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I. INTRODUCTION 

This  s tudy was  p e r f o r m e d  t o  de te rmine  the effect iveness  of s e v e r a l  types  
of chemica l  ge rmic ides  a s  decontaminat ing agen t s ,  
inhibit  the growth of mic roorgan i sms  by va r ious  means .  
q u a r t e r n a r y  ammonium c3mpounds (cat ionic  su r fac t an t s )  may  ki l l  by the lysing 
of the bac te r i a l  ce l l  o r  by  denaturat ion of ce l lu la r  o r  enzyme pro te in .  The 
phenol der iva t ives  may kill by protein denaturat ion,  metabol ic  blocking, o r  
su r f ac t an t  effects  . 

These  compounds ki l l  o r  
For example ,  

The  p r i m e  conce rn  of th i s  s tudy was the  effect iveness  of k i l l ,  not the mechan-  
ism. The reduct ion  of biological burden on su r faces ,  p a r t s ,  tools ,  i n s t rumen t s  
and  suppl ies  i n  low-burden a r e a s  such a s  EASL will  depend in  p a r t  on the  
ge rmic ide  used  a s  a decontaminant.  A cat ionic  sur fac tan t  in  aqueous and 
alcohol ic  solution, a phenolic compound, and  a ch lor ina ted  phenol w e r e  chosen  
to  be s tudies  fo r  t he i r  e f f icacy  as ge rmic ides  aga ins t  E s c h e r i c h i a  co l i ,  
Staphylococcus ep ide rmid i s ,  Pro teus  vu lga r i s ,  and Baci l lus  globigii  in the 
vegetat ive and s p o r e  s t a t e .  

- 

11. MATERIALS AND METHODS 

A. GERMICIDES 

Hyamine 3500 80-percent  concentrate  i n  ethanol i s  a blend of a lkyl  dimethyl  
benzyl  ammonium chlorides! This  is a su r fac t an t  pa r t i cu la r ly  effective in  
h a r d  w a t e r s ,  and may  be  used  as an aqueous o r  a lcohol ic  solut ion.  
s tudy  Hyamine 3500 was  p r e p a r e d  in a 1: 1000 concent ra t ion  in d is t i l l ed  w a t e r  
and  i n  70 -pe rcen t  isoproponal ,  by adding 1. 25 p a r t s  of Hyamine 3500 to the 
appropr i a t e  quantity of solvent.  
a r y  to  c o r r e c t  f o r  the concentrat ion i n  the undiluted solut ion (80 pe rcen t ) .  

Dowicide A 
s a l t  of 2, 4, 5 t r ich lorophenol .  
1 g r a m  of m a t e r i a l  to 1 l i t e r  of dis t i l led w a t e r ,  a 1:lOOO concent ra t ion .  Both 
Dowicides w e r e  soluble  in  w a t e r ,  as w a s  the Hyamine 3500. 

F o r  th i s  

This propor t ion  of Hyamine 3500 w a s  n e c e s s -  

2 
i s  the sodium salt of 0-phenyl phenol.  Dowicide B2 i s  the sodium 

These compounds w e r e  p r e p a r e d  by adding 

B. ORGANISMS 

A s  s t a t ed  previous ly ,  the organisms t o  be subjected to  the ge rmic ida l  act ivi ty  
w e r e  E. col i ,  S. ep ide rmid i s ,  P. vulgar i s ,  and B. - globigii  ( s p o r e s  and vege-  
ta t ive  c e l l s ) .  
s l a n t  w a s  p laced  i n  50 ml of t ryp t icase  soy bro th  ( B ,  B,  L,. ) and. incubated a t  
3gG C f o r  18 -24  hour s .  Harvest ing w a s  done in  a r e f r ige ra t ed  centr i fuge a t  
0 C, us ing  t h r e e  success ive  washings with cold,  1 pe rcen t  peptone w a t e r  

- -  
All ce l l s  w e r e  p repa red  a s  fol lows.  An inoculum f r o m  an  a g a r  

-1-  



A final suspecs ion  of the ce l l s  in  10 m l  of cold peptone wa te r  was  p r e p a r e d .  
Peptone w a t e r  was  chosen  a s  the washing and suspending medium because  i t  
was  found that  the vegetat ive ce l l s  lysed when suspended in  d is t i l l ed  w a t e r .  
The B. globigii s p o r e  c r o p  was  grown by success ive  inoculation into inc reas ing  
amounts  of t ryp t i case  soy broth (B. B. L. ) fo r  t h r e e  days ,  followed by plat ing on 

