of such m a t te r .  The enc losu re  of b a c te r ia  in the o r ­

ganic m a t te r  of the feces  se rv ed  as an effective protective



device against  the action of the chemical  agents employed. This 

same methodology was la te r  employed by Mallmann and Chandler 

(7) in an investigation designed to find a disinfectant which could 

des troy  all the b a c te r ia  p re se n t  in feces while not adversely  af­

fecting coccidia. In this study, it was recognized that the finely 

divided p a r t ic le s  of the avian feces  se rved  as a b a r r i e r  to pene­

tra t ion  of the disinfectant. As a resu l tan t  of this experimenta l 

p rocedure ,  it was found that Iodine Suspensoid (Merck) was the 

only dis infectant of the many that were tes ted  which would rapidly 

s te r i l ize  the avian feces under the tes t  conditions. A high de­

gree of penetrab i l i ty  was a sc r ib ed  to this p repara t ion ,  about 

which m ore  will be said below.

Johns (8) desc r ibed  a method for determining sanitizing 

efficiencies of compounds which employed an o rg an ism -seeded  

skim milk dr ied  in a f ilm  on s te r i le  g lass  s l ides. These p r e ­

pared  slides  were dipped in the solution to be tested , r insed, 

placed in s te r i le  P e t r i  d ishes and covered with a nutrient agar. 

The result ing  diminution in num bers  of colonies appearing ex­

p re s s e d  the efficiency of the te s t  compound in penetrating the 

milk solid p a r t ic le s  and in killing the embedded o rgan ism s.
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The second category  of methods, where na tu ra l  b a r r i e r s  

have been used in demonstra ting  penetrabil i ty  of disinfectants, 

mainly has been used for the study of compounds designed for 

use as an t isep t ics  in p re su rg ic a l  p repa ra t ions .  Seelig and 

Gould (9) implanted capsules  containing iodine o r  alcohol in 

living animal skin t issue  to determ ine the osmotic behavior of 

these compounds in penetrating  the living t issue .  Nyiri and 

Jannitte (10) p laced various iodine p repa ra t ions  on the sound 

skin of dogs and rabbits  to dem onstra te  the penetration of the 

skin by iodine. Only iodide-containing p repara t ions  appeared 

to penetra te  to any degree .  K arns (11) and K arns, C re tche r  and 

Beal (12) used guinea pig skin as the b a r r i e r  to demonstra te  

that iodide-containing and aqueous p repa ra t ions  of iodine were 

super io r  in penetrab i l i ty  to t inc tu res  and noniodide-containing 

p repara t ions  of iodine. E ssen t ia l ly  the same resu l ts  were ob­

tained by Biskind (13) employing frog ep iderm is .  Anderson and 

Mallmann (14) studied the penetra tion  of living rabbit  skin, u s ­

ing a modification of the tissue  i r r i t a n t  determination technic 

devised by E tchells  and Fabian (15), and the penetration of rabbit 

skin rem oved  f ro m  sacr if iced  anim als .  The ' ‘dead11 skin in the 

la t te r  te s t  was employed as a b a r r i e r  between the te s t  disinfectant



and a saline suspension of b ac te r ia .  The ra te  of b ac te r ia l  death 

in the la t te r  instance c o r re la te d  with the resu l ts  obtained in the 

tes ts  employing the " l iv ing"  skin and with the aforementioned 

resu l ts  of K arns  et al. on iodine p repara t ions .  In the same 

publication, Anderson and Mallmann examined the same se r ie s  

of disinfecting agents for the ir  ability to penetra te  excised adult 

chicken ceca .  The washed ceca  were filled with the compound 

to be tes ted , the open end tied off with th read  and each cecum 

suspended in a bro th  culture  of the te s t  o rganism . The rapidity 

with which death of the o rgan ism s  in the culture  medium en­

sued indicated the ra te  of penetrat ion  through the t issue  of the 

cecum by the disinfectant. Again, as in the previously  cited 

publications, the iodide-containing iodine p repara t ion  was supe­

r io r  to o ther iodine p rep a ra t ion s ,  and iodine in the concentra­

tion employed sup e r io r  to all o ther disinfectants studied.

The th ird  c la ss  of methodologies can be considered  to 

be an invers ion  of the c la s s ic a l  auxanographic technics devel­

oped by Beije r inck  (16) in 1889 for the study of nutr itional 

responses  of m icrobes  to organic compounds. In an auxanographic 

technic, as the name im plies , the te s t  w ri tes  its own answer a 

putative inhibitor of bac te r ia l  growth placed on a b a c te r ia — seeded
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nutrient agar  plate indicates its activity by the p resence  or ab­

sence of a zone of inhibition at the site of placement.  In this 

manner, Kendall and Edwards (17) p re p a re d  agar  cylinders 

seeded with bac te r ia .  After contact with a solution of a d is in­

fectant a core  was removed and the extent of inhibition of growth 

in this core  rep re sen te d  the penetra tion  of the disinfectant. In 

1918, Carnot and Dumont (18) a sce r ta ined  diffusion of dis infec­

tants in the horizontal plane by pouring seeded agar  p la tes  and 

placing the dis infectant in a p e r fo ra ted  glass  cup embedded in 

the cen ter  of the plate . The penetrab il i ty  of the disinfectant 

was r e p re sen te d  as the d iam ete r  of the subsequent zone of in­

hibition. This technic, with minor modification, was la te r  r e c ­

ommended by Ruehle and B rew er  (19) for determining the com­

parative  penetrab il i ty  of dis infectants  and antiseptics .  This 

tes t  is generally  r e f e r r e d  to as the "FD A agar-cup  p ro c e d u re "  

and is probably  the m ost  widely used  tes t  for penetrative  powers

of d is infec tan ts  in those r a r e  instances  when penetrabili ty  is

considered  in the evaluation of a disinfectant. This testing 

procedure  has since been adapted for specialized applications. 

Anderson and Mallmann (14) dem onstra ted  that volatile sub­

stances could not be assayed  by the FDA procedure  because of
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distillation of the dis infectant f rom  the cen te r  cup to the surface 

of the plate with consequent e r roneous  im press ions  of high ac ­

tivity. This objection was met by covering the agar surface 

with a lay e r  of paraffin . To accom plish  the m easu rem en t  of 

the ra te s  of diffusion of iodine p repa ra t io ns ,  the bac te r ia  in the 

agar were rep laced  with s ta rch-iod ide  solution and the extent 

of the blue zone was reco rd ed  at frequent in te rva ls .  Where 

organism s were seeded in the agar ,  and a s e r ie s  of disinfecting 

agents tes ted  by this adapted technic, the ra te s  of diffusion were 

not in them selves  de te rm inab le ,  only the final extent of the zones 

of inhibition were recorded .  This technic was fu r th e r  modified 

by Anderson and Mallmann, so that the d is infectant was enclosed 

in a sac made of a section of chicken intest ine and the la t te r  

buried in the nu tr ien t  agar .  The p resence  of a zone of inhibi­

tion about the section of intestine indicated penetra t ion  of the 

tissue , the authors  discla iming any importance  ascr ibab le  to the 

size of the zone of inhibition. This method, which has been d is­

cussed  at length in the Introduction, is actually  m ore closely 

re la ted  to the second group of methodologies than to this third 

group, in which it  has been included because of its develop­

mental h is tory .
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The fourth  ca tegory of methodological approaches to the 

problem of pene trab i l i ty  c o m p r ise s  those methods in which 

some p a r t i c u la r  usually  l a r g e  m ic roo rgan ism  has been ex­

amined. In 1924, Chandler (20) repo r ted  that aqueous solutions 

of iodine were of high verm ic ida l  activity. This author stated 

his belief that nematode eggs and encapsulate  larvae  were r e ­

s is tan t  to m ost  fo rm s  of d is infectants  because these dis infec­

tants . . im media te ly  coagulate the albuminous coatings of 

nematode eggs and la rvae  forming, thereby, an impervious m em ­

brane which p reven ts  the fu r th e r  penetra t ion  of the chemical . . 

Chandler believed that iodine did not do this and thus was cap­

able of penetrat ing  the vitals of the o rgan ism s  and causing their  

death.

In 1930, Knaysi (21, 23, 24, 25) and Knaysi and Gordon 

(22) published a s e r ie s  of p ap e rs  dealing with the kinetic aspects  

of disinfection. Knaysi and Gordon subscribed  to the view that 

the death ra te  of b ac te r ia  obtained in studies on chemical d is ­

infection was a function of the dis tr ibution of varia tion in r e ­

sis tance among the b ac te r ia l  population. This view was at 

variance with those propounded by Chick (26) and by Rahn (27) 

who held the ra te  of death to be an express ion  of the rate of
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chemical combination in monomolecular and polymolecular r e ­

actions. Knaysi s t r e s s e d  penetrabil i ty  as the limiting factor 

in the ra te  of death and stated: 1‘If a poison is to kill . . .  a

cell, it m us t  f i r s t  penetra te  the sys tem  of m em branes  and come 

into contact with the p ro to p la sm .11 He c la im ed to dem onstra te , 

using Saccharom yces  ce rev is iae ,  that individual cells  var ied  in 

their  penetrab il i ty  to iodine and that there  were apparent r e ­

gions of the cell wall and m em branes  possess ing  higher p e rm e ­

ability to iodine than o ther  a re a s .  Knaysi also dem onstra ted  

that iodine was taken up f rom  solution by yeast  cells  in a c c o r ­

dance with an adsorption iso therm .

F ish  (28), in 1931, dem onstra ted  the extrem e res is tance  

of oocysts of E im e r ia  tenella  to physical and chemical agents. 

Anderson and Mallmann (14) att r ibuted this high re s is tance  of 

the coccidial oocysts  to the p resence  of a heavy cell wall which 

acted as a b a r r i e r  to penetra tion  of chemical agents. These 

investiga tors  there fore  used suspensions of the cysts  of E . 

tenella  for determining the penetrative  power of chemical d is ­

infectants. The ra te s  of penetra tion  of disinfectants  were m ea­

sured  by the percentage inhibition of sporulation of the oocysts 

following exposure to the disinfectants. They found an iodine
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hydrosol to be the only substance effective in killing the oocysts 

and re la ted  this to a supposed high penetrative power of the 

prepara t ion .  Anderson and Mallmann (14) also selected strongylid 

la rvae  as o rgan ism s  suited for  observing the penetration of d is ­

infectants. This o rgan ism  is p ro tec ted  by a waxy cuticle and 

was shown to be re s i s ta n t  to the action of most disinfectants

except the halogens chlorine and iodine. Chlorine was observed

to digest the outer  covering of the la rvae  and subsequently move­

ments of the la rvae  ceased; iodine caused a rapid cessation  of 

movements  of the la rvae ,  with no p r io r  digestion of the cuticle 

observed.

Anderson and Mallmann (14) also descr ibed  a speed of 

disinfection te s t  employing Micrococcus pyogenes var .  aureus 

as the tes t  o rgan ism . This te s t  was a rate  of disinfection de­

te rm ination  in the absence of organic m a t te r  with sampling con­

ducted in the sh o r te s t  possible  in terva ls .  The te s t  was reported  

to m easu re  penetrabil i ty  of disinfectants and gave s im ilar  r e ­

sults with the compounds tes ted  as did the tes ts  employing coc- 

cidial oocysts  and strongylid la rvae .

In 1947, Mallmann (29) upon addressing the National As­

sociation of Insectic ide and Disinfectant Manufacturers, s t re s se d

A
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the im portance  of a d is infectant  having the p ro pe r ty  of penetrance  

into organic  b a r r i e r s  and em phasized  the neglect of this c h a ra c ­

te r  in the lab o ra to ry  evaluation of p rospect ive  d is infectants .  The 

difficulty of pe rfo rm ing  such evaluations was highlighted by his 

s ta tement,  "A t  p re s e n t  there  a r e  no good routine labo ra to ry  

p ro c e d u re s  (for de te rm in ing  penetrabil ity)  that yield sa t is fac to ry  

r e s u l t s . "  This author is in complete  acco rd  with Mallmann in 

that r e s p e c t  and would go so fa r  as to s ta te  that in his opinion 

there  do not appear  to be any r e s e a r c h  p ro ced u res  for the de­

te rm ina t ion  of the pene tra t ive  pow ers  of d is in fectants  which have 

been es tab l ished  on a sound b a s is .

Colloidal Iodine

Amman (30), in 1910, observed  that ce r ta in  solutions of 

iodine exhibited a Tyndall effect and thus concluded that su s ­

pended iodine p a r t ic le s  of fine size could exist.  B o rd ie r  and 

Roy (31) obtained a fa i r ly  stable hydrosol of iodine in w ater  by 

the dilution with w ater  of a sa tu ra ted  alcoholic solution of iodine 

in the p re se n ce  of gelatin  as a s tab i l ize r .  In 1924, Chandler 

(20) re p o r te d  the p rep a ra t io n  of a " h y p e ra c t iv e "  iodine p re p ­

ara t ion .  Chandler and M iller  (32) desc r ibed  the p repa ra t ion
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and physica l  p ro p e r t ie s  of this  1’hyp e rac t ive11 iodine and red es ig ­

nated it as  Colloidal Iodine. The p rep a ra t io n  was made by acid i­

fication with hydroch lor ic  acid  of an ostensib le  sodium iodohy- 

poiodite at 0 C in the p re sen ce  of gum arab ic  as a protect ive  

stabilizing agent. Bennett (33) has d esc r ib ed  the details  of 

p re p a ra t io n  in full. This collo idal suspension  of iodine has 

been m a rk e ted  as  Iodine Suspensoid (Merck) and as Iodine V er­

micide (Merck).

The chief in te r e s t s  in the use of Colloidal Iodine as a 

d is infectant and as a therapeu tic  agent lie in that it contains 

ne i ther  iodides nor  a lcohols  and still  is available in concentra ted  

form , in that it has been shown to be of low toxicity, in its value 

as a verm ifuge, and in the fact  that it is the only p repa ra t ion  to 

the au th o r 's  knowledge fo r  which the specific p roper ty  of high 

pene trab i l i ty  has been c la im ed.

In 1924, Chandler (20) re p o r ted  that " h y p e ra c t iv e "  iodine 

in a c a s to r  oil vehicle was effective in the t re a tm en t  in the field 

of a s c a r id  and he te rak id  infections of poultry , a s c a r id  and hook­

worm infections of foxes and a sc a r id  infections of swine. The 

Merck p re p a ra t io n s  w ere  used in subsequent s tudies .  Chandler 

and F e rg u so n  (34) dem on s tra ted  one hundred per  cent efficiency
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for the p re p a ra t io n s  in the t r e a tm e n t  of tapew orm s and round­

worms of poultry . A lderm an  (35) confirm ed  these findings. 

Chandler  (36) rep o r ted  killing the s tomach w orm s in 97 of 98 

lambs subjected to t r e a tm e n t  with Colloidal Iodine. W eisner 

(37) dem o ns tra ted  that Colloidal Iodine was of value in the con­

t ro l  of coccid ios is  in poultry  and rabb its ,  and Chandler  (38) dem ­

on s t ra ted  the abili ty  of th is  p re p a ra t io n  to kill  sporu la ted  and 

unsporu la ted  oocysts  of E im e r ia  tenella  and recom m ended  its 

use as  a d is infectant  in poultry  p ra c t ice .  Wilson (39) repo r ted  

the des truc t ion  of H abronem a spp. in the s tom ach  and upper in­

test ine  of the h o rse ,  and the rem oval  of la rge  la rv ae  of a G as-  

te rophilus  sp.,  although sm a ll  la rv ae  were not affected by the 

iodine therapy.

