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Too wild. Wild hair needs proteins.

Croteins A and C
Use in shampoos and 
conditioning rinses for 'body' and 
thickening effect.
Croteins A and C are white 
powders, almost odourless and 
tasteless and soluble in cold water.

Crotein AD
Use in hair sprays and hydro
alcoholic lotions for 
conditioning and plasticising.

Crotein AD is a hydro-alcoholic 
protein derivative, compatible with 
commonly used resins.

Details and samples from:

Croda Chemicals Ltd
Cowick Hail 
Snaith Goole 
Yorkshire DN14 9AA 
Tel Snaith 551 (0405 860 551) 
Telex 57601



CHECK THIS LIP GLOSS FORMULA
BASE FORMULA
Beeswax 2.5%
Lantrol' 3.0
Lanolin, anhydrous 27.0
Lecithin 1.2
Petrolatum, white 2.0
Ozokerite 16.0
Isopropyl palmitate 48.3

100.0%
PRODUCT FORMULA
Base (above) 80.0%
Chroma-Lite®”

pearlescent
magenta 10.0

Pearl-Glo®1
pearlescent
pigment 10.0

100.0%
PROCEDURE FOR BASE
1. Weigh each part and 

combine.
2. Heat to 80° C. Continue 

heat and paddle gently 
until dispersed. May be 
stored in cool room for 90 
days.

PROCEDURE FOR 
PRODUCT
Weigh base and heat to 
liquid. Weigh pigments. Slow
ly sift into base with rapid 
agitation. Pearl concentra
tion may be increased or 
decreased by varying amount 
of base. Pour into containers 
and chill rapidly
Footnotes:
1. Malmstrom Chemical Corporation
2. Mallinckrodt Chemical Works. U.S. Pat. No.

3647402

RESULTS:
Here’s an exceptional, versatile lip gloss.
It gives luster to lips. But keeps the soft, 
natural look. It softens the skin. Can be put 
on with fingertips or applicator. For best 
filling appearance, should be hot-poured 
into pots, jars or other packaging.

By using two pearlescent pigments, the 
formula combines desireable shine with good 
economics and extraordinary simplicity of 
manufacture. The Pearl-Glo pearlescent pig
ment sets the degree of luster. Chroma-Lite 
pearlescent colors also add luster. You have 
13 colors to choose. They’re perfectly blend- 
able to produce any shade you wish. Yet 
because the color and pearl are integrated, 
the messy job of milling in color is ended. 
Chroma-Lite pigments may be added by 
simple agitator mixing. Why not try them!

Pearl-Glo UVR (Ultra Violet Resistance) also now available.

For more information & European contacts write 
Ian D. Sutherland 
Mallinckrodt Cosmetic Chemicals 
c/o Building 521 59/1 
Solent Road
Heathrow A irport. London
Hounslow TW6 3XJ. 897-2425 M a l l i n C k r O C l t
England
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A n  a g e - o l d  q u e s t . . .  

c o s m e t i c s  f r o m  I n d i a

In a woman's world cosmetics have a cherished place. In keeping with India's time-honoured 
tradition, beauty aids continue to enhance modern woman s appearance. Now the excitement 
of cosmetics made in India is being discovered by beauty-conscious women the world over. 
These include creams and powders for the face, creams and oils for the hair, shampoos, 
lipsticks, nail polishes and perfumes. Also from India come soaps for a variety of uses. 
Other items supplied by the Indian Chemical Industry are Industrial Chemicals and Drugs, 
Pharmaceuticals, Dyes and Intermediates and Agro-Chemicals.

C H E M E X C I L
— a n a m e  w o r th  r e m e m b e r in g

Please address  your enquir ies t o :
BASIC CHEMICALS, PHARMACEUTICALS b  SOAPS EXPORT PROMOTION COUNCIL

7 Cooperage Road, Bombay-1. (India) GRAM : CHEMEXCIL

SWASTIKA
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f  MACFARLAN SMITH LTD
Wheatfield Road, Edinburgh EH11 2QA
Telex 727271 
Telephone 031-337 2434 
Telegrams MECONIC EDINBURGH

Manufacturers of Bulk Medicinal Chemicals 
for the Pharmaceutical Industry.

All departments of Macfarlan Smith are now located 
In Edinburgh and enquiries for quotations and other
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SYNOPSES FOR CARD INDEXES

The following synopses can be cut out and mounted on 1 2 7 x 7 6  mm index cards 
for reference without mutilating the pages of the Journal.

Development of a skin cream designed to reduce dry and flaky skin: J. D.
M iddleton. J o u r n a l o f  th e  S o c i e t y  o f  C o s m e t ic  C h e m is ts  25 519-534 
(1974)

Synopsis— Dry and flaky skin can result from a low extensibility in the 
stratum corneum. Because the extensibility o f  corneum depends upon its 
water content, humectants are often added to skin products to increase 
the corneum water content. Measurements o f  extensibility and water 
holding capacity in isolated animal corneum showed that conventional 
humectants such as glycerol, sorbitol or sodium lactate can be effective but 
that the effect is lost on rinsing the corneum in water. It was found that 
isolated animal corneum adsorbed lactic acid and that the resulting 
increase in extensibility was retained after rinsing in water. In consumer 
tests, hand skin dryness and flaking was assessed by trained observers.
Tw o weeks’ use o f  hand lotions, containing sodium lactate or lactic acid 
adjusted to pH 4, resulted in less hand skin dryness and flaking than the 
use o f  control lotions. A  lactic acid lotion also resulted in less dryness 
and flaking than a sodium lactate lotion.

The thin layer chromatographic detection and determination of an imidazo- 
lidinyl urea antimicrobial preservative: D. S. R yder. J o u rn a l o f  th e  S o c i e t y  
o f  C o s m e t ic  C h e m is ts  25 535-544 (1974)

Synopsis— An antimicrobial preservative o f  the imidazolidinyl urea type 
is detectable in a variety o f  complex cosmetic and toiletry formulations by 
TLC. The method is specific for the above type o f  preservative, even in the 
presence o f  a number o f other antimicrobials. A  ten-fold increase in sensi
tivity o f  the ninhydrin reacted zones is achieved when using transmitted 
uv light as compared to visible daylight colours. The antimicrobial is 
quantitatively determined in a moisturizing lotion with a relative standard 
deviation o f  ± 1 0 %  using densitometry.

Studies of the factors controlling the action of hair sprays— III: The in
fluence of particle velocity and diameter on the capture of particles by arrays 
of hair fibres: R. W . R ance. J o u rn a l o f  th e  S o c i e t y  o f  C o s m e t ic  C h e m is ts  
25 545-561 (1974)

Synposis— The velocity o f  an aerosol hair spray has been determined by 
measuring the gas velocity within the spray with a pitot-static tube. The 
velocity rises to a maximum at the centre o f  the spray cone and falls rapidly 
with increasing distance from the spray orifice. For a given distance from 
the orifice the velocity also falls with decreasing pressure o f  the aerosol pack.

Measurements o f  capture and penetration o f hair spray droplets into a 
model array o f  hair fibres backed by a solid plate representing the scalp 
have shown that coarse sprays give better penetration than fine sprays. 
This is in contrast to the behaviour predicted by classical aerosol capture 
theory and reasons for the observed behaviour are discussed.
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A survey of microbiological contamination in cosmetics and toiletries in the 
U.K. (1971): B a s i l  J a r v i s ,  A l a n  J .  R e y n o l d s ,  A n n e t t e  C. R h o d e s  

and M i c h a e l  A r m s t r o n g . J o u r n a l o f  th e  S o c i e t y  o f  C o s m e t ic  C h e m is ts  
25 563-575 (1974)

Synopsis— One hundred and seventy-two toiletry and cosmetic items 
purchased in 1971 from retail outlets throughout England and Wales were 
examined microbiologically. Viable micro-organisms were not recovered 
from over 50% o f the items tested and about 90% contained fewer than 
1000 organisms g-1. 75% o f all powder preparations tested did not con
tain viable spores o f anaerobic bacteria and none contained more than 
300 spores o f anaerobic bacteria g“ 1. O f the anaerobes isolated, none was 
identified as C lo s tr id iu m  te ta n i . C o l i f o r m  b a c te r ia  were not detected in any 
preparation o f toothpaste or lipstick examined. Comparison o f count 
from the top and bottom ends o f metal foil tubed products showed 
almost identical counts in most cases, but in two instances significantly 
higher counts were observed in the top (nozzle end) sample. Further 
analyses were performed on six or twelve replicate items o f a single 
brand o f seven product types to check the inter-sample variation in count. 
The results obtained confirmed the overall level o f colony count observed 
previously for these products; in some instances marked inter-sample 
variation in count was seen.
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Development of a skin cream 
designed to reduce dry and flaky 
skin

J. D. M IDDLETONn

Synopsis—Dry and flaky SKIN can result from a low extensibility in the STRATUM COR- 
NEUM. Because the EXTENSIBILITY of corneum depends upon its water content, HUMEC- 
TANTS are often added to skin products to increase the corneum water content. Measurements 
o f extensibility and water holding capacity in isolated animal corneum showed that conventional 
humectants such as glycerol, sorbitol or sodium lactate can be effective but that the effect is lost 
on rinsing the corneum in water. It was found that isolated animal corneum adsorbed LACTIC 
ACID and that the resulting increase in extensibility was retained after rinsing in water. In 
consumer tests, hand skin dryness and flaking was assessed by trained observers. Two weeks’ 
use of HAND LOTIONS, containing SODIUM LACTATE or lactic acid adjusted to pH 4, 
resulted in less hand skin dryness and flaking than the use o f control lotions. A lactic acid lotion 
also resulted in less dryness and flaking than a sodium lactate lotion.

In t r o d u c t io n

The function of the surface layer of skin, the stratum corneum, is to 
provide a protective layer over the surface of the body. This layer prevents 
excessive evaporative water loss and protects against physical and chemical *

* Environmental Safety Division, Unilever Research Laboratory Colworth/Welwyn, Colworth 
House, Sharnbrook, Bedford.
f  Present address: Inveresk Research International, Inveresk Gate, Musselburgh, Midlothian, 
EH21 7UB, Scotland.
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insults in the environment. Because much of the body surface is continu
ously stretching and flexing the stratum corneum must be flexible and 
extensible in order to conform without cracking to changes in body posture.

The extensibility of corneum depends upon its water content (1, 2) and 
upon its temperature (3, 4). When the skin surface is exposed to cold or dry 
conditions, there must be a gradient of decreasing water content and tem
perature from the base of the corneum to the surface. This means that the 
corneum surface tends to be less extensible than the deeper layers so that 
surface cracks and flaking occur more frequently than deep cracks or 
chapping.

One objective of skin cream and lotions is, therefore, to maintain a high 
corneum water content and extensibility so that skin cracking and flaking 
is less likely to occur.

Several authors (2, 5-7) have shown that the water content of corneum 
depends upon the presence within the corneum of hygroscopic substances 
which can hold water in atmospheres of normal humidity. These hygro
scopic substances are contained within the corneum cells by the cell walls 
which are permeable to water but not to electrolytes and they cannot be 
extracted unless the cell wall is damaged (2). The water held by the hygro
scopic materials maintains the extensibility of the corneum (2). The cell wall 
can be damaged by physical disruption, by extracting its lipids with solvents 
or by prolonged treatment with detergents which also extract lipids (8). The 
loss of hygroscopic substances resulting from this damage reduces the water 
content and extensibility of corneum (2).

The knowledge of the way in which corneum normally holds water and 
maintains its extensibility enables one to postulate that extensibility of 
damaged corneum could be increased by adding hygroscopic substances and 
a number of skin preparations contain humectants such as glycerol and 
various mixtures simulating the natural hygroscopic substances. However, 
in intact corneum the natural hygroscopic substances are kept in by the cell 
walls. When hygroscopic materials are added to solvent- or detergent- 
damaged corneum they may penetrate into the corneum cells but are un
likely to be retained and will be washed out when the skin is exposed to 
water. Their effect on extensibility is therefore likely to be only temporary.

The objective of the work reported in this paper was to find a hygro
scopic material which could increase the extensibility of solvent-damaged 
corneum and which would be retained by the corneum so that the increased 
extensibility would survive immersing the corneum in water. Solvent- rather 
than detergent-damaged corneum was selected because the damage is
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greater and more reproducible. A  further objective was to incorporate this 
material into hand lotion and compare the effect on dry and flaky skin with 
that of lotions containing no humectant or lotions containing humectants 
which were not retained by the corneum.

Experimental

S tudies on iso la ted  corn eu m — stratum  corn eu m

Corneum was obtained from the rear footpads of guinea pigs. It was 
separated by incubating the whole footpad in 0.1 mol tris buffer, pH 7.2, 
containing 2 mol urea and 0 .5%  trypsin (BDH) for 18 h at 37°C (2). After 
this the soft underlying tissues could be scraped away and the resulting 
corneum was washed for 2 h in distilled water with only one change of 
water. It was solvent-damaged by immersion in diethyl ether at ambient 
temperature for 18 h, followed by immersion in distilled water at ambient 
temperature for 6 h. This procedure removed lipids and hygroscopic sub
stances and reduced the water content and extensibility in humid atmo
spheres (2). This corneum was then used in experiments designed to increase 
water content and extensibility towards the levels for intact corneum.

M ea su rem en t o f  w ater co n ten t in hum id a tm osp h eres

The technique for measuring water content or water holding capacity 
has been described previously (2). Briefly, it consisted of equilibrating pieces 
of corneum at 81% r.h. and ambient temperature over saturated potassium 
bromide solution (9) to constant weight. The pieces of corneum were then 
transferred to a dry atmosphere over molecular sieve (type 4A) and re
equilibrated before weighing. Both equilibria take about 6 days to attain. 
The water holding capacity was expressed as mg water held 100 mg-1 dry 
weight of corneum at 81% r.h.

M ea su rem en t o f  ex ten s ib ility  in hum id a tm osp h eres

The technique for measuring extensibility has also been described pre
viously (2). From each piece of footpad corneum a strip measuring 0.6 x 1.5 
cm was cut with a stainless steel punch. Extensibility was measured on an 
Instron  T ensile T ester . The strip of corneum was clamped between two 
pairs of jaws and was stretched at a constant rate of extension. The load
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r e q u i r e d  t o  d o  t h i s  w a s  m e a s u r e d  w i t h  a  t e n s i o n  c e l l  a n d  t h e  l o a d - e x t e n s i o n  

c u r v e  w a s  p l o t t e d  a u t o m a t i c a l l y  o n  a  r e c o r d e r .  E x te n s i b i l i t y  w a s  c a l c u l a t e d  

f r o m  t h e  i n i t i a l  p a r t  o f  t h e  c u r v e  a n d  e x p r e s s e d  a s  p e r c e n t a g e  e x t e n s i o n  

1 0 0  g - 1 l o a d .  M e a s u r e m e n t s  w e r e  c a r r i e d  o u t  a t  a m b i e n t  t e m p e r a t u r e  a n d  in  

a  c o n t r o l l e d  a t m o s p h e r e  a t  8 1 %  r . h .  T h i s  w a s  a c h i e v e d  b y  e n c l o s i n g  t h e  j a w  

a s s e m b ly  o f  t h e  In s tr o n  i n  a  p o l y th e n e  c a b i n e t  a n d  r e c i r c u l a t i n g  a i r  w h ic h  

w a s  p r e - e q u i l i b r a t e d  a t  8 1 %  r .h .  b y  p a s s i n g  i t  t h r o u g h  c o lu m n s  o f  s a t u r a t e d  

p o t a s s i u m  b r o m i d e  s o l u t io n .

A f t e r  m e a s u r i n g  e x te n s i b i l i t y ,  t h e  w a t e r  h o l d i n g  c a p a c i t y  w a s  m e a s u r e d  

w i t h  t h e  s a m e  p ie c e s  o f  c o r n e u m .  T h e  t w o  p ie c e s  o f  c o r n e u m  f r o m  t h e  s a m e  

a n i m a l  w e r e  k e p t  t o g e t h e r .  O n e  w a s  s u b j e c t e d  t o  t h e  t r e a t m e n t  u n d e r  i n v e s t i 

g a t i o n  a n d  t h e  o t h e r  s e r v e d  a s  a  c o n t r o l .  F o r  s t a t i s t i c a l  a n a l y s i s  t h e  c o r n e u m  

f r o m  a  n u m b e r  o f  a n i m a l s  w a s  u s e d .  E a c h  a n i m a l  w a s  t a k e n  a s  a  s t a t i s t i c a l  

b l o c k  a n d  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t r e a t m e n t  a n d  c o n t r o l  w e r e  

a s s e s s e d  b y  a n a l y s i s  o f  v a r ia n c e .

A d s o r p t io n  s tu d ie s

T h e  a d s o r p t i o n  o f  m a t e r i a l s  b y  c o r n e u m  w a s  d e t e r m i n e d  b y  m e a s u r i n g  

t h e  d e c r e a s e  i n  c o n c e n t r a t i o n  o f  a n  a q u e o u s  s o l u t i o n  o f  t h e  m a t e r i a l  in  

c o n t a c t  w i t h  c o r n e u m .

W e ig h e d  p i e c e s  o f  d r y  c o r n e u m  w e r e  i m m e r s e d  in  s o l u t i o n s  o f  t h e  

m a t e r i a l  u n d e r  i n v e s t i g a t i o n  u s i n g  a  s o l i d - s o l u t i o n  r a t i o  o f  a p p r o x i m a t e l y  

1 0  m g  i n  1 c m 3 o f  s o l u t i o n .  A t  t h e  e n d  o f  t h e  e x p e r i m e n t a l  p e r i o d  t h e  m ix 

t u r e s  w e r e  c e n t r i f u g e d  a n d  t h e  s u p e r n a t a n t s  a n a l y s e d  f o r  t h e  m a t e r i a l  u n d e r  

i n v e s t i g a t i o n .  S o r b i t o l  a n d  g ly c e r o l  w e r e  a n a l y s e d  b y  a  p e r i o d a t e  t i t r a t i o n  

m e t h o d  (1 0 )  a n d  a r o m a t i c  c a r b o x y l i c  a c i d s  b y  m e a s u r i n g  t h e i r  u l t r a - v i o l e t  

a b s o r p t i o n  a t  t h e  w a v e l e n g th  o f  t h e i r  a b s o r p t i o n  m a x i m a  u s i n g  a n  O p tic a  
C F  4 R  s p e c tr o p h o to m e te r .  L a c t a t e  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  o f  B a r k e r  

a n d  S u m m e r s o n  ( 1 1 )  o r  b y  u s i n g  s o d i u m  D L  l a c t a t e - 2 C 14 ( R a d i o c h e m i c a l  

C e n t r e ,  A m e r s h a m )  a n d  d e t e r m i n i n g  t h e  c o n c e n t r a t i o n  b y  c o m p a r i n g  w i th  

s t a n d a r d s  in  a  P a c k a r d  L iq u id  S c in t i l la t io n  S p e c tr o p h o to m e te r  m o d e l 3 2 2 4  
w i t h  1 c m 3 o f  l a c t a t e  s o l u t i o n  a d d e d  t o  10  c m 3 o f  B r u n o - C h r i s t a i n  s c i n t i l 
l a t o r  (1 2 ) .

C o n t r o l  a l i q u o t s  w h ic h  h a d  n o t  b e e n  in  c o n t a c t  w i th  c o r n e u m  w e r e  

a n a l y s e d  u s i n g  t h e  s a m e  s o l u t i o n  i n  e a c h  c a s e .  T h e  r e s u l t s  w e r e  e x p r e s s e d  a s  

m g  o f  m a t e r i a l  a d s o r b e d  m g - 1 d r y  w e ig h t  o f  c o r n e u m  u n d e r  t h e  c o n d i t i o n s  

o f  t h e  e x p e r i m e n t .
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C o n su m e r  te s ts  w ith  lo tio n s

T h r e e  c o n s u m e r  t e s t s  w e r e  c a r r i e d  o u t ,  e a c h  c o m p a r i n g  t h e  e f fe c ts  o f  

t h r e e  l o t i o n s  o n  h o u s e w i v e s ’ h a n d s .  I n  e a c h  t e s t ,  a l l  t h r e e  h a d  t h e  s a m e  o i l  

p h a s e  a n d  tw o  o f  t h e  l o t i o n s  c o n t a i n e d  h u m e c t a n t  i n  t h e  a q u e o u s  p h a s e  a n d  

t h e  t h i r d  d i d  n o t  a n d  s e r v e d  a s  a  c o n t r o l .

A t  l e a s t  1 0 0  w o m e n  t o o k  p a r t  i n  e a c h  t e s t .  E a c h  w o m a n  u s e d  e a c h  o f  t h e  

t h r e e  l o t i o n s  f o r  a  p e r i o d  o f  2  w e e k s .  T h e r e  w e r e  e q u a l  n u m b e r s  o f  w o m e n  

u s in g  t h e  l o t i o n s  in  e a c h  o f  t h e  s ix  p o s s ib l e  s e q u e n c e s .  T h e  a m o u n t  o f  h a n d  

d r y n e s s  a n d  f l a k i n g  w a s  a s s e s s e d  a t  t h e  s t a r t  o f  t h e  t e s t  a n d  a f t e r  t w o  w e e k s ’ 

u s e  o f  e a c h  l o t i o n  a n d  t h e  e f fe c ts  o f  t h e  l o t i o n  w e r e  c o m p a r e d .

I n  o r d e r  t o  a s s e s s  t h e  e f fe c t  o f  a  l o t i o n  o n  s k i n  d r y n e s s  a n d  f l a k i n g  t h e r e  

m u s t  b e  s o m e  i n i t i a l  d r y n e s s  a n d  f l a k in g .  T h e  h a n d s  o f  a b o u t  d o u b l e  t h e  

n u m b e r  o f  w o m e n  r e q u i r e d  w e r e  e x a m i n e d  a n d  t h o s e  w i t h  t h e  m o s t  h a n d  

s k i n  d r y n e s s  a n d  f l a k i n g  w e r e  s e l e c te d .  T h e  t e s t s  w e r e  a l l  c a r r i e d  o u t  in  

w i n t e r  t o  o b t a i n  t h e  m a x i m u m  a m o u n t  o f  s k i n  d r y n e s s .

T h e  m e t h o d  o f  a s s e s s in g  h a n d  s k i n  d r y n e s s  a n d  f l a k i n g  h a s  b e e n  r e p o r t e d  

p r e v io u s ly  b y  G i b s o n  ( 1 3 ) .  I t  c o n s i s t s  o f  a  t r a i n e d  a s s e s s o r  s c o r i n g  s ix  a r e a s  

o f  e a c h  h a n d  a c c o r d i n g  t o  t h e  f o l l o w in g  s c h e m e : — 0  =  n o  r e l e v a n t  v i s ib le  

d a m a g e ;  1 =  s l i g h t  d r y n e s s ;  2 =  m a r k e d  d r y n e s s ;  3 =  s l i g h t  f l a k i n g ;  4  =  

m a r k e d  f l a k i n g / s l i g h t  c r a c k i n g ;  6  =  s e v e r e  c r a c k in g .  T h e  a r e a s  o f  t h e  h a n d  

a s s e s s e d  a r e : b a c k  o f  h a n d ,  t h u m b  w e b ,  o t h e r  w e b s ,  b a c k  o f  f in g e r s ,  p a lm ,  

a n d  f r o n t  o f  f in g e r s .  T h e r e  is  n o  c l e a r  d i s t i n c t i o n  b e tw e e n  a n y  o f  t h e  g r a d e s  

o f  d r y n e s s  a n d  f l a k i n g ,  b u t  w i t h  p r a c t i c e ,  a s s e s s o r s  c a n  b e c o m e  c o n s i s t e n t  

i n  t h e i r  s c o r in g .  T h e  12  a r e a s  o n  e a c h  p a n e l l i s t  a r e  s u m m e d  t o  g iv e  t o t a l  

h a n d  s c o r e .

T o  o b t a i n  a  p r o p e r  s t a t i s t i c a l  b a l a n c e  f o r  t h e  e x p e r i m e n t ,  t h e  w o m e n  

w h o  w e r e  t o  t a k e  p a r t  i n  t h e  t e s t  w e r e  a r r a n g e d  i n  d e c r e a s in g  o r d e r  o f  h a n d  

s c o r e .  T h e y  w e r e  t h e n  a l l o c a t e d  t o  o n e  o f  t h e  s ix  p o s s ib l e  s e q u e n c e s  o f  h a n d  

l o t i o n  u s a g e  b y  t a k i n g  t h e  f i r s t  s ix  o n  t h e  l i s t  a n d  a l l o c a t i n g  t h e m  a t  r a n d o m  

t o  o n e  o f  t h e  s ix  s e q u e n c e s .  T h i s  p r o c e s s  w a s  r e p e a t e d  d o w n  t h e  l i s t .  I n  t h i s  

w a y  t h e  m e a n  a n d  r a n g e  o f  h a n d  s c o r e s  i n  e a c h  s e q u e n c e  w a s  a p p r o x i m a t e l y  

t h e  s a m e .

I n  e a c h  t e s t  t h e  s a m e  p e r s o n  a s s e s s e d  t h e  h a n d s  a n d  d i d  n o t  k n o w  w h ic h  

l o t i o n  t h e  p a n e l l i s t s  h a d  b e e n  u s i n g .  A l s o  t h e  p a n e l l i s t s  t h e m s e l v e s  r e c e iv e d  

c o d e d  p r o d u c t s  a n d  d i d  n o t  k n o w  w h ic h  l o t i o n s  c o n t a i n e d  t h e  h u m e c t a n t s .

U s in g  t h e  s ix  p o s s ib l e  s e q u e n c e s  o f  h a n d  l o t i o n  u s a g e  a l l o w s  t h e  s t a t i s 

t i c a l  a n a l y s i s  o f  t h e  r e s u l t s  t o  t a k e  a c c o u n t  o f  a n y  v a r i a t i o n s  i n  t h e  o v e r a l l  

m e a n  h a n d  s c o r e  w i th  t im e .  S u c h  v a r i a t i o n s  m a y  o c c u r  a s  t h e  r e s u l t  o f
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c h a n g e s  i n  t h e  w e a t h e r .  I n  o r d e r  t o  a s c e r t a i n  w h e t h e r  t h e r e  a r e  s i g n i f i c a n t  

d i f f e r e n c e s  b e tw e e n  h a n d  l o t i o n s ,  t h e  s t a t i s t i c a l  a n a l y s i s  m u s t  t a k e  a c c o u n t  

o f  d i f f e r e n c e s  b e tw e e n  s u b j e c t s  in  t h e i r  m e a n  h a n d  s c o r e s  a n d  a l s o  t h e  

d i f f e r e n c e s  b e tw e e n  t h e  t w o  w e e k ly  h a n d  s c o r i n g  s e s s io n s .  I n  a n  a n a l y s i s  o f  

v a r i a n c e ,  e a c h  o f  t h e  s ix  s e q u e n c e s  o f  h a n d  l o t i o n  u s a g e  w a s  a n a l y s e d  a s  a  

r a n d o m i z e d  b l o c k  e x p e r i m e n t  w i th  s o m e  m is s in g  o b s e r v a t i o n s ,  s u b j e c t s  

c o r r e s p o n d i n g  t o  b l o c k s  a n d  s c o r i n g  s e s s io n s  t o  t r e a t m e n t s .  T h e  t r e a t m e n t  

m e a n s  w h ic h  a r e  g iv e n  b y  t h i s  a n a l y s i s  a r e  t h e  s c o r i n g  s e s s io n  m e a n s  c o r 

r e c t e d  f o r  d i f f e r e n c e s  b e tw e e n  s u b je c t s .  T h e y  c o n t a i n  i n f o r m a t i o n  o n  

d i f f e r e n c e s  b e tw e e n  l o t i o n s  a s  w e l l  a s  b e tw e e n  s e s s io n s .  T h e s e  r e s u l t s  w e r e  

t h e n  a n a l y s e d  a s  a  g e n e r a l i z e d  l a t i n  s q u a r e  e x p e r i m e n t ,  s e q u e n c e s  c o r r e 

s p o n d i n g  t o  r o w s ,  s e s s io n s  t o  c o lu m n s  a n d  l o t i o n s  t o  t r e a t m e n t s .  T h e  

t r e a t m e n t  m e a n s  w h ic h  a r e  g iv e n  b y  t h i s  a n a l y s i s  a r e  t h e  o v e r a l l  m e a n  

h a n d  s c o r e s  f o r  e a c h  l o t i o n  c o r r e c t e d  f o r  d i f f e r e n c e s  b e tw e e n  s u b j e c t s  a n d  

f o r  d i f f e r e n c e s  b e tw e e n  s c o r i n g  s e s s io n s .

