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Abstract 
Typical levels of sporadically occuring (dynamic) microbial contamination of cosmetic raw materials: 

pigments, abrasives and liposomes, as well as of final products for personal care, i.e. toothpaste, crayons, 
shampoos, cleansers and creams, were evaluated. In most cases, contamination was dominated by a single 
population of microorganisms, either Gram-negative bacteria or molds. The feasibility of microbial 
decontamination by irradiation was studied by determining the resistance to gamma radiation of contaminating 
microflora in situ. It was expressed as a dose required for the first 90% reduction, Dfirst 90% red. The values in the 
range 1–2 kGy for molds and 0.1–0.6 kGy for Gram-negative bacteria were obtained. This relatively high 
susceptibility to irradiation allowed inactivation factors close to 6 to be achieved with doses generally not 
exceeding 3 kGy, and yielding endpoint contamination less than 10 g–1. 

 

1. INTRODUCTION 

The need to control microbiological contamination of all products for human use and 
consumption, which support microbial persistence and/or growth, has been of considerable concern to 
manufacturers. Modern food, pharmaceutical, cosmetics and toiletries industries strive for high 
microbiological standards to protect their products from spoilage on the one hand, and their consumers 
from infection, on the other hand. Unlike foodstuffs, which are usually kept refrigerated (or thrown 
away after a few days), a much longer shelf-life is expected of personal care products. 

The microbial contamination of personal care products may occur already in the course of 
production, through raw materials, ingredients and handling, or the contamination of a final product 
may ensue through its repeated use by the consumer. A wide range of preservatives has been 
developed to combat the contamination from the latter source. Maintaining a careful balance between 
protection against microbial contamination and limiting the health risks of preservatives has been 
constituting the art of preservation (Martin, 1997). However, that aspect shall not concern us here. 

The contamination from the former source can be understood if two pools of contaminating 
microorganisms are considered challenging the materials, products and production practices 
(Malcolm, 1976): 

(a) A low level of a mixed population of microbial contaminants in equilibrium with the 
environment exists in all raw materials and final products, consistent with their respective 
thermal histories. This is termed static contamination, and preservatives have been developed to 
keep it under control. As long as it is not jeopardizing the wholesomeness of a product, it is of 
little concern. 

(b) A sporadic contamination from an external source may occur and, under favourable conditions, 
reach a very high level, usually consisting of a single population. According to the literature 
(Malcolm, 1976). Gram-negative bacteria dominate, but in our experience contamination with 
molds was no less frequent. This is called dynamic contamination. Usually it cannot be dealt 
with effectively by preservatives alone, the use of which is governed by the principle: "as much 
as necessary, as little as possible". The present report deals with irradiation decontamination of 
several types of dynamically contaminated personal care products, such as make-ups, 
toothpaste, shampoos and creams, as well as of some raw materials used in the manufacture of 
these products. 
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2. MATERIALS AND METHODS 

The samples by four manufacturers were brought to our attention. All samples described in this 
report contained microbial flora in excess of the manufacturers' requirements. Contamination could 
have been introduced either through contaminated raw materials or contracted on the factory floor at 
some stage of the manufacturing process. 

 
The dose of irradiation required to reduce microbial load to an acceptable level was determined 

in experiments carried out jointly with the respective manufacturers. The manufacturers provided a 
number of identical samples of contaminated batches; the samples were coded by us before irradiation, 
and returned to the respective manufacturers’ laboratories after irradiation. The codes and 
corresponding irradiation doses were disclosed to analysts only on their reporting the results of 
microbiological analyses. One code in each batch, also unknown to analysts, was not irradiated, to 
enable redetermination of the initial microbial load under the same conditions of transportation, 
handling, thermal, etc. histories as experienced by the irradiated samples. Homogeneous materials 
(pigments and abrasives) were distributed in several (usually 5) parallel samples for each dose; they 
typically consisted of 10-g plastic pouches sealed in equilibrium with air. Of compartmentalized 
materials, each product unit in its final package (toothpaste tubes, shampoo sachets, milk dispensers, 
liner pencils) represented an individual sample. Several (usually 10) parallel samples were irradiated 
with any single dose, or were left unirradiated for the redetermination of the initial contamination. 