Stafseth  (40) de te rm ined  that  Iodine Vermicide (Merck) 

was capable m  vitro  of killing a s c a r id s  and the proglott ids  and 

onchospheres  of tapew orm s.  He dem onstra ted ,  however, that 

the sco lices  of the tapew orm s infecting the chicken were ne ither  

dislodged no r  kil led  by the t re a tm e n t  with Colloidal Iodine. Sub­

sequent to the rem oval  of the s trob ilae  of the tapeworm s by the 

Iodine Vermicide  dosage, Stafseth  dem onstra ted  that the devel­

opment of the p a ra s i te s  continued. Two to th ree  weeks were



then n e c e s s a ry  for  the development of m ature  Raill ie tina  c e s t i -  

cillus in chickens. It is apparen t  then, that the high efficiency 

of iodine p rep a ra t io n s  in apparently  curing tapeworm infections 

in poultry, may have been only a concomitance of the technic 

of adm in is te r ing  a check dose a few days a f te r  the initial t h e r a ­

peutic dose and adjudging the infection te rm in a ted  if no ova nor 

proglo ttids  were  found in the feces .  As Stafseth pointed out, 

Colloidal Iodine can s t il l  be recom m ended  as a vermifuge where 

the objective is to b reak  the cycle of development of the p a ras i te  

for  a l im ited  t ime. At the p re se n t ,  however, Colloidal Iodine 

is not rep o r ted  as the drug of choice for any of the worm  o r  

protozoan infections of an im als  o r  man.

As mentioned above, Mallmann and Chandler (7) repo r ted  

the effec tiveness  of Colloidal Iodine in disinfecting chicken feces, 

accomplishing s te r i l iza t io n  (sic) of the feces in ten minutes 

while no o ther  d is infectant te s ted  could accom plish  this feat 

in m ore  extended per iods  of time. Anderson (41) de term ined  

the Phenol Coefficient of Colloidal Iodine to be identical to that 

of Lugol 's  Solution and to Tincture  of Iodine. Anderson and 

Mallmann (14) and Mallmann (29) a sc r ib ed  the higher  activity 

of the Colloidal Iodine to g r e a te r  penetra t ive  power of this
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p rep a ra t io n .  A nderson  and Mallmann (14) co m p ared  the p e n e t r a ­

bility  of the th ree  iodine p re p a ra t io n s  by m eans of the pa ra ff in -  

covered  aga r  cup plate  method and found that Colloidal Iodine 

in five p e r  cent concen tra t ion  gave a l e s s e r  zone of inhibition 

than did the L ugo l 's  Solution o r  the T incture  of Iodine in like 

concen tra t ions .  S im ila r  r e s u l t s  w ere  obta ined using the tech­

nics employing chicken in tes t ines  o r  ceca  as  b a r r i e r s .  The 

o rd e r  of e ffec t iveness  in these  c a s e s  was: (1) Lugol’s Solution,

(2) Tincture  of Iodine, and (3) Colloidal Iodine. Colloidal Iodine 

was m o s t  effective in the speed of d is infection tes t ,  in the in­

hibition of sporu la t ion  of coccidia l oocysts  and in the d e s t ru c ­

tion of s trongylid  la rv a e .  It was apparen t  that exceedingly 

d ispa ra te  re s u l t s  w ere  obtained by these  two groups of method­

ologies. A nderson  and Mallmann be l ieved  that the settling of 

the colloid p a r t i c le s  in the f i r s t  group of exper im en ts  cited 

may have p reven ted  e s tab l ish m en t  of a uniform m axim um  con- 

centa tion of iodine in the solution, and that the solvated p r e p a r a ­

tions ac tually  may have had a g r e a te r  "d i f fu s ib i l i ty "  than the 

colloidal p re p a ra t io n .  This "d i f fu s ib i l i ty "  they believed to be

sepa ra te  and d is t inc t  f rom  p en e trab i l i ty  an a rgum ent this author

believes  untenable. It m us t  be noted that in the ir  exper im ents
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the hydrogen ion concen tra t ions  of the p re p a ra t io n s  were not 

ad justed  to like values no r  reco rd ed ,  inasm uch  as these  au thors  

were studying the p ro p e r t i e s  of the p re p a ra t io n s  as genera l ly  

obtained and the pH of each  p re p a ra t io n  was of no in tr in s ic  

in te r e s t  to them. G ershenfe ld  and Witlin (42) have d em ons tra ted  

the acute dependence of the b a c te r ic id a l  effic iency of iodine upon 

the pH a t  which t e s t s  a re  conducted. The difference in ac t iv i t ies  

of the th ree  iodine p re p a ra t io n s  as  d e te rm in ed  by the speed of 

dis infection te s t ,  the inhibition of sporu la t ion  of coccid ial  oocysts  

and the killing of s trongylid  la rv a e  may be a re f lec t ion  of dif­

fering pH values in each  p re p a ra t io n .  That this is possib le  will 

be d em o n s tra ted  below.

Colloidal Iodine has been d em o n s tra ted  to be only one- 

fourth  as  toxic as  T inc ture  of Iodine to rabb i ts  when adm in­

i s t e r e d  o ra l ly  (43). In travenous a d m in is t ra t io n  of e i the r  p r e p ­

a ra t ion  r e su l te d  in death of rabb i ts  with the sam e m inim um  

dose. Chandler  and M il le r  (32) also  noted that concentra t ions  

of Colloidal Iodine sufficient fo r  g e rm ic id a l  p u rp o ses  did not 

co rro de  the skin and o the r  t i s su e s  to the extent that alcoholic 

solutions did, nor  did it s ta in  the skin as in tensely  as did the 

la t t e r .
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Colloidal Iodine would thus seem  to be m ore  des irab le  

than t in c tu re s  fo r  wound d re s s in g  and fo r  in te rna l  medication. 

The indications tha t  it may p o s s e s s  a high degree of p e n e t ra b i l ­

ity make it a good subject  fo r  studies on this subject and so a 

la rge  por t ion  of the exper im en ta l  work to be r e p o r ted  below is 

th e re fo re  concerned  with the examination  of the pene tra t ive  

power of this p re p a ra t io n .



MATERIALS AND METHODS 

The Inhibition of Sporulation of Coccidia l  Oocysts

E im e r i a  tene l la  was propagated  in six to eight week old 

co c k e re ls .  On the tenth day of infection (when oocyst production 

is at a maximum) the chicks w ere  sa c r i f ice d  and the ceca  col­

lected. Ceca showing v is ib le  le s ions  were  homogenized in the 

Waring Blendor and the oocysts  se p a ra te d  f ro m  t is su e  f r a g ­

m ents  by s tra in ing  through four l a y e r s  of clean cheesec lo th .

The oocysts  w ere co n cen t ra ted  by flotation in a concen tra ted  

sugar  solution followed by d ifferen tia l  cen tr ifugation  in a r e ­

f r ig e ra te d  centr ifuge.  The final suspensions were diluted with 

d is t i l led  w a te r  so as  to contain approx im ate ly  200,000 oocysts 

p e r  m l and s to red  in the r e f r ig e r a to r  a t  4 C for  future use.

F iv e —ml port ions  of iodine p re p a ra t io n s  at the d e s i re d  

concen tra t ions  and pH value w ere  brought to 27 C in a w ater  

bath. The solutions were in graduated  centr ifuge tubes stop­

p e re d  with ru b b e r  s to p pe rs .  A fter  te m p e ra tu re  equil ibration, 

a o n e -m l  port ion  of the oocyst suspension  was added to each 

tube of d is infec tan t  and im m edia te ly  shaken by hand to insure
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distr ibution  of the tube contents. After incubation for the de­

s i re d  exposure  period , four ml of a sa tu ra ted  sodium thiosul-  

fate solution was rapidly pipetted into the centrifuge tube to 

neu tra l ize  the iodine. Control suspensions of the oocysts  were 

t re a te d  in the same m anner, with d is t il led  water  replacing the 

disinfectant. Following neutra l iza t ion , the suspensions were 

centr ifuged and the supernatan t  liquid decanted, the ten -m l  vol­

ume was r e s to re d  with d is ti lled  w ater  and recentr ifuged. The 

supernatan t  was again d isca rded  to leave a volume of one ml 

of sediment and fluid in each  tube. One ml of a 2.5 p e r  cent 

solution of po tass ium  dichrom ate  was added and the sediment 

was suspended by t r i tu ra t io n  with a wooden applica tor . The 

tubes were incubated in an inclined posit ion for 48 hours at 

room te m p e ra tu re  to p e rm i t  sporulation of the oocysts . The 

suspensions were then examined under the m icroscope  using 

430X magnification, duplicate counts of each tube were made. 

The num bers  of sporula ted  oocysts  in a total of 100 were 

counted.. The re su l ts  were ex p re ssed  as the percentage of in­

hibition of sporulation on the b as is  of the sporulation of the 

un trea ted  contro ls .



The 1 'P e n e tu b e N Technic

All g la s sw a re  used  in this  port ion  of the s tudies  was 

c leaned  by soaking for a t l e a s t  24 hours  in ac id—dichrom ate  

c leaning solution. The acid  was rem oved  by five r in s e s  in 

tap w ate r ,  a 24—hour soak in d is t i l led  w a te r  and four  su b se ­

quent r in s in g s  in d is t i l led  w a te r .  The g la s sw a re  was then 

d ra in ed  and a i r —dried .

All chem ica ls  used  w ere c.p. grade un less  o therw ise  

specif ied .

All re a g en ts  and solu tions were  p r e p a re d  with d is t i l led  

w a te r  which had been re d is t i l l e d  f ro m  an alkaline perm angana te  

solution in a g la ss  s til l .

C u l tu re s  of b a c te r ia  w ere  checked for  pu r i ty  at f requen t  

in te rv a ls  by re p e a te d  s t reak in g  on a tryptone glucose yeas t  ex­

t r a c t  a g a r  (TGE) and by d i r e c t  m ic ro sco p ic  exam ina tion  of 

s m e a r s  s ta ined  by the G ra m  technic (Hucker modification). The 

c u l tu re s  w ere  m ain ta ined  on TGE s lan ts  in s c re w -ca p p e d  v ia ls .

P y r e x  g la ss  tubing of 5 -m m  outside d ia m e te r  was cut 

in 12-cm  lengths and one end ground fla t on a fine em ery  

wheel. A fter  cleaning and drying, the unpolished end was



plugged with cotton. The tubes were d is tr ibu ted  in clean te s t  

tubes and s te r i l iz e d  in the d r y - a i r  oven at 170 C fo r  2 hours .

The colloid sys tem  to be examined contained aga r  (Difco 

granulated) in a final concentra t ion  of 1.5 p e r  cent. It was nec­

e s s a r y  to p re p a re  the ag a r  gel in a concentra t ion  such that, upon 

dilution of 16.2 ml with adjunct substances  to 20.0 ml, the final 

concentra t ion  would be as s ta ted  above. Thus, 16.2 ml of this 

aga r  gel was d is tr ibu ted  p e r  50—ml E h r le n m e y er  f lask  and auto- 

claved a t 121 C fo r  20 m inutes . The gauze plug of each flask 

was w rapped with " p a r a f i lm 11 and these f lasks  could then be 

s to red  in the r e f r ig e r a to r  at 4 C for per iods  up to one month 

in length with no d iscern ib le  loss  of m o is tu re .  P r i o r  to use, 

the aga r  gel was melted  and cooled to 45 C and 2.0 m l of 

m ola r  phosphate buffer solution added so that the final concen­

tra t ion  of the buffer was tenth m o la r  at the d e s i re d  pH value. 

E i th e r  0.8 ml of a p ro te in  solution, d is t i l led  w ater  o r  a com bi­

nation of these  to the sam e volume was then added. Each flask  

was seeded with 1.0 ml of a suspension of b a c te r ia  in d is t i l led  

w a te r .  This suspension was p re p a re d  by washing the bac te r ia  

f ro m  the surface  of a 24-hour TGE agar  slope culture  with 

d is t i l led  w ater .  The turbid ity  of the b ac te r ia l  suspension was



adjusted to 15 p e r  cent t ran sm it tan ce  a t 490 mu in a Cenco- 

Sheard-Sanford  P h o te lo m e te r . The seeded a g a r  gel, now at a 

volume of 20.0 ml, was agita ted  to d is tr ibu te  the contents and 

was mainta ined at 45 C during subsequent manipulations.

To p re p a re  columns of the aga r  gel within the tubes it 

was n e c e s s a r y  to devise a method for  setting the gel rapidly 

so that la rge  num bers  of tubes could be p re p a re d  without an 

agonizing wait between the filling of each succeeding tube. This 

was done by dipping a s te r i le  tube into the molten aga r  gel and 

drawing a column of the liquid into the tube to a height of 5 to 

7 cm. With the fo re f in g er  covering the plugged end of the tube, 

the tube was ro ta ted  over the surface  of an ice cube for about 

four seconds so that the aga r  gel rapidly  solidified in the upper 

end of the tube. The tube could then be la id  in a P e t r i  dish 

half to complete gelation while o ther  tubes were being p re p a re d .  

It was found convenient to in su re  s tabil ity  of the ice cubes by 

placing them on another  f i lled  t ra y  of ice cubes so that the 

tendency to s l i the r  about was inhibited by the par t i t ions  of the 

t r a y .  If a m eniscus  dep ress io n  appeared  at the lower end of 

a tube due to dra inage, the tube was touched to the surface of 

the molten aga r  at an acute angle and this depress ion  filled.
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Tubes b ea r in g  a g a r  gel co lum ns of d iffering consti tu t ion  w ere  

co lo r  coded with w a x -c ra y o n  m a rk s  at the end having the cotton 

plug. In a lm o s t  a ll  c a s e s ,  th is  method re s u l te d  in the p r e p a r a ­

tion of a un ifo rm  colum n of a b a c t e r i a - s e e d e d  a g a r  gel with a

bottom  n e a r ly  p e r fe c t ly  f la t  whose c r o s s - s e c t i o n a l  a r e a  was 7.06

2 2 m m  ±  0.003 m m  .

To c lean , d ry ,  2 0 -m m  te s t  tubes ,  5.0 ml of d is in fectant ,  

buffer  solution, s a l t s  o r  o th e r  adjuvant su b s tan ces  w ere  added 

and b rought  to the d e s i r e d  t e m p e r a tu r e  in a w a te r  bath. The 

final buffer  c o n c en t ra t io n  was half m o la r  and the buffer  so lu­

tions w ere  made of a p p ro p r ia te  m ix tu re s  of mono- and d ipo tas­

s ium  phospha tes .

The p r e p a r e d  tubes conta in ing the a g a r  gel co lum ns were  

wiped d ry  with c lean  ch eesec lo th  sq u a re s  and p laced  in the te s t  

tubes  containing the d is infec ting  so lutions and these l a t t e r  tubes 

s to p p e red  with  No. 2 ru b b e r  s to p p e rs .  E ach  t e s t  tube could a c ­

com m odate  as  many as 7 tubes .  T h ere  w ere  always at l e a s t  

two tubes p e r  t e s t  tube to in su re  aga in s t  a tight sea t  between 

the bo ttom  of the t e s t  tube and the c i r c u m fe re n c e  of the tube 

containing the a g a r  gel column.
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When vola ti le  d is in fec tan ts  which might be a b so rb ed  by 

the ru b b e r  s to p p e rs  (e .g .,  halogens) w ere  tes ted ,  25 -m l  g l a s s -  

s top p ered  a m b e r  mixing c y l in d e rs  re p la c e d  the t e s t  tubes and 

ru b b e r  s to p p e rs .