R esults

E f f e c t  o f  n o r m a l h u m e c ta n ts  o n  is o la te d  co rn eu in

I n  t h e  f i r s t  s e r i e s  o f  e x p e r i m e n t s ,  t h e  e f fe c t  o f  a  n u m b e r  o f  h u m e c t a n t s  

o n  t h e  w a t e r  h o l d i n g  c a p a c i t y  a n d  e x te n s i b i l i t y  o f  s o l v e n t - d a m a g e d  g u i n e a  

p ig  f o o t p a d  c o r n e u m  w a s  i n v e s t i g a t e d .  T a b le  /  s h o w s  t h e  e f fe c t  o f  i m m e r s i n g  

t h e  c o r n e u m  f o r  3 0  m in  in  5 ° /  a q u e o u s  s o l u t io n s  o f  g ly c e r o l ,  s o r b i t o l ,  

s o d i u m  l a c t a t e  a n d  t h e  s o d i u m  s a l t  o f  5 - p y r o l l i d o n e - 2 - c a r b o x y l i c  a c i d  

( N a P C A ) .  G l y c e r o l  a n d  s o r b i t o l  a r e  c o m m o n l y  u s e d  h u m e c t a n t s  in  s k in  

c r e a m s .  N a P C A  ( 1 4 )  a n d  l a c t a t e  (5 )  a r e  i m p o r t a n t  c o n s t i t u e n t s  o f  t h e  

n a t u r a l  h y g r o s c o p i c  m a t e r i a l  i n  i n t a c t  c o r n e u m .  I n  e a c h  e x p e r i m e n t ,  t h e  

e f fe c ts  o f  t h e  h u m e c t a n t  s o l u t i o n  w e r e  c o m p a r e d  w i th  t h o s e  o f  w a t e r  o n  a  

n u m b e r  o f  r e p l i c a t e  p a i r s  o f  c o r n e u m  p ie c e s .  T h e  t a b l e  i n d i c a t e s  w h e r e  t h e r e  

w e r e  s t a t i s t i c a l l y  s ig n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t h e  e f fe c ts  o f  h u m e c t a n t  

a n d  w a t e r ,  a s  a s s e s s e d  b y  a n a l y s i s  o f  v a r i a n c e .  A l l  t h e  h u m e c t a n t s  i n c r e a s e d  

t h e  e x te n s ib i l i t y  o f  c o r n e u m  u n d e r  t h e s e  c o n d i t i o n s .  W i t h  t h e  e x c e p t i o n  o f  

s o r b i t o l ,  t h e y  a l s o  s ig n i f i c a n t ly  i n c r e a s e d  t h e  w a t e r  h o l d i n g  c a p a c i t y .

T a b le  I I  s h o w s  t h e  e f f e c t ,  i n  a  d i f f e r e n t  s e r i e s  o f  e x p e r i m e n t s ,  o f  i m m e r s 

in g  t h e  t r e a t e d  c o r n e u m  in  w a te r .  S o l v e n t - d a m a g e d  c o r n e u m  w a s  i m m e r s e d  

i n  5 %  s o l u t i o n s  o f  t h e  h u m e c t a n t s  f o r  3 0  m in ,  f o l lo w e d  b y  i m m e r s i o n  in  

w a t e r  f o r  3 0  m in .  C o n t r o l  p ie c e s  o f  c o r n e u m  w e r e  i m m e r s e d  in  w a t e r  f o r  

t w o  s u c c e s s iv e  p e r i o d s  o f  3 0  m in .
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Table I. Effect o f 5%  hum ectant solutions on  water holding
capacity and extensibility at 81 % r.h. o f solvent-dam aged guinea pig 

footpad corneum

W ater■ held Extensibility
H um ectant (mg 100 m g '1 dry corneum ) (%  per 100 g load)

Glycerol 19.9 (9) 1.24 GO)
W ater 17.4* (9) 0.60* GO)
Sorbitol 18.6 (8) 0.82 (8)
W ater 17.5 (8) 0.53* (8)
Sodium  lactate 21.6 (9) 1.71 (20)
W ater 17.8* (9) 0.43* (20)
N aPC A 23.3 (10) 2.07 GO)
W ater 17.5* (10) 0.54* GO)

Figures in brackets represent num ber o f replicates.
* Significant difference (P< 0.05) between hum ectant and water. 

Treatm ent times 30 min.

Table II. Effect o f  rinsing on water holding capacity and extensibility a t 
81 % r.h. o f solvent-damaged guinea pig footpad corneum  with 5 % hum ectant

solutions

Treatm ent
W ater held

(mg 100 m g '1 dry corneum )
Extensibility 

( % per 100 g load)

Glycerol : W ater N ot done 0.76 (20)
W ater : W ater 0.76 (20)

Sorbitol : W ater 16.5 (10) 0.44 (10)
W ater : W ater 17.1 (10) 0.42 (10)

Sodium  lactate : W ater 17.2 (18) 0.48 (30)
W ater : W ater 17.5 (18) 0.41 (30)

N aPC A  : W ater 15.6 (10) 0.33 (10)
W ater : W ater 15.5 (10) 0.41 (10)

Figures in brackets are num bers o f replicates. 
All treatm ent times were 30 min.

I n  n o  c a s e  w a s  t h e r e  a  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  w a t e r  h o l d i n g  

c a p a c i t y  o r  e x t e n s i b i l i t y  o f  c o r n e u m  t r e a t e d  w i t h  h u m e c t a n t  f o l lo w e d  b y  

w a t e r  a n d  c o r n e u m  t r e a t e d  w i th  w a t e r  a lo n e .  T h e  s u p p o s i t i o n  is  t h a t  w a t e r  

r e m o v e s  t h e  a d d e d  h u m e c t a n t  a n d  t h i s  r e s u l t s  i n  a  l o s s  o f  t h e  i n c r e a s e d  

w a t e r  h o l d i n g  c a p a c i t y  a n d  e x te n s ib i l i t y .
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A d s o r p t io n  s tu d ie s

T h e  r e s u l t s  g iv e n  a b o v e  i n d i c a t e  t h a t  a n y  b e n e f ic ia l  e f fe c t  o f  m o s t  

h u m e c t a n t s  w i l l  o n ly  b e  t e m p o r a r y  a n d  t h a t  t h e  e f fe c t  w i l l  b e  l o s t  w h e n  th e  

s k in  is  im m e r s e d  in  w a t e r .  A  m o r e  e f fe c t iv e  h u m e c t a n t  w o u l d  b e  o n e  w h ic h  

is  a d s o r b e d  b y  t h e  c o r n e u m  s o  t h a t  i t  is  n o t  e a s i ly  r i n s e d  o u t .

T h e  a d s o r p t i o n  o f  g ly c e r o l ,  s o r b i t o l  a n d  s o d i u m  l a c t a t e  o n  t o  s o lv e n t -  

d a m a g e d  c o r n e u m  w a s  s t u d i e d  b y  d e t e r m i n i n g  t h e  r e d u c t i o n  in  c o n c e n t r a 

t i o n  o f  t h e  h u m e c t a n t  in  a n  a q u e o u s  s o l u t i o n  in  c o n t a c t  w i th  c o r n e u m .  N o  

r e d u c t i o n  i n  t h e  c o n c e n t r a t i o n  o f  t h e s e  t h r e e  h u m e c t a n t s  c o u ld  b e  d e t e c t e d ,  

i n d i c a t i n g  t h a t  t h e r e  w a s  n o  a d s o r p t i o n  to  t h e  c o r n e u m .  T h i s  o b s e r v a t i o n  

w a s  c o n s i s t e n t  w i t h  t h e  lo s s  o f  e f fe c t  o n  w a t e r  h o l d i n g  a n d  e x t e n s i b i l i t y  

a f t e r  r i n s i n g  c o r n e u m  t r e a t e d  w i t h  t h e  t h r e e  h u m e c t a n t s .  I n  t h e  n e x t  s e r i e s  

o f  e x p e r i m e n t s  t h e  a d s o r p t i o n  o f  a r o m a t i c  c a r b o x y l i c  a c i d s  w a s  i n v e s t i g a te d  

in  t h e  s a m e  m a n n e r .  C a r b o x y l i c  a c i d s  h a v e  b e e n  s h o w n  t o  a d s o r b  t o  h a i r  

k e r a t i n  (1 5 )  a n d  a r o m a t i c  c o m p o u n d s  w e r e  s e le c te d  a s  e x a m p l e s  o f  c a r b 

o x y l ic  a c i d s  b e c a u s e  o f  t h e  e a s e  o f  e s t i m a t i n g  t h e i r  c o n c e n t r a t i o n  in  a q u e o u s  

s o l u t i o n  b y  u l t r a - v i o l e t  a b s o r p t i o n .

T a b le  I I I  s h o w s  t h e  a d s o r p t i o n  o f  t h r e e  a r o m a t i c  c a r b o x y l i c  a c i d s  a f t e r  

i m m e r s i n g  t h e  c o r n e u m  in  a n  a q u e o u s  s o l u t io n  o f  t h e  a c i d  f o r  4  h  a t  a  

c o n c e n t r a t i o n  w h ic h  g a v e  a  c o n v e n i e n t  r e a d i n g  o n  t h e  s p e c t r o p h o t o m e t e r .

Table III. A dsorption of arom atic carboxylic acids by solvent-damaged corneum

Acid
C oncentration

(mmol)
Wavelength

(nm)
Adsorption

(mg acid mg-1 dry corneum )

Phthalic 0.5 278.5 0.0041
Salicylic 0.2 295 0.0089
M andelic 3.0 256 0.0021

T h e  r e s u l t s  s h o w e d  t h a t  t h e r e  w a s  s o m e  a d s o r p t i o n  o f  c a r b o x y l i c  a c i d s .  T h e  

a c i d s  i n v e s t i g a t e d  w e r e  n o t  h y g r o s c o p i c .  F u r t h e r  e x p e r i m e n t s  w e r e  t h e r e f o r e  

c a r r i e d  o u t  w i t h  a  h y g r o s c o p i c  a c i d ,  l a c t i c  a c id .

I n  p r e l i m i n a r y  e x p e r i m e n t s  u s i n g  B a r k e r  a n d  S u m m e r s o n ’s m e t h o d  (1 1 )  

f o r  d e t e r m i n i n g  l a c t i c  a c i d ,  a n  a v e r a g e  a d s o r p t i o n  o f  0 .0 5 6  m g  l a c t i c  a c id  

m g - 1 c o r n e u m  w a s  o b t a i n e d  a f t e r  i m m e r s i n g  c o r n e u m  in  0 .5 %  l a c t i c  a c i d  

s o l u t i o n  f o r  2  h .  T h e  a d s o r p t i o n  w a s  i n v e s t i g a t e d  in  m o r e  d e t a i l  u s i n g  C 14 

l a b e l l e d  l a c t a t e  w h ic h  a l l o w e d  a  s i m p le r  a n d  m o r e  a c c u r a t e  a n a l y t i c a l  d e t e r 

m i n a t i o n  o f  l a c t a t e  a n d  l a c t i c  a c id .
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T a b le  I V  s h o w s  a  c o m p a r i s o n  i n  d u p l i c a t e  e x p e r i m e n t s  o f  t h e  u p t a k e  o f  

l a c t i c  a c i d  b y  s o l v e n t - d a m a g e d  a n d  i n t a c t  c o r n e u m  a f t e r  i m m e r s i n g  th e  

c o r n e u m  i n  0 .0 1  m o l  a c i d  ( 0 .0 9 % )  f o r  2  h  a n d  f o r  2 4  h .

Table IV. A dsorption o f lactic acid by solvent-dam aged 
and intact corneum

A dsorption (mg lactic acid mg“ 1 corneum )
Time (h) Solvent-damaged Intact

2 0.0089, 0.0089 0.0007, 0.0012
24 0.0094, 0.0093 0.0016, 0.0021

T h e  r e s u l t s  o f  t h e  m e t h o d  u s i n g  C 14 l a c t i c  a c i d  a g r e e  w i t h  t h o s e  u s in g  t h e  

B a r k e r  a n d  S u m m e r s o n  m e t h o d  in  t h a t  t h e r e  is  a p p r o x i m a t e l y  o n e  f i f th  o f  

t h e  a d s o r p t i o n  a t  o n e  f i f th  o f  t h e  c o n c e n t r a t i o n  o f  l a c t i c  a c i d .  T h e  r e s u l t s  

s h o w  a  m u c h  g r e a t e r  a d s o r p t i o n  o f  l a c t i c  a c i d  b y  s o l v e n t - d a m a g e d  c o r n e u m  

t h a n  b y  i n t a c t  c o r n e u m .  T h i s  is  c o n s i s t e n t  w i t h  t h e  c e l l  w a l ls  p r e v e n t i n g  t h e  

p a s s a g e  o f  l a c t i c  a c i d  i n  i n t a c t  c o r n e u m .  A f t e r  2  h  t h e r e  is  l i t t l e  f u r t h e r  

i n c r e a s e  i n  a d s o r p t i o n  b y  d a m a g e d  c o r n e u m ,  b u t  t h i s  is  n o t  t r u e  f o r  i n t a c t  

c o r n e u m .

T h e  e f f e c t  o f  p H  o n  a d s o r p t i o n  o f  l a c t i c  a c i d  is  s h o w n  in  T a b le  V .  T h e  

p H  o f  l a c t i c  a c i d  s o l u t i o n s  w a s  a d j u s t e d  w i th  s o d i u m  h y d r o x i d e  a n d  f in a l  

c o n c e n t r a t i o n  o f  l a c t i c  a c i d  p l u s  s o d i u m  l a c t a t e  w a s  0 .0 1  m . S o lv e n t -  

d a m a g e d  c o r n e u m  w a s  i m m e r s e d  in  t h e  s o l u t i o n s  f o r  2 h .

Table V. Effect o f pH  on adsorption o f lactic acid 
by solvent-dam aged corneum

pH  A dsorption (mg lactic acid mg-1 corneum )

2.9 0.009
3.0 0.009
3.4 0.0085
3.8 0.006
3.95 0.0045
4.2 0.0034
4.55 0.0020
4.85 0.0036
5.1 Zero
6.2 Zero

Each figure is the m ean of three experiments. 
Corneum  immersed in 0.01m lactic acid/lactate 

solution for 2 h.
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T h e  a d s o r p t i o n  o f  l a c t i c  a c id  d e c r e a s e s  a s  t h e  p H  in c r e a s e s .  A b o v e  p H  5 

t h e r e  is  n o  d e t e c t a b l e  a d s o r p t i o n .  T h e s e  o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  

t h e  a d s o r p t i o n  o f  u n d i s s o c i a t e d  l a c t i c  a c id .  T h e  p H  o f  l a c t i c  a c id  is  3 .8 8  a n d  

a b o v e  p H  5 t h e r e  w i l l  b e  v e r y  l i t t l e  u n d i s s o c i a t e d  l a c t i c  a c id  in  s o l u t io n .

E f f e c t  o f  la c t ic  a c id  so lu tio n  o n  w a te r  h o ld in g  c a p a c ity  a n d  e x te n s ib i l i ty

T h e  a d s o r p t i o n  s t u d i e s  s h o w e d  t h a t  l a c t i c  a c i d  w a s  a d s o r b e d  b y  s o lv e n t -  

d a m a g e d  c o r n e u m .  T h e  e f fe c t  o f  l a c t i c  a c id  o n  c o r n e u m  w a t e r  h o l d i n g  a n d  

e x t e n s i b i l i t y  w a s  t h e n  d e t e r m i n e d .  P ie c e s  o f  g u i n e a  p ig  f o o t p a d  c o r n e u m  

w e r e  i m m e r s e d  in  a  1 0 %  W /V  s o l u t i o n  o f  l a c t i c  a c id  f o r  3 0  m in  a n d  w a t e r  

h o l d i n g  a n d  e x te n s i b i l i t y  w e r e  m e a s u r e d  ( T a b le  V I ) .  I n  a  s e p a r a t e  e x p e r i 

m e n t ,  t h e  e f fe c t  o f  a  s u b s e q u e n t  3 0  m in  i m m e r s i o n  in  w a t e r  w a s  i n v e s t i g a t e d .  

I n  b o t h  e x p e r i m e n t s  t h e  e f fe c t  o f  l a c t i c  a c i d  w a s  c o m p a r e d  w i t h  t h a t  o f  

w a te r .  T h e  r e s u l t s  o f  s e p a r a t e  e x p e r i m e n t s  s h o w in g  t h e  e f fe c t  o f  1 0 %  

s o d i u m  l a c t a t e ,  w h ic h  is  n o t  a d s o r b e d ,  a r e  i n c l u d e d  f o r  c o m p a r i s o n .  T a b le  

V I  s h o w s  t h e  r e s u l t s .

Table VI. Effect o f 10% lactic acid and sodium lactate solution on water 
holding capacity and extensibility o f solvent-dam aged corneum  at 81 % r.h.

W ater held Extensibility
Treatm ent (mg 100 mg-1 dry corneum ) (%  per 100 g load)

Lactic acid 34.0 (6) 30.6 (6)
W ater 18.9*: (6) 0.5* (6)

Lactic acid then water 16.9 (10) 1.1 (10)
W ater 15.6 (10) 0.6* (10)

Sodium lactate 47.3 (10) 29.8 (10)
W ater 19.1* (10) 0.9* (10)

Sodium lactate then water 18.0 (10) 0.85 (10)
W ater 18.0 (10) 0.61 (10)

Figures in parentheses are num bers o f replicates. 
All treatm ent times were 30 min.

* Denotes significant difference (P< 0.05).

B o t h  l a c t i c  a c i d  a n d  s o d i u m  l a c t a t e  c a u s e d  l a r g e  i n c r e a s e s  in  w a t e r  

h o l d i n g  a n d  e x te n s i b i l i t y ,  p r o v i d e d  t h a t  t h e  c o r n e u m  w a s  n o t  r i n s e d  a f t e r  

t r e a t m e n t .  A f t e r  a  3 0  m in  r i n s e  t h e  e f fe c t  o f  t h e  s o d i u m  l a c t a t e  h a d  b e e n  

l o s t ,  b u t  t h e  c o r n e u m  t r e a t e d  w i th  l a c t i c  a c id  s t i l l  h a d  a  s ig n i f i c a n t ly  g r e a t e r  

e x te n s i b i l i t y  t h a n  c o r n e u m  t r e a t e d  w i th  w a t e r ,  a l t h o u g h  m u c h  o f  t h e  e f fe c t
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h a d  b e e n  l o s t  d u r i n g  t h e  r i n s i n g  p e r i o d .  N o  d e t e c t a b l e  i n c r e a s e  in  w a t e r  

h o l d i n g  c a p a c i t y  r e m a in e d  a f t e r  r i n s i n g  c o r n e u m  t r e a t e d  w i th  l a c t i c  a c id .

T h e s e  e x p e r i m e n t s  s h o w e d  t h a t  a d s o r p t i o n  o f  l a c t i c  a c i d  r e s u l t e d  in  t h e  

c o r n e u m  m a i n t a i n i n g  a n  i n c r e a s e d  e x t e n s i b i l i t y  a f t e r  r i n s i n g  in  w a t e r  u n d e r  

c o n d i t i o n s  w h e r e  t h e  e f fe c t  o f  o t h e r  h u m e c t a n t s  w a s  lo s t .

E ffe c t  o f  h a n d  lo t io n s  c o n ta in in g  la c t ic  a c id  o n  c o rn e u m  w a te r  h o ld in g
a n d  e x te n s ib i l i ty

T h e  p H  o f  l a c t i c  a c i d  i t s e l f  is  t o o  l o w  f o r  i n c o r p o r a t i o n  i n t o  h a n d  lo t i o n s .  

H a n d  l o t i o n s  c o n t a i n i n g  l a c t i c  a c i d  w e r e  p r e p a r e d  b y  p a r t i a l l y  n e u t r a l i z i n g  

l a c t i c  a c i d  w i th  s o d i u m  h y d r o x i d e  t o  g iv e  a  p H  o f  4 ,  a n d  i n c o r p o r a t i n g  t h i s  

i n to  t h e  a q u e o u s  p h a s e  o f  a  l o t i o n  t o  g iv e  a  p r o d u c t  c o n t a i n i n g  1 0 %  b y  

w e ig h t  o f  t h e  l a c t i c  a c i d - s o d i u m  l a c t a t e  m ix t u r e ,  c a l c u l a t e d  a s  l a c t i c  a c id .  

S i m i l a r  l o t i o n s  c o n t a i n i n g  1 0 %  s o d i u m  l a c t a t e ,  a n d  a  c o n t r o l  l o t i o n  c o n 

t a i n i n g  w a t e r  in  p l a c e  o f  t h e  l a c t i c  a c i d  o r  l a c t a t e ,  w e r e  a l s o  p r e p a r e d .

T h e  l o t i o n s  w e r e  r u b b e d  i n t o  b o t h  s id e s  o f  p ie c e s  o f  s o l v e n t - d a m a g e d  

g u i n e a  p ig  f o o t p a d  c o r n e u m  f o r  a  t o t a l  p e r i o d  o f  9 0  s w i th  t h e  f i n g e r t i p s  

w h i le  w e a r i n g  r u b b e r  g lo v e s .  E x c e s s  l o t i o n  w a s  r e m o v e d  b y  w ip in g  w i th  

t i s s u e s  a n d  t h e  t r e a t e d  c o r n e u m  w a s  e i t h e r  e q u i l i b r a t e d  a t  8 1 %  r .h .  o r  

r i n s e d  b y  i m m e r s i o n  in  w a t e r  f o r  3 0  m in  b e f o r e  e q u i l i b r a t i o n .  T h e  c o n t r o l  

p ie c e s  o f  c o r n e u m  f r o m  t h e  s a m e  a n i m a l s  w e r e  e i t h e r  le f t  u n t r e a t e d  o r  w e r e  

i m m e r s e d  in  w a t e r  f o r  3 0  m in  a s  a p p r o p r i a t e .  T a b le  V I I  s h o w s  t h e  e f fe c t  o f  

t h e  l o t i o n s  o n  c o r n e u m  w a t e r  h o l d i n g  c a p a c i t y  a n d  e x te n s ib i l i t y .

Table VII. Effect o f hand lotions on water holding and extensibility o f  solvent- 
dam aged guinea pig footpad corneum  at 81 % r.h.

Treatm ent
W ater held Extensibility

(mg 100 m g^1 corneum ) (%  per 100 g load)
Unrinsed Rinsed U nrinsed Rinsed

C ontrol lotion 17.6 (9) 18.6 (12) 0.68 (10) 0.93 (12)
U ntreated 17.7 (9) 18.1 (12) 0.59 (10) 0.87 (12)

Lactic acid lotion 17.4 (16) 18.3 (19) 1.19 (10) 0.98 (11)
U ntreated 16.4* (16) 18.3 (19) 0.58* (10) 0.59* (11)

Sodium lactate lotion 19.9 (10) 18.1 (11) 0.81 (10) 0.74 (11)
U ntreated 17.8* (10) 17.4 (11) 0.59* (10) 0.75 (11)

Figures in parentheses are num bers o f  replicates. 
T reatm ent time with lotions was 90 s, rinsing time was 30 min. 

* Denotes significant difference (P< 0.05).
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T h e  r e s u l t s  s h o w e d  t h a t  t h e  c o n t r o l  l o t i o n  h a d  n o  e f fe c t  o n  w a t e r  h o l d i n g  

o r  e x te n s ib i l i t y .  B o t h  t h e  l a c t i c  a c id  l o t i o n  a t  p H  4  a n d  t h e  s o d i u m  l a c t a t e  

l o t i o n  i n c r e a s e d  w a t e r  h o l d i n g  a n d  e x te n s ib i l i t y .  A f t e r  r i n s i n g  f o r  3 0  m in ,  

t h e  c o r n e u m  t r e a t e d  w i t h  l a c t i c  a c i d  l o t i o n  h a d  r e t a i n e d  a n  i n c r e a s e d  

e x te n s ib i l i t y ,  a n d  t h a t  t r e a t e d  w i t h  t h e  s o d i u m  l a c t a t e  l o t i o n  h a d  n o t .  A s  

w i th  t h e  l a c t i c  a c i d  s o l u t i o n ,  t h e  i n c r e a s e d  w a t e r  h o l d i n g  c a p a c i t y  c a u s e d  b y  

t h e  l a c t i c  a c i d  l o t i o n  w a s  l o s t  a f t e r  r i n s i n g .

T h e s e  r e s u l t s  i n d i c a t e d  t h a t  a  r e la t i v e ly  s h o r t  t r e a t m e n t  ( 9 0  s )  w i t h  a  

l o t i o n  a t  p H  4  c o n t a i n i n g  l a c t i c  a c i d  r e s u l t e d  in  a n  i n c r e a s e d  e x te n s i b i l i t y  

a n d  t h a t  a f t e r  a  r e la t i v e ly  p r o l o n g e d  r i n s i n g  in  w a t e r  ( 3 0  m in )  t h e  e x t e n s i 

b i l i t y  w a s  s t i l l  h i g h e r  t h a n  t h a t  o f  c o n t r o l  p ie c e s  o f  c o r n e u m .

E ffe c tiv e n e s s  o f  la c t ic  a c id  h a n d  lo t io n s  in  c o n su m e r  te s ts

I n  t h e  f i r s t  c o n s u m e r  t e s t ,  1 4 3  w o m e n  u s e d  e a c h  o f  t h r e e  h a n d  l o t i o n s  f o r  

2  w e e k s .  T h e  l o t i o n s  w e r e  a  c o n t r o l ,  a  s o d i u m  l a c t a t e  l o t i o n  a n d  a  l a c t i c  a c i d  

l o t i o n .  T h e  e f f e c t  o f  t h e s e  l o t i o n s  o n  c o r n e u m  w a t e r  h o l d i n g  a n d  e x t e n s i 

b i l i t y  w a s  s h o w n  in  T a b le  V I I .  T a b le  V I I I  s h o w s  t h e  m e a n  h a n d  s c o r e s  a f t e r  

u s in g  t h e  t h r e e  l o t i o n s .

Table V III. Consum er test 1. M ean hand  scores after using 
hand lotions

H and  lotion H and score

Control 12.3
Sodium  lactate 9.6
Lactic acid 9.0
Difference required for significance (P =  0.05) 1.2

143 women completed the test.
Lotions contained 10% lactic acid/sodium  lactate.

T h e  m e a n  h a n d  s c o r e  a f t e r  u s i n g  t h e  c o n t r o l  l o t i o n  w a s  s ig n i f i c a n t ly  

h i g h e r ,  i .e .  t h e r e  w a s  m o r e  h a n d  s k in  d r y n e s s  a n d  f l a k i n g  t h a n  a f t e r  u s i n g  

t h e  s o d i u m  l a c t a t e  o r  l a c t i c  a c i d  l o t i o n .  T h e  l a c t i c  a c id  l o t i o n  r e s u l t e d  i n  a  

l o w e r  m e a n  h a n d  s c o r e  t h a n  t h e  s o d i u m  l a c t a t e  l o t i o n ,  b u t  t h e  d i f f e r e n c e  

b e tw e e n  t h e  t w o  w a s  n o t  s t a t i s t i c a l l y  s ig n i f i c a n t .  T h i s  t e s t ,  t h e r e f o r e ,  

s h o w e d  t h a t  t h e  p r e s e n c e  in  a  h a n d  l o t i o n  o f  a  h u m e c t a n t ,  s u c h  a s  s o d i u m  

l a c t a t e ,  w h ic h  is  n o t  a d s o r b e d  b y  c o r n e u m ,  c a n  r e s u l t  in  le s s  s k in  d r y n e s s  a n d  

f l a k in g .  I t  d i d  n o t  d e m o n s t r a t e  t h a t  a  h u m e c t a n t  w h ic h  is  a d s o r b e d  r e s u l t s  

i n  a  b e t t e r  h a n d  c o n d i t i o n  t h a n  o n e  w h ic h  is  n o t .
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A l t h o u g h  t h e  f i r s t  c o n s u m e r  t e s t  w a s  c a r r i e d  o u t  i n  w i n t e r ,  t h e  w e a t h e r  

w a s  e x c e p t i o n a l l y  w a r m  a n d  t h e r e  w a s  r e l a t i v e ly  l i t t l e  s k in  d r y n e s s  a n d  

f l a k i n g  a m o n g s t  t h e  p a n e l l i s t s .  I t  w a s  t h o u g h t  t h a t  t h i s  m a y  h a v e  r e d u c e d  

t h e  s e n s i t iv i t y  o f  t h e  t e s t .