4 t ryp t i case  soy a g a r  (B. B. L.  ) suppl imented with 40 mg C a C l  
p e r  l i t e r  of a g a r .  
the  a g a r .  The p la tes  w e r e  incubated unt i l  they contained 80-90 p e r c e n t  s p o r e s .  
Harves t ing  was  done by sc rap ing  the growth off the p la tes  (using bent g l a s s  r o d s )  
into d is t i l l ed  w a t e r .  The s p o r e s  were  cent r i fuged  a t  0 C and washed  3 t i m e s  and 
f inal ly  suspended  in  d is t i l l ed  wa te r .  The o r g a n i s m s  w e r e  then di luted and plated 

Both s p o r e s  and  vegetat ive to de t e rmine  the i r  viable counts before each  
c e l l s  w e r e  di luted f o r  u se  to approximately 10 

and  10 m g  MnSo 
2 One ml of bro th  suspens ion  was  s p r e a d  ove r  the s u r f a c e  of 

0 

Y say* 
c e l l s I 0 .  01 ml.  

C.  SURFACES UTILIZED 

T o  p rope r ly  evaluate  the ge rmic ide ,  m a t e r i a l s  w e r e  chosen  which would 
s imula t e  s u r f a c e s  in  low-burden a r e a s .  
f ab r i ca t ed  of s t a in l e s s  s t ee l  and F o r m i c a .  Half of the s t a in l e s s  s t e e l  s t r i p s  
w e r e  painted with a n  epoxy paint 
s t e r i l i z e d  i n  groups  of 60 on a luminum-fo i l -covered  f la t  t r a y s  with a n  ou te r  
wrapping  of k r a f t  pape r .  The t e s t  o rgan i sms  w e r e  inoculated with 0.  0 1  ml  of 
the ce l l  suspens ion ,  onto the sur face  of each  s t r i p  in  o r d e r  to cove r  a n  a r e a  2 0 
approximete ly  0 .  6 i n  . The inoculated s t r i p s  w e r e  d r i e d  a t  32 C before  a s s a y .  
F ive  s t r i p s  of each  m a t e r i a l  w e r e  used with each  ge rmic ide  and each  o r g a n i s m .  

S t r ip s  2 x 314 x 0 .  02 inches w e r e  

(Sinclair  s emi - f l a t ) .  These  s t r i p s  w e r e  s t e a m  

D. RECOVERY MEDIUM 

Tryp t i case  soy a g a r  with neu t r a l i ze r s  w a s  used  fo r  plating to  r e c o v e r  poss ib le  
s u r v i v o r s  a f t e r  exposure  to  the germic ides .  
coun te rac t  the e f fec ts  of ge rmic ides  that  might have been  c a r r i e d  over  to  the 
p la t ing  medium.  
n e u t r a l i z e r s .  
of Tween 80 p e r  l i t e r  of a g a r .  

The n e u t r a l i z e r s  w e r e  needed to  

A combinat ion of Tween 80 and lec i th in  was  used  a s  the 
The TSA w a s  p repa red  containing 0 .  7 gms  of lec i th in  and 5 g m  

E. ASSAY METHOD 

In a l a m i n a r  flow bench, each  s t r i p  was dipped into ge rmic ide  for  2 
s econds ,  r e m o v e d  and  p laced  upright in  a s te r i le  r a c k  t o  d ry .  
m o s t  c lose ly  approx ima tes  a wipedown of a su r face .  The d r i e d  s t r i p s  w e r e  
then  p laced  into Bussey  bot t les  containing 10 ml of 1 pe rcen t  peptone w a t e r .  
s t r i p s  w e r e  sonica ted  face  down a t  25 k c l s e c o n d  f o r  12 minutes ,  then plated a s  
fol lows:  
of m e l t e d  cooled T'SA. in  addition i ml  of the p ptone w a t e r  r i n s e  (undi luted)  
w a s  plated,  a s  wel l  as 1 m l  aliquots of the  1 /10  
w e r e  incubated ae rob ica l ly  a t  32 C for 7 2  hours .  
24, 48,  and 7 2  hour s .  

This  p rocedure  

?he 

The s t r i p  w a s  p laced  onto a l a y e r  of TSA and cove red  by another  l a y e r  

and 1 /103  di lut ions.  A l l  p l a t e s  
Colony counts w e r e  made  a t  

5 
0 



The counts w e r e  r e c o r d e d  f r o m  each of the five p l a t e s  fo r  each s t r i p .  Since 
f ive  r ep l i cas  w e r e  used,  the colony counts f o r  each ,  plus the a v e r a g e  of the f ive,  
\\‘ere r epor t ed .  