At the end of the e x po su re  p e r io d ,  the tubes w ere  r e ­

moved f ro m  the d is in fec tan t  by m ean s  of a fo rc ep s  and the ex­

c e s s  d is in fec tan t  r e m o v e d  by r in s ing  the tubes in s t e r i l e  d i s ­

t i l led  w a te r  o r  in a so lu tion  of a su itable  n eu tra l iz ing  agent.

The colum n of a g a r  gel was e x p r e s s e d  f ro m  the tube into a

te s t  tube of an a p p ro p r ia te  s t e r i l e  n u t r ie n t  b ro th  containing a 

n eu tra l iz in g  agent to p e r m i t  the deve lopm ent  of viable o rg a n ism s

in the column. The e x t ru s io n  of the colum n was accom plished

by blowing a t  the p lugged end with the mouth o r  by employing 

the cotton plug and an a p p l ic a to r  as a p is ton  and p lunger .  The 

b ro th  tubes  w ere  then incubated  a t  37 C fo r  18 to 24 hours  in 

a fo rc e d —d ra f t  in cu ba to r .  The conten ts  of each  b ro th  tube were 

then p o u re d  into a P e t r i  d ish  and exam ined  by i l lum ination  f ro m  

beneath  the p la te .  The c l e a r  zones of inhibition were m e a su re d  

with the aid  of a s tee l  d iv ide r  and m e t r i c  scale  to the n e a r e s t  

tenth  m i l l im e te r .  The ap p e a ra n c e  of some typical zones of 

inhibition a re  d e m o n s t r a te d  in P la te  1.



PLA TE 1. The appearance of some typical zones of inhibition 
in agar  gel columns following development.

A. Columns exposed to Colloidal Iodine for 24
hours at pH 5.0 and 27 C.

B. Columns exposed to phenol for 24 hours at
pH 5.0 and 2 7 C.
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The Disinfection of Chicken F e c e s

Chicken feces  was collected f ro m  at l e a s t  six  cages 

containing no rm al  adult b i rd s  of both sexes on a g ra in  diet. 

Twice the weight of d is t i l led  w a te r  was added to the feces  

and the m ix ture  homogenized for  one minute in the Waring 

Blendor.  The resu lt ing  suspension  was s t ra ined  through a 

double la y e r  of cheesec lo th  and collec ted  in sc rew -cap p ed  via ls . 

With the aid of the m ic roscope ,  the suspensions were seen to 

contain many p a r t ic le s  of m a t te r  of varying s izes ,  some of 

which were as la rge  as 20 m ic r a  in d iam ete r ,  as well as nu­

m erous  b a c te r ia  f ree ly  suspended in the fluid. Some c ry s ta l s ,  

probably  of p rec ip i ta ted  u ra te s ,  were encountered.

To clean s te r i le  sc rew -capp ed  v ia ls , 9.5 ml of the d is ­

infectant plus phosphate buffer mixture  were added. The final 

concentra t ion  of the buffer  was half m o la r  at the d e s i re d  pH 

value. The tubes were p laced  in a w ater  bath and brought to 

te m p e ra tu re  equil ib r ium  at 27.5 C ±  0.5 C.

The feces  suspension was thoroughly agita ted with a 

pipette  and 0.5 ml added to each d is infec tan t-buffer  tube and 

to a d is t i l led  w a te r -b u ffe r  control tube. The contents were 

mixed by invers ion  of the tubes a num ber  of t im es  during the
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c o u rse  of the e x p o s u re s .  A f te r  the exposure  in te rva l ,  1.0—ml 

sa m p le s  w ere  withdrawn and p ipe tted  into 9.0 ml of an a p p ro ­

p r ia te  n eu tra l iz ing  agent to stop the action of the d is infec tan t .  

This tenfold dilu tion was then shaken fo r  five m inu tes  on a 

m echan ica l  device a t a ra te  of 200 s t ro k e s  p e r  minute  th rough 

a on e - in ch  ex c u rs io n .  A p p ro p r ia te  d ilu tions w ere  then p la ted  

in duplicate  with TGE a g a r .  ATter incubation fo r  48 hours  at 

37 C, the p la te s  w ere  exam ined  and the n u m b e rs  of colonies  

re c o rd e d .  R esu l ts  w ere  e x p r e s s e d  as  the n u m b e rs  of o rg a n ­

i s m s  p e r  m l of the r e a c t io n  m ix tu re s .

Specia l  V e s s e l s  T hree  C o m p a r tm e n t  Technics

A ttem pts  w ere  made to c o n s t ru c t  diffusion ce l ls  w here  

a d is in fec tan t  solution could be s e p a ra te d  f ro m  a b a c te r i a l  s u s ­

pension  by a b a r r i e r  solution. Collodion s a c s  w ere  in tu s s u s -  

cep ted  o v e r  the ends of g la s s  tubing and suspended  in a l a r g e r  

v e s s e l  containing the suspens ion  of b a c te r i a .  The in n e rm o s t  

c o m p a r tm e n t  conta ined  the d is in fec tan t ,  the m id -c o m p a r tm e n t  

the b a r r i e r  substance  in the fo rm  of a solution o r  gel.  A l t e r ­

na te ly ,  the posit ion  of the b a c te r i a l  suspens ion  and the d is in ­

fec tan t  was r e v e r s e d  in the sy s te m .  No r e s u l t s  were obtained
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with these  ce l ls  as the m e m b ra n es  w ere  exceedingly frag i le  

and had a g re a t  tendency to b reak  during t r i a l  runs .

Cells  w ere  co n s truc ted  of thin r ings  of unglazed p o r c e ­

lain. A sm al l  r ing was cem en ted  to a cover  g lass  with de 

Khotinsky cem en t  and a l a r g e r  ring then cem ented  in a con­

cen tr ic  posi t ion . The cen te r  well was f il led with the d is in fec­

tant and the annulus with the b a r r i e r  substance .  A cover  g lass  

was sea led  to the top su r fa c e s  of the r ings  and the whole a r ­

rangem ent  dropped in a suspension  of b a c te r ia  in d is t i l led  

w ate r .  This  suspension  was s t i r r e d  by m eans  of a magnetic  

s t i r r in g  device and sam ples  withdrawn at in te rva ls  fo r  the enu­

m era t ion  of the viable b a c te r ia .  The f ra g i l i ty  of the sys tem  

and the difficulty involved in obtaining a p e r fec t  sea l  between 

the inner ring and the top cov er  g lass  obviated continued use 

of this  technic and so the method was also  abandoned and no 

r e s u l t s  a re  re c o rd e d  fo r  exper im en ta l  use of the method.



EXPERIMENTAL AND RESULTS

E x p er im en ts  Using O ocysts  of E_. Tenel la

The effect of hydrogen ion concen tra t ion  on the d is in fec­

tion of oocysts  of K_. tenella  by iodine was de te rm ined .  The pH 

of Iodine Suspensoid  (Merck) in 5.0 p e r  cent concen tra t ion  was 

d e te rm in ed  to be 2.0. A 5.0 p e r  cent L ugo l 's  Solution was ad­

jus ted  to this pH with concen tra ted  HC1. O ther  port ions of each 

p re p a ra t io n  were adjusted  to pH 7.0 with 2.5 N NaOH. Expo­

sure  of the oocysts  to aliquots  of these p re p a ra t io n s  were made, 

as  d e sc r ib e d  above, for  p e r iods  of 5, 10 and 20 m inu tes .  The 

p e r  cent of inhibition of sporu la t ion  of the oocysts  as computed 

f rom  contro l  sporu la t ions  is given in Table 1. These data show 

the m ark ed  effect of hydrogen ion concen tra t ion  on the kill of 

the coccid ial  oocys ts .  At the sam e pH values ,  the re  is very  

l i t t le  d ifference in activ ity  between the two iodine p re p a ra t io n s .  

The collo idal p re p a ra t io n  has a slightly h igher  activ ity  but no­

where of the o r d e r  of d ifference as d e te rm in ed  by Anderson and 

M allmann (14). This d isc repan cy  is eas i ly  unders tood  on the 

b a s is  of the high acid ity  of the colloidal p re p a ra t io n  as com pared



T A B L E  1

THE PEN ETR A TIO N  O F COCCIDIAL OOCYSTS BY 5 P E R  
CENT IODINE PREPARATIONS AT 27.0 C

P e r Cent Inhibition

5% Iodine as PH
of Sporula tion*

5 m in 10 min 20 min

Suspenso id  (Merck) 2.0 76 96 100

Suspenso id  (Merck) 7.0 43 89 99

L u g o l 's  Solution 2.0 69 91 100

L u g o l’s Solution 7.0 41 79 97

* The iodine was n e u t r a l i z e d  with sodium th iosulfa te  
im m e d ia te ly  a f te r  the noted  exposu re  p e r io d  and sporu la t ion  
of the o ocy s ts  a c c o m p l ish e d  in 2.5% p o ta s s iu m  d ich ro m a te  
fo r  48 h o u rs  a t  " r o o m "  t e m p e r a tu r e .
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to tha t  of LiUgol's Solution. P r e p a r a t i o n s  of the l a t t e r  usually  

a re  in the range  of pH 5 to pH 6.

The p r e p a ra t io n  of suspens ions  of oo cy s ts  of 12. tene lla  

was quite ted ious and the re su l t ing  suspens ions  gave quite v a r i ­

able spo ru la t io n  p e rc e n ta g e s .  T hese  ranged  as low as  6 p e r  

cen t  in some in s ta n c e s .  No f u r th e r  e x p e r im e n ts  w ere  conducted 

with this  method.

E x p e r im e n ts  with the " P e n e tu b e "  Technic

Ind ica to r  o r g a n i s m s . P ene tub es  w ere  p r e p a r e d  con ta in ­

ing a g a r  and M/10 phosphate  buffer  a t pH 5.0. One s e r i e s  of 

pene tubes  conta ined  M . pyogenes v a r .  a u re u s  (FDA 209) as the 

ind ica to r  o rg a n i s m  and ano ther  s e t  contained K .  coli ( lab o ra ­

to ry  s tra in )  as  the ind ica to r  o rg a n is m .  T hese  penetubes  were 

exposed  for  24 h o u rs  a t  27.0 C in tubes containing M /2  phos­

phate  buffer  a t  pH 5.0 and Roccal  o r  phenol in v a r ied  concen­

t r a t io n s .  A f te r  ex po su re  the tubes  w ere  r in s e d  and the columns 

developed. The co lum ns which had been  exposed  to phenol were 

developed in FDA b ro th  and those which had been exposed to 

Roccal  w ere  developed in FDA b ro th  containing 0.1 p e r  cent 

T a m o l—N. A fte r  developm ent,  the zones of inhibition were
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m e a s u r e d  and the av e rag e  value fo r  ea ch  poin t p lo tted  in F ig ­

u re  1.

In F ig u re  1A, it  can be seen  that  R occa l  app aren t ly  pene­

t r a t e s  fu r th e r  w here  M . a u re u s  is the in d ic a to r  than where I£. 

coli  has  been  used .  T h is  is m ore  a p p a re n t  than r e a l .  The ex­

p lanat ion  of th is  is  tha t  M . a u re u s  is m o re  sens i t ive  to the d is ­

infecting ac t ion  of Roccal than is  Is. c o l i . In F ig u re  IB, it  is 

evident tha t  on exposu re  to phenol,  M. a u re u s  is  only slightly  

m o re  sens i t ive  than is Is. c o l i . These  r e s u l t s  a re  in acco rdance  

with the g e n e ra l  expec ta t ion  tha t  M. a u re u s  will d isp lay  a g r e a t e r  

sens i t iv i ty  to the ac tion  of m o s t  d is in fec tan ts  than will Ê . c o l i .

The shapes  of the c u rv e s  fo r  e i th e r  d is in fec tan t  a re  the 

sam e  w he ther  M . a u re u s  o r  Is. coli s e rv e  as  in d ic a to r s .  This 

ind ica tes  tha t  p e n e t ra t io n  is  p ro ceed ing  in identica l  fash ion  in 

each  se t  of pene tubes ,  independent of the ind ica to r  o rg a n ism .

The d ifference  in s e n s i t iv i t ie s  of the o r g a n i s m s  to the d is in ­

fec tan ts  r e s u l t  in a d if fe ren t  endpoint being r e a c h e d  in each  

c a se .  These  endpoints  r e f l e c t  the ex ten t  of the concen tra t ion  

g rad ien t  of the d is in fec tan t  in the range w here  each  o rg a n ism  

is k i l led .  M. a u re u s  a p p e a r s  to be m ore  suitable  for  use as 

an in d ica to r  because  of i ts  low r e s i s t a n c e .

A
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Figure l-A,B. The penetration, at pH5.0 and 
27°C., of Roccal and Phenol in increasing 
concentration with M. pyogenes (var. aureus) (— )or 
E.coli( ) as indicators in agar.
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In addit ional e x p e r im e n ts  M ycobac te r ium  pfle i and Ba­

c il lus  sub ti l is  w ere  used  as  ind ica to r  o r g a n is m s .  B ecause  of 

the s t r i c t  ae ro b ic  n a tu re  of both o rg a n i s m s ,  development was 

a cco m plished  in P e t r i  d ishes  containing the b ro th  r a th e r  than 

in plugged t e s t  tubes .  This  t r e a tm e n t  was n e c e s s a r y  to provide  

adequate  a e ra t io n  and was found to be e x t re m e ly  inconvenient 

as  a routine p ro c e d u re .  Under these  condit ions , co lum ns con­

taining 15. sub t i l is  gave iden tica l  zones of inhibition as  colum ns 

containing M . a u re u s  following exposure  to iodine so lu tions.  M . 

pfle i did not give co lum ns d em o n s tra t ing  sha rp  d e m a rca t io n s  of 

the zones of inhibition, p robab ly  b e cau se  of the fa i lu re  to ob­

ta in  un ifo rm  suspens ions  of th is  o rg a n ism .  No fu r th e r  e x p e r i ­

m ents  w ere  conducted with these  o r g a n is m s .

All subsequent e x p e r im e n ts  r e p o r te d  below w ere made 

with M. a u re u s  as  the ind ica to r  o rg a n ism .

The effect  of pH v a r ia t io n . P en e tu bes  were  p r e p a re d  

containing a g a r ,  a g a r  p lus 1.0 p e r  cent gela t ine  and a g a r  plus 

1.0 p e r  cen t  human s e r u m  albumin. E ach  se t  a lso  contained 

M /10 phosphate  buffer  at the pH value to which the tubes w ere 

to be exposed. The ind ica to r  o rg a n ism  was M. a u r e u s .
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S e r ie s  of exposu re  tubes containing the d is in fec tan ts  at 

the ind ica ted  f inal  co n cen t ra t io n s  in M /2  phosphate  buffer  w ere  

p r e p a r e d  a t pH values  cover ing  the range  f r o m  pH 5 to pH 9. 