A  s e c o n d  t e s t  w a s  c a r r i e d  o u t  d u r i n g  t h e  f o l l o w in g  w i n t e r  u s i n g  th e  

s a m e  h u m e c t a n t s  i n c o r p o r a t e d  i n t o  a  d i f f e r e n t  l o t i o n .  T a b le  I X  s h o w s  t h e  

m e a n  h a n d  s c o r e s  a f t e r  2  w e e k s ’ u s e  o f  e a c h  l o t i o n .

Table IX . Consum er test 2. M ean hand scores after using 
hand lotions

H and lotion H and score

C ontrol 13.2
Sodium lactate 11.9
Lactic acid 10.7
Difference required for significance (P =  0.05) 0.9

156 women com pleted the test.
L otion  contained 10% lactic acid/sodium  lactate.

T h e  w e a t h e r  w a s  c o l d e r  d u r i n g  t h e  s e c o n d  t e s t  a n d  t h e  h a n d  s c o r e s  w e r e  

s l i g h t ly  h i g h e r .  T h e  s e c o n d  t e s t  c o n f i r m e d  t h e  r e s u l t  o f  t h e  f i r s t  t e s t  i n  s h o w 

in g  t h a t  a  h a n d  l o t i o n  c o n t a i n i n g  h u m e c t a n t  c a n  r e s u l t  i n  le s s  h a n d  s k in  

d r y n e s s  a n d  f l a k i n g  t h a n  a  c o n t r o l  l o t i o n .  I n  t h e  s e c o n d  t e s t ,  t h e  l a c t i c  a c id  

h a n d  l o t i o n  r e s u l t e d  in  a  l o w e r  h a n d  s c o r e  t h a n  t h e  s o d i u m  l a c t a t e  l o t i o n .  

T h i s  i n d i c a t e s  t h a t  a  h u m e c t a n t  w h i c h  i s  a d s o r b e d  b y  t h e  c o r n e u m  c a n  

p r e v e n t  s k i n  d r y n e s s  a n d  f l a k i n g  t o  a  g r e a t e r  e x t e n t  t h a n  o n e  w h i c h  is  n o t  

a d s o r b e d .

I n  a  t h i r d  t e s t ,  t h e  e f fe c t  o f  l o w e r in g  t h e  l a c t i c  a c id  c o n t e n t  f r o m  1 0 %  t o  

5 %  w a s  i n v e s t i g a t e d .  L o t i o n s  c o n t a i n i n g  1 0 %  o r  5 %  o f  t h e  l a c t i c  a c id -  

s o d i u m  l a c t a t e  m i x t u r e  a t  p H  4  w e r e  c o m p a r e d  w i t h  a  c o n t r o l  l o t i o n .  I n  t h e  

e x p e c t a t i o n  t h a t  c o l d e r  w e a t h e r  w o u l d  r e s u l t  i n  h i g h e r  h a n d  s c o r e s ,  t h i s  t e s t  

w a s  c a r r i e d  o u t  i n  S c a n d i n a v i a  i n  w i n t e r .  T a b le  X  s h o w s  t h e  m e a n  h a n d  

s c o r e s  a f t e r  u s in g  t h e  l o t i o n s  f o r  2  w e e k s .

D e s p i t e  t h e  c o ld  w e a t h e r  i n  S c a n d i n a v i a ,  t h e  m e a n  h a n d  s c o r e s  w e r e  

m u c h  l o w e r  t h a n  in  t h e  p r e v i o u s  t e s t s  c a r r i e d  o u t  i n  t h e  U . K .  T h e  p r o b a b l e  

e x p l a n a t i o n  f o r  t h i s  i s  t h a t  i n  S c a n d i n a v i a ,  w o m e n  p r o t e c t  t h e i r  h a n d s  b y  

w e a r i n g  g lo v e s  m u c h  m o r e  t h a n  t h e y  d o  i n  t h e  U . K .  A l t h o u g h  t h e r e  w a s  

r e la t i v e ly  l i t t l e  s k i n  d r y n e s s  a n d  f l a k i n g ,  t h e  e f f e c t iv e n e s s  o f  t h e  l a c t i c  a c id  

l o t i o n s  c o u l d  s t i l l  b e  d e m o n s t r a t e d .  T h i s  i n d i c a t e s  t h a t  l a c t i c  a c i d  l o t i o n s  a r e
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Table X. Consum er test 3. Mean hand scores after using 
hand lotions

H and lotion Hand score

Control 6.42
5%  lactic acid 5.36
10% lactic acid 5.32
Difference required for significance (P =  0.05) 0.90

107 women completed the test.

n o t  o n l y  e f fe c t iv e  f o r  w o m e n  w i th  s e v e re  s k in  d r y n e s s ,  b u t  c a n  a l s o  b e  

e x p e c te d  t o  b e  o f  b e n e f i t  i n  c a s e s  w h e r e  t h e r e  is  r e la t i v e ly  l i t t l e  d r y n e s s .

D iscu ssio n

T h e  r e s u l t s  o f  t h e  e x p e r i m e n t s  o n  i s o l a t e d  a n im a l  c o r n e u m  s h o w e d  t h a t  

i n c r e a s in g  t h e  w a t e r  h o l d i n g  c a p a c i t y  b y  t h e  a d d i t i o n  o f  h u m e c t a n t s  

r e s u l t e d  in  a n  i n c r e a s e d  c o r n e u m  e x te n s ib i l i t y .  T h e  e x p e r i m e n t s  a l s o  i n d i 

c a t e d  t h a t  t h e  u s e  o f  a  h u m e c t a n t ,  l a c t i c  a c i d ,  w h ic h  w a s  a d s o r b e d  b y  t h e  

c o r n e u m  a l l o w e d  t h e  t r e a t e d  c o r n e u m  t o  b e  s u b j e c t e d  t o  a  p r o l o n g e d  

w a s h i n g  w i t h o u t  a l l  t h e  e f f e c t  b e in g  lo s t .  T h e  r e s u l t s  o f  t h e  a n im a l  e x p e r i 

m e n t s  p r e d i c t e d  t h a t  l o t i o n s  c o n t a i n i n g  h u m e c t a n t s ,  s u c h  a s  s o d i u m  l a c t a t e ,  

w h ic h  a r e  n o t  a d s o r b e d  m ig h t  b e  le s s  e f fe c t iv e  t h a n  l o t i o n s  c o n t a i n i n g  

h u m e c t a n t s  s u c h  a s  l a c t i c  a c i d  w h ic h  a r e  a d s o r b e d .  T h e  r e s u l t s  o f  t h e  c o n 

s u m e r  t e s t s  s h o w e d  t h a t  t h e s e  p r e d i c t i o n s  w e r e  v a l id  a n d  t h a t  a n i m a l  c o r 

n e u m  is  a  u s e f u l  m o d e l  s y s te m  f o r  s t u d y i n g  e f fe c ts  in  t h e  h u m a n .

T h e  p r e c i s e  m e c h a n i s m  o f  a c t i o n  o f  l a c t i c  a c id  in  r e d u c i n g  h a n d  s k in  

d r y n e s s  a n d  f l a k in g  is  n o t  c le a r .  T h e  r e s u l t s  o n  a n im a l  c o r n e u m  ( T a b le s  V I  
a n d  V I I )  s h o w e d  t h a t  c o r n e u m  t r e a t e d  w i t h  l a c t i c  a c id  a n d  t h e n  r i n s e d  s t i l l  

r e t a i n e d  a n  i n c r e a s e d  e x te n s i b i l i t y  b u t  t h e r e  w a s  n o  r e s i d u a l  i n c r e a s e  in  

w a t e r  h o l d in g  c a p a c i t y .  T h e  e x p l a n a t i o n  m a y  b e  t h a t  t h e  q u a n t i t y  o f  l a c t i c  

a c id  a d s o r b e d  t o  t h e  c o r n e u m  a f t e r  r i n s i n g  is  t o o  s m a l l  t o  h o l d  s u f f i c ie n t  

w a t e r  f o r  t h e  g r a v im e t r i c  m e t h o d  t o  d e t e c t .  A l t e r n a t i v e ly ,  t h e  a d s o r b e d  

l a c t i c  a c id  m a y  i t s e l f  h a v e  a  d i r e c t  e f fe c t  o n  e x te n s ib i l i t y .  S o m e  s e p a r a t e ,  

u n p u b l i s h e d  e x p e r i m e n t s  o n  n o n - h y g r o s c o p i c  c a r b o x y l i c  a c i d s ,  s u c h  a s  

m a n d e l i c  a c id ,  i n d i c a t e d  t h a t  t h e s e  a c i d s  c a n  i n c r e a s e  e x te n s i b i l i t y  o f  a n i m a l  

c o r n e u m  w i t h o u t  i n c r e a s in g  w a t e r  h o l d i n g  c a p a c i t y ,  a n d  t h a t  t h e  i n c r e a s e d  

e x te n s i b i l i t y  s u r v iv e s  r i n s i n g  t h e  c o r n e u m .  T h i s  s u g g e s t s  t h a t  l a c t i c  a c i d  m a y  

h a v e  a  d i r e c t  e f fe c t  o n  a  c o r n e u m  e x te n s i b i l i t y  w i t h o u t  i n f lu e n c i n g  t h e  w a t e r  

c o n t e n t .
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I t  is  e x t e n s i b i l i t y  a n d  n o t  w a t e r  c o n t e n t  w h i c h  is  i m p o r t a n t  f o r  t h e  

c o r n e u m  in  i t s  r e s i s t a n c e  t o  f l a k i n g  a n d  c r a c k in g .  T h e  w a t e r  c o n t e n t  is  o n ly  

i m p o r t a n t  i n  s o  f a r  a s  i t  a f f e c ts  e x te n s i b i l i t y .  L a c t i c  a c i d ,  t h e r e f o r e ,  a p p e a r s  

t o  h a v e  a  d u a l  a c t i o n  o n  t h e  c o r n e u m .  I t  i n c r e a s e s  e x t e n s i b i l i t y  b y  i n c r e a s in g  

t h e  w a t e r  h o l d i n g  c a p a c i t y  in  t h e  s a m e  w a y  a s  c o n v e n t i o n a l  h u m e c t a n t s .  

T h i s  e f f e c t  is  l o s t  o n  r i n s i n g  t h e  c o r n e u m  in  w a t e r ,  b u t  i s  s u f f i c ie n t  t o  r e s u l t  

i n  s o m e  e f fe c t  o n  s k i n  d r y n e s s  a n d  f l a k i n g  a s  s h o w n  i n  t h e  c o n s u m e r  t e s t s  

w i t h  s o d i u m  l a c t a t e  l o t i o n s .  T h e  s e c o n d  e f fe c t ,  w h i c h  is  n o t  s h o w n  b y  c o n 

v e n t i o n a l  h u m e c t a n t s ,  is  t h a t  t h e  a d s o r b e d  l a c t i c  a c i d  i n c r e a s e s  e x te n s ib i l i t y .  

I n  t r e a t e d  a n d  u n r i n s e d  c o r n e u m ,  t h e r e  is  n o  e v id e n c e  o f  a n  a d d i t i v e  e f fe c t  

b e tw e e n  t h e  e x t r a  w a t e r  a n d  t h e  a d s o r b e d  l a c t i c  a c i d ,  a n d  t h e  e f fe c t  o f  t h e  

a d s o r b e d  l a c t i c  a c i d  o n l y  b e c o m e s  a p p a r e n t  o n  r i n s i n g .  T h i s  m e a n s  t h a t  t h e  

e f fe c t  o f  l a c t i c  a c i d  is  l ik e ly  t o  b e  m o r e  p e r s i s t e n t  t h a n  t h a t  o f  s o d i u m  

l a c t a t e ,  a n d  s h o u l d  t h e r e f o r e  r e s u l t  in  le s s  s k i n  d r y n e s s  a n d  f l a k i n g .  T h i s  w a s  

c o n f i r m e d  in  t h e  r e s u l t s  o f  t h e  s e c o n d  c o n s u m e r  t e s t  w h e r e  t h e  c o m p a r i s o n  

o f  t h e  s o d i u m  l a c t a t e  a n d  l a c t i c  a c i d  l o t i o n s  s h o w e d  t h a t  t h e  l a c t i c  a c i d  

l o t i o n  r e s u l t s  i n  a  s i g n i f i c a n t ly  b e t t e r  h a n d  s k i n  c o n d i t i o n .

{R e c e iv e d :  8 th  M a r c h  1 9 7 4 )
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The thin layer chromatographic 
detection and determination of an 
imidazolidinyl urea antimicrobial 
preservative

D. S. RYDER*

Synopsis—An A N T IM IC R O B IA L  PR ESER V A TIV E o f the IM ID A Z O L ID IN Y L  U R E A  
type is detectable in a variety o f complex cosm etic and toiletry form ulations by TLC. The 
m ethod is specific for the above type of preservative, even in the presence of a num ber o f o ther 
antim icrobials. A  ten-fold increase in sensitivity o f the ninhydrin reacted zones is achieved when 
using T R A N SM IT T E D  UV L IG H T  as com pared to visible daylight colours. The antim icrobial 
is quantitatively determined in a  m oisturizing lotion with a relative standard  deviation o f ± 1 0 %  
using D E N SITO M E TR Y .

Introduction

C o s m e t i c s  p r o v i d e  a n  i d e a l  m e d i u m  f o r  t h e  g r o w t h  o f  m i c r o o r g a n 

i s m s .  T h e  m a n u f a c t u r e r  m u s t  g u a r d  a g a i n s t  t h e  m i c r o b i a l  c o n t a m i n a t i o n  o f  

h is  p r o d u c t  d u r i n g  m a n u f a c t u r e  a n d  s t o r a g e  a n d  a l s o  a g a i n s t  c o n t a m i n a t i o n  

b y  t h e  c o n s u m e r .  T h u s  a n t i m i c r o b i a l  p r e s e r v a t iv e s  a r e  a d d e d  w h i c h  a r e  

d e s i g n e d  t o  b e  e f f e c t iv e  a g a i n s t  a  w id e  s p e c t r u m  o f  m i c r o o r g a n i s m s  o v e r  a  

l o n g  p e r i o d  o f  t im e .

* Analytical Services, Research D epartm ent, Ciba-Geigy (U K ) Lim ited, Trafford Park , M an
chester.
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M a n y  n o n - p o l a r  p r e s e r v a t iv e s  a r e  in  c o m m o n  u s e  a n d  s e v e r a l  a u t h o r s  

h a v e  r e p o r t e d  t i c  m e t h o d s  f o r  t h e i r  d e t e c t i o n .  K 5 n i g  (1 )  s e p a r a t e d  a n d  

id e n t i f i e d  16 h a l o g e n a t e d  a r o m a t i c s .  K a r l s k i n d ,  V a lm a l le  a n d  W o l f f  (2 )  

q u a n t i t a t i v e l y  e s t im a te d  s ix  h a l o g e n a t e d  a r o m a t i c s  in  s o a p  b y  m e a n s  o f  t ic  

a n d  s p e c t r o s c o p i c  m e t h o d s .  G r a b e r ,  D o m s k y  a n d  G i n n  (3 )  i d e n t i f i e d  z in c  

o m a d i n e  a n d  f iv e  h a l o g e n a t e d  a r o m a t i c s  in  p e r s o n a l  c a r e  p r o d u c t s .  H e x a -  

c h l o r o p h a n e ,  t r i b r o m o s a l i c y l a n i l i d e  a n d  t r i c h l o r o c a r b a n i l i d e  h a v e  b e e n  

d e t e c t e d  a n d  q u a n t i t a t i v e l y  d e t e r m i n e d  b y  S c h w a r z e  (4 )  u s in g  t ic  a n d  io n  

e x c h a n g e  p r o c e d u r e s .  I n  a d d i t i o n ,  P o r c a r o  a n d  S h u b i a k  (5 )  d e v e l o p e d  a  u v /  

l i q u i d  c h r o m a t o g r a p h i c  m e t h o d  f o r  t h e  e s t i m a t i o n  o f  h e x a c h l o r o p h a n e  in  

n a n o g r a m  q u a n t i t i e s  u s i n g  a  d i a n i s a t e  e s t e r  d e r iv a t i v e .  W o l f  a n d  S e n io n o w  

(6 )  d e te c t e d  s ix  h a l o g e n a t e d  a r o m a t i c s  in  s o a p  u s in g  H ig h  P r e s s u r e  L iq u i d  

C h r o m a t o g r a p h y ,  a l t h o u g h  I r g a s a n  C F 3 a n d  t r i c h l o r o c a r b a n i l i d e  w e r e  n o t  

s e p a r a t e d .  L i t t l e  h a s  b e e n  r e p o r t e d  o f  t h e  m o r e  d i f f i c u l t l y - d e t e c t e d  a n d  

q u a n t i f i e d  n o n - a r o m a t i c ,  p o l a r ,  h y d r o p h i l i c  a n t i m i c r o b i a l s ,  p a r t i c u l a r l y  o f  

t h e  i m i d a z o l i d in y l  u r e a  t y p e .

T h e  f i r s t  c o m m e r c i a l  m e m b e r  o f  t h i s  f a m i l y  is  G e r m a l l  1 1 5 .*  T h i s  

p r e s e r v a t iv e  is  c la i m e d  t o  b e  a  b r o a d  s p e c t r u m  a n t i m i c r o b i a l  w h ic h  is  n o n 

to x ic ,  n o n - i r r i t a t i n g  a n d  is  p a r t i c u l a r l y  e f f e c t iv e  in  e m u l s i o n s  a n d  p r o t e i n -  

c o n t a i n i n g  f o r m u l a t i o n s .  I t  c o n c e n t r a t e s  i n  t h e  m ic r o b i a l  s u p p o r t i n g  

a q u e o u s  p h a s e  a n d  i ts  e f f ic ie n c y  is  n o t  i m p a i r e d  b y  t h e  p r e s e n c e  o f  n o n - i o n i c  

e m u l s i f i e r s  a n d  p r o t e i n s .

F o r  q u a l i t y  c o n t r o l  p u r p o s e s  a n d  f o r  t h e  i d e n t i f i c a t i o n  o f  a n t i m i c r o b i a l s  

in  u n k n o w n  f o r m u l a t i o n s ,  i t  w a s  n e c e s s a r y  t o  d e v e l o p  a  r a p i d  a n d  s p e c if ic  

i d e n t i f i c a t i o n  a n d  q u a n t i f i c a t i o n  p r o c e d u r e  f o r  i m i d a z o l i d in y l  u r e a  in  a  w id e  

v a r i e ty  o f  p e r s o n a l  c a r e  p r o d u c t s .  B e c a u s e  o f  t h e  c o m p l e x i t y  o f  t h e  f o r m u l a 

t i o n s  t o  w h ic h  t h i s  p r e s e r v a t iv e  m a y  b e  a d d e d ,  i .e .  l o t i o n s ,  c r e a m s ,  h a i r  

c o n d i t i o n e r s ,  s h a m p o o s ,  d e o d o r a n t s  e tc . ,  a  c o m p r e h e n s iv e  c o lo r i m e t r i c  

m e t h o d  w a s  i m p r a c t i c a b l e .  T h u s  t i c  w a s  u s e d ,  s in c e  n o  s a m p le  p r e p a r a t i o n  

w a s  n e c e s s a r y  a n d  t h e  m e t h o d  w a s  a p p l i c a b l e  t o  n e w  p r o d u c t s  w i t h o u t  
c h a n g e  in  t h e  p r o c e d u r e .
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E x p e r im e n t a l

A p p a r a tu s

T h in  l a y e r  p l a t e s :  2 0 x 2 0  c m  0 .2 5  m m  S i l ic a  g e l F 254 ( M e r c k )  u s e d  a s  r e 
c e iv e d  w i t h o u t  f u r t h e r  a c t i v a t i o n .

* Sutton In ternational, Boyelle, N .J., U.S.A.
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S e p a r a t i n g  c h a m b e r s :  F o r  2 0  x  2 0  c m  p l a t e s  ( D e s a g a ) .

U V  v ie w e r  f o r  t r a n s m i s s i o n : B l a k - R a y  T r a n s i l l u m i n a t o r  ( S h a n d o n  S o u t h e r n  

I n s t r u m e n t s  L td ) .

U V  v ie w e r  f o r  r e f l e c t a n c e :  B l a k - R a y  C h r o m a t o - V u e  ( S h a n d o n  S o u t h e r n  

I n s t r u m e n t s  L td ) .

C h r o m o s c a n  d e n s i t o m e t e r  w i th  t h i n  l a y e r  a t t a c h m e n t :  J o y c e  L o e b l  a n d  C o .  

L td .

R e a g e n ts

G e r m a l l  115 ( I m i d a z o l i d i n y l  u r e a ) .

F l o w  s o l v e n t :  c h l o r o f o r m  : m e t h a n o l  : a c e t i c  a c i d  : w a t e r ;  5 0  : 3 0  : 10 : 10 . 

S p r a y  r e a g e n t :  N i n h y d r i n — 0 .3  g  n i n h y d r i n  in  9 5  m l  n - b u t a n o l  a n d  5 m l  

a c e t i c  a c id .

P ro c e d u re

S a m p le  a p p lic a tio n
5 p i  o f  a  1 0 %  s o l u t i o n  o r  s u s p e n s io n  o f  t h e  s a m p le  in  m e t h a n o l - w a t e r  

(7 0  : 3 0 )  is  a p p l i e d  u s i n g  a  D r u m m o n d  M i c r o c a p  p i p e t t e .  W h e n  t h e  s a m p le s  

e x a m i n e d  a r e  o f  a  v i s c o u s  n a t u r e ,  i t  is  n e c e s s a r y  t o  u s e  t h e  r u b b e r  b u l b  in  

o r d e r  t o  f ill  a n d  d i s p e l  t h e  s o l u t io n s .  T h e  s iz e  o f  t h e  a p p l i e d  s p o t  is  n o r m a l l y

0 .5  c m  d i a m e t e r .  S a m p le  a n d  r e f e r e n c e  s o l u t i o n s  a r e  s p o t t e d  a l t e r n a t e l y  

a l o n g  t h e  p l a t e  a t  a  h e i g h t  o f  2  c m  f r o m  t h e  e d g e  o f  t h e  p l a t e .  T h e  s p o t s  a r e  

w e l l  d r i e d  a f t e r  a p p l i c a t i o n  u s in g  a  w a r m - a i r  d r y e r .

R e fe r e n c e  so lu tio n s
S o l u t i o n s  a r e  p r e p a r e d  o f  t h e  p r o d u c t  u n d e r  t e s t  w i t h o u t  i m i d a z o l i d in y l  

u r e a  a n d  t h e  p r o d u c t  c o n t a i n i n g  v a r y in g  k n o w n  q u a n t i t i e s  o f  i m i d a z o l i 

d in y l  u r e a  f r o m  0 .1 %  t o  0 .6 % .

C h a m b e r
A  D e s a g a  c h a m b e r  f o r  2 0  x  2 0  c m  p l a t e s  is  l i n e d  w i th  f i l t e r  p a p e r ,  s a t u r 

a t e d  in  t h e  f lo w  s o l v e n t  a n d  a l l o w e d  t o  e q u i l i b r a t e  f o r  3 0  m in  b e f o r e  u se .

D e v e lo p m e n t
T h e  c h r o m a t o g r a m  is  a l l o w e d  t o  d e v e l o p  f o r  5 0  m in ,  i n  w h ic h  t im e  t h e  

s o l v e n t  f r o n t  t r a v e l s  a p p r o x i m a t e l y  9  c m .
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V isu a liz a tio n
T h e  p l a t e  i s  b r i e f ly  d r i e d  u s i n g  a  w a r m - a i r  d r y e r  a n d  s p r a y e d  w i t h  t h e  

n i n h y d r i n  s p r a y  u n t i l  w e l l  w e t te d .  T h e  p l a t e  i s  h e a t e d  a t  a  t e m p e r a t u r e  o f  

1 5 0 ° C  f o r  2 0  m in ,  a l l o w e d  t o  c o o l  a n d  t h e n  v ie w e d  in  u v  l i g h t  o f  3 6 6  n m  b y  

t r a n s m i s s i o n .  T h e  i m i d a z o l i d in y l  u r e a  p r e s e r v a t iv e  i s  s e e n  a s  t w o  p a l e  

y e l lo w  f l u o r e s c e n t  z o n e s  a t  R f s  o f  0 .2 7  a n d  0 .3 5 .

D e n s ito m e tr ic  m e a s u r e m e n ts
T h e s e  a r e  p e r f o r m e d  o n  a  C h r o m o s c a n  d e n s i t o m e t e r  w i th  a  t h i n  l a y e r  

a t t a c h m e n t .  T h e  f o l lo w in g  o p e r a t i n g  c o n d i t i o n s  a r e  u s e d .  C h r o m o s c a n :  

l i g h t  s o u r c e  12  V ,  1 0 0  W ,  t u n g s t e n  h a l i d e  l a m p ,  f i l t e r  3 .0  O . D . ,  o p t i c a l  

w e d g e  0 - 0 .5  O . D . ,  g a in  5 , c a m  A .

T h in  la y e r  a t ta c h m e n t
L i g h t  s o u r c e  u v  m e r c u r y  l a m p  t y p e  S T  7 5 ,  a p e r t u r e  1 m m  x  17  m m ,  

u v  f i l t e r  3 0 0 - 4 0 0  n m  b e tw e e n  t h e  l i g h t  s o u r c e  a n d  s p e c im e n ,  K o d a k  W r a t t e n  

u v  f i l t e r  N o .  2 E  b e tw e e n  t h e  s p e c im e n  a n d  d e t e c t o r ,  s p e c im e n  e x p a n s io n  

r a t i o  1 : 1 .  T h e  m e a s u r e m e n t s  a r e  c a r r i e d  o u t  u s i n g  t h e  r e f l e c t a n c e  m o d e .

R e s u l t s  a n d  d is c u s s io n

D u r i n g  t h e  o p t i m i z a t i o n  o f  t h e  m e t h o d ,  v a r i o u s  a l t e r n a t i v e  s y s te m s  w e r e  

a t t e m p t e d .  L a b o r a t o r y - p r e p a r e d  p l a t e s  w e r e  c o m p a r e d  w i th  p r e c o a t e d  

p l a t e s .  T h e  l a b o r a t o r y  c o a t e d  p l a t e s  w e r e  p r e p a r e d  b y  m ix i n g  5 2  g  o f  M e r c k ,  

S i l ic a  g e l  ‘G ’ F 254 w i t h  1 1 0  m l  o f  d i s t i l l e d  w a t e r  i n  a  W a r i n g  b l e n d e r  a n d  t e n  

g la s s  p l a t e s  w e r e  t h e n  c o a t e d  u s i n g  a  C a m a g  a u t o m a t i c  s p r e a d e r  s e t  a t  a  

w e t  l a y e r  t h i c k n e s s  o f  3 0 0  p m .  T h e  p l a t e s  w e r e  l e f t  a t  r o o m  t e m p e r a t u r e  f o r  

2 0  m in  a n d  f in a l ly  d r i e d  f o r  1 h  a t  1 0 5 ° C  i n  a n  a i r - b l o w n  o v e n .  I t  w a s  f o u n d  

t h a t  a l t h o u g h  s a t i s f a c t o r y  f o r  s a m p le s  c o n t a i n i n g  0 . 5 %  i m i d a z o l i d in y l  u r e a ,  

t h e  l a b o r a t o r y - p r e p a r e d  p l a t e s  d i d  n o t  d i s p l a y  t h e  n e c e s s a r y  s e n s i t iv i t y  a t  

t h e  l o w e r  c o n c e n t r a t i o n s  o f  p r e s e r v a t iv e .  T h i s  m a y  in  p a r t  b e  d u e  t o  t h e  

i n c r e a s e d  i n i t i a l  s iz e  o f  t h e  a p p l i e d  s p o t  o n  l a b o r a t o r y - p r e p a r e d  p l a t e s ,  

w h ic h  m o r e  r e a d i ly  a b s o r b  t h e  v i s c o u s  s a m p le  s o l u t i o n s  t h a n  d o  t h e  p o l y 

v in y l  a l c o h o l  b o u n d  p r e c o a t e d  l a y e r s .  A l u m i n a  l a b o r a t o r y - p r e p a r e d  p l a t e s  

w e r e  a l s o  e x a m i n e d  b u t  t h e s e  f a i l e d  t o  p r o d u c e  a  s a t i s f a c t o r y  s e p a r a t i o n .