 
The samples were irradiated with 60Co gamma rays at dose rates in the range 1-15 Gy/s, the 

largest dose usually not exceeding 2 kGy. The fraction of surviving microorganisms in sublethally 
irradiated samples was determined, and dose-survival curves constructed. No attempts at identifying 
individual strains were made at this stage. The manufacturers analysed their own samples according to 
the procedures established by regulations. The results were expressed in terms of the dose required to 
reduce the initial count to 10%, i.e. the dose yielding the first 90% kill, Dfirst 90% red. As it turned out, 
most contaminations consisted of homogeneous populations, as evidenced by a good linearity of the 
dose-survival curves over many orders of magnitude. 

 
Generally, total aerobic plate count (TAPC) was determined on nutrient agar incubated at 32oC 

for 72 h; bacterial spores were determined on the same substrate, but after a 5 min boiling water dip; 
yeasts and molds propagula: on Sabouraud agar incubated at 32oC for 24 h, followed by 48 h at 20oC. 

2.1. Results 

2.1.1. Make-up and toothpaste 

Powders are characterized by a very large surface area which is in principle capable of 
harbouring a very large number of microorganisms by adhesion. Fortunately, however, mineral 
powders are not particularly hospitable substrates, and high contamination levels do not usually occur. 
Contamination of mineral powders by molds, in our experience, hardly exceeds few hundreds at most. 

 
An illustration of the scatter of results to be expected of a repeated microbiological analysis of a 

single batch is given in Table I. One powder was amorphous silica used as an abrasive in toothpaste, 
the other was TiO2, used as a diluent for talc in powders. Even in these apparently homogeneous 
materials the coefficient of variance may be as high as 50%. 

 
Natural mineral pigments may sometimes contain excessive contamination by molds. Those 

found in red pigments “burgundy”, “inter-red” and “antique red” were most resistant to irradiation, 
with Dfirst 90% red of about 2 kGy (Fig. 1), and could well be originating from the same source. Molds 
thriving in umber pigment and eye shade were less resistant, Dfirst 90% red = 0.5 and 1.2 kGy, 
respectively (Fig. 2), while samples of black, white¸ olive¸ brown and blue pigments were free of 
excessive molds. The molds in amorphous silica were of intermediate resistance to irradiation (Dfirst 90% 

red = 0.8 kGy, Fig. 3). 
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Contrary to bulk powders, where samples from a homogeneous batch can be easily withdrawn, 
sampling from a batch of final products may create problems: there can be no safety in assuming that 
product units withdrawn as samples would all have the same contamination in all units 
compartmentalized by final packaging. This is illustrated in Table I for toothpaste in tubes, shampoo 
in sachets and sunscreen in dispensers, where the coefficient of variance could be as high as 80%. For 
the construction of dose-survival curve in toothpaste, individual tubes were sampled before and after 
irradiation. The initial contamination of toothpaste by Gram-negative bacteria was rather high, above 
105/g, but these bacteria were rather sensitive to irradiation, with Dfirst 90% red about 0.4 kGy (Fig. 3). 

2.2. Eye liners and lip liners 

The cores of liner pencils come into close contact with mucuous tissue of the eye (eye liner) and 
mouth (lip liner). This is the main source of concern in considering adverse effects of microbial 
contamination of these products. However, not only core materials, but also wood casing of a pencil 
may be contaminated. An interesting case of contamination of a lip liner's wooden part is illustrated in 
Fig. 4. Contaminating molds were rather resistant to irradiation (Dfirst 90% red about 2 kGy), in keeping 
with relatively higher resistance to irradiation of molds in dry environments. Fig. 4 also shows the 
survival of molds in an eye liner by a different manufacturer, and the survival of Gram-negative 
bacteria in an eye liner. Again, in keeping with the experience in powders, the radiation resistance of 
Gram-negative bacteria is 2–4 times lower (2 to 4 times lower value of Dfirst 90% red) than the radiation 
resistance of molds in the same substrates. 