Duplicate  pene tubes  w ere  p laced  in each  ex po su re  tube and in­

cubated  at 27.0 C fo r  24 h o u rs .  A f te r  e x po su re  the tubes  w ere  

r e m o v e d  and r in s e d  and then the a g a r  co lum ns developed in the 

a p p ro p r ia te  n e u t ra l iz in g  b ro th s .  The leng ths  of the zones  of 

inhibition w ere  r e c o rd e d  and a v e ra g e d  r e p r e s e n ta t iv e  da ta  g rap hed  

in F ig u r e s  2 and 3.

F ig u re  2A i l l u s t r a t e s  the r a p id  lo s s  of p e n e t ra t iv e  pow er  

of iodine with in c re a s in g  pH. The d e p re s s in g  effect  of the p r o ­

te in  add it ives  is  well i l l u s t r a t e d  in the low er  l ines  of the g raph .  

Not i l lu s t r a t e d  is the ex ten t  of vo la t i l iza t ion  of the iodine a t  the 

d if fe ren t  pH va lues .  This  vo la t i l i ty  of iodine r e s u l t s  in zones 

of inhib it ion being evident at the u p p e r  ends of the co lum ns 

(see  P la te  1A). At pH 5.0, the leng th  of this zone in a g a r  

alone is  12.5 m m , d e c re a s in g  rap id ly  to z e ro  m m  a t  pH 9.0.

It is  ev ident then, tha t  if it  w ere  p o ss ib le  to p re v e n t  e scape  of 

iodine m o lecu les  f ro m  the solution to the gas phase ,  the extent 

of p e n e t r a t io n  at low er  pH va lues  would be acco rd ing ly  in c re a s e d .

A
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Phenol with respect to pH into agar(— ), 
agar+ 1.0% gelatine (— and agar + 1.0% human 
serum albumen(— ).
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F ig u r e  2B r e p r e s e n t s  the ex ten t  of p e n e t ra t io n  of 1.0 

p e r  cen t  phenol into the th r e e  gel p h a s e s .  The g r e a t e r  extent  

of d if fusion  in a g a r  alone a t  low er  pH values  (below pH 6.4) is 

ev ident .  The d im in ish ing  p e n e t ra t io n  with in c re a s in g  pH in the 

p r o te in —conta ining g e ls  is p a r t l y  a re f le c t io n  of th is  lo w er  dif­

fus ion  r a te  of phenol a t  h ig h e r  pH values  and p a r t ly  to the in­

f luence of the hydrogen  ion c o n c e n t ra t io n  on the r e a c t iv i ty  of

the p ro te in  with phenol.  C o m p a r iso n  of th ese  f ig u re s  with those  

fo r  iodine show tha t  phenol p e n e t ra t io n  is not as a d v e r s e ly  af­

fec ted  by in c re a s in g  pH as  is  iodine, no r  is the p r e s e n c e  of

p ro te in  a s  inh ib i to ry  a s  with iodine.

In F ig u re  3, the influence of pH on the p e n e t ra t io n  of 

the q u a te r n a r y  am m o n iu m  com pounds Hyamine 1622, Z eph iran  

C h lo r ide  and R occa l  is  g rap h ed .  In a ll  c a s e s  the p e n e t ra t io n  

of th e se  com pounds is  g r e a t e r  with  in c re a s in g  pH. The de­

pendence  of p e n e t ra t io n  upon pH does  not a p p e a r  to be as  g r e a t  

as  in the c a s e s  of phenol and of iodine, n o r  is the ex ten t  of 

inhib ition by p ro te in  as  g re a t .

The e ffec t  of t e m p e r a tu r e  v a r i a t i o n . P en e tu b es  con ta in ­

ing a g a r  and a g a r  p lus  1.0 p e r  cen t  hum an s e r u m  albumin  were  

p r e p a r e d  with M_. a u re u s  as  the in d ica to r  o rg a n is m .  The co lum ns
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Figure 3-A,B,C. The penetration of quats with 
respect to pH into a g a r(— ), agar-*-1.0% gelatine 
(— ), and agar+l.0%  human serum albumen(— ).
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w ere  b u f fe red  a t pH 5.0 and pH 9.0 in the usua l  m an n e r  and 

e x p o s u re s  w ere  made to d is in fec tan ts  a t  the sam e  pH values  in 

M /2  phosphate  b u f fe r s .  E x po su re  was fo r  24 ho u rs  in w a te r  

ba ths  a t  t e m p e r a t u r e s  f r o m  2.5 C to 37.0 C. D evelopm ent and 

n e u t ra l i z a t io n  of the co lum ns w ere  ac co m p l ish ed  as p rev io us ly  

d e s c r ib e d  f o r  each  d is in fec tan t .

F ig u r e  4 r e p r e s e n t s  the ex ten t  of p e n e t ra t io n  of each  

d is in fec tan t  a t  pH 5.0. F ig u r e  4A i l l u s t r a t e s  the l in e a r  in c re a s e  

in the p e n e t ra t io n  of 0.75 p e r  cen t  phenol with in c re a s in g  t e m ­

p e r a t u r e .  R occa l  a t  0.1 p e r  cen t  co n c en t ra t io n  (F igure  4B) 

shows a s i m i l a r  l i n e a r  i n c r e a s e  of p e n e t ra t io n  with in c re as in g  

t e m p e r a t u r e .

In F ig u r e  4C and D the l in e a r  r e s p o n s e s  of S u cc inch lo r i -  

m ide  contain ing 0.025 p e r  cent ava ilab le  ch lo r ine  and of 0.05 

p e r  cen t  Iodine Suspenso id  (Merck) a r e  p lo tted .  The zones of 

inhib it ion  due to the vo la t i l i ty  of the halogens a re  ind ica ted  as 

the " u p p e r  z o n e s . "  A l in e a r  in c r e a s e  in the p e n e t ra t io n  in 

these  l a t t e r  zones is  a lso  noted.

The l e s s e r  s lopes  of the l in e s  r e p re s e n t in g  the p e n e t r a ­

tion of ea ch  d is in fec tan t  in the p r e s e n c e  of the a lbumin indi­

ca te  tha t  with in c re a s in g  t e m p e r a tu r e  the reac t io n  of the
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on the diffusion of various disinfectants at
pH5.0 into agar(—) and agar+l.0% human
serum albumen. (— )
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d is in fec tan t  with  the p ro te in  is  i n c r e a s e d ,  o th e rw ise  the s lopes 

of the l in e s  would be id en t ica l  to those r e p re s e n t in g  the diffu­

sion in a g a r  a lone ,  although in such  c i r c u m s ta n c e s  the pos i t ion  

of the l in es  would s t i l l  be a t  a low er p o s i t ion  in the g rap h s .  

Where the l ines  r e p r e s e n t in g  the p e n e t ra t io n  in a g a r  and in 

p ro te in  a r e  a lm o s t  p a r a l l e l ,  as  with  Su cc in ch lo r im ide ,  a high 

avid ity  of the d is in fec tan t  fo r  the p ro te in  is  ind ica ted .  The 

to ta l  r e a c t io n  of the d is in fec tan t  with the p ro te in  m u s t  be n e a r ly  

com ple te  at the lo w e r  t e m p e r a tu r e  and thus i n c r e a s e s  in t e m ­

p e r a tu r e  do not have a  m a rk e d  influence on the re a c t io n  ra te .

At pH 9.0 the n a tu re  of the r e s p o n s e  of p e n e t ra t io n  of 

the d is in fe c ta n ts  to t e m p e r a tu r e  v a r ia t io n  d if fe rs  f ro m  the l in e a r  

r e s p o n s e s  a t  the lo w er  pH. As seen  in F ig u re  5, none of the 

d is in fe c ta n ts  te s te d  g ives  a l in e a r  i n c r e a s e  in p e n e t ra t io n  with 

r e s p e c t  to in c re a s in g  t e m p e r a t u r e .  The c u rv e s  fo r  phenol, R oc-  

ca l ,  Z e p h i ra n  C hlor ide  and Hyamine 1622 a re  lo g a r i th m ic .  These  

sam e  data  y ie ld  s t r a ig h t  l in es  when the lo g a r i th m s  of the pene ­

t r a t io n s  a r e  p lo t ted  a g a in s t  the t e m p e r a tu r e .  All th ese  r e s u l t ­

ing lo g a r i th m ic  p lo ts  have the sam e  slope. No s a t i s f a c to ry  ex­

p lana t ion  fo r  th is  b ehav io r  has been propounded  by the au thor .  

Iodine Suspenso id  under  th e se  sam e  condit ions g ives c u rv e s  as
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in F ig u r e  5D. The p e n e t r a t io n  r e a c h e s  a m a x im u m  value a t 

a p p ro x im a te ly  15 C. T h is  condit ion  is  l ik ew ise  diff icult  to ex­

p la in ,  in a s m u c h  as  no " u p p e r  z o n e s '1 of inhib ition o c c u r  a t  th is  

pH value  and so the d e c r e a s e  in p e n e t r a t io n  a t  high t e m p e r a tu r e s  

canno t  be due to a l o s s  of iodine th ro ug h  vo la t i l iza t ion .

The e f fec t  of v a r ia t io n  of d i s in fe c ta n t  c o n c e n t ra t io n . P e n -  

e tub es  w e re  p r e p a r e d  in the sa m e  m a n n e r  as  in the p reced in g  

e x p e r im e n t s .  D uplica te  tubes  w ere  exp o sed  a t 27.0 C fo r  24 

h o u r s  to d is in fe c ta n ts  in v a ry ing  c o n c e n t ra t io n s  in M /2  phosphate  

b u ffe r  a t  the s e l e c te d  pH v a lu e s .  N e u t ra l iz a t io n  and deve lop­

m e n t  of the co lu m n s  w e re  a c c o m p l is h e d  as  ind ica ted  in the 

p re v io u s  e x p e r im e n t s .  The p ro to c o l  of each  e x p e r im e n t  is  d e ­

s c r ib e d  below.

The p e n e t r a t io n  of iodine p r e p a r a t io n s  into a g a r  and a g a r -  

con ta in ing  p r o t e in s  was exam ined .  Shown in F ig u re  6 is the p en ­

e t r a t i o n  of L u g o l ' s  Solution and Iodine T in c tu re  a t  in c re a s in g  

c o n c e n t ra t io n s  into a g a r  p lu s  1.0 p e r  cen t  ge la t ine  and 1.0 p e r  

cen t  hum an s e r u m  a lbum in .  T h ese  e x p o s u re s  w ere  made at 

pH 5.0. Iodine Susp enso id  (Merck) was ex am in ed  in the sam e  

m a n n e r  and the c u r v e s  fo r  p e n e t r a t io n  at in c re a s in g  c o n c e n t ra ­

t ions  w ere  s i m i l a r  to those  of F ig u re  6. Typica l  c u rv e s  for

A
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the Collo idal Iodine m ay be seen in F igu re  12A, B and C. This 

entire  fam ily  of c u rv e s  a p p e a r  to be c a s e s  of H i l l 's  equation and 

will be d isc u sse d  f r o m  this  standpoint in a l a t e r  section.  The 

p ene tra t ing  ab il i ty  of the th re e  iodine p re p a ra t io n s ,  in descending 

o rd e r ,  is L ugo l 's  Solution, T inc tu re  of Iodine and Colloidal Io­

dine. This  o r d e r  is  in a g re e m e n t  with the r e s u l t s  obtained by 

A nderson  and M allm ann (14) using the p a ra f f in -c o v e re d  aga r  

plate method.

In ano ther  se t  of e x p e r im en ts ,  four p re p a ra t io n s  of Col­

loidal Iodine of varying  p a r t ic le  s ize w ere  p r e p a re d  in accordance  

with the d i rec t io n s  of M il le r  (44). These  suspenso ids  (I -  IV) 

w ere of in c re as in g  p a r t i c le  s ize , ranging in co lo r  f ro m  a b r ick  

red  (I) through  in c re a s in g  dark  shades of brown (II, III) to black 

(IV). These suspenso ids  w ere  diluted to the same iodine con­

cen tra t ion s  as  p r e p a ra t io n s  of the M erck  Suspensoid and all 

ad jus ted  to pH 5.0 with M /2 phosphate  buffer .  Pene tubes  con­

taining ag a r  and ag a r  plus 1.0 p e r  cent gelatine were  exposed 

in these  hy d ro so ls  and a f te r  development in the usual m anner  

the zones of inhibition r e c o rd e d .  These re su l t s  a re  shown in 

Table 2. It can be seen  that  the zones of inhibition produced 

by all the p re p a ra t io n s  a re  n ea r ly  identical at identical



T A B L E  2

THE E F F E C T  OF PA R TICLE SIZE ON THE PENETRATION 
OF COLLOIDAL IODINE INTO AGAR PLUS 1.0 P E R  CENT 

GELATINE AT pH 5.0 AND 27.0 C FOR 24 HOURS

P r e p a r a t i o n
m m  P e n e t ra t io n  with

0.29% I 0.0 3% I
Cm

15.1 5.2
M erck  Suspensoid

15.1 5.2

15.2 5.2
Suspensoid  I

15.2 5.2

15.8 5.3
Suspensoid  II 15.7 5.2

14.8 5.3
Suspensoid  III

1 5.2 5.1

15.6 5.1
Suspensoid  IV 15.6 5.2

Average 15.3 5.2
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concen tra t ions .  The p a r t i c le  s ize  of the suspenso ids  does not 

appear  to be c r i t i c a l  in the p e n e t ra t io n  of the iodine de r ived  

f ro m  these  p a r t i c l e s .

Chlorine  compounds w ere  in v es t ig a ted  in the sam e  m ann er  

as  the iodine p re p a ra t io n s ,  with the r e s u l t s  obtained p lo tted  in 

F ig u re  7. The shape of the c u rv e s  re p re s e n t in g  the pen e tra t io n  

brought about by in c re a s in g  concen t ra t io ns  of availab le  ch lo r ine  

a re  the sam e  as  those found fo r  the iodine p re p a ra t io n s .  A 

c o m p ar ison  of F ig u re s  7A and B, r e p re s e n t in g  the data  for 

sodium hypochlori te  (Roman C lean se r )  a t pH 5.0 and pH 9.0 

re sp ec t ive ly ,  shows the m a rk e d  dependence of th is  compound 

upon hydrogen ion concen tra t ion .  It is a lso  a p p a ren t  f ro m  the 

cu rv es  that  the p e n e t ra t io n  of these  ch lo r ine  compounds is m os t  

m arked ly  l im i te d  by the p r e s e n c e  of p ro te in s  and that chlo rine  

compounds in g e n e ra l  do not p e n e t ra te  the t e s t  sy s te m s  to the 

sam e ex ten t  a s  iodine.

Pheno l  p e n e t ra t io n  is shown in F ig u re  8. It can  be seen 

that the pe n e t ra t io n  of phenol is not affected  to the sam e degree  

by the hydrogen ion co ncen t ra t io n  n o r  by the p re se n c e  of p r o ­

teins as  a r e  the halogens .  The c u rv e s  obtained with phenol a re  

of the sam e  n a tu re  as  those obtained with the halogens although
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the initial slope is lower than in the cu rv es  re la t ing  the pene­

tra t ion  of the halogens to the concentra t ion  thereof.