O n  i n v e s t i g a t i n g  v a r i o u s  s a m p le  s o l u t i o n s ,  w a t e r  a l o n e  u s u a l ly  y i e ld e d  

a n  e x c e s s iv e  q u a n t i t y  o f  b u b b l e s  a n d  a  s o l u t i o n  w h i c h  w a s  t o o  v i s c o u s  t o  

p i p e t t e  c o n v e n i e n t l y .  T h e  u r e a  c o m p o u n d  w a s  f o u n d  t o  b e  in s u f f i c i e n t ly  

s o l u b l e  i n  m e t h a n o l  a lo n e  t o  b e  c e r t a i n  o f  r e c o v e r y  f r o m  e m u l s i f i e d  p r o d u c t s ,
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b u t  a s  t h e  p r e s e r v a t iv e  i s  u p  t o  5 0 %  a q u e o u s  s o lu b le ,  t h e  r e la t i v e ly  s m a l l  

p r o p o r t i o n  o f  w a t e r  i n  t h e  m ix t u r e ,  m e t h a n o l - w a t e r  ( 7 0  : 3 0 )  w a s  f o u n d  

t o  b e  s a t i s f a c t o r y  a n d  w a s  u s e d  f o r  a l l  t h e  p r o d u c t s  e x a m in e d .

I t  w a s  s h o w n  t o  b e  e s s e n t ia l  t o  d r y  t h e  s p o t s  w e l l ,  a f t e r  a p p l i c a t i o n ,  o t h e r 

w is e  d i s t o r t i o n  a n d  l a c k  o f  s e n s i t iv i t y  r e s u l t e d .  N o  d e c o m p o s i t i o n  o f  t h e  

i m i d a z o l i d in y l  u r e a  z o n e s  w a s  d e t e c t e d  o n  h e a t i n g  t h e  a p p l i e d  s p o t s  w i t h  a  

w a r m - a i r  d r y e r ,  e v e n  w h e n  h e a t e d  t o  a  c o n s i d e r a b l y  g r e a t e r  e x t e n t  t h a n  t h a t  

r e q u i r e d  f o r  a  g o o d  c h r o m a t o g r a m .

A s  i m i d a z o l i d i n y l  u r e a  w a s  a l m o s t  i n s o l u b le  in  a n y  s o l v e n t  o t h e r  t h a n  

w a t e r ,  i n  w h i c h  i t  w a s  v e r y  s o l u b l e ,  t h e  c o r r e c t  f lo w  s o l v e n t  r e q u i r e d  a  

c e r t a i n  w a t e r  c o n t e n t  b u t  t h i s  n e e d e d  t o  b e  m o d i f i e d  b y  a  n o n - p o l a r  s o l v e n t ,  

c h l o r o f o r m  w a s  c h o s e n  a s  a  c o n v e n i e n t  s o l v e n t  a f t e r  c o n s i d e r i n g  i t s  p o s i t i o n  

in  t h e  e l u o t r o p i c  s e r ie s .  T h e s e  t w o  s o lv e n t s  w e r e  r e n d e r e d  h o m o g e n e o u s  b y  

t h e  m u tu a l ly - m i s c ib l e  s o l v e n t  m e t h a n o l .

A  m i x t u r e  o f  c h l o r o f o r m - m e t h a n o l - w a t e r  (4 5  : 4 5  : 1 0 ) w a s  f o u n d  t o  

g iv e  s a t i s f a c t o r y  R f  v a lu e s  b u t  r a t h e r  d i f f u s e  s p o t s .  A s  a  c h a n g e  i n  p H  w i l l  

o f t e n  p r o d u c e  a  ‘s h a r p e n i n g  u p ’ o f  d i f f u s e  s p o t s ,  t h e  f o l l o w in g  s o l v e n t s  w e r e  

i n v e s t i g a t e d .

C h l o r o f o r m - m e t h a n o l - a c e t i c  a c i d - w a t e r  (2 0  : 3 0  : 4 0  : 1 0 ), a l t h o u g h  

c o m p a c t i n g  t h e  s p o t s ,  p r o d u c e d  a n  i n c r e a s e  i n  R f ’s a n d  f a i l e d  t o  s e p a r a t e  

t h e  p r e s e r v a t iv e  f r o m  o t h e r  c o m p o n e n t s  i n  t h e  f o r m u l a t i o n s .  C h l o r o f o r m -  

m e t h a n o l - a m m o n i a  ( 5 0  : 4 0  : 1 0 ) g a v e  v e r y  l o w  R f ’s a n d  e v e n  a f t e r  t h e  

c a r e f u l l y - a t t e m p t e d  r e m o v a l  o f  t h e  a m m o n i a ,  a  p o o r  b a c k g r o u n d  c o l o u r  

r e d u c e d  t h e  l im i t s  o f  d e t e c t i o n  c o n s i d e r a b ly .  C h l o r o f o r m - m e t h a n o l - a c e t i c  

a c i d - w a t e r  (5 0  : 3 0  : 1 0  : 1 0 ) h a v i n g  a  p H  o f  2 .5  w a s  f o u n d  t o  y ie ld  c o m p a c t  

z o n e s  s e p a r a t e d  f r o m  a l l  o t h e r  v i s ib le  c o m p o n e n t s .  T h i s  s o l v e n t  a l s o  g a v e  

a  g o o d  s e p a r a t i o n  o f  t h e  i m i d a z o l i d in y l  u r e a  c o m p o n e n t s  i n  G e r m a l l  i t s e l f .

A  n u m b e r  o f  s p r a y  r e a g e n t s  w e r e  i n v e s t i g a t e d ,  s e v e r a l  b e i n g  g e n e r a l  

r e a g e n t s ,  w h i l s t  t h e  r e m a i n d e r  w e r e  i n t e n d e d  t o  b e  m o r e  s p e c if ic  f o r  t h e  

i m i d a z o l i d i n y l  u r e a  g r o u p i n g .  O f  t h e  tw e lv e  r e a g e n t s  t r i e d ,  f e w  s u c c e s s f u l ly  

d e t e c t e d  le s s  t h a n  2 5  p g  o f  i m i d a z o l i d in y l  u r e a  ( T a b le  I ) .  O n l y  E r l i c h ’s 

r e a g e n t  a n d  n i n h y d r i n  a r e  s u f f i c ie n t ly  s e n s i t iv e  t o  d e t e c t  0 . 5 %  i m i d a z o l i 

d i n y l  u r e a  i n  a  p r o d u c t ,  i .e .  2 .5  p g  f o r  t h e  l o a d i n g  u s e d .  T h e  s e n s i t iv i t y  o f  

t h e  n i n h y d r i n  s p r a y  i s  i n c r e a s e d  b y  a  f a c t o r  o f  t e n  w h e n  v ie w e d  b y  t r a n s 

m i t t e d  u v  l i g h t  o f  3 6 6  n m .  T h e r e  s e e m s  t o  b e  l i t t l e  r e c o r d  o f  c o m p o u n d s  

w h i c h  r e a c t  w i t h  n i n h y d r i n  b e in g  m o r e  s e n s i t iv e ly  d e t e c t e d  u s i n g  u v  l i g h t  

r a t h e r  t h a n  c o l o u r s  v i s ib le  i n  d a y l i g h t .  I t  s e e m s  l ik e ly  t h a t  t h e  d i f f e r e n c e  i n  

s e n s i t iv i t y  o f  d e t e c t i o n  f o u n d  w h e n  v i e w e d  b y  r e f l e c t e d  a n d  t r a n s m i t t e d  u v  

l i g h t  m a y  b e  m a i n l y  d u e  t o  t h e  d i f f e r e n c e  i n  i n t e n s i t y  o f  l i g h t  o n  t h e  p l a t e ,
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Table I. The limits o f detection of imidazolidinyl urea type (Germall 
115) using various reagents

Reagent
C olour of 

reaction
Limit of 
detection

N inhydrin (daylight) Red 2.5 pg
N inhydrin (reflected UV) Yellow 1 Pg
Ninhydrin (transm itted UV) Yellow 0.25 |rg
DragendorfTs reagent No reaction —
Blue Salt Irga B N o reaction —

Cobalt thiocyanate Blue 25 pg
Erlich’s reagent Yellow 2.5 pg
Silver n itrate N o reaction —
Iodine N o reaction —

Fluorescein N o reaction —

R hodam ine 6G Yellow in UV 10 pg
Prochazka reagent No reaction —
C hrom ic acid N o reaction —

Pinacryptol yellow Blue in UV 10 pg

i .e .  4 5 0  j tW  c m 2 a t  18 in  f o r  r e f l e c t a n c e  a n d  1 9 0 0  p W  c m 2 a t  t h e  s u r f a c e  f o r  

t r a n s m i s s i o n .

T h e  e x t e n t  t o  w h ic h  p l a t e s  w e r e  s p r a y e d  w a s  f o u n d  t o  b e  c r i t i c a l ,  t h u s  in  

o r d e r  t o  e s t a b l i s h  o p t i m u m  c o n d i t i o n s ,  p l a t e s  w e r e  s p r a y e d  u n t i l  v a r y in g  

s t a t e s  o f  w e tn e s s  w e r e  o b t a i n e d .

P l a te s  w h i c h  w e r e  o b s e r v e d  t o  b e  n o t  w e t te d ,  i .e .  n o t  d a r k e n e d ,  p l a t e s  

w h ic h  w e r e  j u s t  w e t t e d  a n d  e v e n  p l a t e s  w h i c h  w e r e  f a i r l y  w e l l  w e t te d ,  g a v e  

p o o r  r e s u l t s .  W e l l - w e t t e d  p l a t e s  a n d  t h o s e  w h ic h  w e r e  s o a k e d ,  i .e .  o f  a  

s h i n y  a p p e a r a n c e  w e r e  s a t i s f a c to r y .  T h e  c o r r e c t  s p r a y  w a s  t h e r e f o r e  j u d g e d  

t o  b e  w e l l  w e t te d  u n t i l  t h e  f i r s t  s h i n y  a p p e a r a n c e  w a s  o b s e r v e d ,  w h ic h  

n o r m a l l y  r e q u i r e d  2 0  m l  o f  r e a g e n t  f o r  a  2 0  x  2 0  c m  p l a t e ,  a l t h o u g h  d u e  to  

v a r i a n c e  in  s p r a y i n g  t e c h n i q u e s  t h e  a p p e a r a n c e  o f  t h e  p l a t e  r a t h e r  t h a n  th e  

v o lu m e  u s e d  is  t h e  b e t t e r  c r i t e r i o n .

C h r o m a t o g r a m s  h e a t e d  a t  1 0 5 ° C , t h e  n o r m a l l y  r e c o m m e n d e d  t e m p e r a 

t u r e  f o r  n i n h y d r i n  f a i l e d  t o  g iv e  g o o d  s e n s i t iv i t y  e v e n  w h e n  h e a t e d  f o r  u p  t o  

9 0  m in .  A t  1 5 0 ° C  l i t t l e  r e a c t i o n  w a s  n o t e d  f o r  u p  t o  10  m in s  h e a t i n g  b u t  

t h e  m a x i m u m  s e n s i t iv i t y  w a s  a c h i e v e d  a f t e r  15 m in  a n d  n o  c h a n g e  w a s  

d e t e c t e d  a f t e r  f u r t h e r  h e a t i n g  f o r  3 0  m in .  T h u s  h e a t i n g  a t  1 5 0 ° C  f o r  2 0  m in  

is  p r e f e r r e d .  T h e  s p o t s  o n c e  d e v e l o p e d  a r e  s t a b l e  f o r  s e v e r a l  d a y s  i f  p r o 

t e c t e d  f r o m  d a y l i g h t .

A s  w h e n  e x a m i n e d  a t  a  h i g h e r  l o a d i n g ,  t h e  p r e s e r v a t iv e  r e v e a le d  s ix  

c o m p o n e n t s ,  i .e .  t w o  m a j o r  a n d  f o u r  m i n o r ,  t h e  p o s s ib i l i t y  o f  d e c o m p o s i t i o n
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d u e  t o  c h r o m a t o g r a p h y  w a s  e x a m i n e d .  A  t w o - d i m e n s i o n a l  c h r o m a t o g r a m  

w a s  c a r r i e d  o u t  u s i n g  t h e  s o l v e n t  c h l o r o f o r m - m e t h a n o l - a c e t i c  a c i d - w a te r  

( 5 0  : 3 0  : 10  : 1 0 ) i n  b o t h  d i r e c t i o n s .  A l l  t h e  c o m p o n e n t s  w e r e  f o u n d  t o  l ie  

i n  a  d i a g o n a l l y  s t r a i g h t  l in e ,  s h o w in g  t h a t  n o  n e w  c o m p o n e n t s  w e r e  f o r m e d  

d u r i n g  t h e  c h r o m a t o g r a p h i c  r u n .  I n  a d d i t i o n ,  s o l u t i o n s  k e p t  f o r  s e v e r a l  d a y s  

s h o w e d  n o  d e t e c t a b l e  d e c o m p o s i t i o n  c o m p a r e d  t o  f r e s h l y - p r e p a r e d  s o l u 

t i o n s .  T h e  d e t e c t i o n  o f  i m i d a z o l i d i n y l  u r e a  w h e n  a d d e d  t o  s e v e r a l  c o s m e t i c  

a n d  t o i l e t r y  p r o d u c t s  w a s  a t t e m p t e d .  T h e s e  p r o d u c t s  i n c l u d e d  a  m o i s t u r i z 

in g  l o t i o n  c o n t a i n i n g  f i f te e n  i n g r e d i e n t s ,  s o m e  o f  w h ic h  w e r e  th e m s e lv e s  

c o m p l e x  m ix t u r e s  a n d  k n o w n  t o  i n c l u d e  a n  a l i p h a t i c  a m i n e ,  a  m i x t u r e  o f  

p a r a b e n s ,  t w o  d y e s ,  a  l a n o l i n  p r o d u c t ,  a n  e m u l s i f i e r ,  l o n g  c h a i n  a l c o h o l s  a n d  

e s t e r s ,  p o l y  h y d r o x y  c o m p o u n d s  a n d  a lo e ,  p o l y s a c c h a r i d e s ,  p r o t e i n s ,  a m i n o  

a c i d s  a n d  v i t a m in s .  A n  e g g  s h a m p o o  w a s  a l s o  t e s te d ,  a s  u n l ik e  s o m e  a n t i 

m ic r o b i a l s ,  t h e  e f f ic ie n c y  o f  i m i d a z o l i d in y l  u r e a  is  n o t  i m p a i r e d  b y  t h e  

p r e s e n c e  o f  p r o t e i n s .  T h e  o t h e r  p r o d u c t s  t e s t e d  w e r e ,  a  d e o d o r a n t  f o a m  b a t h ,  

a  h a n d  c r e a m ,  a  s q u e e z e - o n  d e o d o r a n t ,  a  r o l l - o n  d e o d o r a n t  a n d  a n  a e r o s o l  

d e o d o r a n t  ( F ig .  1).

I m i d a z o l i d i n y l  u r e a  w a s  s u c c e s s f u l ly  d e t e c t e d  d o w n  t o  a t  l e a s t  0 T %  in  

a l l  t h e  p r o d u c t s  t e s t e d  a n d  o n l y  t h e  r o l l - o n  d e o d o r a n t  a n d  t h e  a e r o s o l  

d e o d o r a n t  e x h ib i t e d  a n y  d i s t o r t i o n  o f  t h e  p r e s e r v a t iv e  z o n e s .

T h e  p r e s e r v a t iv e  w a s  e a s i ly  d e t e c t e d  in  t h e  p r e s e n c e  o f  o t h e r  a n t i 

m ic r o b i a l s  ( T a b le  I I ) ,  i n c l u d i n g  p a r a b e n s  w i th  w h ic h  i t  is  r e c o m m e n d e d  f o r  

j o i n t  u s e ,  a s  a  s y n e r g i s t i c  e ffe c l in  e f f ic ie n c y  h a s  b e e n  o b s e r v e d .

T h e  d e t e c t i o n  s y s te m  w a s  s p e c if ic  f o r  t h e  i m i d a z o l i d in y l  u r e a  t y p e  o f  

a n t i m i c r o b i a l  w h e n  c o m p a r e d  w i t h  o t h e r  a n t i m i c r o b i a l s  a n d  a d d i t i v e s ,  a s  

n o n e  o f  t h o s e  t e s t e d  r e v e a l e d  a  s i m i l a r  d i s t i n c t iv e  c o l o r a t i o n  in  u v  l ig h t ,  

e v e n  t h o u g h  a  n u m b e r  r e a c t e d  w i t h  n i n h y d r i n  t o  f o r m  c o l o u r s  v i s ib le  in  

d a y l i g h t .

Q u a n tita tiv e

A l t h o u g h  f o r  r o u t i n e  q u a l i t y  c o n t r o l ,  a  s im p le ,  v i s u a l  c o m p a r i s o n  o f  

s p o t s  w i t h  t h e  a p p r o p r i a t e  s t a n d a r d  s p o t s  is  b o t h  r a p i d  a n d  s u f f i c ie n t ly  

a c c u r a t e ,  a  m o r e  p r e c i s e  d e n s i t o m é t r i e  d e t e r m i n a t i o n  w a s  a l s o  i n v e s t i g a t e d .  

F o r  a l l  q u a n t i t a t i v e  w o r k ,  t h e  s a m p le  w a s  r u n  w i t h  r e p l i c a t e  s p o t s  a l t e r n a t e l y  

s p a c e d  w i t h  s t a n d a r d  s o l u t io n s ,  w h ic h  c o n s i s t e d  o f  t h e  ‘b l a n k ’ p r o d u c t  

d o p e d  w i t h  k n o w n  q u a n t i t i e s  o f  i m i d a z o l i d in y l  u r e a .  T h e  c h r o m a t o g r a p h i c  

c o n d i t i o n s  w e r e  a s  f o r  t h e  p r e v io u s  q u a l i t a t i v e  w o r k .
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Figure 1. D iagram  of the detection of imidazolidinyl urea type (Germall 115) 
added to personal care products. System: pre-coated silica gel; flow solvent=  
chloroform -m ethanol-acetic acid-water (50 : 30 : 10 : 10); detection =  nin- 
hydrin, viewed by transm itted uv light 366 nm. I =  Germ all 115; 2 =  hand 
cream ; 3 =  foam  bath ; 4 =  moisturizing lo tion; 5 =  egg sham poo; 6 =  
deodorant.

T h e  m a i n  d i f f ic u l ty  e n c o u n t e r e d  in  a c h i e v i n g  r e p r o d u c i b l e  r e s u l t s  is  in  

o b t a i n i n g  a  r e g u l a r  a n d  e a s i ly  d e f in a b le  b a s e l i n e .  T h i s  i n  t u r n  is  d u e  t o  t h e  

b a c k g r o u n d  c o l o u r  o n  t h e  p l a t e  w h ic h  v a r ie s  in  t h e  d i r e c t i o n  o f  t h e  s o l v e n t  
f lo w .

I t  w a s  t h o u g h t  t h a t  a d d i n g  n i n h y d r i n  t o  t h e  f lo w  s o l v e n t  m ig h t  i m p r o v e  

t h e  u n i f o r m i t y  o f  t h e  b a c k g r o u n d  c o l o u r  a n d  a l s o  r e m o v e  e r r o r s  d u e  to  

u n e v e n  s p r a y i n g .  U n f o r t u n a t e l y  t h e  r e v e r s e  w a s  f o u n d  t o  b e  t h e  c a s e ,  t h e  

b a c k g r o u n d  i n t e n s i t y  a n d  v a r i a n c e  b e in g  i n c r e a s e d  u s i n g  t h i s  p r o c e d u r e .

A  p a r t i a l  a n s w e r  t o  t h e  p r o b l e m  w a s  a c h i e v e d  b y  d r a w i n g  a  p e n c i l  l in e  

a p p r o x i m a t e l y  2  c m  a b o v e  t h e  l in e  o f  t h e  i m i d a z o l i d in y l  u r e a  s p o t s  a n d  a  

l in e  p a r a l l e l  t o  t h i s  t h r o u g h  t h e  o r i g in s  o f  t h e  s p o t s .  T h i s  e n a b l e d  a  b a s e  l in e  

f o r  e a c h  a p p l i e d  s p o t  t o  b e  d r a w n  o n  t h e  g r a p h ,  j o i n i n g  t h e  r e s p o n s e s  o f  t h e  

tw o  p e n c i l  l in e s ,  i .e .  b e f o r e  a n d  a f t e r  t h e  G e r m a l l  p e a k s .  T h e  m a x i m u m  p e a k
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Table II. Antim icrobial preservatives chrom atographed using the conditions required for the 
imidazolidinyl urea type (Germall 115)

A nti-m icrobial preservative UV 254 nm Ninhydrin R f X 100

Germall 115 (Im idazolidinyl urea type) 
(traces)

- + 27 +  35
(0 +  1 5 +  6 0 +  72)

Sorbic acid — 4- 86
D ichlorophene + - 87
Hexachlorophene + - 88
Chlorcresol + — 90
Chlorxylenol + - 91
Trichlorocarbanilide
Irgasan D P  300 (2,4,41-trichloro-2 '-hydroxy

+ — 88

diphenyl ether) + - 92
Methyl paraben + - 85
Propyl paraben + - 88
Propylene glycol - - 69
Tribrom osalicylanilide
Irgasan CF3 (4,41-dichloro-3-trifluoromethyl-

+ — 92

carbanilide) + - 89
Cetrim ide — + 65
Bronopol, (2-brom o-2-nitropropane-l ,3-diol) + - 80
Phenoxyethanol + — 91

Flow solvent, chloroform -m ethanol-acetic acid-water (50 : 30 : 10 : 10). 
+  , D etected; —, not detected.

h e i g h t  a b o v e  t h i s  b a s e  l i n e  w a s  r e c o r d e d  a n d  t h e  r e s u l t s  o f  t h e  s t a n d a r d  

s p o t s  w e r e  u s e d  t o  c o n s t r u c t  a  c a l i b r a t i o n  g r a p h .  A  t y p i c a l  c a l i b r a t i o n  

g r a p h  o f  t h e  p r e s e r v a t iv e  a d d e d  t o  a  m o i s t u r i z i n g  l o t i o n  is  s h o w n  in  F ig . 2.
A l t h o u g h  m o s t  p l a t e s  g a v e  a  s t r a i g h t  l in e  g r a p h  f o r  v a lu e s  f r o m  0 .5  p g  

t o  2 .5  p g ,  in  s o m e  c a s e s  t h e  c u r v e  ‘f l a t t e n e d  o u t ’ a t  t h e  h i g h e r  v a lu e s  g iv in g  

r i s e  t o  p o o r  r e p r o d u c i b i l i t y .  T h e  r e la t i v e  s t a n d a r d  d e v i a t i o n  f o r  t e n  d e t e r 

m i n a t i o n s  o f  t h e  u r e a  p r o d u c t  i n  a  m o i s t u r i n g  l o t i o n  a t  t h e  le v e l  o f  0 .5 %  

w a s  f o u n d  t o  b e  ± 1 0 % .  O n e  d e t e r m i n a t i o n  w a s  c o n s i d e r e d  t o  b e  t h e  m e a n  

o f  f o u r  r e p l i c a t e  s a m p le  s p o t s  o n  o n e  p l a t e  c a l c u l a t e d  f r o m  a  c a l i b r a t i o n  

g r a p h  o f  s t a n d a r d s  r u n  o n  t h e  s a m e  p l a t e .  A l t h o u g h  t h e  r e la t i v e  d e v ia t i o n  

w a s  h i g h ,  i t  m a y  b e  c o n s i d e r e d  a c c e p t a b l e ,  a s  t h e  p e r c e n ta g e  o f  p r e s e r v a t iv e  

i n  a n y  f o r m u l a t i o n  w i l l  a lw a y s  b e  a t  a  lo w  le v e l .

C o n c l u s io n

U s in g  t h e  t ic  m e t h o d  d e s c r i b e d ,  i t  is  p o s s ib l e  t o  d e t e c t  t h e  i m i d a z o l i d in y l  

u r e a  t y p e  o f  a n t i m i c r o b i a l  p r e s e r v a t iv e  in  a  w id e  v a r i e ty  o f  c o s m e t i c  a n d
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Im idazo lid iny l urea ( G erm a n  Il5 )(y ig )

Figure 2. A calibration graph of imidazolidinyl urea type (Germall 115) 
added to  a m oisturizing lotion.

t o i l e t r y  f o r m u l a t i o n s .  T h e  u v  c o l o u r  r e a c t i o n  is  s p e c if ic  f o r  i m i d a z o l i d in y l  

u r e a ,  e v e n  in  t h e  p r e s e n c e  o f  a  n u m b e r  o f  o t h e r  a n t i m i c r o b i a l s .  T h e  p r e 

s e r v a t iv e  m a y  b e  q u a n t i t a t i v e l y  d e t e r m i n e d  w i t h  s u f f i c ie n t  a c c u r a c y  f o r  

r o u t i n e  q u a l i t y  c o n t r o l  b y  e i t h e r  v i s u a l  c o m p a r i s o n  o r  d e n s i t o m é t r i e  

m e a s u r e m e n t s .

{R e c e iv e d :  1 2 th  M a r c h  1974)
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Studies of the factors controlling the 
action of hair sprays—1 1 1 :
The influence of particle velocity 
and diameter on the capture of 
particles by arrays of hair fibres

R. W. RANCE*f

Synopsis—The V ELOCITY o f an A ERO SO L H A IR  SPR A Y  has been determined by measuring 
the gas velocity within the spray with a PITO T-STA TIC  TUBE. The velocity rises to a  m axim um  at 
the centre o f the spray cone and falls rapidly with increasing distance from the spray orifice. For 
a given distance from  the orifice the velocity also falls with decreasing pressure o f the aerosol pack.

M easurem ents o f C A P T U R E  and PE N E T R A T IO N  of hair spray droplets into a m odel 
A R R A Y  O F H A IR  FIB R ES backed by a solid plate representing the scalp have shown that 
coarse sprays give better penetration than  fine sprays. This is in contrast to the behaviour 
predicted by classical aerosol capture theory and reasons for the observed behaviour are dis
cussed.

I n t r o d u c t i o n

T h i s  p a p e r  is  o n e  o f  a  s e r i e s  w h ic h  d e s c r ib e s  s t u d i e s  o f  t h e  f a c t o r s  

i n f lu e n c i n g  t h e  a c t i o n  o f  h a i r  s p r a y s .  P r e v i o u s  p a p e r s  i n  t h i s  s e r i e s  ( 1 , 2 )  

h a v e  b e e n  c o n c e r n e d  w i th  t h e  e v e n t s  o c c u r r i n g  a f t e r  t h e  h a i r s p r a y  d r o p l e t s

* Unilever Research, Isleworth L aboratory, 455 London R oad, Isleworth, Middlesex, 
t  Present address: D ow  Chemical Co. Ltd, E uropean Agricultural Research and Developm ent 
Centre, K ing’s Lynn, N orfolk.
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h a v e  b e e n  d e p o s i t e d  o n  t h e  h a i r ,  a n d  s t u d i e s  o f  t h e  s p r e a d i n g  o f  h a i r s p r a y  

r e s i n  s o l u t i o n s  o n  h a i r  (1 ) ,  a n d  o f  t h e  a d h e s i o n  o f  h a i r s p r a y  r e s in s  t o  h a i r  

f ib r e s  h a v e  b e e n  r e p o r t e d  (2 ) . I n  a n o t h e r  p u b l i c a t i o n  (3 )  t h e  a u t h o r  h a s  

d e s c r i b e d  m e a s u r e m e n t s  o f  t h e  p a r t i c l e  s iz e  d i s t r i b u t i o n  o f  h a i r  s p r a y s .

T h e  p r e s e n t  s t u d y  is  c o n c e r n e d  w i th  m e a s u r e m e n t s  o f  t h e  v e lo c i ty  o f  

p a r t i c l e s  w i t h in  t h e  s p r a y s ,  a n d  w i t h  t h e  c a p t u r e  o f  t h e  p a r t i c l e s  b y  a r r a y s  o f  

h a i r  f ib r e s .  I t  i s  s h o w n  t h a t  t h e  c a p t u r e  a n d  p e n e t r a t i o n  o f  t h e  p a r t i c l e s  i n t o  

a n  a r r a y  o f  f ib r e s  d e p e n d s  o n  b o t h  t h e  s iz e  o f  t h e  p a r t i c l e s  a n d  t h e i r  v e lo c i ty .

P a r t i c l e  c a p t u r e  b y  f i b r e  a s s e m b l i e s  is  g e n e r a l l y  t r e a t e d  b y  c o n s i d e r i n g  a  

m o d e l  s y s te m  i n  w h i c h  a  p a r t i c l e - l a d e n  g a s  s t r e a m  is  d r a w n  t h r o u g h  a  f i l t e r  

c o m p o s e d  o f  t h e  f ib r e s .  I n  e x p e r i m e n t a l  s t u d i e s  i t  i s  c o n v e n i e n t  t o  c o n t r o l  

a s  m a n y  p a r a m e t e r s  a s  p o s s ib l e  a n d  m o n o d i s p e r s e  a e r o s o l s ,  t r a v e l l i n g  a t  

w e l l - d e f in e d  a i r - s t r e a m  v e lo c i t i e s ,  a r e  c a p t u r e d  in  a  m o d e l  f i l t e r  i n  w h ic h  

f ib r e s  o f  u n i f o r m  d i a m e t e r  a r e  a r r a n g e d  w i t h  a  r e g u l a r  i n t e r f i b r e  s p a c in g .