2.3. Shampoos 

Although compartmentalized in 10-gram sachets, contamination of a shampoo with yeasts was 
surprisingly homogeneous (Table I). Yeasts contaminating shampoos were most radiation-sensitive 
species of contaminants encountered in this study, their sensitivity being larger than that of molds. On 
the contrary, sporogenic bacteria in shampoo were the most radiation-resistant microorganisms found, 
Dfirst 90% red being 4 kGy (Fig. 5). The initial contamination was more than 103/g, so that reducing it 
below 10/g would require the irradiation dose of almost 10 kGy. However, at that dose the greenish 
color characteristic of that product changed into yellowish. 

2.4. Cleansing milk 

Two batches of cleansing milk by the same manufacturer were analysed over the period of two 
years. This was the only personal care product in which mixed population of contaminants was made 
evident by irradiation with a series of sublethal doses (Fig. 6). Contamination from the same source 
most probably occurred in both instances. Dominant population consisted of Gram-negative bacteria, 
which were identified as Klebsiella in one batch. Less numerous, more radiation-resistant 
contaminants were molds, originating from the plastic containers. 

2.5. Creams 

Creams are highly susceptible to microbial deterioration, together with liquids, suspensions, 
syrups and emulsions (Sharpell and Manowitz, 1983). Contamination is facilitated by the availability 
of nutrients and is easily spread throughout these media by diffusion. All surveys of microbial 
contamination of cosmetics found creams to be the product in high risk category. In screenings for the 
incidence of microbial contamination, only creams were found in all surveys without exception, as 
contrasted with cleansers and lotions (Baird, 1988), which were found only sporadically. Liposome, 
which is only a carrier for cream, may also be contaminated. The contamination with Gram-negative 
bacteria had a relatively large resistance to irradiation (D first 90% red = 0.6 kGy). Similar contamination 
with respect to the amount and radiosensitivity was found in cream towelettes of the same 
manufacturer (Fig. 7). 
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FIG. 1. Dose-survival curves of mold propagula in red pigments 

 

 

FIG. 2. Dose-survival curves of mold propagula in umber pigments (squares) and in eye shade (circles) 
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FIG. 3. Dose-survival curves of mold propagula in amorphous silica (square) and of Gram-negative 
bacteria in toothpaste (circles) 

 

 

FIG. 4. Dose-survival curves of mold propagula in eye liner (circle), in lip liner (triangle), and of Gram-
negative bacteria in eye liner (squares) 
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FIG. 5. Dose-survival curves of yeasts in shampoo (square) andin hair conditioner (circles), and  of 
sporogenic bacteria in shampoo(triangles) 

 

 

FIG. 6. Dose-survival curves of mixed populations of Gram-negative bacteria and molds in two batches 
of cleansing milk 
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FIG. 7. Dose-survival curves of Gram-negative bacteria inliposome (circles) and in cream twelettes 
(squares) 

 

 

FIG. 8. Dose-survival curves of Gram-negative bacteria inaftershave cream (squares) and in milk spray 
(circles) 
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TABLE I. . DISTRIBUTION OF MICROBIOLOGICAL CONTAMINATION IN MULTIPLE 
SAMPLES OF HOMOGENEOUS MATERIALS AND IN COMPARTMENTALIZED SAMPLES 

Sample Homogeneous materials Compartmentalized materials 
 Amorphous 

silica (mold 
propagula) 

Titanium 
dioxide (mold 
propagula) 

Powder cake 
(mold 
propagula) 

Toothpaste 
(Gram-neg. 
bacteria) 

Shampoo 
(yeasts) 

Sun 
screen 
(TAPC) 

1 100 180 40 5.3 × 105 520 5 × 103 
2 170 170 120 5.4 × 105 500 8 × 103 
3 240 230 40 2.1 × 105 500 2 × 103 
4 150 260 380 0.8 × 105 560 2 × 103 
5 60  110 1.8 × 105 540 1 × 103 
6    3.1 × 105 570  
7    2.8 × 105 430  
8    3.6 × 105 480  
9    1.8 × 105 560  
10    4.3 × 105 400  
Average 
± SD 