The pene tra t ion  of Roccal at inc reas ing  concentrations 

into agar  and aga r  plus 1.0 p e r  cent human se ru m  albumin is 

shown in F igu re  9. The pene tra t ion  of this compound at pH

9.0 is seen to be g r e a te r  than at pH 5.0. The p resence  of the 

pro te in  does not appear  to inhibit the pene tra t ion  to as g re a t  a 

degree as with the halogens.

M erth io la te  was examined as an aqueous solution and 

as a tinc ture  containing 35 p e r  cent ethanol. The n eu t ra l iza ­

tion and development of columns exposed to this compound were 

accom plished in f re sh ly  p re p a re d  F lu id  Thioglycollate Medium 

(Difco)i In F ig u re  10A and B the r e s u l t s  a re  plotted for two 

exper im ents  run concurren t ly  with the aqueous solution and the 

t incture .  The cu rves  obtained with the t inc ture  have not been 

c o r re c te d  for  the effect of ethanol alone, which can be seen to 

account for  approx im ate ly  5.0 m m  of the penetra t ion .  The 

penetra t ion  of the t incture  is not as g rea t ly  reduced by the 

p resence  of gelatine as the aqueous solution. Repeat exp er i ­

ments of this type gave highly var iab le  re su l t s .  In F igure  10C, 

another exp er im en t  with aqueous Merth io late  is recorded .  It
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can be seen that  the ex ten t  of pene tra t ion  of the M erth io la te  in 

this ex p e r im en t  is  f a r  g r e a t e r  than in the exper im en t  graphed 

in F ig u re  10A. One w onders  whether  n eu tra l iza t io n  of the ex­

ce ss  M erth io la te  has been success fu l  in all t r i a l s .

The v a r ia t io n  of s ta t ion a ry  phase  co m ponen ts . Pene tubes  

were p r e p a re d  containing gelatine o r  human s e ru m  albumin at 

concen tra t ions  f ro m  ze ro  to 1.0 p e r  cent. The pH of these co l­

umns was se t  at pH 5.0 with M/10 phosphate buffer . The pene­

tubes w ere  exposed to 0.1 p e r  cent Roccal, 1.0 p e r  cent phenol 

and 0.05 p e r  cen t  Iodine Suspensoid  at pH 5.0 and 27.0 C fo r  

24 hours .  N eu tra l iza t ion  and development w ere  accom plished  

as before  and the resu l t ing  zones of inhibition re c o rd e d .  These 

re s u l t s  a p p e a r  in F igu re  11. F o r  each  of the d is infec tan ts  

te s ted  it can be seen  that the albumin  is m ore  inhibitory  to the 

pene tra t ion  of the d is infec tan t  than gelatine . Another salient 

fea tu re  of the cu rv es  is that they level off, dem onstra t ing  that 

above some concen tra t ion  of the p ro te in  the ra te  of pene tra t ion  

of the d is in fec tan ts  is n e a r ly  independent of the p ro te in  concen­

tra t ion .  This o bse rva t ion  makes logical  the use of 1.0 p e r  cent 

p ro te in  concen tra t ions  in the o ther  exp e r im en ts .  Under these 

c i r c u m s ta n c e s ,  m inor  e r r o r s  in the addition of the p ro te in  will
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not then cause la rge  e r r o r s  in the resu lt ing  observa t ions .  Once 

again, it is noted that  p ene tra t ion  of Roccal and phenol is  l e s s  

adverse ly  affected than iodine by the p re se n ce  of p ro te in .

The r e s u l t s  plotted in F ig u re  12A and B dem onstra te  

the effect of adding 0.5 p e r  cent po tass ium  iodide o r  sodium 

chloride to the s ta t iona ry  phase  on the pene tra t ion  of iodine 

into such gel sy s tem s .  The pene tra t ion  of Colloidal Iodine when 

sodium chloride  is contained in the gel phase is identical to the 

penetrat ion  when no sa l t  is added. The p resence  of po tass ium  

iodide in the gel phase  enhances the pene tra t ion  of the columns 

by iodine. This  exper im en t  was conducted at pH 5.0 and 27.0 

C for 24 hours .

In a subsequent expe r im en t  an unbuffered solution of 

iodine in d is t i l led  w ater  containing 0.028 pe r  cent iodine was 

allowed to pene tra te  agar  gel columns and columns with the ad­

dition of e i th e r  1.0 p e r  cent p o tass ium  iodide or  sodium chloride 

to the s ta t ionary  phase .  A duplicate se t  containing 1.0 pe r  cent 

gelatine was also  exposed. The exposure  was made at 27.0 C 

for 24 hours  and the r e s u l t s  a re  tabulated in Table 3. These 

re su l t s  a re  in ag reem en t  with those p rev iously  cited. It is 

apparent  that the addition of po tass ium  iodide has occasioned
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T A B L E  3

THE PENETRATION OF 0.028 P E R  CENT IODINE IN 
AQUEOUS SOLUTION INTO AGAR COLUMNS WHERE 

THE GEL SYSTEM CONTAINS ADDITIVES AS 
INDICATED. M. AUREUS INDICATOR, 24 

HOUR EXPOSURE AT 27.0 C

m m  P e n e t ra t io n  in
Salt Added

A gar A gar  + 1% Gelatine

None 33.1 22.0

1% KI 52.1 34.0

1% NaCI 34.2 22 .1
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a 55 p e r  cen t  in c re a s e  in the pe n e t ra t io n  of e i th e r  gel sy s te m  

by the iodine. The sodium ch lo r ide  addition gives no in c re ase  

in p e n e t ra t io n  of iodine o v e r  that  obtained in the con tro l  co l­

umns, hence the effect of the p o ta s s iu m  iodide m us t  be specific 

and not due to the effect  of sa l t  concen tra t ion .  This effect is 

also seen  to be the sam e  fo r  the a g a r  sy s te m  and the ge la t ine -  

containing sy s te m  and thus it  is  log ica l  to suspec t  that the in­

c r e a s e  in p en e t rab i l i ty  when p o ta s s iu m  iodide is p r e s e n t  is due 

to the fo rm a t io n  of t r i iod ide  ion.

This p o ss ib i l i ty  was fu r th e r  exp lo red  by adding 0.132 

p e r  cent p o ta s s iu m  iodide to a s e r i e s  of exposure  tubes con­

taining in c re as in g  con cen t ra t io ns  of Collo idal Iodine at pH 5.0. 

The exposu re  of a g a r  co lum ns in these  tubes was conducted at

27.0 C fo r  24 h o u rs .  The p e n e t ra t io n  of the columns at each  

concen tra t ion  is p lo t ted  in F ig u re  12C to g e th e r  with the r e su l t s  

of exposure  of r ep l ica te  penetubes  to con tro ls  containing no po­

ta s s iu m  iodide. It is ap p a ren t  tha t  the p en e tra t io n  of the ag a r  

gel is g r e a t e r  w here  p o ta s s iu m  iodide is p r e s e n t  (and co n se ­

quently tr i iodide) than where f r e e  iodine alone is  p re se n t .

This  point is fu r th e r  docum ented  in F igu re  12D. The 

r e s u l t s  p lo t ted  in th is  f igure  show the pen e tra t io n  of 0.05 p e r
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cent Colloidal Iodine a t pH 5.0 and 9.0 when increas ing  amounts 

of po tass ium  iodide have been added to the dis infectant.  The 

l inear  in c re ase  with increas ing  concentra t ions of the sa l t  d e m ­

ons tra te s  the inc reas ing  pene tra t ion  of the ag a r  gel by in c r e a s ­

ing concentra t ions of tr iiodide ions. It should be noted that 

the addition of the po tass ium  iodide b reak s  the hydrosol and 

that at pH 9.0 the hydrosol  is not stable at a concentration  of 

0.05 p e r  cent.

In o th e r  expe r im en ts ,  casein  was added to the s ta t ionary  

phase. The insolubili ty  of this p ro te in  at pH 5.0 p reven ted  its 

addition as a solution to the m elted  gel. When case in  was s u s ­

pended in the aga r  gel and the m ix ture  autoclaved, a dark  brown 

gel eventually was fo rm ed  in which the zones of inhibition could 

not readily  be d isce rned .

In one exper im en t  ammonium sulfate was added to the 

s ta t ionary  phase .  The penetra t ion  of phenol and Roccal was not 

affected by this addition. The penetra t ion  of Colloidal Iodine 

was affected to a g re a t  degree ,  an agar  containing 0.5 p e r  cent 

ammonium sulfate was pen e tra ted  45.5 mm and a 1.0 p e r  cent 

concentra t ion  of this compound re su l ted  in 54.8 mm penetrat ion .  

In agar  alone the penetra t ion  of the columns amounted to only
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17.0 m m  with the sam e  dis infectant exposure .  The ammonium 

sulfate in ne i the r  concentra t ion  inhibited the growth of the in­

hibitor o rg an ism  as dem o n s tra ted  by exposure  to a buffer solu­

tion. These re s u l t s  a re  in te res t ing  but a re  not read i ly  ex­

plained. Addition of 1.0 p e r  cent u re a  to the stationary phase 

seemed likewise to fac il i ta te  the pene tra t ion  of this phase by 

iodine but u re a  was inhibitory to the ind ica to r  o rg an ism  and so 

the exact zones of inhibition p roved  difficult to m e a su re .

The ra te  of diffusion. Pene tubes  containing aga r  and agar

plus 1.0 p e r  cent gelatine were p r e p a re d  at pH 5.0. These pen­

etubes were exposed in la rg e  tubes s toppered  with aluminum 

fo i l-covered  No. 7 ru b ber  s toppers  containing a 0.028 p e r  cent 

iodine solution at pH 5.0. The iodine solution was p re p a re d  from  

Iodine Suspensoid  (Merck). At in te rva ls  up to 27 hours  duplicate 

p a i r s  of penetubes w ere  rem oved  and t re a te d  in the p re sc r ib e d  

m anner.  The resu l t ing  zones of inhibition following each ex­

posure  per iod  a re  plo tted in F igu re  13. A fter  an initial r i s e ,  

the pene tra t ion  was l in e a r  with re s p e c t  to t im e.  The assumption 

that the pene tra t ion  in 24 hours  was at a constant  ra te  is not 

fa r  f rom  the actual case  and may be used as an exp ress ion  of

the ra te  of pene tra t ion .  These re su l t s  a re  cons iderab ly  different
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Figure 13. The rate of diffusion of .028% 
Iodine at pH50 and 27.0°C into agar and 
agar +1.0% gelatine.
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f rom  the ra te  of penetration, reported  by Anderson and Mallmann 

(14) for  5 p e r  cent Colloidal Iodine, but the difference in hydro­

gen ion concentration in these t r ia ls  does not p e rm i t  a d irec t  

comparison.

Experim ents  on the Disinfection of 
Chicken Feces

The varia t ion  of disinfectant concentra t ion . Iodine p repa ­

rations were adjusted to the d e s i re d  pH value in M/2 phosphate 

buffer. The iodine content of each p repara t ion  was determined 

jus t  p r io r  to use by thiosulfate tit ra tion. The exposure period 

of the fecal suspension to the action of the disinfectant was 5.0 

minutes, at which time the 1.0 ml samples were removed to

9.0 ml s te r i le  0.05 N sodium thiosulfate dilution blanks for 

neutra lization and subsequent opera tions.  Initial counts of bac­

te r ia  in the fecal suspension were obtained from control t r e a t ­

ments in the phosphate buffer. All counts a re  the average of 

the num bers  obtained from  duplicate plate counts. The logarithms 

of the num bers  of o rgan ism s surviving af ter  5.0 minutes exposure 

are  plotted at each concentration of iodine tested.

In F igure  14A, re su l ts  obtained with Iodine Suspensoid 

(Merck) a re  plotted; in F igure  14B, the re su l ts  obtained with
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Lugol^s Solution (U.S.P. XIII) a re  plotted and in F igure  14C, the 

data obtained with Iodine Tincture (U.S.P. XIII) a re  plotted. All 

dilutions were made with d is t i l led  water ,  so that the alcohol con­

tent of the t incture  was p rac t ica l ly  nil and cer ta in ly  not in the 

range of concentration of alcohol which is germ ic idal .

It can be seen f rom  the graphs that the curves  of bac ­

te r ia l  reduction with r e sp e c t  to increasing  iodine concentration 

a re  p rac t ica l ly  identical,  so that, under these conditions, the 

activity of iodine is the same in all th ree  p repa ra t ions  tested . 

The curves  a re  all slightly sigmoid and it is of possible  sig­

nificance that the concentration  at which the curves  s ta r t  to 

become asymptotic  to the a b sc is sa  is at a concentration of 0.05 

pe r  cent iodine.

To de te rm ine  fu r th e r  the p ro p e r t ie s  of the Colloidal 

Iodine, a num ber of p rep a ra t ion s  of the hydrosol were made 

in accordance  with the d irec tions  of Miller (44). The p re p a ra ­

tion of f ines t  p a r t ic le  size ( " f in e 11 suspensoid) a light b r ick

red  in appearance  was p re p a re d  for  final use by centrifuging

a hydrosol of sm all  par t ic le  size and discarding the la rg es t  

p a r t ic le s .  The p rep a ra t ion  of l a rg e s t  par t ic le  size ( " c o a r s e 11 

suspensoid) appearing a lm ost  black was p rep a red  by collecting
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the sed im ent  f ro m  the centr ifugation  of the c o a r s e s t  hydrosol.

Both p re p a ra t io n s  w ere  com posed  of p a r t ic le s  averaging 0.7 u 

in d iam e te r ,  ranging in d ia m e te r  f ro m  0.2 u to 0.9 u. In the 

" f in e "  suspenso id  these  p a r t i c le s  were suspended individually 

in the sa tu ra te d  solution of iodine, while the " c o a r s e ” suspen­

soid was com posed  of c lum ps of the p a r t ic le s .  These suspen-  

soids w ere  used  in ex p e r im en ts  in the sam e m anner  as the 

prev iously  mentioned iodine p re p a ra t io n s  with the r e su l t s  as 

i l lu s t ra te d  in the cu rv es  of F ig u re  15. The result ing  curves  

a re  super im posab le  on each  o ther  and very  s im i la r  to the curves  

of F ig u re  14. They differ in shape f ro m  the cu rves  in the la t te r  

figure by not dem ons tra t ing  in c reas in g  slopes as concentration  is 

in c re a se d  a t  e x t re m e ly  low dilutions. This difference is p rob ­

ably due only to the l e s s e r  num ber  of points examined in this 

region than w ere  exam ined  in the e a r l i e r  exper im en ts .  Again, 

the point of dimin ishing r e tu rn s  is reached  at a concentration 

of 0.0 5 p e r  cent iodine concen tra t ion .  Apparently  the fo rm  of 

the solution o r  suspension  of iodine is not c r i t i c a l  for the d is ­

infection of chicken feces  under these  conditions.

Chlorine compounds were  examined under the same con­

ditions as  w ere  the iodine p re p a ra t io n s .  The concentra tion of
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each  compound was e x p r e s s e d  as  the p e r  cent availab le  ch lor ine  

as  d e te rm in e d  by sodium th iosulfa te  t i t r a t io n  (45). In F ig u re  16A 

and B, the da ta  fo r  sod ium  hypochlorite  (Roman C leanser)  and 

C h lo ram ine  T (Wyandotte) a r e  re sp e c t iv e ly  graphed .  Both a re  

s im i la r  to each  o th e r  and r e s e m b le  typ ical  11 d ie -a w a y "  c u rv e s .