I n  t h e  p r e s e n t  s t u d y  w e  h a v e  n o t  r e s t r i c t e d  o u r s e l v e s  t o  s u c h  a  m o d e l  

s y s te m  a n d  h a v e  s t u d i e d  t h e  c a p t u r e  o f  a c t u a l  h a i r  s p r a y  p a r t i c l e s  p r o d u c e d  

b y  p r e s s u r i z e d  a e r o s o l  p a c k s .  T h e  p a r t i c l e s  w e r e  c a p t u r e d  b y  g r i d s  c o m 

p o s e d  o f  h a i r  f i b r e s  a r r a n g e d  in  a  r o u g h l y  p a r a l l e l  c o n f i g u r a t i o n  b u t  w i t h o u t  

a n y  r e g u l a r  i n t e r f i b r e  s p a c in g .  I n  o r d e r  t o  c h a r a c t e r i z e  t h e  s p r a y s  w e  h a v e  

m e a s u r e d  t h e  m a s s  m e d i a n  d i a m e t e r  o f  t h e  p a r t i c l e s ,  a n d  a s s e s s e d  t h e  

v e lo c i ty  o f  t h e  p a r t i c l e s  b y  m e a s u r i n g  t h e  v e lo c i ty  o f  t h e  p a r t i c l e - l a d e n  g a s  

s t r e a m  w i th  a  P i t o t - s t a t i c  t u b e .

T he theory of particle capture by fibres

R e c e n t l y  L i g h t  (4 )  h a s  r e v ie w e d  t h e  f o r c e s  w h ic h  d e t e r m i n e  t h e  m o v e 

m e n t  o f  a n  a e r o s o l  p a r t i c l e  s u b s e q u e n t  t o  t h e  i n i t i a l  v e lo c i ty  i m p a r t e d  b y  i t s  

s o u r c e .  T h e  c o m b i n e d  e f fe c t  o f  f o r c e s  s u c h  a s  g r a v i t y ,  d r a g ,  i n e r t i a ,  d i f f u s i o n  

a n d  e l e c t r o s t a t i c  c h a r g e s  d e t e r m i n e s  t h e  p a t h  f o l lo w e d  b y  a  p a r t i c l e .  F o r  a  

c o m p r e h e n s iv e  d i s c u s s i o n  o f  t h e s e  f o r c e s  t h e  r e a d e r  is  r e f e r r e d  t o  t h i s  a r t i c l e  

a n d  w e  s h a l l  o n ly  c o n s i d e r  h e r e  t h o s e  f o r c e s  w h ic h  in f lu e n c e  t h e  d e p o s i t i o n  

o f  h a i r  s p r a y  d r o p l e t s  o n  h a i r  f ib r e s .

A s  p o i n t e d  o u t  b y  L ig h t ,  t h e  p a r t i c l e  s iz e  is  p e r h a p s  t h e  m o s t  i m p o r t a n t  

v a r i a b l e  w h ic h  is  w i t h in  t h e  c o n t r o l  o f  t h e  f o r m u l a t o r  a n d  f o r  d e p o s i t i o n  o n  

s m a l l  s u r f a c e s ,  s u c h  a s  h u m a n  h a i r ,  t h e  p a r t i c l e  d i a m e t e r  s h o u l d  b e  o f  t h e  

s a m e  o r d e r  o f  m a g n i t u d e  a s  t h e  s u r f a c e  d i m e n s i o n .

T h e  p a r t i c l e s  i n  h a i r  s p r a y s  a r e  g e n e r a l l y  q u i t e  l a r g e .  T h e  m a s s  m e d i a n  

d i a m e t e r s  a r e  c o m m o n l y  i n  t h e  r a n g e  6 0  t o  a b o u t  3 0 0  p m ,  a n d  t h e r e  is  

r a r e l y  g r e a t e r  t h a n  a b o u t  1 0 %  b y  w e i g h t  o f  t h e  s p r a y  w i th  d i a m e te r s  le s s
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t h a n  10  p m .  F o r  s u c h  l a r g e  p a r t i c l e s  t h e  f o r c e s  a i d i n g  c a p t u r e  a r e  m a i n l y  

g r a v i t y ,  i n e r t i a  a n d  d i r e c t  i n t e r c e p t i o n .

G r a v i t a t i o n a l  s e t t l i n g  c o n t r i b u t e s  s i g n i f i c a n t ly  t o  t h e  r e m o v a l  o f  p a r t i c l e s  

i n  e x c e s s  o f  10  p m  f r o m  a  f l o w in g  s t r e a m .  H o w e v e r ,  s e t t l i n g  is  o n l y  o f  

i m p o r t a n c e  w h e n  t h e  s t r e a m  is  f lo w in g  o v e r  a  h o r i z o n t a l  s u r f a c e  a n d  w il l  

c o n t r i b u t e  l i t t l e  t o  t h e  c a p t u r e  o f  p a r t i c l e s  b y  f ib r e s .  I n e r t i a l  i m p a c t i o n  a n d  

d i r e c t  i n t e r c e p t i o n  a r e  t h u s  t h e  m a j o r  m e c h a n i s m s  c o n t r o l l i n g  t h e  c a p t u r e  o f  

h a i r  s p r a y  p a r t i c l e s  b y  h a i r  f ib r e s ,  a n d  i t  i s  u s e f u l  t o  c o n s i d e r  t h e s e  m o r e  

f u l ly  i n  o r d e r  t o  d e f in e  t h e  d e p e n d e n c e  o n  t h e  p a r t i c l e  d i a m e t e r  a n d  v e lo c i ty .

F i r s t  w e  s h a l l  c o n s i d e r  i n e r t i a l  i m p a c t i o n .  W h e n  a  p a r t i c l e - l a d e n  g a s  

s t r e a m  a p p r o a c h e s  a n  o b s t a c l e  p l a c e d  i n  i t s  p a t h ,  t h e  g a s  s t r e a m  a l t e r s  i t s  

p a t h  t o  f lo w  a r o u n d  t h e  o b s t a c l e .  B e c a u s e  o f  i t s  i n e r t i a ,  a  p a r t i c l e  w i l l  n o t  b e  

a b l e  t o  f o l lo w  c o m p l e t e ly  t h e  f lo w  l in e s  o f  t h e  g a s  a n d  m a y  l e a v e  t h e s e  f lo w  

l in e s  s u f f i c ie n t ly  t o  i m p a c t  o n  t h e  o b s t a c l e .  T h e  p r o b a b i l i t y  o f  c o l l i s i o n  

d e p e n d s  o n  t w o  p a r a m e t e r s  (4 ) ,  t h e  R e y n o l d ’s n u m b e r  w h i c h  d e f in e s  t h e  

p a t t e r n  o f  t h e  g a s  s t r e a m l in e s ,  a n d  i t s  d e p e n d e n c e  o n  t h e  s t r e a m  v e lo c i ty ,  

a n d  t h e  i n e r t i a l  i m p a c t i o n  p a r a m e t e r .  T h e  i n e r t i a l  i m p a c t i o n  p a r a m e t e r  is  

d e f in e d  a s :

d 2 p V 0

18 t |  D
(1)

w h e r e  d  i s  t h e  p a r t i c l e  d i a m e t e r ,  V 0 t h e  g a s  s t r e a m  v e lo c i ty ,  p  t h e  d e n s i ty  o f  

t h e  p a r t i c l e ,  r | t h e  g a s  v i s c o s i ty  a n d  D  t h e  o b s t a c l e  d i m e n s i o n ,  w h ic h  f o r  a  

f i b r e  is  t h e  f i b r e  d i a m e t e r .

L i g h t  (4 )  h a s  s h o w n  h o w  t h e  e f f ic ie n c y  o f  c a p t u r e  m a y  b e  c a l c u l a t e d  

f r o m  t h e  R e y n o l d ’s n u m b e r  a n d  t h e  i n e r t i a l  i m p a c t i o n  p a r a m e t e r .  F o r  a  

h a i r  f i b r e  o f  1 0 0  p m  d i a m e t e r  L i g h t  g iv e s  t h e  c a p t u r e  e f f ic ie n c ie s  f o r  p a r t i c l e s  

o f  v a r i o u s  s iz e s  a p p r o a c h i n g  a t  s p e e d s  o f  1 0 ,1 0 0  a n d  1 0 0 0  c m  s _1 ( T a b l e  5 o f  

r e f .  4 ) .  T h e  e f f ic ie n c y  in c r e a s e s  w i t h  i n c r e a s i n g  p a r t i c l e  d i a m e t e r  a n d  v e lo c i ty  

a n d  r e a c h e s  1 0 0 %  f o r  a  10  p m  p a r t i c l e  a t  1 0 0 0  c m  s_1 o r  a  5 0  p m  p a r t i c l e  a t  

1 0 0  c m  s ' 1.

N e x t  w e  s h a l l  c o n s i d e r  t h e  c o n t r i b u t i o n  o f  d i r e c t  i n t e r c e p t i o n  t o  t h e  t o t a l  

c a p t u r e .  W h e n  t h e  s iz e  o f  t h e  a e r o s o l  p a r t i c l e s  a p p r o a c h e s  t h e  d i a m e t e r  o f  

t h e  f ib r e s ,  c a p t u r e  b y  d i r e c t  i n t e r c e p t i o n  b e c o m e s  s i g n i f i c a n t  a n d  in c r e a s e s  

t h e  c a p t u r e  o c c u r r i n g  b y  i n e r t i a l  i m p a c t i o n .  B e c a u s e  o f  t h e  w a y  in  w h ic h  

c a p t u r e  e f f ic ie n c y  i s  d e f i n e d :

e f f ic ie n c y  =
c r o s s - s e c t i o n a l  a r e a  o f  s t r e a m  f r o m  w h i c h  p a r t i c l e s  a r e  r e m o v e d  

c r o s s - s e c t i o n a l  a r e a  o f  f i b r e s  p r o j e c t e d  u p s t r e a m
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i t  is  p o s s ib l e  f o r  t h e  t o t a l  e f f ic ie n c y  t o  b e  g r e a t e r  t h a n  1 0 0 % .  F o r  e x a m p l e ,  

l e t  u s  a s s u m e  t h a t  t h e  i n e r t i a  o f  a l l  t h e  p a r t i c l e s  is  s o  g r e a t  t h a t  t h e y  c o n t i n u e  

t o  t r a v e l  i n  s t r a i g h t  l in e s  w h e n  t h e  s t r e a m l in e s  d iv e r g e  a r o u n d  t h e  o b s t a c l e .  

T h e n  a l l  p a r t i c l e s  w h o s e  c e n t r e s  a r e  w i t h i n  t h e  p r o j e c t e d  a r e a  o f  t h e  f i b r e  

w i l l  b e  c a p t u r e d .  I n  a d d i t i o n  t h o s e  p a r t i c l e s  w h o s e  c e n t r e s  a r e  w i t h in  a  

d i s t a n c e  d /2  o f  t h e  s u r f a c e  o f  t h e  f ib r e  w i l l  a l s o  b e  c a p t u r e d .  T h e  t o t a l

„  . . D  +  d
c a p t u r e  e f f ic ie n c y  is  t h e n  — —— .

I n e r t i a l  i n t e r c e p t i o n  b e c o m e s  s ig n i f i c a n t  f o r  d / D > 0 .1  a n d  i n c r e a s e s  w i t h  

i n c r e a s in g  d i a m e t e r  o f  t h e  p a r t i c l e s .

F r o m  t h e  f o r e g o i n g  a n a l y s i s  w e  c a n  se e  t h a t  t h e  c a p t u r e  o f  h a i r  s p r a y  

p a r t i c l e s  b y  h a i r  f i b r e s  c a n  b e  p r e d i c t e d  t o  i n c r e a s e  w i t h  i n c r e a s e  i n  b o t h  t h e  

d i a m e t e r  a n d  v e lo c i ty  o f  t h e  p a r t i c l e s .  C o n v e r s e ly ,  m a x i m u m  p e n e t r a t i o n  

i n t o  a n  a r r a y  o f  f ib r e s  r e q u i r e s  t h e  u s e  o f  s m a l l ,  l o w - v e lo c i ty  p a r t i c l e s .

Experimental

M e a s u r e m e n t  o f  p a r t ic le  v e lo c itie s  in  a e ro s o l s p r a y s  p r o d u c e d  b y
p r e s s u r iz e d  p a c k s

T h e  d e t e r m i n a t i o n  o f  t h e  v e lo c i t i e s  o f  p a r t i c l e s  i n  a n  a e r o s o l  s p r a y  is  

d i f f ic u l t  s in c e  t h e r e  is  a  d i s t r i b u t i o n  o f  v e lo c i ty  a c r o s s  t h e  s p r a y  c o n e .  

P a r t i c l e s  a t  t h e  c e n t r e  o f  t h e  s p r a y  h a v e  t h e  h ig h e s t  v e lo c i ty  w h i le  t h o s e  a t  

t h e  o u t s i d e  h a v e  t h e  l o w e s t  v e lo c i ty  s in c e  h e r e  t h e  p a r t i c l e - l a d e n  g a s  s t r e a m  

is  in  c o n t a c t  w i th  t h e  s t a g n a n t  a i r  o f  t h e  s u r r o u n d i n g  a t m o s p h e r e .  W e  c a n  

t h u s  e x p e c t  a  p a r a b o l i c  v e lo c i ty  d i s t r i b u t i o n  s i m i l a r  t o  t h a t  s h o w n  b y  a  f lu id  

m o v in g  t h r o u g h  a  p i p e  u n d e r  l a m i n a r  f lo w  c o n d i t i o n s .  T h e  s i t u a t i o n  is  

f u r t h e r  c o m p l i c a t e d  b y  lo c a l  t u r b u l e n c e  w h ic h  is  a p p a r e n t  i n  t h e  s p r a y ,  p a r 

t i c u l a r l y  o n  t h e  o u t s i d e  o f  t h e  c o n e .

A t t e m p t s  t o  m e a s u r e  t h e  p a r t i c l e  v e lo c i t i e s  u s i n g  a  h ig h - s p e e d  p h o t o 

g r a p h i c  t e c h n i q u e  w e r e  o f  l im i t e d  u s e ,  o w i n g  t o  t h e  r e s t r i c t e d  d e p t h  o f  f ie ld ,  

t o g e t h e r  w i th  t h e  p r o b l e m s  o u t l i n e d  a b o v e .  I n s t e a d  w e  e v e n t u a l l y  c h o s e  t o  

m e a s u r e  t h e  v e lo c i ty  o f  t h e  g a s  s t r e a m  c a r r y i n g  t h e  p a r t i c l e s  r a t h e r  t h a n  t h e  

v e lo c i ty  o f  t h e  p a r t i c l e s  th e m s e lv e s .  T h e  w o r k  t h u s  c o n t a i n s  t h e  a s s u m p t i o n  

t h a t  t h e  p a r t i c l e s  t r a v e l  i s o k i n e t i c a l l y  w i t h  t h e  g a s  s t r e a m .  T h i s  r e s t r i c t i o n  is  

p r o b a b l y  o f  l i t t l e  s ig n i f ic a n c e  w h e n  c o m p a r e d  w i th  t h e  o v e r a l l  a c c u r a c y  o f  

t h e  v e lo c i ty  m e a s u r e m e n t s .
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T h e  P i t o t  t u b e  w a s  f i r s t  d e s c r i b e d  b y  H e n r i  d e  P i t o t  i n  1 7 3 2 . P i t o t  

m e a s u r e d  v e lo c i t i e s  b y  i m m e r s i n g  t w o  o p e n  t u b e s  t o  t h e  s a m e  d e p t h  i n  

f l o w in g  w a t e r ,  a s  s h o w n  i n  F ig . 1. T h e  l o w e r  o p e n i n g  in  o n e  o f  t h e  t u b e s  

w a s  p e r p e n d i c u l a r  t o  t h e  f lo w  a n d  t h e  r i s e  i n  w a t e r  i n  t h i s  t u b e  w a s  t a k e n  

a s  a n  i n d i c a t i o n  o f  t h e  s t a t i c  p r e s s u r e  p s o f  t h e  f lu id .  T h e  o t h e r  t u b e  w a s  

b e n t  t h r o u g h  9 0 °  s o  t h a t  i t s  l o w e r  o p e n i n g  f a c e d  i n t o  t h e  f lo w  d i r e c t i o n .  

T h e  r i s e  i n  w a t e r  le v e l  i n  t h i s  t u b e  w a s  t a k e n  t o  b e  a n  i n d i c a t i o n  o f  t h e  t o t a l  

p r e s s u r e  p „  i .e .  t h e  s u m  o f  t h e  s t a t i c  a n d  d y n a m i c  p r e s s u r e s ,  w h e r e  t h e  

d y n a m i c  p r e s s u r e  j p 0V 2 i s  t h e  p r e s s u r e  e q u i v a l e n t  o f  t h e  k i n e t i c  e n e r g y  o f  

t h e  f l o w in g  s t r e a m .  T h e  d i f f e r e n c e  i n  w a t e r  le v e ls  is  t h u s  a  m e a s u r e  o f  t h e  

v e lo c i ty  o f  t h e  f lu id .

Flow

Figure 1. The P itot-static tube m ethod for m easuring the velocity of a fluid
stream .

T h u s  P , =  P s +  iP o » 72 (2 )

w h e r e  p 0 is  t h e  d e n s i ty  o f  f l u id  a n d  V  i t s  v e lo c i ty .

T h e  i n s t r u m e n t  u s e d  in  t h i s  i n v e s t i g a t i o n  c o m b i n e s  b o t h  t u b e s  i n  o n e  

u n i t  a s  s h o w n  i n  F ig . 2 . T h e  p r e s s u r e  d i f f e r e n c e s  ( p ,  -  p ,)  p r o d u c e d  a r e  v e r y  

s m a l l ,  e s p e c i a l l y  a t  t h e  l o w e r  v e lo c i t i e s ,  a n d  h a v e  t o  b e  m e a s u r e d  o n  a  

s p e c ia l l y  d e s i g n e d  i n c l i n e d  m a n o m e t e r .  T h e  p a r t i c u l a r  i n s t r u m e n t  u s e d  w a s
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Flow

Static pressure 
holes

Figure 2. A combined Pitot-static tube.

t h e  ‘P o r t a b l e  a i r f l o w  t e s t i n g  s e t  M a r k  4 ’,*  i n c o r p o r a t i n g  t w o  a d j u s t a b l e  

l im b  m a n o m e t e r s ,  e a c h  w i t h  s e v e r a l  d i f f e r e n t  i n c l i n a t i o n s .  T h e  m a n o m e t e r  

t u b e s  w e r e  f i l le d  w i t h  a  r e d  d y e d  b l e n d  o f  p a r a f f i n  h a v i n g  a  s p e c if ic  g r a v i t y  o f

0 .7 8 7  a t  6 0 ° F .  T h e  s t a t i c  p r e s s u r e  t u b e  w a s  c o n n e c t e d  t o  t h e  t o p  o f  t h e  

m a n o m e t e r  a n d  t h e  t o t a l  p r e s s u r e  t u b e  t o  t h e  b o t t o m  s o  t h a t  o n l y  t h e  

d i f f e r e n t i a l  p r e s s u r e  w a s  m e a s u r e d .  T h e  s c a le s  o f  t h e  m a n o m e t e r  w e r e  c a l i 

b r a t e d  in  i n c h e s  o f  w a t e r  a n d  a n  a l t e r n a t i v e  s c a le  w a s  a l s o  s u p p l i e d  s o  t h a t  

a i r  v e lo c i t i e s  i n  f t  m i n -1 c o u l d  b e  r e a d  d i r e c t l y  f r o m  t h e  i n s t r u m e n t .

P r e s s u r i z e d  p a c k s  w e r e  f i l le d  a c c o r d i n g  t o  t h e  s p e c i f i c a t io n s  s h o w n  in  

T a b le  I .

T h e  P i t o t - s t a t i c  t u b e  w a s  p l a c e d  w i t h in  t h e  a e r o s o l  s p r a y  c o n e  a t  a  g iv e n  

d i s t a n c e  f r o m  t h e  a t o m i z i n g  n o z z l e ,  a n d  t h e  a e r o s o l  b u t t o n  a c t u a t e d .  T h e

Table I. D etails o f filling of aerosol cans for velocity m easure
ments

Pressure 
(kN  n r 2)

Resin-alcohol 
concentrate (% )

Propellant
(% )

Freon 11/ 
Freon 12

152 40 60 45/15
221 40 60 35/25
290 40 60 24/36
359 40 60 14/46

Airflow Developm ents Ltd.
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P i t o t  t u b e  w a s  m o v e d  w i t h i n  t h e  c o n e  u n t i l  t h e  m a x i m u m  p r e s s u r e  w a s  

r e c o r d e d  o n  t h e  m a n o m e t e r .  T h e  r e a d i n g  w a s  t h e n  n o t e d  a n d  t h e  b u t t o n  

r e l e a s e d .  T h e  p r o c e d u r e  w a s  r e p e a t e d  a t  s e v e r a l  d i s t a n c e s  f r o m  t h e  n o z z l e  

s o  t h a t  t h e  v e lo c i t i e s  o f  t h e  a e r o s o l  g a s  s t r e a m  w e r e  o b t a i n e d  a s  a  f u n c t i o n  

o f  d i s t a n c e  f r o m  t h e  n o z z l e .  T h e  m a x i m u m  v e lo c i ty  w i t h i n  t h e  c o n e  w a s  

a lw a y s  m e a s u r e d  s in c e  t h e r e  i s  a  v e lo c i ty  p r o f i l e  a c r o s s  t h e  c o n e  a n d  a  

v e lo c i ty  le s s  t h a n  t h e  m a x i m u m  c o u l d  b e  o b t a i n e d ,  d e p e n d i n g  u p o n  t h e  

p o s i t i o n  o f  t h e  P i t o t  t u b e .

I t  w a s  f o u n d  n e c e s s a r y  t o  w a s h  o u t  t h e  P i t o t  t u b e  w i t h  a l c o h o l  a f t e r  

e a c h  m e a s u r e m e n t  b e f o r e  t h e  r e s i n  s o l u t i o n  h a d  t im e  t o  d r y  a n d  p a r t i a l l y  

o b s t r u c t  t h e  g a s  f lo w  i n t o  t h e  t u b e .

M e a s u r e m e n t  o f  th e  p e n e tr a t io n  o f  th e  h a ir  s p r a y  p a r t ic le s  in to  an  
a r r a y  o f  h a ir  f ib r e s

A  m o d e l  f i l t e r  s y s te m  w a s  c o n s t r u c t e d  t o  s i m u la t e  a  m a s s  o f  h a i r  f i b r e s  

b a c k e d  b y  t h e  s c a lp .  T h e  f i l t e r  c o n s i s t e d  o f  s ix  s e p a r a t e  a r r a y s  o f  f ib r e s  

w h ic h  w e r e  t h e n  p l a c e d  t o g e t h e r .  E a c h  a r r a y  c o n s i s t e d  o f  a b o u t  2 0 0  h a i r  

f ib r e s  s t r e t c h e d  a c r o s s  a  c i r c u l a r  b r a s s  r i n g  o f  4 7 .5  m m  i n t e r n a l  d i a m e t e r ,  

a n d  1 .5  m m  w a l l  t h i c k n e s s .  T h e  f i b r e s  w e r e  p l a c e d  r o u g h l y  p a r a l l e l ,  a n d  

s e c u r e d  b e tw e e n  t w o  r i n g s  w i t h  A r a l d i t e  e p o x y  r e s i n .  N o  a t t e m p t  w a s  m a d e  

t o  o b t a i n  a  u n i f o r m  s p a c in g  b e tw e e n  a d j a c e n t  f ib r e s .  W h e n  c o m p l e t e d ,  e a c h  

a r r a y  w a s  m a r k e d  a n d  n u m b e r e d  s o  t h a t  t h e  c o m p l e t e  f i l t e r  c o u l d  b e  r e p r o -  

d u c ib l y  a s s e m b le d .  A  s h e e t  o f  t h i n  a l u m i n i u m  f o i l ,  a t t a c h e d  a c r o s s  a  

s e v e n th  r i n g ,  a c t e d  a s  a  b a c k  p l a t e  r e p r e s e n t i n g  t h e  s c a lp .  T h i s  p l a t e  w a s  

p l a c e d  b e h i n d  t h e  s i x t h  f i l t e r  s t a g e  t o  l e a v e  a  1 .5  m m  g a p .  T h i s  g a p  a l l o w e d  

s o m e  g a s  t o  p a s s  t h r o u g h  t h e  f i l t e r  w h i l s t  s t i l l  m a i n t a i n i n g  a  b a c k  p r e s s u r e  

a m o n g s t  t h e  f ib r e s .

P e n e t r a t i o n  m e a s u r e m e n t s  w e r e  m a d e  i n  t h e  f o l l o w in g  w a y .  T h e  f i l t e r  

a s s e m b ly  w a s  d i s m a n t l e d  a n d  w a s h e d  t h o r o u g h l y  w i t h  a l c o h o l .  A f t e r  d r y i n g  

t o  c o n s t a n t  w e i g h t  t h e  i n d i v i d u a l  f i l t e r s ,  a n d  b a c k  p l a t e ,  w e r e  w e ig h e d  

s e p a r a t e l y  a n d  t h e  w h o l e  u n i t  r e a s s e m b l e d .  A  f u r t h e r  b r a s s  r i n g  w a s  p l a c e d  

in  f r o n t  o f  t h e  f i r s t  f i l t e r  t o  p r e v e n t  s p r a y  d e p o s i t i n g  d i r e c t l y  o n  i t s  f o r m e r ,  

a n d  t h e  s p r a y  f r o m  a n  a e r o s o l  c a n ,  p l a c e d  a t  a  g iv e n  d i s t a n c e ,  w a s  d i r e c t e d  

a t  t h e  f i l t e r .  T h e  u n i t  w a s  d i s m a n t l e d  a f t e r  b e i n g  a l l o w e d  t o  d r y .  E a c h  p a r t  

w a s  t h e n  r e w e i g h e d  t o  c o n s t a n t  w e i g h t ,  t o  o b t a i n  t h e  w e ig h t  o f  r e s i n  d e 

p o s i t e d  a t  e a c h  s ta g e .

S e v e r a l  d i f f e r e n t  t y p e s  o f  s p r a y  w e r e  u s e d .  T h e s e  w e r e  p r o d u c e d  b y  v a r y 

in g  b o t h  t h e  a c t u a t o r  b u t t o n  a n d  t h e  i n t e r n a l  p r e s s u r e  o f  t h e  a e r o s o l  p a c k .  

D e t a i l s  o f  t h e  v a r i o u s  c o m b i n a t i o n s  u s e d  a r e  l i s t e d  i n  T a b le  I I .
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Table II. Sum m ary of actuators and products examined in penetration 
experiments

A ctuator Type
Orifice diam eter 

(cm)
Pressures 
(kN ITT2)

Precision 2-piece Swirl cham ber 0.045 145-372
PK N -38 Swirl cham ber 0.040 152-372

M echanical break-up 0.075 165-359

T h e  r e s u l t s  o f  t h e  p e n e t r a t i o n  e x p e r i m e n t s  w e r e  a n a l y s e d  in  t h e  f o l l o w in g  

w a y .

C o n s i d e r  t h a t  in  t im e  t  a  t o t a l  o f  ( A 0) g  o f  s p r a y  a p p r o a c h e s  t h e  f i r s t  

f i l t e r .  A  f r a c t i o n  A.v o f  t h e  p a r t i c l e s  w i l l  b e  r e m o v e d  b y  t h e  f ib r e s  in  t h e  f i r s t  

f i l t e r ,  s o  t h a t  t h e  w e ig h t  c o l l e c t e d  w il l  b e  ( N 0) A x ,  a n d  t h e  t o t a l  w e ig h t  

p a s s i n g  t o  t h e  s e c o n d  s t a g e  w i l l  b e  ( N 0) (1 -  A .v). A s s u m in g  t h a t  a  f u r t h e r  

f r a c t i o n  A x  is  r e m o v e d  a t  e a c h  s u b s e q u e n t  s t a g e ,  t h e  w e ig h t  p e n e t r a t i n g  t h e  

s e c o n d  f i l t e r  i s :

7V0(1 -  A x )  -  A 0A x ( l  -  A x )  =  N 0(  1 -  A x ) 2 (3 )

a n d  t h e  w e ig h t  p e n e t r a t i n g  f i l t e r  n u m b e r  y  i s :

N  =  N 0(  1 -  A x ) y. (4 )

T h e  i n i t i a l  w e ig h t ,  N 0, is  o b t a i n e d  b y  s u m m in g  a l l  t h e  w e ig h ts  c a p t u r e d  o n  

t h e  i n d iv i d u a l  f i l t e r s  t o g e t h e r  w i t h  t h a t  o n  t h e  b a c k  p l a t e ,  a s s u m i n g  t h a t  n o  

m a t e r i a l  e s c a p e s  t h r o u g h  t h e  g a p  b e tw e e n  t h e  f in a l  f i l t e r  a n d  t h e  b a c k  p l a t e .  