144 ± 69 210 ± 42 138 ± 140 (3.1 ± 
1.6)×105 

506 ± 57 (3.6 ± 
2.9)×105 

Variance 48 20 100 50 11 80 

 

3. DISCUSSION 

Growing concern with microbial contamination of cosmetics and toiletries over the last quarter 
of the past century has been seen by some authors as a consequence of the “age of consumerism” 
(Sharpell and Manowitz, 1983). Not only that the absolute number of consumers was increasing, but 
the market for personal care products was growing faster than the population, also in well established 
markets (Houlton, 1998). The hygienic requirements on the products grew concomittantly with the 
consumption, as did the responsibility of the regulatory bodies. 

However, it appears that these trends were not accompanied by the corresponding decrease of 
microbial incidence in cosmetic and toiletry products. The incidence of microbial contamination 
between 2.5% and 43% was reported in unused cosmetic products in Germany, UK, USA and Canada 
between 1967 and 1977 (Baird, 1988). Contemporary Yugoslavian and Hungarian surveys both 
reported 56% incidence in some final products (Grujic and Basic, 1976) and in ointment raw 
materials, respectively (Hangay, 1978). Recent surveys by the US Food and Drug Administration 
report 25% recalls of unused cosmetic products due to microbial contamination in 1991/1992 
(Venugopal, et al., 1996), and 36% recalls of food and cosmetic products between 1993 and 1998 
(Wong, et al., 2000). 

How was it possible that microbiological contamination persisted as the leading cause of recalls 
for such a long time? The reason is partly in the ever tightening microbiological requirements on the 
one hand, and in the ever widening basis of raw materials , on the other hand. It is also a reflection of 
the fact that many cosmetic products and raw materials are susceptible to microbial contamination, 
and that environmental pressures cannot always be successfully withstood. 

Under these circumstances some form of intervention is justified, and irradiation offers itself as 
a particularly suitable means to that end. Besides its well appreciated technological advantages, when 
processing by irradiation is used, it is possible to set in advance the end-point of the process, and by 
selecting the dose appropriate to the purpose, to accomplish at the same time a comprehensive quality 
assurance. 
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By analogy with early thinking on food irradiation, where an inactivation factor of 1012 was 
recommended for the inactivation of Cl.botulinum spores (Schmidt, 1963), early work on 
pharmaceuticals and cosmetics also relied on the application of 25 kGy dose. However, such a high 
dose was unrealistic, as much as it was wasteful, in some instances damaging to products (Boegl, 
1985), and generally prohibitive. Armbrust (1975) proposed radiation pasteurization of 
pharmaceuticals and raw materials, while Hangay (1978) extended it to include cosmetics and raw 
materals. 

The key question is: how much irradiation is sufficient? To answer it, microbial limits have to 
be agreed upon first. Defining maximum tolerable number only is objectionable, because it might 
include some pathogenic microorganisms, which might not be absolutely harmless in that amount. On 
the other hand, the request for the absence of pathogens is not realistic, because it is impossible to 
prove. 

The compromise, which is a part of most regulations, requires the absence of some specific 
pathogens (Pseudomonas aeruginosa, E. coli, Salmonella spp. and Staphylococcus aureus ) and total 
microbial content of bacteria, yeasts and molds below 1000/g. This limit is high enough to prevent the 
rejection of most statically contaminated products, and, at the same time, is significantly lower than 
most sporadically contaminated products. 

Many manufacturers choose to impose even more conservative limits to their products. Besides 
being of help in maintaining a firm control over the incoming materials and production, and in 
neutralizing the effects of minor excursions, it also helps to build an image of a responsible company. 
As pointed out earlier, the application of irradiation enables even more rigorous limits to be set (and 
maintained) at will. The end-point NT was set at 10/g in order to observe the corresponding dose 
requirement. This rigorous end-point is actually enforced by some companies, although the official 
limits may be 100 times more relaxed. In all cases but two (molds in eye liner casing and 
sporeforming bacteria in shampoo) the required dose did not exceed 3 kGy. 
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