The sodium hypochlor i te  a p p e a r s  to be s lightly  m o re  effective 

in reducing the b a c te r i a l  popula tion of the chicken feces  than 

does C h lo ram ine  T. S ucc inch lo r im ide  (National Dyes) activ ity  

is p r e s e n te d  in F ig u re  16C. This  compound d isp lays  an activ ity  

decidedly d if fe ren t  f ro m  tha t  of the o th e r  two compounds in its 

c la s s  with r e s p e c t  to con cen t ra t io n .  The slope of the b a c te r ia l  

reduc tion  a t  low c o ncen t ra t io n s  of succ in ch lo r im id e  is much 

s te e p e r  than those  of the o ther  ch lo r ine  compounds, but rap id ly  

changes to a f a r  low er  slope a t  co n cen t ra t io n s  in e x c es s  of 0.02 

p e r  cent ava ilab le  ch lo r in e .  Succ inch lo r im ide  a p p e a rs  to be le s s  

effective than the hypochlori te  o r  the C hloram ine  T.

In F ig u re  17A and B the effec t  of in c re a s in g  c o n c e n t ra ­

tions of Roccal a t pH 5.0 and pH 9.0 on the d is infec tion  of chicken 

feces  is  shown. The tenfold n eu tra l iz ing  dilutions were  made in 

FDA b ro th  containing one p e r  cen t  of T a m o l—N. These  dilutions 

w ere  incubated a t  37 C and g row th  o c c u r r e d  in all tubes within
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24 h o u rs ,  d e m o n s t ra t in g  tha t  no b a c te r io s ta t i c  ac t ion  re m a in ed  

following th is  fo rm  of n e u t ra l iza t io n .  The c u rv e s  obtained in 

th is  m a n n e r  a r e  v e ry  s im i l a r  at both pH values;  however,  the 

curve  r e p re s e n t in g  d is in fec t ion  at pH 9.0 is somewhat s te e p e r  

a t low co n c en t ra t io n s  of the compound. The m ax im um  effec tive­

n e s s  in the f iv e -m in u te  ex po su re  p e r io d  in both c a s e s  is at about 

0.02 p e r  cen t  concen t ra t io n ,  and the n u m b er  of r e s id u a l  r e s i s t a n t  

o rg a n is m s  is  the sam e  in both c a s e s .

Pheno l  was exam ined  in like m a n n e r ,  the f i r s t  dilutions 

w ere  m ade in FDA b ro th  to stop the ac t ion  of the phenol by 

m eans  of d ilution and com binat ion  with the organic  m a t t e r  of 

the b ro th .  Incubation of th ese  b ro th  dilutions re su l te d  in p ro m p t  

growth, d e m o n s t ra t in g  that  the n e u t ra l iz a t io n  was effective . F ig ­

ure  17C shows the s igm oid  c h a r a c t e r  of the su rv iv a l  curve  ob­

ta ined  with in c re a s in g  co ncen t ra t io n  of phenol. The ex ten t  of 

the h o r izon ta l  b ra n c h  of the cu rve  and the s te e p n e ss  of the 

descending b r a n c h  i l lu s t r a t e  the rap id  lo ss  of g e rm ic id a l  a c ­

tivity  of th is  compound with dilution. The concen tra t ion  of phenol 

at which su rv iv a l  b e c o m e s  asym pto t ic  to concen tra t ion  is a t  1.0 

p e r  cen t  phenol.
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M erth io la te  in aqueous solution at pH 5.0 was examined 

and the re su l t in g  su rv iv o r  cu rve  as  shown in F igu re  17D was 

obtained. N eu tra l iza t io n  and d ec im al  dilution were accom plished  

in f re sh ly  p r e p a r e d  F lu id  Thioglycolla te  Medium (Difco), incuba­

tion of which d e m o n s t ra te d  growth  and hence adequate n e u t ra l i ­

zation of the b a c te r io s ta t i c  ac t ion  of m e r th io la te .  The surv iva l  

curve  d e m o n s t r a te s  that  m er th io la te  is p ra c t ic a l ly  ineffective in 

reducing the b a c t e r i a l  count of chicken feces  under  these  con­

ditions.

The ra te  of d is infection  of chicken f e c e s . The five iodine 

p re p a ra t io n s  w ere  a ll ad jus ted  to 0.05 p e r  cent iodine co n cen t ra ­

tion a t pH 5.0 in M /2  phosphate  buffer . Controls  w ere  p re p a re d  

of the buffer  alone. A f te r  exposure  pe r io ds  of 1.0 and 5.0 m in­

utes ,  neu t ra l iza t io n  and dilution were  accom plished  as prev iously  

d e sc r ib e d  and sa m p le s  p la ted  fo r  en u m era t io n  of the surviving 

o rg a n is m s .  The p e r  cent kill ,  e ffec ted  in these  p e r iod s  of ex­

po su re ,  was reckoned  f ro m  the counts obtained by identical 

t r e a tm e n t  of the feca l  suspens ion  in the phosphate buffer con­

t ro l s .  These  data  a re  p re s e n te d  in Table 4. A fter  an exposure  

per iod  of 1.0 minute, the 0.05 p e r  cent iodine in the five p r e p a ­

ra t ions  gave an av e rag e  kill  of 99.82 p e r  cent with a mean



T A B L E  4

THE P E R  CENT KILL OF THE BACTERIAL POPULATION 
OF CHICKEN FECES A F T E R  EXPOSURE FOR THE 

INDICATED PERIODS TO 0.0 5 P E R  CENT 
IODINE AT pH 5.0 AND 27 C

0.05% I_ as

P e r  Cent Kill  
Exposu re

After
fo r

2
1.0 min 5.0 min

Suspensoid  (Merck) 99.95 99.97

" F i n e "  suspenso id 99.37 99.84

" C o a r s e 11 suspenso id 99.98 99.99

L ug o l 's  Solution 99.84 99.94

Iodine T inc tu re 99.98 99.98

A verage 99.82 99.96
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deviation of 0.16 p e r  cent . This  r e p r e s e n t s  an a c cu racy  slightly 

b e t t e r  than two p a r t s  p e r  thousand. A fter  5.0 m inutes  of ex­

p o su re ,  the p r e p a ra t io n s  at th is  con cen t ra t io n  caused  an average  

k i l l  of 99.96 p e r  cen t  with a m ean  deviation of only 0.4 p e r  cent, 

re p re s e n t in g  an a c c u ra c y  of fou r  p a r t s  p e r  ten  thousand. None 

of the devia t ions  f ro m  e i th e r  m ean  exceed  the m ean  deviation by 

a f a c to r  of four ,  so that all  va lues  obta ined can be con s ide red  

as r e p re s e n t in g  sam p les  f ro m  the sam e  spec im en .  It is evident 

that fo r  the d is in fec t ion  of chicken fe c es ,  Colloidal Iodine, Lugol 's  

Solution and Iodine T inc tu re  a r e  iden t ica l  in activ ity  when m e a ­

su re d  at cons tan t  t e m p e r a tu r e ,  pH and co ncen tra t ion .

Chlor ine  compounds, phenol, Roccal  and M erth io la te  were 

exam ined  in a som ew hat  d if fe ren t  fashion. The ex pe r im en ta l  p r o ­

cedure  was as  given fo r  iodine, but the in te rv a ls  of exposure  

were  extended to 30 m inu tes .  C on tro ls  again were run in M/2 

phosphate  buffer  and duplicate  co n cen t ra t ion s  w ere s e t  a t  pH

5.0 and pH 9.0. The effect  of the phosphate  buffer  at pH 5.0 

can be seen  to be nil (F igure  18A) even a f te r  30 m inu tes  of 

ex p osu re .  In phosphate  buffer  a t  pH 9.0 th e re  is a sm all  but 

s ign if ican t  d e c r e a s e  in the n u m b e rs  of viable o rg a n is m s ,  a f te r  

30 m inu tes  th is  d e c r e a s e  am ounts  to approx im ate ly  50 p e r  cent.

d
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The cu rves  obtained fo r  d is infectants  in these buffers have not 

been c o r r e c te d  fo r  this effect of the buffer alone and thus the 

b ac te r ic ida l  effect of the alkaline buffer has d ep re ssed  the curves  

obtained at pH 9.0 somewhat.

Results  with chlorine compounds a re  shown in F igure  18. 

Graph B i l lu s t r a te s  the ra te  of dis infection of chicken feces by 

sodium hypochlorite  containing 0.03 p e r  cent available chlorine.

At pH 5.0 the in itia l ra te  is g r e a t e r  than at pH 9.0, although 

af ter  ten minutes exposure both r a te s  have become the same. 

With Chloramine T (Graph C) and Succinchlorimide (Graph D), 

both containing 0.05 p e r  cent available  chlorine, the ra te  of d is ­

infection at the acid  pH is exceedingly g re a te r  than at the al­

kaline pH. Within the 30—minute exposure period  these com­

pounds at pH 9.0 did not effect as g re a t  a kill as they did at 

pH 5.0 in con trad is t inc t ion  to the hypochlorite . This difference 

would appear  to be re la ted  to the dissocia t ion  of these organic 

compounds a t these  pH values to yield hypochlorite ion and sub­

sequently the f re e  ch lor ine .

In F igu re  19A, the ra te s  of disinfection produced by 1.0 

pe r  cent phenol at pH 5.0 and 9.0 a re  shown. T here  is a high 

ra te  of kill in the f i r s t  minute and the ra te  then d e c rea se s  at
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succeeding t im e  in te rv a ls .  Under these  conditions, the hydrogen 

ion co n cen t ra t io n  does not a p p e a r  to affect the ra te  of d is in fec ­

tion of phenol.

Roccal  a t 0.02 p e r  cent concen tra t ion  gives s im i la r  r e ­

su lts  to those  of phenol, as  shown in F ig u re  19B. At pH 9.0 

the ra te  is s lightly  h igher  in the e a r ly  in te rv a ls  of time than is 

the ra te  a t pH 5.0.

In F ig u re  19C the effec t of 0.2 p e r  cen t  m er th io la te  

(aqueous) on the d is in fec t ion  of the fe c es  is shown. It can 

read i ly  be seen  that th is  compound has  very  li tt le  dis infecting 

pow er,  s c a r c e ly  b e t t e r  than alkaline  phosphate  buffer  alone.

The changes in the b a c te r i a l  f lo r a  of the feces  following 

d is in fec t io n . Colonies w ere  random ly  picked f ro m  the p la tes  

in the p reced ing  e x p e r im e n ts .  These  f ish ings w ere  planted on 

s lan ts  of s te r i l e  TGE a g a r  and checked  fo r  pu r i ty  by s treak ing  

on s t e r i l e  p la te s  of the sam e  com posit ion .  The cu l tu res  were 

then exam ined  m ic ro sc o p ic a l ly  as g r a m - s ta in e d  s m e a r s  and as 

wet mounts  to o bse rve  m oti l i ty .  They were te s ted  fo r  th e i r  

ab il i ty  to produce  c a ta la se  and to f e rm e n t  B r i l l ian t  G reen  L a c ­

tose  Bile b ro th  in 48 hou rs .  Twenty cu l tu res  f rom  the contro l
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pla tes  w ere examined and ten cu l tu re s  f ro m  each of the d is in­

fec tan t  t r e a tm e n ts .

The signif icant findings f ro m  th is  c u r s o ry  examination 

of the b a c te r ia l  f lo ra  revea led  that in the or ig ina l  f lo ra  the 

spo re - fo rm ing  rods c o m p r ise d  20 p e r  cent of the iso la te s .  

Following t r e a tm e n t  with iodine compounds, ch lorine  compounds, 

phenol and Roccal the p ropor t ion  of sp o re - fo rm in g  rods in c re ase d  

to 50 to 90 p e r  cent. A fter  30 minutes t r e a tm e n t  with Roccal at 

pH 9.0, 40 p e r  cent of the re s id u a l  population were slow la c to se -  

fe rm ent ing  co l ifo rm  o rg a n ism s  as co m p ared  to 20 p e r  cent of 

the o r ig ina l  population as co l ifo rm  o rg a n ism s  which fe rm en ted  

lac tose  p rom ptly .

The composit ion  of the o r ig ina l  b a c te r ia l  f lo ra  of the 

chicken feces  did not d iffer m arked ly  f rom  the compositions 

noted by E m m el  (46) and by Johansson ,  et al_. (47).



D I S C U S S I O N

" I t  is c h a r a c te r i s t i c  of the ad­
vance of sc ience  that l e s s  and 
l e s s  is found to be datum, and 
m o re  and m ore  is found to be 
in f e r e n c e ."  B e r t r a n d  R u sse l l

The M e a s u re m e n t  of P e n e t ra b i l i ty

In the e x p e r im e n ta l  sec t ion  the r e s u l t s  obta ined with the 

" p e n e tu b e "  technic  and the d is in fec t ion  of chicken feces  have 

been p r e s e n te d .  It is  obvious tha t  in the " p e n e tu b e "  technic 

the diffusion of a d is in fec tan t  into an a g a r  gel column p e rm i t s  

m e a s u r e m e n t  of a l in e a r  d is tance  t r a v e le d  by that d is infec tan t .  

The endpoint m e a s u r e d  is not n e c e s s a r i l y  the full d is tance  that 

has been  t r a v e le d  by all  m o lecu le s  of the d is in fec tan t  but this 

endpoint does r e p r e s e n t  the point w here  a m in im al  c o n c e n t ra ­

tion of the d is in fec tan t  has  been  le tha l  to the ind ica to r  o rg a n ­

i s m  in the p e r io d  of ex p o su re .  This  point has been taken as a 

r e f e r e n c e  poin t fo r  the c o m p a r iso n  of the pen e tra t io n  of dif­

f e re n t  d is in fec tan ts  o r  of one d is in fec tan t  under  d iffe ren t  con­

dit ions.  C o m p a r iso n s  have been made only where the same 

in d ica to r  o r g a n is m  was used  in each  ca se .  The pene tra t ion  of
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p ro te in a ce o u s  m a t r i c e s  by d is in fec tan ts  has a lso  been m e a su re d  

by m ean s  of th is  technic  and the d if fe ren tia l  effects  of the p r o ­

te ins  on the p e n e t ra t io n  w ere  noted above.

A few g e n e ra l iz a t io n s  a re  in o r d e r .  In these  pene tra t ion  

s tud ies  i t  was found, p e rh a p s  fo r tun a te ly  fo r  the su ccess  of the 

s a n i ta r ia n ,  tha t  the h ighes t  p e n e t ra t io n  obta ined by disinfecting

compounds was a t  the hydrogen ion concen tra t ions  a t  which the

compounds a re  m o s t  g e rm ic id a l .  This  c o r r e la t io n  may seem

to indicate  that  the ex ten t  of the zones of inhibition a re  a func­

tion of g e rm ic id a l  ac t iv i ty  alone and not of pene tra t ion .  That 

th is  is  no t  the ca se  can be seen  f ro m  the s tud ies  in which iodide 

was added to iodine so lu tions with resu l t in g  in c r e a s e s  in the 

zones of inhibition. M ark s  and S transkov  (48) showed that t r i ­

iodide ions a r e  l e s s  g e rm ic id a l  than m o le c u la r  iodine, so that 

the g r e a t e r  zones of inhibition in the gels  columns cannot be 

due to a g r e a t e r  g e rm ic id a l  ac t iv i ty  of the t r i iod ide  ions. It 

has been  d e m o n s t r a te d  (49) tha t  ions diffuse m ore  rapid ly  

than do the c o m p le m e n ta ry  m o lecu le s .  Tri iodide  ions then dif­

fused  fu r th e r ,  and although in t r in s ic a l ly  l e s s  g e rm ic id a l  than 

iodine, c a u se d  a g r e a t e r  zone of inhibition. We m ust  conclude

i



that the technic  does ac tua lly  m e a s u re  pene trab i l i ty  and does 

not m e re ly  re f le c t  d i f fe rences  in g e rm ic id a l  activ ity .