F r o m  e q u a t i o n  (4 )  w e  o b t a i n  t h e  p e n e t r a t i o n  a t  a n y  s ta g e  y :

p e n e t r a t i o n

<11IIII ( 5 )

. - . l o g  —
^Vo

=  y  l o g  (1 -  A x ) . (6 )

T h u s  a  p l o t  o f  lo g
N

NÔ
a g a i n s t  f i l t e r  n u m b e r  y  s h o u l d  b e  l i n e a r  a n d  t h e  s lo p e

w i l l  b e  a  m e a s u r e  o f  t h e  o v e r a l l  p e n e t r a t i o n  o f  t h e  s p r a y  i n t o  t h e  f i l te r .
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R e s u l t s  a n d  d is c u s s io n  

V e lo c i ty  m e a s u r e m e n ts

F ig u re  3  s h o w s  t h a t  t h e  v e lo c i ty  o f  a n  a e r o s o l  s p r a y  v a r ie s  w i th  t h e  

d i s t a n c e  f r o m  t h e  a c t u a t o r  a n d  w i t h  t h e  p r e s s u r e  o f  t h e  a e r o s o l  p a c k .  T h e  

r e s u l t s  s h o w n  a r e  f o r  p a c k  p r e s s u r e s  o f  1 5 2 , 2 2 1 ,  2 9 0  a n d  3 5 9  k N  m r 2 a n d  

f o r  a  P re c is io n  S ta n d a r d  R T B U  t y p e  a c t u a t o r .  T h e  h a i r  s p r a y  f o r m u l a t i o n  

c o n s i s t e d  o f  5 .6 %  c r o t o n i c  a c i d / v in y l  a c e t a t e  c o p o l y m e r  i n  I M S  w i t h  a  

p r o d u c t / p r o p e l l a n t  r a t i o  o f  4 0 /6 0 ,  t h e  p r o p e l l a n t  b e in g  t h e  p a r t i c u l a r  m ix 

t u r e  o f  F reo n  11 a n d  F reo n  12  r e q u i r e d  t o  g iv e  t h e  d e s i r e d  p r e s s u r e .

Figure 3. V ariation of velocity o f aerosol sprays with distance from the 
actuator. Experim ental points: O, 359 kN  n r 2; A , 290 kN  m-2 ; X, 221 kN  n r 2;

• ,  152 kN  n r 2.

F ig u re  4  s h o w s  t h e  v e lo c i ty  p r o f i l e  a c r o s s  t h e  s p r a y  c o n e  f o r  t h e  s a m e  

a e r o s o l  p a c k s .  T h e s e  m e a s u r e m e n t s  w e r e  t a k e n  a t  a  d i s t a n c e  o f  5 0  m m  f r o m  

t h e  a c t u a t o r  b y  p l a c i n g  t h e  c a n  o n  a  t u r n t a b l e  c a l i b r a t e d  in  d e g r e e s .  I n  e a c h  

c a s e  t h e  a e r o s o l  b u t t o n  w a s  i n i t i a l l y  l i n e d  u p  w i t h  t h e  P i t o t  t u b e  b y  e y e ,  a n d  

t h e  p o s i t i o n  w a s  t a k e n  t o  b e  z e r o  d e g r e e s .  V e lo c i ty  m e a s u r e m e n t s  w e r e  t h e n  

t a k e n  o n  e a c h  s id e  o f  t h i s  z e r o .
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Figure 4. Velocity profile across spray cone 5 cm from the actuator for a 
Precision Standard RTBU actuator. Experimental points: O , 359 kN n r 2;

A , 290 kN n r 2; X , 221 kN n r 2; •  152 kN n r 2.

F ig u r e  3  s h o w s  th a t  th e  v e lo c i t y  is  v e r y  h ig h  c lo s e  t o  th e  a c t u a t o r  a n d  
fa l ls  r a p id ly  w it h  in c r e a s in g  d is ta n c e  f r o m  th e  a c tu a t o r .  F o r  th e  h ig h  

p r e s s u r e  p a c k s  (2 9 0  a n d  3 5 9  k N  n r 2)  th e  v e lo c i t y  10 m m  f r o m  th e  o r i f i c e  is 

o f  th e  o r d e r  o f  6 0 0 0  c m  s-1 . A t  2 5 0  m m  th e  v e lo c i t y  fa l ls  t o  b e t w e e e n  100  
a n d  5 0 0  c m  s_1 d e p e n d in g  o n  th e  p a c k  p r e s s u r e . T h e  v e lo c i t y  p r o f i le s  a c r o s s  
th e  s p r a y  c o n e  (F ig . 4 )  s h o w  th a t  th e  v e lo c i t y  r ises  t o  a  m a x im u m  a t  th e  

c e n t r e  o f  th e  s p r a y  c o n e .  B o t h  f ig u r e s  s h o w  th a t  th e  m a x im u m  v e lo c i t y  in  
th e  c o n e  in c r e a s e s  w ith  in c r e a s in g  p r e s s u r e  o f  th e  a e r o s o l  p a c k .

F ig u r e  5  s h o w s  th e  v e lo c i t y  p r o f i le  a c r o s s  th e  s p r a y  c o n e  f o r  a  221 k N  n r 2 
p a c k  fit te d  w ith  a  P r e c is io n  t w o -p ie c e  a c tu a t o r .

F r o m  a  k n o w le d g e  o f  th e  d ia m e t e r  o f  th e  a c t u a t o r  o r i f ic e  a n d  th e  d is c h a r g e
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Figure 5. Velocity profile across spray cone 5 cm from  the actuator for a 
Precision 2-piece actuator. The pressure was 221 kN n r 2.

ra te  o f  th e  a e r o s o l  it  is  p o s s ib le  t o  c a lc u la t e  th e  d is c h a r g e  v e lo c i t y  o f  th e  

s p r a y s . T a b le  I I I  s h o w s  d a ta  f o r  th e  P r e c is io n  S ta n d a r d  a c t u a t o r  w h ic h  h a d  

a n  o r i f i c e  d ia m e t e r  o f  0 .0 4 1  c m .  T h e  f o r m u la t io n  d e n s it y  w a s  ta k e n  as 

1.1 g  c n r 3. T h e  f in a l c o lu m n  o f  T a b le  I I I  s h o w s  th e  v a lu e s  o f  th e  m a x im u m  

v e lo c i t y  o f  th e  s p r a y s  a t  a  d is ta n c e  o f  2 0  m m . T h e  m e a s u r e d  v e lo c i t ie s  a re  

s e v e r a l t im e s  g re a te r  th a n  th e  c a lc u la t e d  v a lu e s . T h is  e v id e n c e  su g g e s ts  th a t  
th e  p r o d u c t  d o e s  n o t  e m e r g e  f r o m  th e  c a n  as a  c o n t in u o u s  je t  b u t  a s  a  

m ix t u r e  o f  l iq u id  a n d  p r o p e l la n t  g a s . T h e  e x p a n s io n  c h a m b e r  w h ic h  p r e c e d e s  

th e  a t o m iz e r  p r o b a b ly  a l lo w s  p a r t ia l  e v a p o r a t i o n  o f  p r o p e l la n t  b e f o r e  th e

Table III. Comparison o f  calculated and measured discharge velocities 
for the standard RTBU actuator

Pressure 
(kN n r 2)

Discharge rate 
(g S“ 1)

Calculated
velocity

(cm s_1)

Measured velocity 
2 cm from orifice 

(cm s_1)

152 0.92 645 1700
221 1.03 722 2600
290 1.11 778 3900
359 1.15 806 5200
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p r o d u c t  en te rs  th e  o r i f ic e .  T h e  p r o d u c t  th e n  le a v e s  th e  a c t u a t o r  in  a  p a r t ia l ly  

a t o m iz e d  c o n d i t i o n  as a  m ix t u r e  o f  g a s  a n d  l iq u id .  T h e  m ix t u r e  h a s  a  l o w e r  

o v e r a l l  d e n s it y  a n d  c o n s e q u e n t ly  h ig h e r  d is c h a r g e  v e lo c i t y .

P e n e tr a t io n  m e a s u r e m e n ts

P e n e tr a t io n  m e a s u r e m e n ts  w e r e  m a d e  w ith  s p ra y s  p r o d u c e d  b y  a e r o s o l  

p a c k s  f it te d  w ith  s w ir l c h a m b e r  a c tu a t o r s  o f  th e  P r e c is io n  t w o -p ie c e  a n d  

A e r o s o l  R e s e a r c h  P K N  38  d e s ig n  a n d  w ith  a  c o n v e n t io n a l  m e c h a n ic a l  

b r e a k -u p  a c t u a t o r  w ith  a n  e x c e p t io n a l ly  la r g e  o r i f ic e  d ia m e t e r  o f  0 -7 5  m m . 

E a c h  a c t u a t o r  w a s  u s e d  w ith  a e r o s o l  c a n s  p a c k e d  w ith  5 .6 %  c r o t o n i c  a c id /  

v in y l  a c e ta te  c o p o ly m e r  in  I M S  w ith  a  p r o d u c t /p r o p e l la n t  r a t io  o f  4 0 /6 0 ,  
a n d  w ith  m ix t u r e s  o f  F r e o n  11  a n d  F r e o n  1 2  t o  g iv e  p re ss u re s  r a n g in g  f r o m  

a b o u t  138 t o  3 5 9  k N  n r 2.

A  se r ie s  o f  e x p e r im e n ts  w a s  p e r f o r m e d  w ith  th e  m o d e l  f ib r e  a r r a y  a t a  

d is ta n c e  o f  150  m m  f r o m  th e  a c tu a t o r .

T h e  re su lts  f o r  th e  se r ie s  o f  e x p e r im e n ts  a r e  s h o w n  in  F ig . 6  w h e r e  th e  

d a ta  is  p r e s e n te d  as p lo t s  o f  l o g  N / N 0 v e rs u s  f ilte r  n u m b e r .

I n  g e n e r a l  l in e a r  p lo t s ,  a s  p r e d ic t e d  b y  th e  t h e o r e t ic a l  a n a ly s is , a re  
o b t a in e d .  D e v ia t i o n s  o c c u r  f o r  th e  p o o r l y  a t o m iz e d  sp ra y s  p r o d u c e d  b y  th e  

m e c h a n ic a l  b r e a k -u p  b u t t o n  w ith  0 .7 5  m m  o r i f ic e  d ia m e t e r  a t  th e  l o w e r  

p r e ss u r e s . T h e s e  sp ra y s  a r e  je t - l ik e  a n d  th e  c a p t u r e  t h e o r y  b r e a k s  d o w n  

s in c e  c a p t u r e  o f  in d iv id u a l  d r o p le t s  is  n o  l o n g e r  th e  c o n t r o l l in g  m e c h a n is m .

F ig u r e  6  s h o w s  c e r t a in  t r e n d s  w h ic h  c a n  b e  se e n  b y  s im p le  in s p e c t io n .  

T h e  sp ra y s  p r o d u c e d  b y  th e  0 .7 5  m m  o r i f ic e  d ia m e t e r  m e c h a n ic a l  b r e a k -u p  

a c t u a t o r  w e r e  m o r e  p e n e tr a t in g  th a n  t h o s e  p r o d u c e d  b y  e ith e r  o f  th e  s w ir l 

c h a m b e r  a c t u a t o r s  a t  e q u iv a le n t  p r e ss u r e s . F u r t h e r m o r e ,  f o r  a  g iv e n  ty p e  o f  

a c t u a t o r  th e  p e n e t r a t io n  g e n e r a lly  in c r e a s e s  w ith  d e c r e a s in g  p r e s s u r e  o f  th e  

a e r o s o l  p a c k .  B o t h  o f  th e se  o b s e r v a t io n s  in d ic a t e  th a t  c o a r s e  s p r a y s , c o n 
ta in in g  la rg e  d r o p le t s ,  a re  m o r e  e f fe c t iv e  in  p r o d u c in g  p e n e t r a t io n  in t o  th e  
a r r a y  o f  f ib re s . T h is  is  d ir e c t ly  o p p o s i t e  t o  th e  e f fe c t s  e x p e c t e d  f r o m  
t h e o r e t ic a l  c o n s id e r a t io n .

D ir e c t  c o m p a r i s o n  o f  th e  p e n e t r a t io n  p lo t s  a l lo w s  a  r a n k in g  o r d e r  o f  
p e n e t r a t io n  t o  b e  o b t a in e d .  T h is  o r d e r  is  s h o w n  in  T a b le  I V .

P a r t ic le  c a p t u r e  t h e o r y  p r e d ic t s  th a t  th e  e f f ic ie n c y  o f  c a p t u r e  in c r e a s e s  
w it h  in c r e a s in g  in e r t ia  o f  th e  p a r t ic le s , th a t  is  w ith  in c r e a s in g  d ia m e t e r  a n d  
v e lo c i t y  o f  th e  p a r t ic le s .  O u r  d a ta ,  o n  th e  o t h e r  h a n d , in d ic a t e  th a t  th is  

c o n d i t i o n  d o e s  n o t  a p p ly  f o r  p a r t ic le s  e n c o u n t e r e d  in  a e r o s o l  h a ir  sp ra y s . 
T h u s  th e  c o a r s e r  th e  s p r a y  th e  m o r e  p e n e tr a t in g  it  p r o v e s  t o  b e .
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Filter number

Figure 6. Penetration o f  hair spray droplets into model fibre array, placed 15
cm from the actuator.

Pressure Pressure
Actuator (kN n r 2) Actuator (kN n r 2)

1. Mechanical break-up 165 7. Precision 2-piecc 214
2. Mechanical break-up 262 8. Precision 2-piece 283
3. Precision 2-piece 165 9. Aerosol Research PKN 38 234
4. Mechanical break-up 303 10. Precision 2-piece 372
5. Aerosol Research PKN 38 165 11. Aerosol Research PKN 38 303
6. Mechanical break-up 359 12. Aerosol Research PKN 38 372
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Table IV. Penetration o f  sprays into model filter placed 150 mm from
actuator

Ranking
order

Actuator/ 
pressure (kN n r 2)

cl
(pm)

V
(cm s_1)

d 2 V 
(cm 3 s " 1)

1 MBU/165 1000 200 2.00
2 MBU/262 500 400 1.00
3 P2P/165 270 200 0.146
4 MBU/303 121 450 0.066
5 PKN-38/165 75 400 0.023
6 MBU/359 81 600 0.039
7 P2P/214 225 400 0.203
8 PKN-38/283 160 200 0.051
9 P2P/234 100 450 0.045

10 P2P/372 60 600 0.022
11 PKN-38/303 80 450 0.029
12 PKN-38/372 63 600 0.024

T o  in v e s t ig a te  th e  d e p e n d e n c e  o f  p e n e tr a t io n  o n  th e  in e r t ia  o f  th e  

p a r t ic le s  m o r e  fu l ly ,  it  is n e c e s s a r y  t o  c o n s id e r  b o t h  th e  v e lo c i t y  a n d  th e  

d im e n s io n s  o f  th e  p a r t ic le s . I f  a  p a r t ic le  is  p r o je c t e d  in t o  s t ill a ir  w ith  a n  

in it ia l v e lo c i t y  V  c m  s-1 , a n d  i f  th e  p a r t ic le  m o t i o n  s u b s e q u e n t ly  o b e y s  
S t o k e s  la w , th e n  th e  d is ta n c e  t r a v e lle d  b y  th e  p a r t ic le  b e f o r e  c o m in g  t o  rest 

is  k n o w n  as  th e  ‘ s t o p  d is t a n c e ’ a n d  is g iv e n  b y :

‘ s t o p  d is t a n c e ’ =  3 0 7  d 2 p V  (7 )

w h e r e  d  is  th e  p a r t ic le  d ia m e t e r  in  c m  a n d  p is  th e  p a r t ic le  d e n s ity  in  g  c m -3 . 

T h e  q u a n t ity  d 2 V  is  a  m e a s u r e  o f  th e  in e r t ia  o f  th e  p a r t ic le .

S in c e  th e  v e lo c i t y  a n d  s ize  o f  th e  p a r t ic le s  w ith in  e a c h  s p r a y  b o t h  f o l l o w  

a  d is t r ib u t io n  it  is  n o t  a s im p le  m a tte r  t o  c a lc u la t e  a n  in e r t ia  v a lu e  w h ic h  

c a n  b e  r ig id ly  a p p l ie d  t o  e a c h  s p ra y . P e r h a p s  th e  b e s t  th a t  c a n  b e  h o p e d  f o r  
is  t o  u se  s o m e  a v e r a g e  v a lu e  o f  p a r t ic le  d ia m e t e r  a n d  v e lo c i t y  f o r  e a c h  sp ra y . 

T h is  m a y  b e  d o n e  c o n v e n ie n t ly  w ith  r e s p e c t  t o  th e  p a r t ic le  s ize  b y  c a lc u la t in g  

th e  m a s s  m e d ia n  d ia m e t e r s  o f  th e  sp ra y s  f r o m  p a r t ic le  s ize  d is t r ib u t io n  
m e a s u r e m e n t s  as s h o w n  p r e v io u s ly  (3 ) .  I t  is  m u c h  m o r e  d if f ic u lt  t o  o b t a in  

a n  a v e r a g e  v e lo c i t y  f o r  e a c h  s p r a y  a n d  th e  b e s t  th a t  c o u ld  b e  o b t a in e d  in  th e  
p r e s e n t  s tu d y  w a s  t o  m e a s u r e  th e  m a x im u m  v e lo c i t y  o f  th e  s p r a y  a t a  

d is ta n c e  o f  1 5 0  m m  f r o m  th e  a c t u a t o r .  T h e  v a lu e s  o f  th e  m a s s  m e d ia n  

d ia m e t e r  a n d  m a x im u m  v e lo c i t y  f o r  e a c h  s p r a y  a r e  lis te d  in  T a b le  I V  
t o g e t h e r  w ith  th e  c a lc u la t e d  v a lu e s  o f  d 2V. It  c a n  b e  seen  th a t  th e  g e n e r a l
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tr e n d  is  f o r  th e  p e n e t r a t io n  t o  d e c r e a s e  w ith  d e c r e a s in g  v a lu e s  o f  d 2V . A  m o r e  

q u a n t ita t iv e  p ic t u r e  c a n  b e  o b t a in e d  b y  c o n s id e r in g  a c tu a l  v a lu e s  o f  th e  

p e n e tr a t io n . F o r  e x a m p le  F ig .  7  s h o w s  th e  p e n e t r a t io n  N / N 0 a fte r  th e  
f o u r t h  filte r , p lo t t e d  a g a in s t  d 2V. T h e  v a lu e s  o f  d 2V a re  p lo t t e d  o n  a  lo g a r i t h 

m ic  s c a le  b e c a u s e  o f  th e  la rg e  r a n g e  o f  v a lu e s  e n c o u n t e r e d  ( 2 0 0 - 2 0  0 0 0 ) .

Figure 7. Dependence o f the penetration through the first four filters on the
product d2 V.

F r o m  o u r  e x p e r im e n ts  w e  th u s  f in d  th a t  th e  t h e o r y  o f  c a p t u r e  o f  a e r o s o l  

p a r t ic le s  d o e s  n o t  a p p ly  f o r  th e  c a p t u r e  a n d  p e n e t r a t io n  o f  h a ir  s p r a y  
d r o p le t s  in  a r r a y s  o f  h a ir  f ib re s . W it h  th e se  s y s te m s  th e  g re a te r  p e n e tr a t io n  

o f  c o a r s e  sp ra y s  is  a p p a r e n t ly  d u e  t o  th e  m u c h  la rg e r  in e r t ia  o f  th e ir  

p a r t ic le s , w h ic h  is  in  tu rn  m a in ly  d u e  t o  th e ir  la r g e r  d ia m e te rs .
T h e r e  a r e  a t  le a s t  t w o  e f fe c t s  w h ic h  m a y  b e  r e s p o n s ib le  f o r  th e  o b s e r v e d  

b e h a v io u r .  F ir s t ly , s in c e  th e  f ib r e  a r r a y  is  b a c k e d  b y  a  s o l id  p la te  r e p r e s e n t 
in g  th e  s c a lp  th e  p a r t ic le - la d e n  g a s  s t re a m  w il l  n o t  b e  a b le  t o  p a s s  r ig h t  

th r o u g h  th e  a rra y . T h e  g a s  f l o w  lin e s  w ill  b e  d e f le c te d  a r o u n d  th e  a r r a y , 

c a r r y in g  w ith  th e m  th e  s m a lle r  p a r t ic le s . T h e  la r g e r  p a r t ic le s  w il l  b e  a b le  t o  
le a v e  th e se  f l o w  lin e s  m o r e  e a s ily  a n d  e n te r  th e  a r r a y  o f  f ib re s . P a r t ic le s  

w h ic h  e n te r  w ill  th e n  tr a v e l t h r o u g h  th e  a r r a y  m a in ly  d u e  t o  th e ir  o w n  in e r t ia
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s in c e  th e  g a s  w ith in  th e  a r r a y  w il l  p r o b a b ly  b e  s ta g n a n t . T h e  h ig h e r  th e  

in e r t ia  o f  th e  p a r t ic le s  th e  fu r t h e r  w ill  th e y  b e  a b le  t o  p e n e tr a te . T h is  e f fe c t  

w ill a ls o  b e  s h o w n  o n  th e  h e a d . M a n y  o f  th e  s m a lle r  p a r t ic le s  w ill  b e  d e f le c te d  

a w a y  b y  th e  g a s  f l o w  a r o u n d  th e  h e a d  a n d  o n ly  th e  la rg e r  p a r t ic le s ,  o r  th e  

s m a lle r  p a r t ic le s  a t th e  v e r y  c e n tr e  o f  th e  s p ra y , w il l  b e  d e p o s i t e d  o n  th e  h a ir .

T h e  s e c o n d  e f fe c t  w h ic h  c o u ld  p r o d u c e  g re a te r  p e n e tr a t io n  o f  th e  la rg e r  

p a r t ic le s  is in c o m p le t e  c a p t u r e  o f  th e  p a r t ic le s  b y  th e  h a ir  f ib re s . T h e  a e r o s o l  

c a p t u r e  t h e o r y  a s s u m e s  th a t  th o s e  p a r t ic le s  w h ic h  c o n t a c t  a  f ib r e  a re  c o m 

p le t e ly  c a p t u r e d , b u t  it is v e r y  l ik e ly  th a t  la rg e  h ig h  v e lo c i t y  p a r t ic le s  m ig h t  

sh a tte r  o n  im p a c t  w ith  th e  f ib re s , p r o d u c in g  se v e r a l s m a lle r  d r o p le t s  w h ic h  

p e n e tr a te  fu r t h e r  in t o  th e  a rra y . O n ly  a  f r a c t io n  o f  th e  in it ia l d r o p le t  is 

r e ta in e d  at th e  firs t  im p a c t .  T h is  e f fe c t  w o u ld  b e c o m e  o f  g re a te r  s ig n if ic a n c e  

w h e n  th e  p a r t ic le s  a p p r o a c h  o r  b e c o m e  la rg e r  th a n  th e  d ia m e t e r  o f  th e  

f ib re s , a  c o n d i t i o n  w h ic h  e x is ts  f o r  m a n y  o f  th e  sp ra y s  s tu d ie d .

C o n c l u s i o n s

M e a s u r e m e n t  o f  th e  v e lo c i t y  o f  a e r o s o l  sp ra y s  u s in g  a  P it o t -s t a t ic  tu b e  

t o  m e a s u r e  th e  v e lo c i t y  o f  th e  g a s  s tre a m  ra th e r  th a n  th e  a c tu a l p a r t ic le  

v e lo c i t y  h a v e  s h o w n  th a t  th e re  is  a  v e lo c i t y  d is t r ib u t io n  a c r o s s  th e  s p ra y  

c o n e .  T h e  v e lo c i t y  r ises  t o  a  m a x im u m  a t th e  c e n tr e  o f  th e  c o n e  a n d  th is  
m a x im u m  fa l ls  o f f  w ith  in c r e a s in g  d is ta n c e  f r o m  th e  a c t u a t o r ,  a n d  w ith  

d e c r e a s in g  p r e ss u r e  o f  th e  a e r o s o l  p a c k  f o r  a  g iv e n  d is ta n c e  f r o m  th e  

a c tu a t o r .
T h e  c a p t u r e  o f  h a ir  s p ra y  d r o p le t s  b y  a rra y s  o f  f ib re s  b a c k e d  b y  a  s o l id  

p la te  r e p r e s e n t in g  th e  s c a lp  d o e s  n o t  a g r e e  w ith  th e  b e h a v io u r  p r e d ic t e d  

f r o m  c la s s ic a l  a e r o s o l  c a p t u r e  t h e o r y ,  th a t  is  th a t  th e  f in e  sp ra y s  c o n t a in in g  
sm a ll d r o p le t s  w o u ld  b e  m o r e  p e n e tr a t in g  th a n  c o a r s e  sp ra y s . In  p r a c t ic e  it 

h a s  b e e n  f o u n d  th a t  c o a r s e  sp ra y s  a r e  m o r e  c a p a b le  o f  a c h ie v in g  p e n e t r a t io n  

in t o  th e  f ib r e  a r ra y .
It h a s  b e e n  fo u n d  th a t  th e  p e n e t r a t io n  in cr e a s e s  w ith  in c r e a s in g  v a lu e  o f  

th e  p r o d u c t  d W  w h e r e  d  is  th e  m a s s  m e d ia n  d ia m e t e r  o f  th e  a e r o s o l  sp ra y , 

a n d  V  is  th e  m a x im u m  v e lo c i t y  o f  th e  s p r a y  a t a  d is ta n c e  o f  150  m m  f r o m  

th e  a c t u a t o r .  T h is  w a s  th e  e x p e r im e n ta l  d is ta n c e  u sed  b e t w e e n  th e  a c t u a t o r  

a n d  th e  f ib r e  a r r a y  a n d  c o r r e s p o n d s  a p p r o x im a t e ly  t o  th e  s p r a y in g  d is ta n c e  

u se d  b y  th e  c o n s u m e r .
T h e  o b s e r v e d  c a p t u r e  b e h a v io u r  c a n  b e  e x p la in e d  in  te r m s  o f  th e  

g re a te r  in e rt ia  o f  th e  la rg e r  p a r t ic le s  w h ic h  is  n e c e s s a r y  t o  c a r r y  th e  p a r t ic le s  

in t o  th e  a r r a y  o f  f ib re s . N o r m a l  a e r o s o l  c a p t u r e  e x p e r im e n ts  u se  a  filte r



FACTORS CO N TR O LLIN G  THE A C TIO N  OF H AIR SPRAYS— III 5 6 1

w h ic h  is o p e n  a t b o t h  e n d s  s o  th a t th e  g a s  s t re a m  a n d  th e  p a r t ic le s  c a n  f lo w  

r ig h t  th r o u g h .  L a r g e r  p a r t ic le s  a re  th e n  m o r e  e ff ic ie n t ly  c a p t u r e d  b y  a  c o m 

b in a t io n  o f  th e  in e r t ia l a n d  d ir e c t  in t e r c e p t io n  m e c h a n is m s . W h e n  th e  a r r a y  

o f  f ib r e s  is  b a c k e d  b y  a  s o l id  p la te  m o s t  o f  th e  g a s  s tre a m  w ill  b e  d e f le c te d  

a r o u n d  th e  f r o n t  o f  th e  a rra y . S m a ll,  l o w  in e rt ia  p a r t ic le s  w il l  te n d  t o  f o l l o w  

th e  g a s  f l o w  lin e s  a n d  a n y  p a r t ic le s  w h ic h  d o  e n te r  th e  a r r a y  w ill  tr a v e l o n ly  

a  sm a ll d is ta n c e  b e f o r e  lo s in g  th e ir  r e m a in in g  in e r t ia  s in c e  th e  a ir  w ith in  

th e  a r r a y  w ill  b e  la r g e ly  s ta g n a n t . L a r g e  p a r t ic le s  w ill  le a v e  th e  g a s  f l o w  lin e s  

m u c h  m o r e  e a s ily  t o  e n te r  th e  f ib r e  a r r a y  a n d  w il l  th e n  tra v e l fu r th e r  b e c a u s e  
o f  th e ir  g re a te r  in e rt ia .