111. RESULTS 

The only o r g a n i s m  that  su rv ived  in n u m b e r s  g r e a t e r  than 10 pe rcen t  of i t s  
ini t ia l  population with a l l  four  ge rmic ides  w a s  the s p o r e  of R. globigii .  The 
pe rcen t  su rv iva l  ranged f r o m  10 percent  on F o r m i c a  s t r i p s  when t r e a t e d  with 
aqueous Hyamine 3500 t o  57 percent  on the epoxy paint s t r i p s  when t r e a t e d  \qrith 
Dowicide B. 
i n  the two Dowicides, S. epidermidis  on epoxy paint s t r i p s  su rv ived  i n  g r e a t e r  
n u m b e r s  than on s t a i n l e s s  s t ee l  and F o r m i c a .  S. ep ide rmid i s  exposed to the 
aqueous and t i nc tu re  of Hyamine 3500 had l e s s  t han  1 pe rcen t  s u r v i v o r s  o r  no 
s u r v i v o r s .  

-~ 

The r e s u l t s  a r e  r eco rded  i n  F i g u r e s  1 and 2 .  Following i m m e r s i o n  

- 

These  r e s u l t s  a r e  i n  F igu re  3.  

F i g u r e s  4 and 5 show the su rv iva l  of E. coli  and P. vu lga r i s  r e spec t ive ly .  
T h e r e  w e r e  no obse rvab le  colonies in  72 hour s  ,with P. vu lga r i s ,  and l e s s  than 
1 p e r c e n t  su rv iva l  of E .  coli on all m a t e r i a l s  a f t e r  exposure  to the g e r m i c i d e s  
t e s t e d .  
t han  the Dowicides i n  the concentrat ions used .  

- -  
- 

- -  
In a l l  c a s e s ,  the two Hyamine 3500 formulat ions w e r e  m o r e  effect ive 

I V .  DISCUSSION 

The four g e r m i c i d e s  in recommended u s e  dilutions and fo r  the exposure  t i m e s  
of this  e x p e r i m e n t  w e r e  shown t o  be 99 -pe rcen t  effective i n  reducing the pop- 
ulat ions of such  vegetative ce l l s  a s  E. coli ,  P. vu lga r i s ,  and B. globigii on 
the t h r e e  s u r f a c e s  used .  
a g a i n s t  S. ep ide rmid i s .  Hyamine 3500 i n  aqueous solution was the only g e r m -  
i c i d e  to ;educe (kil l)  as much  as 90-percent of the B. globigii s p o r e  population, 
a n d  this  was f o r  the s t a i n l e s s  s t ee l  s u r f a c e .  The alcoholic Hyamine 3500 kil led 
approx ime te ly  75 p e r c e n t  of the spo res .  
a n d  the s p o r e  populations s e e m  to indicate tha t  t h e  epoxy-painted s u r f a c e  may 
have  a p ro tec t ive  effect  on the o rgan i sms  deposi ted on this type of s u r f a c e .  
T h i s  is p e r h p a s  a p ro tec t ive  effect due to  the paint  s u r f a c e .  
t e s t s  done i n  th i s  study i s  insufficient t o  i l l u s t r a t e  this phenomenon as m o r e  than 
a possibi l i ty .  
of t ab le s ,  wa l l s ,  tools ,  and o the r  equipment found in  low-burden a r e a s ,  
e s p e c i a l l y  w h e r e  the microbiological population c o n s i s t s  mainly of s p o r e  f o r m e r s ,  
L I I C  quaierriary a m m o n i u m  compounds a p p e a r  to  be  m o s t  effective.  
n i i c rob ia l  f l o r a  is l a r g e l y  composed of vegetable c e l l s ,  both the qua te rna ry  
amimoiiium and phenol de r iva t ives  a r e  approx ima te ly  equally effective.  

- -  - 
(See Table I . )  They w e r e  at l e a s t  95Tpercent effective 

The r e s u l t s  with the Staphylococcus 

The number  of 

F o r  p r a c t i c a l  purposes  of u se  i n  decontaminat ing the s u r f a c e s  

el- - Where the 

-3 - 
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MATERIAL AND GERMICIDE 

Figure I .  SURVIVAL OF E. GLOBIGII SPORES ON THREE TYPES OF 
SURFACES EXPOSED TO FOUR GERMICIDES 
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TABLE I 

KILL EFFECTIVENESS OF HYAMINE 3500 AND DOWlClDE PREPARATIONS 

GERMlCl DE STUDY RESULTS 

Material  Dovicide B Hyamine Tinctur Dowicide A 
- 

4 x  106 
1. 3 x IO6 
33 

4 x 106 
1. 9 x IO6 
47 

4 x I06 
1.5 x IO6 
37 

Hyamine AQ 

4 x  106 
1 . 8  x 106 
45 

4 x 106 
7.3 105 
18 

4 x 106 
4 105 

4 x I06 

IO 

6 x IO5 
15 

4 x 106 
1.6 x l o 6  
37 

4 x  106 
1.0 x 106 

4 x  106 
1.3 x I06 

25 

,3 3 

Stainless  S.zel Ini t ia l  Count 
Survivors  
P e r c e n t  Survival  B. ~ l o b i g i i  

Spares 

4 x  I06 
2 . 1  x 106 

4 x 106 
2.3 x 106 

50 

57 

F o r n u c a  Initial Count 
Survivors  
P e r c e n t  Survival  

Epoxy Paint  Initial Count 
Survivors  
P e r c e n t  Survival  

~. 