The d is in fec t ion  of chicken feces  is not as obvious a 

t e s t  of the p en e t ra t iv e  power of a d is infec tan t .  The enclosure  

of b a c te r i a  in o rgan ic  p a r t i c l e s  is not s t r ic t ly  un ifo rm  and at 

l e a s t  half  of the popula tion of the fecal  suspens ion  a re  f ree  in 

the suspending m edium . The pen e tra t io n  of the b a c te r ia ,  whether 

f re e ly  suspended  o r  enc losed  in p a r t i c l e s ,  m us t  be a c o n s id e ra ­

tion in the d is infec tion  p r o c e s s .  In this r e s p e c t  the te s t  b e a rs  

a c lose  re se m b la n c e  to the speed of d is infection  te s t  of Anderson 

and M allm ann (14). The t e s t  em ployed  in this  study has the added 

com plica t ions  of the p re s e n c e  of o rganic  and p a r t icu la te  m a t te r  

and a nonuniform  population. F o r  a d is infectant  to be efficient 

in this  t e s t  sy s te m  it m u s t  have a combination of highly d e s i r ­

able p r o p e r t i e s ,  and, so, th is  te s t  is a r ig id  one, designed to 

weed out “ weak s i s t e r s . 11 The conditions of th is  te s t  a lso  b ea r  

a c lose  re se m b la n c e  to many p ra c t i c a l  s i tua tions encountered  

in env ironm en ta l  san ita t ion  and, inasm uch  as it y ie lded fa ir ly  

rep roduc ib le  r e s u l t s  in the a u th o r 's  hands, may find application 

as a r ig o ro u s  te s t  of d is in fec tan ts .
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The a g re e m e n t  of r e s u l t s  obtained with d is infec tan ts  as 

m e a s u re d  by the dis infection  of chicken feces  and by the ’'p en e ­

tube" technic m ay  be coincidental  o r  may be due to the common 

r e q u i re m e n t  of p e n e t ra t io n  in both techn ics .  1 do not believe, 

however, that  the feca l  d is infec tion  technic is a s im ple  te s t  of 

pene trab i l i ty ,  a lthough the " p e n e tu b e "  technic undoubtedly is 

such a te s t .

The " P e n e tu b e "  Technic

The ra t iona le  underly ing this technic  may not at f i r s t  

be obvious. It m u s t  be r e c a l l e d  that the technic was designed 

to accom p lish  the m e a s u re m e n t  of pen e trab i l i ty  while eliminating 

o r  avoiding the objections propounded in the Introduction.

The c h a r a c t e r i s t i c s  d e s i r e d  in a sy s te m  fo r  m easur ing  

the pen e tra t iv e  p ow ers  of d is in fec tan ts  a re  manifold. The in­

dication that  p e n e t ra t io n  has o c c u r re d  should be the visible 

death  of b a c te r ia .  This  d e s id e ra tu m  has two im plications; the 

f i r s t  im plica t ion  being that an auxanographic  te s t  p rovides  fa ­

cile  m e a s u r e m e n t  of r e s u l t s  and the second that the death of 

the ind ica to r  o rg a n is m s  im p lies  that  a sufficient concentra t ion  

of the d is in fec tan t  has been a t a definite locus fo r  a sufficient
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length  of t ime fo r  d is infec tion  to have o c c u r re d .  The b a c te r ia  

to be k i l led  m u s t  be loca ted  in un iform  d isp e rs io n  in a definite 

collo idal  b a r r i e r  of o rganic  o r  p ro te in a c e ro u s  m a t te r ,  providing 

a volume through  which the diffusion o r  pene tra t ion  of the d is ­

in fectant  m u s t  unequivocally  occu r  for  the death  of the indicator  

b a c te r ia  to r e s u l t .  The d i s p e r s e d  o rg a n is m s  m u s t  not be p e r ­

m it ted  to m ult ip ly  during the exposu re  to the d is in fec tan t  so 

that  a un ifo rm  concen t ra t io n  of ce l ls  will be main ta ined, all 

of which will be a t  the sam e physio log ica l  o r  morphogenetic  

s tage of developm ent.  This  l a s t  r e q u i re m e n t ,  then, will p r e ­

vent the re f lec t ion  of d if fe ren t ia l  growth  r a t e s  as  d isc u sse d  in 

the In troduction, and will n e c e s s i ta te  a subsequent t r e a tm e n t  to 

p e r m i t  the v is ib le  developm ent of viable o rg a n is m s .  This same 

step of developm ent can be combined with a neu tra l iza t ion  step 

to e l im ina te  the effects  of b a c te r io s ta s i s .  Another d e s i r e d  a t ­

t r ibu te  of the technic m u s t  be a capac i ty  fo r  wide ex pe r im en ta l  

va r ia t io n  of com ponents  and p ro c e d u re s .  The sep a ra t ion  of the 

s teps  of d is infec tion  and growth p e r m i t  this poss ib i l i ty .

In 1921, Sti les and A dair  (50) re p o r te d  m e a s u re m e n ts  of 

the coeff ic ien ts  of diffusion of e le c t ro ly te s  into gels  where the 

g d s  w ere  supported  in g la ss  tubes  in a fashion  s im i la r  to the
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’•penetube" construction .  Their  r e s u l t s  a re  among the best  de­

te rm ina t ions  of diffusion coeffic ients . More recently , Davis et 

a l . (51) re p o r ted  a method fo r  antib io tic  tes t ing  employing l inear  

diffusion of the antibiotic into inoculated nu tr ien t  agar  in glass  

c a p i l la r ie s .  According to these au th o rs ,  l in e a r  diffusion assay  

affords many advantages over  a g a r  p la te  m ethods .  There are  

there fo re  p receden ts  for de te rm in ing  diffusion o r  penetra t ion  

in a l in ea r  d irec t ion  in g la ss  tubes as has been done in the 

" p en e tu b e "  technic.

The p rob lem  of ca p i l la ry  c reep ag e  of dis infectant between 

the walls of the g lass  tube and the p e r ip h e ra l  surface  of the agar 

columns was not a se r ious  one. Where c a p i l la ry  creepage was 

encountered the edge of the zone of inhibition appeared  as a 

cylinder  t runca ted  a t  an angle o r  as  an inver ted  cone. This 

o c c u r re d  in le s s  than two tubes p e r  thousand, and, inasmuch 

as such tubes were re jec ted ,  c a p i l la ry  c reepage  cannot be con­

s ide red  as a se r ious  disadvantage.

The in te rp re ta t ion  of the r e s u l t s  gained using the "p en e ­

tube"  technic lead to the gene ra l iza t io n  that the extent or rate 

of pene tra t ion  of a d is infectant under  varying conditions of pH, 

te m p e ra tu re ,  p re sen ce  of adjunct subs tances ,  e tc .,  into gels of
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var ied  composition can be m easu red .  One substantive o bse rva ­

tion of both p ra c t ica l  and theore t ica l  in te re s t  is that, for any 

p a r t i c u la r  se t  of conditions investigated, there  is found some 

minim um concentra t ion  of the dis infectant giving a lm ost  m axi­

mal extent of penetra t ion .  Stated another way, with increasing 

concentra t ions of the dis infectant a point of diminishing re tu rns  

se ts  in which can be read i ly  recognized on inspection of the 

concentra t ion  cu rves .  These ‘'p la teau 11 values are  p resen ted  

in Table 5, along with like values obtained f rom  the curves  of 

the disinfection of chicken feces .  The ag reem ent  of the values 

may only be coincidental or  may indeed signify that the two 

d i s s im i la r  technics a re  co r re la te d .  This corre la t ion ,  if real,  

would signify that the disinfection p ro c e s s  in the experim ents  

with chicken feces  was en t ire ly  dependent upon the penetrabili ty  

of the dis infectant. This view and some m athem atica l  fo rm u la ­

tions concerning pene tra t ion  and disinfection p ro c e s se s  a re  d is ­

cussed  below.

It was believed that the amount of disinfectant diffusing 

into the agar  columns could be re la ted  to the extent of pene­

t ra t ion  and to the nitrogen content of the columns. Iodine can be 

readily  assayed ,  and thus in sys tem s where columns containing



T A B L E  5

THE CONCENTRATION OF DISINFECTANTS AT WHICH 
DIMINISHING EFFECTIVENESS BECOMES APPARENT 

IN THE PENETRATION OF GEL COLUMNS AND 
IN THE DISINFECTION OF CHICKEN FECES

Pla teau  Value in P e r  Cent 
Concentration

Compound -------------------------------------------------------------------------
F ro m  " P e n e tu b e "  F ro m  Disinfection

Experim ents  of Chicken Feces

Iodine (colloid) 0.05 0.05

Iodine (Lugol’s) 0.05 0.05

Iodine (Tincture) 0.05 0.05

Sodium Hypochlorite 0.05 0.1

Chloramine T 0.05 0.1

Succinchlorimide 0.02 0.01

Roccal 0.02 0.02

Phenol 1.0 1.0

Merthiolate  (aq.) 0.01 0.02
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agar  and agar  plus p ro te in  additives were exposed to identical 

concentra t ions of iodine, the loss  of iodine from  each solution 

was de te rm ined .  All t r i a l s  gave identical lo s se s  of iodine from 

the solutions and sti l l  the extent of penetra t ion  varied  in the 

m anner  shown in the exper im enta l  section. The nitrogen de­

te rm ina t ion  was the same for gelatine and the human se rum  

albumin although l e s s e r  penetra t ion  o c c u r re d  in the la t te r  sy s ­

tem s.  It would then appear  that the ra te  at which molecules 

of iodine en te r  the column is s t r ic t ly  a function of the concentra­

tion of the iodine and the c ro s s - s e c t io n a l  a re a  of the column in 

contact with the solution. The extent of penetra t ion  would then 

be a function of the concentration  gradient  of the unreacted 

iodine in the columns. The human se rum  albumin is then in­

t r in s ica l ly  m ore  reactive  with iodine than is gelatine and agar 

le s s  reactive  than e i ther .

The Disinfection P r o c e s s  as Affected 
by Pene trab i l i ty

The data and observations reco rded  in the experim enta l  

section may be cons idered  in the light of the disinfection p ro c ­

ess  in general  in the hope that some additional light may be 

shed on this con trovers ia l  subject.
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In the e a r ly  s tages  of the p ro c e s s  of dis infection the

o rg a n is m  (O) m ay be c o n s id e red  as  f i r s t  en te r ing  into a r e ­

v e rs ib le  union with m o lecu les  of the d is infec tan t  (D) as follows:

, ,  -  _  k i[I] O + D =' —=■ (OD); where (OD) is  an o rg a n is m -d is in -
2

fec tan t  com plex  and k and k the equil ib r ium  constan ts  of the
-L L)

fo rw a rd  and r e v e r s e  r e a c t io n s .  Succeeding this union, the fate 

of com plex  (OD) is dea th  of the o rg a n is m  (O^) at some specific 

re a c t io n  ra te  (h^), hence:

k l k 3 _[Ill O + D = = = = =  (OD) ------------^  O at a steady s ta te ,  the
2 d  

ra te  of fo rm a t io n  of (OD) m u s t  equal the ra te  of breakdown of 

the com plex  in acco rd an ce  with the following equation:

(1) k N c = k [OD] + k [OD]; where N is the num ber  of
I I  b  J  1

f re e  o r  u n re a c te d  o rg a n is m s ,  c the concen tra t ion  of the d is in­

fec tan t  and [OD] the num ber  of o rg a n is m s  in com plex  form ation . 

Equation  (1) r e a r r a n g e s  to:

N  k 3 + k 2
(2) Q̂Q~j = ----£---------» and the total- num ber  of o rg an ism s  (N^

is equal to the sum of the n um ber  of f ree  o rg a n ism s  and those 

in com plex  fo rm a t io n  (neglecting the num ber  dead); the equation
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(2) becom es:

Nt k 2 + k 3
(3) jq q j  = ~  + I; and if the maxim um  velocity (K) is

a function of the to ta l  population and any in te rm ed ia te  velocity

(k) a function of the num ber  of o rg a n ism s  in combination with

the dis infectant , then:

N k + k
K. t 2 3

(4) ~  = j-q u j * and letting -----~------- = a (another constant),

then on substituting equation (4) and this constant into equation

(3), equation (5) is obtained:

(5) k = .
a + c

We may now com pare  this  theo re t ica l  t r e a tm en t  with the 

data obtained exper im en ta l ly  f ro m  the fecal dis infection ex per i ­

ences .

The death  of the b a c te r ia  in the fecal sam ples  is ex trem ely  

rap id  in the f i r s t  minute of exposure  and if we make the a s su m p ­

tion that, in this sm al l  time in terva l ,  the ra te  of kill of the b a c ­

t e r i a  in the sample  is logar i thm ic ,  then the death of bac te r ia  

with r e s p e c t  to time will be a function of the num bers  of bac te ­

r i a  or ig ina l ly  p re s e n t ,  o r  —dN/dt = kN; where k is the coefficient

of d is infection, N the n um bers  of b a c te r ia  and t the time of



exposure .  In tegra t ion  of th is  equation between zero  time and

one minute yields: k = In N, -  In N *, where N and N are
1 2  1 2

the num ber  of b a c te r ia  or ig inally  p re s e n t  and the num ber  of 

su rv ivo rs  re spec t ive ly .  The value of k can then be found for 

any p a r t i c u la r  concen tra t ion  of the d is infectant at constant tem ­

p e ra tu re  and pH. In accordance  with Chick (52), the k values 

have been de te rm in ed  for  a num ber  of the compounds f rom  the 

exper im en ta l  data  re p o r te d  above. The value of ê  for  the t r a n s ­

fo rm ation  of the lo g a r i thm s  to the base 10 has been omitted. On 

plotting these values of k aga ins t  the concentra tion, the curve A 

of F ig u re  20 fo r  the disinfection of chicken feces  by Lugol's  

Solution a t pH 5.0 and 27.5 C was obtained. Considering the 

equation of this curve to be k — K c /(a  + be), a L inew eaver-B urk  

plot (53) equates the value of the th ree  constants  so that the

equation becom es:  k = 4 .6c/(0 ,03  + c). The plot of this equa­

tion is shown in F ig u re  20 as curve B. That the value of con­

stant  b in this equation is unity p rov ides  a check on the a g r e e ­

ment of the e m p ir ic a l  equation with the theore t ica l ly  derived 

equation (5). The exper im en ta l  data  and the plot of the em pir ica l  

equation a re  in ve ry  c lose  ag reem en t .  Data obtained with phenol 

(Figure  20, curve C) under the same conditions do not follow the
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Figure 20. The rate of disinfection (k in log 
of kill min"1) at increasing concentration ( c ) of 
Lugol's Solution (curve A), and Phenol (curve C).0  Q
Curve B is plotted from k = 0 3 +c •
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same fo rm . This  type of deviation is explicable on the bas is  

of the i r r e v e r s ib le  react ion  in form ula  [II] being dependent upon 

a m ult im olecu la r  react ion  between phenol and the o rgan ism s .  