A  s e c o n d  fa c t o r  w h ic h  c o u l d  h e lp  t o  a c h ie v e  g re a te r  p e n e tr a t io n  w ith  

la rg e r  p a r t ic le s  is  s p lit t in g  o f  d r o p le t s  o n  im p a c t  w ith  h a ir  f ib re s . T h is  

s p lit t in g  is  l ia b le  t o  b e  g re a te r  th e  g re a te r  th e  p a r t ic le  in e r t ia . T h e  d r o p le t  

fr a g m e n ts  s o  p r o d u c e d  a re  th e n  c a p a b le  o f  fu r t h e r  p e n e tr a t io n  in to  th e  

a rra y .

( R e c e iv e d :  2 n d  M a y  1 9 7 4 )
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ANNETTE C. RHODES! and MICHAEL ARMSTRONG*

Synopsis— One hundred and seventy-two toiletry and cosmetic items purchased in 1971 from 
retail outlets throughout England and Wales were examined microbiologically. Viable M IC R O 
O RG AN ISM S were not recovered from over 50%  o f  the items tested and about 90%  contained 
fewer than 1000 organisms g~l. 75%  o f  all POW DER PREPARATIONS tested did not contain 
viable SPORES o f  AN AER OB IC BACTER IA and none contained more than 300 spores o f 
anaerobic bacteria g-1. O f the anaerobes isolated, none was identified as Clostridium tetani. 
Coliform bacteria were not detected in any preparation o f  toothpaste or lipstick examined. 
Comparison o f  counts from the top and bottom ends o f  metal foil tubed products showed 
almost identical counts in most cases, but in two instances significantly higher counts were 
observed in the top (nozzle end) sample. Further analyses were performed on six or twelve 
replicate items o f  a single brand o f  seven product types to check the inter-sample variation in 
count. The results obtained confirmed the overall level o f  colony count observed previously for 
these products; in some instances marked inter-sample variation in count was seen.

I n t r o d u c t i o n

A l t h o u g h  m a n y  c o s m e t i c ,  t o i le t r y  a n d  p h a r m a c e u t ic a l  p r e p a r a t io n s  

c o n t a in  p r e s e r v a t iv e s  ( 1 - 4 )  m i c r o b i o l o g i c a l  s p o i la g e  c a n  s t ill o c c u r  (5 ,  6 ).

* National College o f  Food Technology, University o f  Reading, St. George’s Avenue, Wey- 
bridge.
t Present address: British Food Manufacturing Industries Research Association, Randalls Road, 
Leatherhead, Surrey.

563



5 6 4 JO U RN AL OF THE SOCIETY OF COSMETIC CHEMISTS

In  s o m e  in s ta n c e s  m ic r o o r g a n is m s  in  c o s m e t i c  p r e p a r a t io n s ,  w h e th e r  p r e s e n t  

in it ia l ly  o r  t r a n s fe r r e d  t o  th e  p r o d u c t  b y  th e  u se r , h a v e  b e e n  im p l ic a t e d  as 

th e  a e t io lo g i c a l  a g e n ts  o f  d is e a s e . W i l s o n  a n d  c o -w o r k e r s  (7 ,  8 ) h a v e  

d e m o n s tr a te d  th a t  e y e  c o s m e t ic s  m a y  se rv e  as  a  p o s s ib le  v e c t o r  in  tr a n s 

m is s io n  a n d  p e r s is te n c e  o f  m ic r o o r g a n is m s  in  c l in ic a l  in fe c t io n s  o f  th e  ey e . 
A n  o u t b r e a k  o f  te ta n u s  in  b a b ie s  h a s  b e e n  a t tr ib u te d  t o  th e  u se  o f  ta lc u m  

p o w d e r  c o n t a m in a t e d  w ith  C lo s tr id iu m  te ta n i  (9 ) .  O th e r  e x a m p le s  o f  th e  

c o n t a m in a t io n  o f  n o n -s t e r i le  d r u g s  a n d  c o s m e t ic s  a re  g iv e n  b y  B r u c h  (1 0 , 

1 1 ) .

In  1967  th e  T o i l e t  P r e p a r a t io n  F e d e r a t io n  a n d  th e  S o c ie t y  o f  C o s m e t ic  

C h e m is ts  o f  G r e a t  B r ita in  e s ta b lis h e d  a  S e le c t  C o m m it t e e  t o  r e p o r t  o n  

m a tte rs  r e la t in g  in te r  a lia  t o  th e  q u a l it y  a n d  s a fe ty  o f  c o s m e t i c  p r e p a r a t io n s .  

O n e  a s p e c t  o f  th e  w o r k  o f  th is  c o m m it t e e  w a s  t o  a d v is e  o n  th e  d e s ir a b il ity  

f o r  th e  e s ta b lis h m e n t  o f  m i c r o b i o l o g i c a l  s ta n d a r d s  f o r  s u c h  p r o d u c t s  (1 2 ) .  

A l t h o u g h  m a n y  m a n u fa c tu r e r s  h a v e  d a ta  o n  th e  m i c r o b io l o g i c a l  q u a l it y  o f  

p r o d u c t s  im m e d ia t e ly  p o s t  m a n u fa c tu r e ,  s u c h  in f o r m a t io n  is  n o t  g e n e r a lly  
a v a i la b le .  F u r t h e r m o r e ,  it  m a y  b e a r  o n ly  a  s u p e r f ic ia l  r e la t io n s h ip  t o  th e  

m ic r o b ia l  q u a l it y  o f  th e  p r o d u c t s  as p u r c h a s e d  b y  th e  u se r . T h e  p r e s e n t  

in v e s t ig a t io n  w a s  u n d e r ta k e n  in  1971 a t  th e  in s t ig a t io n  o f  th e  S e le c t  C o m 

m itte e  t o  a ssess  th e  in c id e n c e  o f  c o n t a m in a t io n  in  a  r e s tr ic te d  r a n g e  o f  

c o s m e t i c  a n d  t o i le t r y  p r e p a r a t io n s  o n  sa le  t o  th e  g e n e r a l p u b l i c .

M a t e r i a l s  a n d  m e t h o d s  

P r o v is io n  o f  c o s m e t i c s

P r o d u c t s  w e r e  p u r c h a s e d  b y  r e p re s e n ta t iv e s  o f  th e  T o i l e t  P r e p a r a t io n s  

F e d e r a t io n  in  s ix  a re a s  o f  E n g la n d  a n d  W a le s .  T w o  u n its  ( o n e  o f  la rg e  s ize  
a n d  o n e  o f  sm a ll s ize  w h e n e v e r  p o s s ib le )  w e r e  ta k e n  f o r  e a c h  p r o d u c t  f r o m  
a  la rg e  a n d  a  sm a ll r e ta il o u t le t  r e s p e c t iv e ly .  I n  s o m e  c a se s , a d d it io n a l  ite m s  
w e r e  p r o v id e d  f o r  a n a ly s is . I n  t o t a l  172  c o s m e t i c  ite m s  w e r e  e x a m in e d . 

F u r t h e r  ite m s  o f  s e le c te d  p r o d u c t s  w e r e  p u r c h a s e d  lo c a l l y  t o  in v e s t ig a te  th e  
in te r -s a m p le  v a r ia t io n  in  c o u n ts .

S a m p lin g  o f  p r o d u c ts

T h e  o u t s id e  su r fa c e s  o f  a ll c o n t a in e r s  w e r e  s w a b b e d  w ith  7 0 %  v /v  
e t h a n o l  b e f o r e  o p e n in g .
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In  g e n e r a l, 1 g  s a m p le s  w e r e  ta k e n  f o r  e a c h  p r o d u c t ,  b u t  in  s o m e  in 

s ta n ce s  10 g  o r  0 .1  g  s a m p le s  w e r e  e x a m in e d . T h e  s a m p l in g  p r o c e d u r e s  u se d  

w e re  as f o l l o w s .

T a lcu m  p o w d e r

A n  a d e q u a te  q u a n t i ty  o f  th e  p o w d e r  w a s  s h a k e n  in t o  a  s te r ile  p e tr i  d is h , 

m ix e d  a n d  a  r e p r e s e n ta t iv e  s a m p le  w a s  w e ig h e d  in t o  a  ta r e d  b o t t le .

L o o s e  a n d  c o m p r e s s e d  f a c e  p o w d e r

A f t e r  a s e p t ic a lly  r e m o v in g  th e  se a l, a  s a m p le  o f  p o w d e r  w a s  s c r a p e d  

f r o m  th e  e n t ir e  s u r fa c e  o f  th e  p r o d u c t  in t o  a  s te r ile  p e tr i  d is h . F o r  m ix e d  

s a m p le s  th e  c o m p le t e  c o n t e n t s  o f  th e  c o n t a in e r  w e r e  g r o u n d  u s in g  a  s te r ile  

p e s t le  a n d  m o r ta r .

C o m p le te  m a k e -u p

B o t t le d  p r o d u c t s  w e r e  m ix e d  b y  in v e r s io n  2 0  t im e s  th r o u g h  a n  a r c  o f  

1 f t  a n d  a  r e p r e s e n ta t iv e  s a m p le  w a s  r e m o v e d  u s in g  a  w id e - b o r e  s te r ile  

p ip e t te . F o r  t u b e d  p r o d u c t s  a  la r g e  s a m p le  w a s  e x tr u d e d  in t o  a  s te r ile  b o t t le ,  

m ix e d  t h o r o u g h ly  a n d  a  s a m p le  f o r  a n a ly s is  w a s  ta k e n  w ith  a s te r ile  s p a tu la .

F a c e  a n d  h a n d  c r e a m s , c a k e  m a s c a r a  a n d  e y e  sh a d o w

P r o d u c t s  w e r e  s a m p le d  b y  t a k in g  a  s u r fa c e  s c r a p e  as  d e t a ile d  a b o v e  f o r  
fa c e  p o w d e r .

L iq u id  p r o d u c ts  ( s h a m p o o , b a th  o ils , e y e  s h a d o w )

T h e  s a m p le s  w e r e  m ix e d  b y  in v e r s io n  a n d  a n  a l iq u o t  w a s  r e m o v e d  b y  

p ip e t te .

T o o th p a s te  a n d  o th e r  tu b e d  p r o d u c ts

S a m p le s  w e r e  r e m o v e d  a s e p t ic a lly  b y  e x tr u s io n  t h r o u g h  th e  n o z z le .  A  
s e c o n d  s a m p le  o f  e a c h  p r o d u c t  w a s  o b t a in e d  b y  a s e p t ic a lly  r e m o v in g  th e  
c r im p e d  e n d  o f  th e  tu b e  a n d  e x tr u d in g  a s u it a b le  sa m p le .

S o a p  c a k e s

T h e s e  w e r e  s c r a p e d  w ith  a  s te r ile  s c a lp e l  t o  r e m o v e  w a fe r  th in  s h a v in g s  

f r o m  th e  e n t ir e  s u r fa c e . T h e  s h a v in g s  w e re  m ix e d  a n d  a  r e p r e s e n ta t iv e  

s a m p le  w a s  ta k e n  f o r  a n a ly s is .
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A e r o s o l  sh a v in g  s o a p  p r o d u c ts

T h e s e  w e r e  v o id e d  in t o  s te r ile  w id e  n e c k  ja r s .  T h e  s a m p le  w a s  m ix e d  a n d  
a  1 g  a l iq u o t  w e ig h e d  in t o  a s te r ile  w id e  n e c k  b o t t le .  A f t e r  a d d it io n  o f  9  m l 

d ilu e n t , a  fe w  d r o p s  o f  s te r ile  A n t i f o a m  A  w a s  a d d e d  a n d  th e  c o n t e n t s  w e re  

m ix e d  b y  sw ir lin g .

L ip s t ic k

T h e  w h o le  o r  h a l f  s u r fa c e  o f  a l ip s t ic k  w a s  s a m p le d  b y  s w a b b in g  w ith  a 

c a lc iu m  a lg in a te  w o o l  s w a b  w h ic h  w a s  th e n  tra n s fe r r e d  t o  s te r ile  C a l g o n -  

L u b r o l  b r o t h  (s e e  T a b le  1 )  t o  e f fe c t  s o lu t io n  o f  th e  a lg in a te  a n d  d is p e r s a l 
o f  th e  l ip s t ic k  ‘ f a t ’ .

Table I. Diluents used in the analyses o f  cosmetics and toiletries

Sample type Examination Diluent Footnote

Talcum and face powders

Water-based creams and emulsions
Eye cosmetics
T oothpastes
Bath oil, detergents
Shampoo, soap
Lipstick
Oil-based creams and emulsions

/ Aerobic counts Tween-Peptone 1

}
Anaerobic counts Tween-RCM or RCM 2

Aerobic counts Tween-Peptone 1
J

} Aerobic counts Peptone 3

Aerobic counts Calgon-Ringer-Lubrol 4
Aerobic counts Lubrol broth 5

Composition o f  diluents
(1) Tween-Peptone: 0.1 % w/v Peptone solution (pH 7.0) containing 0.1 % v/v Tween 80.
(2) Tween-RCM : Reinforced Clostridial Medium (Oxoid), containing 0.1 % v/v Tween 80.

R C M : Reinforced Clostridial Medium (Oxoid).
(3) Peptone: 0.1 % w/v Peptone solution, pH 7.0.
(4) Calgon-Ringer-Lubrol: 1 tablet o f  Calgon-Ringer (Oxoid) dissolved in 6 ml distilled water

plus 4 ml 4 %  w/v Lubrol W  solution.
(5) Lubrol Broth: 4 ml 4 %  w/v Lubrol W solution plus 5 ml Nutrient Broth (O xoid)— see

Ref. (2).

M ic r o b io lo g i c a l  p r o c e d u r e s

In  g e n e r a l th e  m e t h o d s  u se d  w e re  th o s e  r e c o m m e n d e d  b y  V a n  A b b é  
e t  a l. (2 ) .  T e n - f o ld  se r ia l d i lu t io n s  w e re  p r e p a r e d  in  a n  a p p r o p r ia t e  d ilu e n t  

( T a b le  I ) .  A e r o b i c  b a c t e r ia l  c o l o n y  c o u n t s  w e re  m a d e  b y  p o u r  p la te  t e c h 

n iq u e  o n  p la te  c o u n t  a g a r  ( P C A ;  O x o id ) .  P la te s  w e re  in c u b a t e d  in  d u p l ic a t e  
a t 3 0 ° C  f o r  3 d a y s  a n d  a t 3 7 ° C  f o r  2  d a y s . In  la te r  e x p e r im e n ts  c o u n t s  o f
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b a c t e r ia  w e re  m a d e  a t  2 5 ° C  f o r  5 d a y s  in s te a d  o f  a t  3 0 ° C  f o r  3 d a y s . C o u n t s  

o f  y e a sts  a n d  m o u ld s  w e re  m a d e  o n  S a b o u r a u d  D e x t r o s e  A g a r  ( S D A ;  
O x o id )  in c u b a t e d  f o r  5 d a y s  a t 2 5 ° C .

C o u n t s  o f  a n a e r o b i c  s p o r e fo r m in g  b a c t e r ia  w e re  m a d e  o n  R e in fo r c e d  
C lo s t r ia l  A g a r  ( R C A ;  O x o i d )  a ft e r  p a s te u r iz a t io n  (3 0  m in  a t 7 5 ° C )  o f  

d i lu t io n s  m a d e  u p  in  fr e s h ly  s te a m e d  R e i n fo r c e d  C lo s t r id ia l  M e d iu m  

( O x o id ) .  T h e  p la te s  w e r e  in c u b a t e d  f o r  3 d a y s  a t 3 7 ° C  in  a n  a t m o s p h e r e  o f  

9 5 %  h y d r o g e n  p lu s  5 %  C O , .  C lo s t r id ia  w e re  id e n t if ie d  b y  th e  m e t h o d s  

d e s c r ib e d  b y  W il l i s  (1 3 ) .  D i lu t io n s  o f  l ip s t ic k  a n d  t o o t h p a s t e  s a m p le s  w e re  
te s te d  f o r  th e  p r e s e n c e  o f  p r e s u m p t iv e  c o l i f o r m s  b y  in o c u la t io n  in t o  

M a c C o n k e y  B ile  S a lt  B r o th  ( O x o i d )  w h ic h  w a s  in c u b a t e d  a t 3 7 ° C  a n d  

e x a m in e d  a fte r  1 a n d  2  d a y s .

A f t e r  in c u b a t io n  th e  n u m b e r  o f  c o lo n i e s  w a s  r e c o r d e d  f o r  e a c h  p la te . 

A r it h m e t ic  m e a n  c o u n t s  w e re  d e r iv e d  f o r  e a c h  it e m  f r o m  th o s e  p la te s  

h a v in g  f r o m  3 0  t o  3 0 0  c o lo n ie s .  In  th e  c a s e  o f  s a m p le s  w ith  l o w  c o u n t s  

th e  n u m b e r  o f  c o l o n i e s  r e c o r d e d  o n  th e  firs t  d i lu t io n  te s te d  w a s  u s e d  to  

d e r iv e  th e  c o u n t .  In  s o m e  in s ta n c e s , th e  p r e s e n c e  o f  a n  a n t im ic r o b ia l  a g e n t  

in  th e  p r o d u c t  w a s  s h o w n  b y  a  c a r r y o v e r  e f fe c t  w h e r e  th e  c o u n t  a t h ig h  

d i lu t io n  w a s  s o m e t im e s  g re a te r  th a n  th e  c o u n t  a t  l o w  d i lu t io n .  R e p e a t  

a n a ly s e s  w e re  a lw a y s  u n d e r ta k e n  in  s u c h  c a se s .

M o u ld  g r o w th  on  c o m p r e s s e d  e y e  m a k e -u p

T h e  r e m a in d e r  o f  e a c h  s a m p le  a fte r  s u r fa c e  s c r a p in g  w a s  a s e p t ic a lly  

d is s e c te d  in t o  th re e  p o r t io n s ,  e a c h  o f  w h ic h  w a s  p la c e d  o n  a  m o is t e n e d  

ste r ile  f ilte r  p a p e r  in  a  p e tr i  d is h . T h e  s u r fa c e  o f  th e  m a k e -u p  w a s  m o is t e n e d  

w ith  s te r ile  w a te r  a n d  th e  s a m p le s  w e r e  in c u b a t e d  in  a  m o is t  a t m o s p h e r e  

f o r  s e v e r a l w e e k s  a t 2 5 ° C ;  s te r ile  w a te r  w a s  a d d e d  as n e c e s s a r y  t o  th e  

sa m p le s .

S ta t is t ic a l  a n a ly s is

W h e n  r e p lic a t e  s a m p le s  w e re  te s te d , th e  s ig n if ic a n c e  o f  th e  d i f fe r e n c e  in  
m e a n  c o u n t  f o r  s a m p le s  f r o m  d if fe r e n t  s o u r c e s  (e .g .  s u r fa c e  s c r a p e  o r  m ix e d  
s a m p le )  o r  f o r  r e p lic a t e  p la te s  in c u b a t e d  a t  d if fe r e n t  t e m p e r a tu r e s  w a s  

te s te d  u s in g  t w o  m e t h o d s .  F o r  th o s e  re su lts  w h e r e  la r g e  n u m b e r s  o f  ‘ s t e r i le ’ 

ite m s  ( i .e .  <  10 e fu  g^1)  w e re  o b t a in e d ,  W i l c o x s o n ’ s S ig n e d  R a n k s  test w a s  
u se d  (1 4 ) .  W h e r e  m a in ly  d e f in it iv e  re su lts  w e re  o b t a in e d ,  th e  m e a n  d if fe r e n c e  

o f  th e  l o g 10 c o u n t s  f r o m  z e r o  w a s  te s te d  u s in g  S t u d e n t ’ s t. C o u n t s  o f  < 1 0  g - 1 

w e re  in  a ll c a s e s  a s s ig n e d  th e  n u m e r ic a l  v a lu e  o f  10 in  c a lc u la t io n s  o f  th e  

t  v a lu e .
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R e s u l t s

A  to t a l  o f  190 a n a ly s e s  w e r e  c a r r ie d  o u t  o n  th e  172 ite m s  p u r c h a s e d  

d u r in g  th e  s u r v e y . T h e  a d d it io n a l  18 tes ts  w e r e  c o n d u c t e d  t o  c o m p a r e  th e  

c o u n t s  o n  t o p  a n d  b o t t o m  s a m p le s  f r o m  a ll tu b e d  p r o d u c t s ,  e .g . t o o t h p a s t e ,  

h a ir  d r e s s in g , e t c .  A  fu r th e r  6 0  a n a ly s e s  w e re  m a d e  o n  ite m s  o f  s e le c te d  

p r o d u c t s  p u r c h a s e d  lo c a l ly .

A e r o b ic  b a c te r ia

T h e  d is t r ib u t io n s  o f  a e r o b i c  b a c t e r ia l  c o l o n y  c o u n t s  a t 3 0 °  a n d  3 7 ° C  

a re  s u m m a r iz e d  in  T a b le s  I I  a n d  I I I .  O v e r  8 0 %  o f  th e  ite m s  te s te d  c o n t a in e d  

fe w e r  th a n  3 0 0  c fu  g  1. V ia b le  b a c t e r ia  w e re  n o t  r e c o v e r e d  f r o m  o v e r  5 0 %  

o f  th e  ite m s  e x a m in e d . N o  d if fe r e n c e  w a s  seen  in  th e  b a c t e r ia l  c o l o n y  

c o u n t s  o n  s a m p le s  f r o m  th e  t o p  a n d  b o t t o m  e n d s  o f  16 tu b e d  p r o d u c t s .  
M o s t  s a m p le s  y ie ld e d  n o  v ia b le  b a c t e r ia  f r o m  e ith e r  e n d  o f  th e  tu b e  b u t  in  

o n e  c a s e  c o l o n y  c o u n t s  o f  2 .6  x  104 a n d  3 .0  x  104 c fu  g~4 w e re  r e c o r d e d  f o r  

th e  t o p  (n o z z le  e n d )  s a m p le  a t  3 0 °  a n d  3 7 ° C  r e s p e c t iv e ly  w h e r e a s  c o u n t s  

f r o m  th e  c r im p e d  e n d  s a m p le  w e r e  1 .3 2  x  10* a n d  1 .3 4  x 105 c fu  g^1 r e s p e c 

t iv e ly . In  th is  in s ta n c e  g e n e r a l c o n t a m in a t io n  o f  th e  p r o d u c t  p r io r  t o  f i l l in g  

m a y  h a v e  o c c u r r e d .  In  c o n t r a s t ,  s ig n if ic a n t ly  d if fe r e n t  c o u n t s  w e r e  n o t e d  in  

t w o  it e m s . T h e  c o u n t s  a t 3 7 ° C  o n  th e se  ite m s  w e r e  1 .6 5  x  104 a n d  2 .5  x  103 

c fu  g _1 f o r  th e  t o p  s a m p le s  a n d  10 a n d  35  c fu  g _1 r e s p e c t iv e ly  f o r  th e  b o t t o m  

sa m p le s . In  th e se  t w o  in s ta n ce s  it  is  p r o b a b le  th a t  th e  n o z z le  e n d  o f  th e  
tu b e s  w a s  c o n t a m in a t e d  p r io r  t o  f i l l in g  w ith  th e  p r o d u c t .  C o l i f o r m  b a c t e r ia  

w e re  n o t  d e t e c te d  in  0 .1  g  o f  a n y  t o o t h p a s t e  s a m p le  n o r  o n  a n y  l ip s t ic k  

s a m p le  e x a m in e d . T h e  p r e d o m in a n t  m ic r o o r g a n is m s  is o la t e d  f r o m  h ig h  

c o u n t  p r o d u c t s  w e r e  G r a m  n e g a t iv e  n o n - s p o r in g  r o d s ,  b u t  n o  a t te m p t  w a s  
m a d e  t o  id e n t i fy  th e  o r g a n is m s .

A n a e r o b ic  b a c te r ia

S a m p le s  o f  e a c h  it e m  o f  t a lc u m  p o w d e r ,  fa c e  p o w d e r  a n d  ‘ c o m p le t e  
m a k e -u p ’ w e re  e x a m in e d  f o r  s p o r e s  o f  m e s o p h i l i c  a n a e r o b ic  b a c t e r ia .  T h e  

d is t r ib u t io n  o f  c o u n t s  is s u m m a r iz e d  in  T a b le  I V .  S ta t is t ic a lly  s ig n if ic a n t  

c o u n t s  ( > 3 0 0  c fu  g - 1)  w e re  n o t  o b t a in e d  f r o m  a n y  p r o d u c t  e x a m in e d  in  th e  
su r v e y , b u t  s u c h  c o u n t s  w e re  la te r  o b s e r v e d  in  th e  r e p e a t  a n a ly s e s  (s e e  

b e l o w ) .  S e le c te d  c o lo n i e s  o f  a n a e r o b e s  w e r e  s u b c u ltu r e d  a n d  e x a m in e d  b o t h  

m i c r o s c o p ic a l l y  a n d  c u lt u r a l ly . T h e  o r g a n is m s  w e r e  ty p ic a l ly  m e s o p h i l i c
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Table II. Distribution o f  aerobic colony counts on PCA incubated for 3 days at 30° C

Product
No. o f 
items

No. and (% ) o f  items with colony counts 
g_1 within the range

< 300 300-1000 1001-10 000 >10 000

Powders
Talcum powder 12 12 (100) 0 (0) 0 (0) 0 (0)
Face powder and rouge 14 12 (86) 0 (0) 2(14) 0 (0)
Complete make-up 11 7 (64) 0 (0) 3(27) 1 (9)

Creams and lotions
Hand and body lotion 21 19 (90) 1 (5) 1 (5) 0 (0)
Face cream 17 12 (70) 2(12) 1 (6) 2(12)
Skin perfume 6 4 (67) 2(33) 0 (0) 0 (0)
Hair cream and dressing 16 15 (94) 1 (6) 0 (0) 0 (0)
Shaving cream and foam 6 5 (83) 0 (0) 0 (0) 1 (17)

Eye make-up
Mascara, eyeliner and eye shadow 20 13 (65) 3(15) 1 (5) 3(15)

Soaps and detergents
Bath oil and detergent 18 16 (89) 0 (0) 1 (6) 1 (6)
Shampoo and hair colourant 13 12 (92) 0 (0) 1 (8) 0 (0)
Soap 6 6 (100) 0 (0) 0 (0) 0 (0)

Miscellaneous
Toothpaste 6 6(100) 0 (0) 0 (0) 0 (0)
Lipstick* 6 6 (100) 0 (0) 0 (0) 0 (0)

Total 172 145 (84) 9 (5) 10 (6) 8 (5)

* cfu/Iipstick surface, not per g.

c lo s t r id ia .  C l. te ta n i  w a s  n o t  d e t e c te d  b u t  16 o f  th e  5 0  is o la te s  e x a m in e d  

w e re  id e n t i f ie d  as  C L  p e r fr in g e n s .

Y e a s ts  a n d  m ou ld s

T h e  d is t r ib u t io n  o f  c o u n t s  o f  y e a s ts  a n d  m o u ld s  is p r e s e n te d  in  T a b le  V . 