Stainless  Steel Initial Count 
Survivors  
P e r c e n t  Survival  

F o r m i c a  Ini t ia l  Count 
Survivors  
P e r c e n t  Survival  

Inoculum: 

1 . 5  x l 0 8 / m l  

5 io4 
2 x I 0 0  

5 lo4 

5 l o 4  

<1 

0 
0 

6 x IOo 
<1 

5 i o 4  
0 
0 

5 104 
0 
0 

5 lo4 
2 x 100 
< I  

5 i o 4  
2 x I00 

5 l o 4  
2 x I00 

5 104 

< I  

<1 

0 
0 

B. lobi ii I veg! =el:* 

Epoxy Paint  Ini t ia l  Count 
S u r v i v o r s  
P e r c e n t  Survival 

3 x 106 
3 x 101 

3 x 106 
1 x I O 1  

3 x 106 

2 x  101 

<I  

I 

<1 

3 x 106 
1 x I 0 2  

3 x I06 
1 x 101 

3 x 106 

8 x I 0 2  

I 

1 

<I 

3 x I06 
3 x 101 

3 x 106 
3 x 101 

3 in6 

2 x  101 

<I  

< I  

< I  

3 x I06 
1 x IO1 

3 x I06 
1 x 101 

3 x 106 

4 x 101 

2 l o 5  
1.2 x 101 

2 l o 5  

2 l o 5  

4 x  I00 

< I  

<1 

<1 

<I 

0 
0 

< I  

Stainless  Steel Ini t ia l  Count 
Survivors  
P e r c e n t  Survival  

F o r m i c a  Initial Count 
Survivors  
P e r c e n t  Survival  

EDOXV P a i n t  I rut ia l  Count 

Survivors  
P e r c e n t  Survival  

E. coli - 

Inoculum: 
3 x 108/m1 

2 l o 5  
2 . 2  103 

z X  105 
2 . 4 ~  lo3 

2 lo5 

1.1 

1.2 

8 . 8 ~  l o 3  
4 . 4  

2 105 
1 . 9  l o 3  

2 lo5 
2 . 7  103 

2 105 

1 

1 . 3  

Stainless  Steel  Ini t ia l  Count 
Survivors  
P e r c e n t  Survival 

FO*miCC% Ini t ia l  Count 
Survivors  
P e r c e n t  Survival 

Epoxy Paint  Initial Count 

Survivors  
P e r c e n t  Survival  

I S. epidermidis  

Inoculum: 
2 x lo7/mi 

7. 6 x IO3 
3 . 8  

4 x  100 

2 l o 5  

<1 

0 
0 

z X  l o 5  
0 
0 

2 105 

0 
0 

2 l o 5  

2 lo5 

2 l o 5  

0 
0 

0 
0 

0 
0 

2 l o 5  

2 lo5 

2 l o 5  

0 
0 

0 
0 

0 
0 

2 l o 5  

2 l o 5  

0 
0 

0 
0 

2 l o 5  

0 
0 

Stainless  Steel  Initial Count 
Survivors  
P e r c e n t  Survival 

F o r m i c a  Initial Count 
Survivors  
P e r c e n t  Survival  

Epoxy Paint  Initial Count 

Survivors 
P e r c e n t  Survival  

P. vulga Ti B 

Inocuium 
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V. CONCLUSIONS 

Aqueous Hyamine 3500 and the t inc ture  of Hyamine 3500 w e r e  m o s t  effect ive 
aga ins t  the spo re  population, i n  the o r d e r  c i ted.  

An epoxy-painted su r face  may  afford s o m e  pro tec t ion  to  the mic rob ia l  f l o ra  
aga ins t  the act ion of a chemica l  germic ide .  

E i the r  type of Hyamine 3500 i s  the ge rmic ide  m o s t  effective aga ins t  the  
vegetat ive ce l l s .  

It may  be poss ib le  to effect ively use the ge rmic ides  s tudied in  h igher  
concent ra t ion  or  fo r  longer  exposure t i m e s  aga ins t  s p o r e s .  

VI. R E C O M M E N D A T I O N S  

It i s  r ecommended  that  fu r the r  s tudies  be done in  de te rmining  the e f fec t iveness  
of ge rmic ides  aga ins t  s p o r e  populations.  

I t  is recommended tha t  fu r the r  s tudies  be  pe r fo rmed  t o  e lucidate  the pro tec t ive  
phenomenon a s soc ia t ed  with epoxy-painted su r faces .  

-10-  
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