Thus, at low concentra t ions  of the disinfectant the ra te  of in­

c r e a s e  of the death velocity  constant will not be as g re a t  as 

at in te rm ed ia te  concentra t ions .  This is tantamount to saying 

that phenol has a high coefficient of dilution. The m athem atical  

t r e a tm en t  of such situations is quite complex, but can be done 

in the same fashion as the t re a tm en t  of deviated adsorption iso ­

the rm s  where ' ’packing11 of m olecu la r  la y e rs  occurs  (54). This 

t r e a tm en t  will d isc lose  the behavior of phenol to be a special 

case  following the sam e genera l  equation.

It m ust  be noted that equation (5) is a rep resen ta t io n  of 

the M ichaelis -M enten  equation (55) for  enzymatic  react ions  and, - 

indeed, was derived  in analogous fashion. In this derived equa­

tion, the constant K r e p re s e n ts  the maximum rate  of dis infec­

tion attainable under the prevail ing conditions and the constant 

a r e p re s e n ts  the concentration  of the disinfectant at which half 

the maxim um rate  of dis infection occurs .

It can be seen that where disinfection p roceeds  in ac ­

cordance with this kinetic p ic ture ,  an o rgan ism -d is in fec tan t
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complex capable of d issoc ia t ion  m ust  be form ed.  If the f i r s t  

step in disinfection is then postu la ted  to be a collision between 

m olecules  of the d is infectant  and viable o rgan ism s ,  this collision 

need not n e c e s s a r i ly  r e s u l t  in an immedia te  i r r e v e r s ib le  re a c ­

tion with consequent death of the o rgan ism . If the diffusion of 

the dis in fectants  can p ro ceed  in any m ean f ree  path, then the 

ra te  at which m olecu les  of the dis infectant will be desorbed 

f rom  the surface  will co r respo n d  to the equil ibrium constant 

for the d issoc ia t ion  of the o rgan ism -d is in fec tan t  complex. In 

this study of the dis infection of chicken feces ,  where the pene­

tra t ion  of the p a r t ic le s  enclosing the o rg an ism s  has been made 

a fac to r  in the l im ita t ion  of the disinfection p ro c e s s ,  the ap­

pearance  of a re la t ionsh ip  to this postu la ted  disinfection m ech­

an ism  has become evident. This im plies  that the disinfection 

p ro c e s s  and the c h a ra c te r i s t i c  cu rves  obtained during the course  

of dis infection a re  the r e s u l t  of a f i r s t  o rd e r  reaction  ra te  at 

low concentra t ions of the dis infectant and a zero  o rd e r  reaction 

ra te  at high d is infectant  concentra t ions .  This m echanism  may 

be fu r th e r  complica ted  by the p re se n ce  of polymolecular  r e a c ­

tions and by a nonuniform dis tr ibution  of r e s is ta n c e  of the o r ­

gan ism s to the action of the disinfectant. It is obvious that, in



76

the c i ted  e x p e r im e n ts ,  the popula tion of m ic ro b e s  was a m is c e l ­

laneous  one and tha t  g ra d e d  d e g re e s  of r e s i s ta n c e  m u s t  have 

and did o c c u r .  However,  the p e rc en ta g e  of r e s i s t a n t  o rg a n ism s  

p r e s e n t  was only ap p ro x im a te ly  0.01 p e r  cen t  of the total popu­

la t ion  and ap p a ren t ly  th is  f a c to r  i s  of a l e s s e r  im portance  than 

might be expected .

It m u s t  be ad m it ted  that  the der iva t ion  of equation (5) 

was not  p e r fe c t ly  r ig o ro u s ,  inasm uch  as the n um ber  of dead 

o rg a n is m s  was neg lec ted .  The a g re e m e n t  of the em p ir ic a l ly  

d e r iv ed  equation f ro m  the e x p e r im en ta l  fac ts  with the fo rm  of 

the th e o re t ic a l ly  d e r iv ed  equation would indicate  that th is  neglect  

was not d i s a s t r o u s .  This can be taken to mean  that the i n t e r ­

action  of the dead o rg a n is m s  with the rem ain ing  components  of 

the s y s te m  in any s m a l l  t im e in te rv a l  is nil.

A no ther  in te rp re ta t io n  can be p laced  upon the coincidence 

of f o r m  of the equations e x p e r im en ta l ly  and th eo re t ica l ly  der ived  

fo r  the d is in fec t ion  p r o c e s s .  The re se m b la n ce  of the equations 

to the L a n g m u ir  A dsorp tion  I so th e rm  is quite good. The non- 

ident if ica t ion  of cons tan t  a with unity m ay m e re ly  be a co n se ­

quence of the unitage employed. The o bse rva t ion  of Knaysi  

(23) tha t  y e a s t  c e l ls  rem ove  iodine f ro m  solution in accordance
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with an ad so rp t io n  i s o th e rm  might be read i ly  taken as evidence 

that  the d is in fec t ion  m e c h a n ism  p ro c e ed s  in the noted o rd e r  as 

a r e s u l ta n t  of the adso rp t ion  m e ch an ism .  C o n tra r iw ise ,  although 

th is  r e s e m b la n c e  is one n e c e s s a r y  condition for  such a m echan­

i sm ,  this  explanation  is  not suffic ient to explain  the well-known 

(but p o o r ly  unders tood) r e v e r s a l  effec ts  obtainable with m e r c u r i a l s  

and q u a te rn a ry  am m onium  compounds. The m e c h a n ism  p ro c e e d ­

ing th rough  an o r g a n i s m —dis in fec tan t  com plex  suffices b e t t e r  to 

explain  a ll the known fac ts  concern ing  d is infection  and affords 

a ready  a n sw e r  to the ro le  of p en e tra t io n  by the d is infec tan t  

p r e c e d e n t  to the ensuing le tha l  r e a c t io n s .

The k ine t ics  of ch em ica l  ad so rp t io n  m ay  give us addi­

t ional ins igh t  into the role  of p e n e t ra t io n  in d is infection. It is 

a p p a ren t  f ro m  inspec t ion  of the c u rv e s  p r e s e n te d  in F ig u re s  6 

to 10, tha t  th e re  is  a re se m b la n c e  to adsorp t ion  i s o th e rm s .  In 

a c co rd an ce  with the c u s to m a ry  der iv a t io n  of the L an g m u ir  Ad­

sorp t ion  I s o th e rm  (54), analogy leads  to the der iva t ion  of an 

equation of the sam e  fo rm  fo r  the ra te  of pen e tra t io n  of a d is ­

infectant  in the " p e n e tu b e "  technic . This t r e a tm e n t  yields equa­

tion (6); k = K c /(b  + c), w here  k^ is the length of the zone of 

inhibition ob ta ined  in 24 hours  following exposure  to the
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dis infec tan t  a t concen tra t ion  c at a constant tem p era tu re  and 

pH. K then r e p r e s e n t s  the m axim um  ra te  of penetra t ion  ob­

tainable under  the conditions of the te s t  and b r e p re s e n ts  the 

concen tra t ion  at which half the m axim al  ra te  is obtained. As 

in the p rev ious  ca se  fo r  disinfection of chicken feces,  the e m ­

p i r ic a l  data  can be f i t ted  to this  equation upon evaluation of the 

constan ts  K and b. In F igu re  21, the e m p ir ica l  data for the 

ra te  of p ene tra t io n  (ex p res sed  as m m  p e r  24 hr.) of Iodine 

T incture  at varying concentra t ions  into agar  containing 1.0 per  

cent gelatine and 0.5 p e r  cent po tass ium  iodide are  plotted 

(curve A). F r o m  these  data, the equation = 22.7c/(0.005 + c) 

is obtained, a plot of which ap p ea rs  in the same figure as curve 

B. It is tempting, then, again to a t tem pt to explain disinfection 

m echan ics  as being en t i re ly  dependent upon the ra te  of p e n e t ra ­

tion of the d is infectant  in accordance  with equation (6). On the 

sam e grounds as be fo re ,  this  is n e i the r  n e c e s s a ry  nor a re  there  

sufficient b a s e s  fo r  so doing. It may only be a coincidence that 

the in te rconnec ted  p ro c e s s e s  follow the same ra te  p ro c e s s .  A 

d i re c t  causa tion  connection between two sequentia l events is not 

sufficient in steady state  m echanics  for a single step to be con­

s t ru e d  as the sole ra te -d e te rm in in g  fac to r  in the o v e r -a l l
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Figure 21. The rate of penetration (kp in
mm.) at increasing concentration (c) of iodine
in agar +1.0% gelatine and 0.5% Kl. Curve A-
experimental data, Curve B: calculated from 

« 22.7c
p=.005+c
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p ro c e s s .  It  ap pears  to th is  author that the kinetics  of death 

of m ic ro o rg a n ism s  during chem ical  disinfection m ust  be dic­

ta ted by the adsorp tion  of the dis infectant f rom  the environ­

ment, the subsequent fo rm ation  of a dissociable  complex, pene­

tra t ion  of the cytoplasm and a consequent i r r e v e r s ib le  reaction  

there in  with ult imate  death of the o rgan ism . Th.' survival curves  

m us t  be a function of these  p a r a m e t r ic  functions and can lead 

to a rep re sen ta t io n  of f i r s t  and zero  o rd e r  reac t ion  ra te  m e­

chanics. The poss ib i l i ty  of higher o rd e r  reaction  ra tes  is not 

excluded, nor  any combination with the lower o rd e r  reaction 

ra te s .  The nonuniform d is tr ibu tion  of re s is ta n c e  in the popu­

lation exposed to the dis infectant is ce r ta in ly  a fac to r  influenc­

ing the events p o r t rayed .  This d is tr ibution  can be likened to 

the d is tr ibu tion  of activation energ ies  among the molecules r e ­

acting in any chem ica l  reac t ion  and so the mechanis tic  approach 

envisioned here  is capable of ra t ionaliza tion  with the biological 

cons idera t ions .

The P en e tra t ive  Pow er  of Colloidal Iodine

As has been noted in the exper im enta l  section, the pene­

tra t ive  power of Colloidal Iodine has been shown not to exceed
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that of o ther  iodine p re p a ra t io n s  with which it has been com ­

p a red  under the sam e conditions. These findings are  in d isa ­

g reem en t  with those of Mallmann and Chandler (7) on the d is in­

fection of avian feces  and of Anderson and Mallmann (14) on the 

inhibition of sporu la t ion  of coccid ial  oocysts . These d isa g re e ­

ments  were shown to be a function of the pH of the various 

p re p a ra t io n s  as  te s ted  aga ins t  the oocysts  and fecal suspen­

sions. When te s ted  at equal hydrogen ion concentra t ions , Col­

loidal Iodine and L ugo l 's  Solution were shown to be equally ac ­

tive in all te s t  sy s tem s .

Colloidal Iodine does not have any in tr ins ica l ly  higher 

pene tra t ive  power than o ther  iodine p re p a ra t io n s .  The p r e p a r a ­

tion as m ark e ted  is ex trem e ly  acid, and because of this acidity 

exhibits high pene trab i l i ty  and ge rm ic id a l  activity. Iodine, in 

the au tho r’s exper ience ,  has been the dis infectant possess ing  

the b e s t  pene tra t ive  power of the var ious  disinfectants  tested. 

Colloidal Iodine is m ore  efficient in this re sp e c t  than a re  

Lugol1 s Solution o r  Iodine Tincture  unless  these p repara t ions  

a re  acidula ted. The low toxicity and low i r r i ta n t  nature of 

Colloidal Iodine in combination with the high germ ic idal  and
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p e n e t ra t iv e  p o w ers  of iodine make Colloidal Iodine a d es irab le  

adjunct to any household  f i r s t  a id  kit.

F o r  env iro nm en ta l  sanita tion, the only objection to iodine 

in any fo rm  is i t s  high co s t  as  c o m p ared  to ch lor ine .  Iodine 

would s e e m  to be, on o th e r  grounds,  m o re  d e s i ra b le  fo r  genera l  

san i ta t ion  than c h lo r ine .  Iodine p re p a ra t io n s  a r e  m ore  stable 

than ch lo r ine  p r e p a ra t io n s  a t  the ac id  pH values where both a re  

e ffec tive . Chlorine  compounds,  because  of this labil ity , a re  

g e n e ra l ly  m a rk e te d  as  a lkaline p r e p a ra t io n s ,  a condition incom ­

patib le  with high g e rm ic id a l  ac t iv i ty .  It would se e m  reasonab le  

to th is  au thor  that if c rude  iodine p re p a ra t io n s  could be m ark e ted  

at rea so n ab le  cos t  iodine would be the d is infec tan t  of choice for  

m any jobs now p re e m p te d  by ch lo r ine .  G ersh en fe ld  and Fox (56) 

in ves t iga ted  a p r e p a ra t io n  of crude iodine d isso lved  in alkali 

with good r e s u l t s .  P e r h a p s  th is  p re p a ra t io n  could be acidula ted  

in the p r e s e n c e  of some p ro tec t ive  substance  to yield a crude 

iodine hydroso l  of low cos t  fo r  use as an env ironm enta l  d i s ­

in fec tan t  o r  s a n i t iz e r .



SUMMARY

A l in e a r  diffusion m ethod  employing a g a r  gel s ta t ionary  

p h a se s  has  been  developed fo r  the m e a s u re m e n t  of the p e n e t r a ­

b i l i ty  of c h e m ica l  d is in fec tan ts .  T h is  " p e n e tu b e "  technic  sep­

a r a t e s  the d is in fec t ion  p r o c e s s  f ro m  the growth  of the ind ica tor  

o rg a n is m s  and p e r m i t s  the d is t inc t ion  of b a c te r ic id a l  and b a c ­

te r io s ta t ic  e ffec ts .  O b se rv a t ion s  on the pen e tra t io n  of var ious  

d is in fec tan ts  w ere  made under  d if fe ren t  conditions by m eans of 

this new technic .

The re la t io n  of the p e n e tra t iv e  pow ers  of d is in fectants  

as  d e te rm in e d  by the 1 'pene tube11 technic  to the d isinfection of 

chicken feces  was investiga ted .  A hypothesis  concerning the 

ro le  of p e n e t ra t io n  in the d is infec tion  p r o c e s s  was form ula ted .

This hypothesis  c o n ce rn s  the fo rm a t io n  of a d issoc iab le  o rg a n is m -  

d is in fec tan t  com plex  as a n e c e s s a r y  step in the assum ption  of 

the d is in fec t ion  p r o c e s s  as  a combination of ze ro  and f i r s t  o rd e r  

re a c t io n  m e c h a n ism s .  The poss ib le  ro le s  of adsorp tion  of d is ­

infectant m o lecu les  by the o rg a n ism s  and of the d is tr ibu t ion  of 

r e s i s ta n c e  to d is infection  among the component population a re  

a lso  d is c u s s e d  in re la t ion  to the hypothesis .
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The high penetrabil i ty  previously cla imed for Colloidal 

Iodine was shown to be a function of its acid condition ra th e r  

than an inheren t  p roper ty  of Colloidal Iodine as such.
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