O f  th o s e  ite m s  c o n t a in in g  v ia b le  o r g a n is m s , m o s t  w e r e  c o n t a m in a t e d  m o r e  

h e a v ily  w ith  y e a s ts  th a n  w ith  m o u ld s ,  th e  le v e l o f  m o u ld  c o n t a m in a t io n  
ra r e ly  e x c e e d in g  5 0  c fu  g - 1. G r o w t h  o f  m o u ld s  o n  m o is t e n e d  s a m p le s  o f  c a k e  

m a s c a r a , r o u g e ,  a n d  s im ila r  p r o d u c t s  d id  n o t  o c c u r  d u r in g  a  th r e e -m o n t h  
p e r io d  a t 2 5 ° C .  O n  th re e  o c c a s io n s ,  h e a v y  g r o w t h  o f  b a c t e r ia  o c c u r r e d  o n  
p la te s  o f  S D A .  In  e a c h  in s ta n c e  th e  b a c t e r ia  w e re  G r a m  n e g a t iv e  r o d s ,  

w h ic h  a ls o  c o m p r is e d  th e  p r e d o m in a n t  f lo r a  o f  th e  ite m s  te s te d  ( l iq u id  e y e  
m a k e -u p ) .  S u c h  g r o w t h  c o u ld  h a v e  b e e n  a v o id e d  b y  th e  u se  o f  a n  a n t ib io t ic -  

c o n t a in in g  m e d iu m  (1 5 ) .
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Table III. Distribution o f aerobic colony counts on PCA incubated for 2 days at 37 C

No. and (% ) o f  items with colony counts 
N o. o f g-1 within the range

Product ite m s------------------------------------------------------------------- —
< 300 300-1000 1001-10 000 > 10 00 0

Powders
Talcum powder 12 12 (100) 0 (0) 0 (0) 0 (0)
Face powder and rouge 14 12 (86) 0 (0) 2(14) 0 (0)
Complete make-up 11 8 (73) 1 (9) 1 (9) 1 (9)

Creams and lotions
Hand and body lotion 21 20 (95) 0 (0) 1 (5) 0 (0)
Face cream 17 16 (94) 0 (0) 0 (0) 1 (6)
Skin perfume 6 5 (83) 1 (17) 0 (0) 0 (0)
Hair cream and dressing 16 14 (87) 1 (6) 1 (6) 0 (0)
Shaving cream and foam 6 5 (83) 0 (0) 0 (0) 1 (17)

Eye make-up
Mascara, eyeliner and eye shadow 20 13 (65) 4(20 ) 2 (10) 1 (5)

Soaps and detergents
Bath oil and detergent 18 17 (94) 0 (0) 1 (6) 0 (0)
Shampoo and hair colourant 13 12 (92) 0 (0) 1 (8) 0 (0)
Soap 6 6 (100) 0 (0) 0 (0) 0 (0)

Miscellaneous
Toothpaste 6 5 (83) 0 (0) 1 (17) 0 (0)
Lipstick* 6 6 (100) 0 (0) 0 (0) 0 (0)

Total 172 151 (88) 7 (4) 10 (6) 4 (2)

* cfu/lipstick surface, not per g.

Table IV. Distribution o f colony counts o f  clostridia from powders on RCA incubated for 3 days
at 37°C

Product
No. o f 
items

No. and (% ) o f  items with colony counts 
g^1 within the range

< 10 10-300 >300

Talcum powder 12 8 (67) 4(33 ) 0 (0 )
Face powder and rouge 14 9 (65) 5(35) 0 (0 )
Complete make-up 11 11 (100) 0 (0) 0 (0 )

Total 37 28 (75.6) 9 (24.4) 0 (0 )
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Table V. Distribution o f  colony counts for yeasts and moulds on SD A at 25°C

Product

No. and (% ) o f  items with colony counts 
N o. o f  g-1 within the range
items -------------------------------------------------------------------

<  300 300-1000 >1000

Powders
Talcum powder 12 12 (100) 0 (0) 0 (0)
Face powder and rouge 14 12 (86) 1 (7) 1 (7)
Complete make-up H 10 (91) 1 (9) 0 (0)

Creams and lotions
Hand and body lotion 21 21 (100) 0 (0) 0 (0)
Face cream 17 17 (100) 0 (0) 0 (0)
Skin perfume 6 6 (100) 0 (0) 0 (0)
Hair cream and dressing 16 15 (94) 1 (6) 0 (0)
Shaving cream and foam 6 5 (83) 0 (0) 1 0 7 )

Eye make-up
Mascara, eye liner and eye shadow 20 19 (95) 0 (0) 1 (5)

Soaps and detergents
Bath oil and detergent 18 15 (83) 1 (6) 2 0 1 )
Shampoo and hair colourant 13 13 (100) 0 (0) 0 (0)
Soap 6 6 (100) 0 (0) 0 (0)

Miscellaneous
Toothpaste 6 5 (83) 1 (17) 0 (0)
Lipstick* 6 6 (100) 0 (0) 0 (0)

Total 172 162 (94) 5 (3) 5 (3)

* cfu/lipstick surface, not per g.

F u r th er  a n a ly s e s  o f  s e l e c t e d  i tem s

O f  th e  p r o d u c t s  e x a m in e d  d u r in g  th e  s u r v e y , s e v e n  w e re  s e le c t e d  f o r  

fu r t h e r  in v e s t ig a t io n  o n  th e  b a s is  o f  th e  le v e ls  o f  c o n t a m in a t io n  o b s e r v e d .  

S e v e ra l u n its  o f  e a c h  p r o d u c t  w e r e  p u r c h a s e d  lo c a l l y  f r o m  a  n u m b e r  o f  

d if fe r e n t  re ta il o u t le t s . T h e y  w e re  e x a m in e d  e ss e n t ia lly  as d e s c r ib e d  a b o v e  

e x c e p t  th a t  a e r o b i c  b a c t e r ia l  c o u n t s  w e re  m a d e  a t  2 5 ° C  r a th e r  th a n  a t 3 0 ° C  

a n d  in  s o m e  in s ta n c e s  c o m p a r is o n  w a s  m a d e  o f  s u r fa c e  a n d  m ix e d  s a m p le s  

o f  th e  ite m s . T h e  d is t r ib u t io n  o f  c o u n t s  is  p r e s e n te d  in  T a b le  V I.

T h e  b r a n d  o f  l iq u id  e y e  l in e r  a n d  b a t h  d e t e r g e n t  w e r e  s e le c te d  b e c a u s e  o f  
th e  e x tr e m e ly  h ig h  c o u n t  o b s e r v e d  p r e v io u s ly  in  b o t h  ite m s  o f  e a c h  o f  th e se  

p r o d u c t s .  F u r t h e r  tes ts  s h o w e d  th a t  th e  m e a n  c o u n t s  o f  th e  r e p lic a t e  ite m s  

e x a m in e d  w e r e  a ls o  h ig h  ( c . 105 c f u  g “ 1) ,  b u t  th a t  th e  c o u n t s  f r o m  d if fe r e n t  

u n its  r a n g e d  f r o m  n o  v ia b le  b a c t e r ia  r e c o v e r e d  t o  a  c o u n t  in  o n e  in s t a n c e  o f
1 .2  x  10° a t 2 5 ° C .  S ig n if ic a n t ly  lo w e r  c o u n t s  w e r e  o b s e r v e d  at 3 7 ° C  th a n  a t 

2 5 ° C  f o r  th e se  p r o d u c t s .
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Table VI. Replicate analyses o f  selected products

No. o f
Mean and (range) o f  colony forming units g“ 1 at

Product type items 25°, PCA 37°, PCA 25°, SDA

24Y
Bath detergent 6 100 345 < 10 

(<  10-205 000)
< 10-80Y

Face cream
Surface sample 6 10

(<  10-40)
31
(<  10-100)

NT*

Mixed sample 6 21
(<  10-45)

13
(<  10-35)

NT

Foundation cream 6 65
(<  10-210)

298
(<  10-700)

110Y, 65M j 
(<  10-320Y) 
(<  10-180M)

Toothpaste 6 < 10 10
(<  10-60)

< 10

Skin lotion 6 <  10
(<  10-10)

33
(<  10-95)

< 10

Eyeliner 12 121 758
(<  10-1 460 000)

41
(<  10-270)

27Y
(<  10-160Y)
37° Anaerobic, RC A

Compressed face powder
Surface sample 6 498

(280-660)
352
(215-470)

NT

Mixed sample 6 311
(90-550)

225
(85-390)

1180
(360-2700)

* NT, Not tested, 
f Y = Y easts ; M =m oulds.

E x a m in a t io n  o f  r e p lic a t e  u n its  o f  s in g le  b r a n d s  o f  t o o t h p a s t e ,  sk in  
l o t i o n / f a c e  c r e a m  a n d  f o u n d a t io n  c r e a m  f o r  w h ic h  c o u n t s  b e l o w  3 0 0  c fu  g - 1 
h a d  p r e v io u s ly  b e e n  r e c o r d e d ,  p r o v id e d  c o n f ir m a t o r y  e v id e n c e  f o r  th e  l o w  
le v e ls  o f  c o n t a m in a t io n  o f  th e se  ite m s . T h e  c o u n t s  o b t a in e d  f r o m  s u r fa c e  

s a m p le s  a n d  m ix e d  s a m p le s  o f  th e  fa c e  c r e a m  d id  n o t  d if fe r  m a r k e d ly  a n d  

w e re  in  a n y  c a s e  b e l o w  th e  le v e l o f  s ta t is t ica l s ig n if ic a n c e  f o r  th e  p la te  c o u n t  
m e t h o d .

T h e  r e p lic a t e  u n its  o f  o n e  b r a n d  o f  c o m p r e s s e d  fa c e  p o w d e r  w e re  a ls o  

e x a m in e d  u s in g  b o t h  s u r fa c e  s a m p le  a n d  m ix e d  s a m p le  p r o c e d u r e s .  T h e  

c o u n t s  o b t a in e d  a t 2 5 °  a n d  3 7 ° C  w e re  h ig h e r  in  m o s t  in s ta n c e s  f r o m  s u r fa c e  
sa m p le s  th a n  f r o m  m ix e d  sa m p le s . H o w e v e r ,  a l t h o u g h  th e  d i f fe r e n c e  w a s  
s ig n if ic a n t  a t th e  5 /  le v e l f o r  c o u n t s  a t 3 7 ° C , n o  s ta t is t ica lly  s ig n if ic a n t
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d if fe r e n c e  w a s  o b s e r v e d  f o r  th e  c o u n t s  m a d e  a t 2 5 ° C .  T h e  c o u n t s  o f  a n a e r o 

b i c  b a c t e r ia  o n  th e se  u n its  w e re  m u c h  h ig h e r  (m e a n  c o u n t  1 1 8 0  c fu  g - 1) th a n  
h a d  b e e n  o b s e r v e d  p r e v io u s ly .

O b s e r v a t io n s  o n  p a c k a g in g  o f  th e  p r o d u c ts  s tu d ie d

T h e  m a jo r i t y  o f  p r o d u c t s  w e r e  p a c k a g e d  s u c h  th a t  p o s t -p a c k a g in g  

c o n t a m in a t io n  w o u ld  n o t  b e  l ik e ly  t o  o c c u r  b e fo r e  th e  p r o d u c t  w a s  u se d . 

A t t e m p t s  t o  c o r r e la t e  c o l o n y  c o u n t s  w ith  ty p e  o f  p a c k a g in g  w e r e  u n s u c 

c e s s fu l . A l t h o u g h  a  fe w  p r o d u c t s  w e r e  c le a r ly  c o d e d ,  th is  w a s  n o t  e v id e n t  in  

th e  m a jo r i t y  o f  it e m s  e x a m in e d  a n d  th e  a b s e n c e  o f  c o d in g  w o u l d  m a k e  

d if f i c u lt  a n y  r e t r o s p e c t iv e  a t te m p t  b y  th e  m a n u fa c tu r e r  t o  c h e c k  a g a in s t  th e  

p r o d u c t i o n  b a t c h  i f  c o n s u m e r  c o m p la in t s  s u b s e q u e n t ly  o c c u r r e d .

T h e r e  w e r e  n o  o b v io u s  d if fe r e n c e s  b e t w e e n  c o l o n y  c o u n t s  f r o m  u n its  o f  

d if fe r e n t  s ize  n o r  f r o m  s m a ll o r  la r g e  re ta il o u t le t s .  A l t h o u g h  d if fe r e n c e s  in  
b r a n d  g a v e  r ise  t o  d i f fe r e n c e s  in  th e  le v e ls  o f  c o n t a m in a t io n  o f  p a r t ic u la r  

p r o d u c t  ty p e s  it w a s  n o t  p o s s ib le  t o  d e t e r m in e  th e  in c id e n c e  o f  c o n t a m i n a 
t io n  f o r  a n y  p a r t ic u la r  b r a n d  b e c a u s e  o f  th e  s m a ll n u m b e r  o f  ite m s  e x a m in e d  

f o r  in d iv id u a l b r a n d s .

D is c u s s io n

T h is  s u r v e y  d e m o n s tr a te s  th a t  in  1971 a b o u t  9 0 %  o f  a  d iv e r s e  r a n g e  o f  

c o s m e t i c  p r o d u c t s  a n d  t o i le t r y  p r e p a r a t io n s  c o n t a in e d  fe w e r  th a n  1 0 0 0  
v ia b le  m ic r o o r g a n is m s  p e r  g  o f  p r o d u c t  a n d  th a t  o v e r  5 0 %  o f  th e  ite m s  

e x a m in e d  w e re  e s s e n t ia lly  ‘ s te r i le ’ . O f  th o s e  ite m s  w h ic h  w e re  c o n t a m in a t e d ,  

fe w  c o n t a in e d  m o r e  th a n  105 o r g a n is m s  g A  T h e  m o s t  h e a v ily  c o n t a m in a t e d  

p r o d u c t s  w e r e  s p e c if i c  b r a n d s  o f  e y e  m a k e -u p  (e s p e c ia l ly  l iq u id  e y e lin e r ) ,  
b a t h  d e t e r g e n t  a n d  c o m p le t e  m a k e -u p .  U n fo r t u n a t e ly ,  tests  f o r  th e  p r e s e n c e  

o f  s p e c if i c  o r g a n is m s  s u c h  as P s e u d o m o n a s  a e r o g in o s a  w e re  n o t  m a d e  o n  

th e se  p r o d u c t s  d u r in g  th e  p r e s e n t  in v e s t ig a t io n . F r o m  r a n d o m  s e le c t io n  o f  
it e m s  it  is  n o t  p o s s ib le  t o  d e t e r m in e  w h e th e r  th e  o b s e r v e d  c o n t a m in a t io n  
re fle c ts  p o o r  m a n u fa c t u r in g  c o n d i t io n s ,  p o s t -p r o c e s s  c o n t a m in a t io n  o r  

o v e r lo n g  s t o r a g e  b y  th e  r e ta ile r . F o r  th o s e  p r o d u c t s  w h e r e  h ig h  c o l o n y  

c o u n t s  w e r e  o b s e r v e d  a ls o  in  th e  r e p e a t  e x a m in a t io n s  it  is  p r o b a b le  th a t  th e  
h ig h  c o l o n y  c o u n t s  r e fle c t  p o o r  m a n u fa c t u r in g  c o n d i t io n s .  T e s ts  t o  a ssess  

w h e th e r  th e se  p r o d u c t s  m ig h t  h a v e  b e c o m e  s p o i le d  b y  g r o w t h  o f  th e  
c o n t a m in a t in g  o r g a n is m s  w a s  n o t  u n d e r ta k e n , b u t  o t h e r  w o r k e r s  (4 ,  5 )
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h a v e  d e m o n s t r a t e d  th a t  d e t e r io r a t io n  c a n  o c c u r  in  p r o d u c t s  w h ic h  a r e  

in a d e q u a t e ly  p r e s e r v e d .
T h e  in c id e n c e  o f  s ig n if ic a n t ly  c o n t a m in a t e d  s a m p le s  ( i .e .  c o n t a in in g  

> 3 0 0  c fu  g  x)  in  th e  p r e s e n t  in v e s t ig a t io n  is  s im ila r  t o  th e  le v e ls  p r e v io u s ly  

r e p o r t e d  f r o m  th e  U .S .A .  W o lv e n  a n d  L e v e n s te in  (1 6 )  r e p o r t e d  a n  in c id e n c e  

o f  c o n t a m in a t io n  o f  2 4 .4 %  (61  o u t  o f  2 5 0  ite m s  e x a m in e d )  w h ils t  D u n n ig a n  

a n d  E v a n s  (1 7 )  o b s e r v e d  c o n t a m in a t io n  in  33  ( 1 9 .5 % )  o u t  o f  165 ite m s  o f  

c o s m e t ic  e x a m in e d . U n fo r t u n a t e ly ,  a l t h o u g h  th e  la tte r  w o r k e r s  id e n t i f ie d  

th e  p r e d o m in a n t  m ic r o f lo r a  th e y  g a v e  n o  in fo r m a t io n  o f  th e  n a tu r e  o f  th e  

c o n t a m in a t e d  p r o d u c t s .  M o r e  r e c e n t ly , W o lv e n  a n d  L e v e n s te in  (1 8 )  h a v e  

s h o w n  a  m u c h  lo w e r  in c id e n c e  o f  c o n t a m in a t io n  o f  c o s m e t ic  p r o d u c t s  in  

th e  U . S . A . , o n ly  e ig h t  ( 3 . 5 % )  o f  2 2 3  ite m s  e x a m in e d  b e in g  c o n t a m in a t e d .  

I t  is  n o t  u n r e a s o n a b le  t o  s u p p o s e  th a t  s im ila r  im p r o v e m e n t s  in  th e  q u a l ity  

o f  c o s m e t ic s  m a y  h a v e  o c c u r r e d  d u r in g  th e  p a s t  t w o  y e a r s  in  th e  U .K .  in  

p a r t ic u la r ,  a w a re n e s s  o f  th e  n e e d  t o  e n su re  g o o d  m i c r o b io l o g i c a l  q u a l it y  in  

r a w  m a te r ia ls , e s p e c ia l ly  n a tu r a l p ig m e n ts  a n d  fille rs , w i l l  h a v e  h a d  a n  

e f fe c t  o n  th e  le v e ls  o f  m ic r o o r g a n is m s  p r e s e n t  in  m a n y  p r o d u c t s  ( D .  S p o o n e r ,  

p e r s o n a l  c o m m u n ic a t io n ) .
In  d e v is in g  a n y  ‘ C o d e  o f  G o o d  M a n u fa c t u r in g  P r a c t ic e ’ th e  a b s e n c e  o f  

s p e c if i c  p a t h o g e n s  m u s t  b e  c o n s id e r e d  in  a d d it io n  t o  c o n t r o l  o f  th e  o v e r a l l  
le v e l o f  m ic r o b ia l  c o n t a m in a t io n  o f  th e  p r o d u c t .  W h e n  c o m p le t e  p r o d u c t  

s te r ility  is n o t  fe a s ib le ,  c o s m e t i c  a n d  to i le t r y  p r e p a r a t io n s  s h o u ld  b e  fr e e  

f r o m  v ia b le  p a t h o g e n s  s u c h  as P s e u d o m o n a s  a e r o g in o s a ,  s a lm o n e l la e ,  

E s c h e r ic h ia  coJi, S t a p h y lo c o c c u s  a u reu s  a n d  c e r t a in  C lo s tr id ia . R a w  m a te r ia ls  

o f  m in e r a l  o r ig in ,  s u c h  a s  ta lc , m a y  b e  c o n t a m in a t e d  w ith  s p o r e s  o f  s o i l  

C lo s tr id ia  in c lu d in g  C l. t e ta n i  (1 9 )  a n d  C l. p e r fr in g e n s .  W h ils t  C l. te ta n i  

c o n t a m in a t io n  o f  ta lc  is  k n o w n  t o  h a v e  c a u s e d  a t le a st o n e  o u t b r e a k  o f  

te ta n u s  in  b a b ie s  (9 , 19 ) th e  s ig n if ic a n c e  o f  C l. p e r fr in g e n s  s p o r e s  is  less 

c le a r . S tra in s  o f  C l . p e r fr in g e n s  a r e  k n o w n  t o  c a u s e  g a s  g a n g r e n e  in  m a n  a n d  
a n im a ls , th e  r o u t e  o f  e n tr y  t o  th e  b o d y  tissu e s  b e in g  v ia  w o u n d s  a n d  
a b r a s io n s  in  th e  sk in  (2 0 ) .  H o w e v e r ,  th e  m in im u m  in fe c t iv e  d o s e  o f  C l. 

p e r fr in g e n s  s tra in s  is  p r o b a b ly  c o n s id e r a b ly  a b o v e  th e  le v e l a t w h ic h  a n y  a r e a  
o f  sk in  w o u ld  b e c o m e  c o n t a m in a t e d  b y  a  c o s m e t i c  p r e p a r a t io n  c o n t a in in g  
a  r e la t iv e ly  l o w  n u m b e r  o f  s p o r e s  p e r  g ra m .

A c k n o w l e d g m e n t s

T h e  a u th o r s  a r e  in d e b t e d  t o  th e  S e le c t  C o m m it t e e  o f  th e  T o i l e t  P r e p a r a 

t io n  F e d e r a t io n  a n d  th e  S o c ie t y  o f  C o s m e t ic  C h e m is ts  o f  G r e a t  B r ita in  f o r



M ICRO BIAL CO N TA M IN A TIO N  OF COSMETICS A N D  TOILETRIES 5 7 5

s p o n s o r in g  th is  in v e s t ig a t io n  a n d  f o r  p e r m is s io n  t o  p u b lis h  th e  resu lts . W e  

a re  g ra te fu l t o  M r  A .  R a n g n ik a r  f o r  t e c h n ic a l  a s s is ta n c e  d u r in g  th e  in v e s t i
g a t io n .

( R e c e i v e d : 5 th  A p r i l  1 9 7 4 )
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Book review

CHEMIST A N D  DRUGGIST 
DIRECTORY 1974

The Directory is a well-established 
reference source in general practice 
pharmacy; such sources could easily 
become outdated nowadays but the 
Chemist and Druggist Directory tries 
hard to avoid this. Some features are 
of specialized interest to pharmacists 
and medical practitioners, such as the 
comprehensive guide to tablet and 
capsule identification. Other sections 
are o f more general utility, covering 
perhaps a wider range o f information 
than that provided by the equivalent 
compendia specially prepared for use 
in the laboratory. For example, the 
Manufacturers & Suppliers Index in
cludes chemical and machinery sup
pliers as well as manufacturers and 
distributors o f packaging components 
and photographic goods; past experi
ence suggests that the index, though 
not exhaustive, is helpful in providing 
details o f the most likely sources for 
many laboratory needs, even rather

off-beat ones; the ‘buyer’s guide’ sec
tion is effectively classified in this 
respect, making it quite easy to locate 
suppliers for miscellaneous items like 
cycloserine, lobelia herb, metering 
pumps, laboratory mixers, rubber 
stamps and surgical dressings.

Other information o f possible value 
to cosmetic chemists, includes details 
of a wide variety o f professional and 
trade organizations and o f the larger 
retail and wholesale outlets. The sec
tion giving forensic and general in
formation might also prove useful at 
times, including as it does a good deal 
of information on the Poisons Rules 
and the Medicines Act. Sadly, the last 
page of the Directory, giving Postal 
Information, has already been out
dated by the process o f inflation.

Obviously there are some features o f 
little interest to cosmetic chemists but 
a good deal, on the other hand, is 
certainly relevant and not always easy 
to locate elsewhere.

N. J. VAN ABBÉ
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W h e n y o u w a n t  s u r f a c t a n t s  y o u r s h a p e ,  
c a l l  D u t t o n  a n d  R e in i s c h .

U n t i l  n o w , sp e c ia l is e d  o rg a n ic  s u r f a c ta n t s  h a v e  b e e n  
h a r d  to  f in d . B u t  n o w , w ith  o u r  n e w  C u m b e r l a n d  
f a c to r y  sp e c ia l ly  d e s ig n e d  fo r  th e i r  m a n u f a c tu r e ,  y o u  
c a n  o r d e r  a ll th e  s u r f a c ta n t s  y o u  n e e d ,  in c lu d in g  
‘t a i lo r - m a d e ’ s u r f a c ta n t s  fo r  v o u r  o w n  sp e c if ic  
r e q u i r e m e n ts .
N o  im p o r t  c h a rg e s .  N o  o u t r a g e o u s  d e l iv e r y  d a te s .  
S p e c ia l is e d  o r g a n ic  s u r f a c ta n t s  f o r  c a r p e t  s h a m p o o s ,  
d o m e s t ic  d e t e r g e n t s ,  in d u s t r ia l  lu b r ic a n t s  a n d  c le a n 
e rs , sk in  p r o te c t io n  p r o d u c t s ,  h a i r  s h a m p o o s ,  a n t i 
d a n d r u f f  p r e p a r a t io n s  a n d  a n t i - c o r r o s iv e  m a te r ia ls  
a r e  a v a i la b le  t o d a y  f ro m  D u t t o n  a n d  R e in is c h .
N e w  A m p h o t e r i c s  T h e  L O R A P O N  r a n g e  o f  c y c lic  
im id a z o l in iu m  d e r iv a t iv e s  a n d  s t r a ig h t - c h a in e d  a c y l 
a m id o  b e ta in e s  -  c o s m e t ic  a p p l ic a t io n s  in c lu d e  b a b y  
s h a m p o o s ,  b a t h  p r o d u c t s  a n d  c le a n s in g  lo t io n s ;  in 
d u s tr ia l ly , a m p h o ly te s  a r e  u s e d  in  a c id  a n d  a lk a li  
m e ta l  c le a n in g  a n d  f in is h in g  o p e r a t io n s .

T h e  L o r a j m i n e  r a n g e  o f  u n d e c y l e n a m i d o  d e r i v a 
t i v e s  M ild  a n d  sa fe  to  u s e  o n  th e  sk in , th e y  sh o w  
a lm o s t  u n l im i te d  c o m p a ta b i l i ty  w ith  o th e r  b io c id a l  
a g e n ts ,  a n d  a re  s e le c t iv e ly  e f fe c t iv e  a g a in s t  p a t h o 
g e n ic  o rg a n is m s .
T h e  C o n d a n o l  r a n g e  o f  s u l p h o s u c c i n a t e s  T h e s e  
h a v e  b e e n  sp e c ia l ly  d e v e lo p e d  fo r  th e  a v o id a n c e  o f  
r e s o i l in g  in  l iq u id  c a r p e t  s h a m p o o  f o rm u la t io n s ,  a n d  
p o s s e s s  e x c e l le n t  d ry  r e s id u e  c h a ra c te r i s t ic s .
I f  n e c e s s a r y ,  w e  w i l l  m o d i f y  a n y  s u r f a c t a n t  t o  f i t  
y o u r  o w n  f o r m u l a t i o n
O r d e r  w i t h  c o n f i d e n c e  O u r  n e w  f a c to ry  a t  F lim b y , 
C u m b e r l a n d  c o v e r s  2 2 ,0 0 0  sq . ft., is s p le n d id ly  
e q u ip p e d  w i th  f irs t  c la s s  l a b o r a to r ie s  a n d  p la n t ,  a n d  
is s ta f f e d  b y  e x p e r t  te c h n ic ia n s .  I f  y o u  n e e d  q u a l i ty  
s u r f a c ta n ts ,  th is  is th e  p la c e  to  g e t  th e m .

W r i te  fo r  s a m p le s  a n d  f u r th e r  in f o rm a t io n .

@ D u t t o n  &  R e in is c h  L t d .
L o n d o n  S a le s  O ff ic e : 1 3 0 -1 3 2  C r o m w e l l  R o a d ,  L o n d o n  S W 7  4 H B  T el: 0 1 -3 7 3  7 7 7 7  T e le x : 232 ,74  

W o r k s  A d d r e s s :  F lim b y , M a r y p o r t ,  C u m b e r l a n d  T el: M a r y p o r t  3 3 3 3  T e le x : 0 4 2 1  7
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Placenta Extracts *  Tissue Extracts *  Skin Extracts *  
Soluble Collagen *  Hormones * Vitamins *

Vitamin Oils *  Vitamin Complexes *  Herbal Extracts *  
Sulphur Additives *  Amino Acids Combination *  Skin Moisturizer *  

Solubilized Bath and Shampoo Complexes *
Special Hair Complexes *  Hair Conditioner Concentrate *  

Deodorant /Bactericide *

Aminodermin CLR 
Arnica Oil CLR 
Avocado Oil CLR 
Biosulphur Powder 
Biosulphur Fluid 
Calcium Pantothenate [d(+)] 
Calendula Oil CLR 
Carrot Oil CLR 
Collagen CLR 
Cutavit Richter 
Deodorant Richter/K 
Elacid Richter 
Epidermin in Oil 
Epidermin water-soluble

Hair Complex 20/70 n 
Hair Complex FCa 
Hair Complex Aquosum 
Hexaplant Richter 
Hygroplex HHG 
Inositol
Lecithin water-dispersible 
Peroestron in Oil 
Placentahquid water-soluble 
Placentaliquid oil-soluble 
Sedaplant Richter 
Soluvit Richter 
St. John's Wort Oil 

DAB 6 (Erg -B.) 
Tocopherol Oil 

0.4% tocopherol 
Vitamin (A + D3) Concentrate 

400 000 I.U.A 
+ 40000 I.U.D3/g 

Vitamin B Complex CLR

Vitamin F 250 000 Sh.L.U./g 
Vitamin F Ethyl Ester 

80 000 Sh.L.U./g 
Vitamin F Glyceryl Ester 

65 000-75 000 Sh.L.U./g 
Vitamin F alcohol-soluble 

80 000 Sh.L.U./g 
Vitamin F water-soluble 

25 000 Sh.L.U./g 
Vitamin H'
Vitaplant CLR oil-soluble 
Vitaplant CLR water-soluble 
Wheat Germ Oil 0.26%

(u + ß) tocopherol

CHEMISCHES LABORATORIUM 
DR. KURT RICHTER GMBH
1 Berlin 41 (West Berlin) Bennigsenstraße 25 Postlach 480 Germany
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