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Introduction

Mercury is a toxic metal that, even 
in low concentrations, can impair 
fertility, suppress the immune system, 
damage kidneys, cause nerve damage, 
and impair learning.1,2 Frequently, 
the potential for health impacts 
due to mercury contamination is 
assessed using human hair or blood. A 
decreased visual field was reported for 
people having mercury concentrations 
in their hair that ranged between 7 
and 20 μg/g.3,4 Yokoo et al. reported 
significant negative impact on 
neuropsychological tests from adults 
in fishing villages in Brazil when 
mercury levels in hair exceeded 6 
μg/g.5 Agusa et al. found 10 out of 60 
hair samples from Phnom Penh had 
more than 10 μg/g of mercury and 
three of these samples had extreme 
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levels of mercury (190, 70, and 60 
μg/g).6 Furthermore, Agusa et al. 
reported that some female subjects in 
Phnom Penh had mercury levels in 
their hair7 that exceeded World Health 
Organization (WHO) threshold levels 
of 50 μg/g for neurotoxic effects.8 The 
same authors found serum estrone 
and estradiol levels were positively 
correlated with blood mercury 
level for both males and females, 
indicating possible induction of female 
hormones by mercury exposure in 
Cambodians. These observations are 
consistent with studies indicating 
mercury is an endocrine disruptor 
in mercury exposure experiments 
with birds,9 fish,10 and human cell 
cultures.11 Agusa et al. ruled out the 
Sihanoukville mercury dumpsite 
storage as the source of mercury for 
the hair and blood samples collected 

in Phnom Penh.12 Although it is a 
documented and large environmental 
hazard, Sihanoukville is far enough 
from Phnom Penh that it was not 
considered the source of the city's 
mercury problem. Levels of mercury 
in fish in Phnom Penh markets were 
similar to those found elsewhere, so 
fish were also ruled out as the source 
of mercury. Unfortunately, the source 
of the mercury contamination has not 
been definitively resolved.

One well-documented source of 
mercury contamination is skin-
whitening creams, into which the 
heavy metal is sometimes added to 
block production of melanin and thus 
produce whiter skin.13 While these 
mercury-containing skin creams are 
a health concern internationally,14-21 
Murphy et al. found in 2007 and 
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2008 that about one-third of skin-
whitening creams for sale in Phnom 
Penh markets contained more than 
2000 μg/g of mercury, considerably 
higher than both the United States' 
and Association of South East Asian 
Nations' (ASEAN) guidelines of 1 
μg/g.22-24

The global concern over mercury 
toxicity has fueled new legislation 
by many major governments, led by 
the United States and the European 
Union (EU), to control the trade in 
mercury25,26 and create guidelines 
for its levels in cosmetics. These vary 
considerably: the EU's guideline is 70 
μg/g,27 Canada is proposing a guideline 
for mercury in cosmetics of 3 μg/g,28 
and as an ASEAN member, Cambodia 
has agreed to the association's 
guideline of 1 μg/g. Every company 
selling skin cream in Cambodia must 
register their product contents with 
the Ministry of Health29 and several 
of the worst offenders have been 
banned.30 However, Cambodia does 
not currently have the resources to 
closely monitor the situation and 
enforce regulations.

Hand-held X-ray fluorescence (XRF) 
units may be a cost-effective and 
easy-to-use answer to the problem of 
monitoring faced by Cambodia and 
similar resource-strapped nations.  
XFR has been used for decades in 
laboratories to analyze mercury in 
skin-whitening creams but only 
recently have handheld XRF units had 
the sensitivity to detect metals at low 
enough concentrations to be useful in 
the field.31

XRF analysis is based on the 
measurement of secondary, or 
fluorescent, X-rays emitted from a 
sample irradiated with high-energy 
X-rays. When materials are excited 
with X-rays, they can become 
ionized. If the energy of the radiation 
is sufficient to dislodge an inner 

electron, the atom becomes unstable 
and an outer electron replaces 
the missing inner one. Energy is 
then released due to the decreased 
binding energy of the inner-electron 
orbit compared with an outer one. 
Because elements have characteristic 
photonic-energy signatures, the 
resulting fluorescent X-rays can be 
used to identify specific elements 
present in the sample.32 XRF analysis 
is widely used in geological analysis, 
metal recycling, and more recently, 
in the detection of toxic metals in 
toys. Handheld XRF units can rapidly 
assess the metal content of samples 
in the field with minimal preparation 
and the process is not destructive 
to the sample. There are concerns 
about potential interference from 
substances such as lead or water, and 
it is necessary to validate results of 
handheld units with methods such 
as atomic absorption spectroscopy 
(AAS), inductively coupled plasma-
atomic emission spectroscopy 
(ICP-AES), or inductively coupled 
plasma mass spectrometry (ICP-MS) 
analysis.33  

The primary objective of this study 
was to evaluate the utility of a 
handheld XRF analyzer for detection 
of mercury in skin-whitening creams 
in developing countries with few 
resources for stringent monitoring  
and testing. 

Methods 

Sampling
Sampling protocols were approved 
by the Ethical Review Committee of 
the Cambodian Ministry of Health.  
In accordance with the committee’s 
recommendations, the researchers 
recruited volunteers from a variety 
of socio-economic backgrounds to 
provide samples of skin-whitening 
creams. The researchers also 
purchased, in early 2011, 66 skin-
whitening creams from the Central, 
Laak3, Olympic, and Orussey markets 
in Phnom Penh and a local, peri-urban 
market to test product variability. 

For the purposes of this study, 610 
skin-whitening creams were donated 
by: i) 279 female and 4 male students 
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at the University of Health Sciences 
(UHS) in Phnom Penh, representing 
wealthier Cambodians and those 
with some level of higher education 
in the health professions; ii) 111 
female students from two Don Bosco 
Institutes (Toul Kork and Tuek Thla) 
that provide vocational training to 
promising youths from low-income 
and at-risk families; iii) 1 female 
student from Royal University of 
Phnom Penh (the student body of 
which typically represents families 
with a wide range of income); iv) 26 
female workers and 1 male worker in 
a rural garment factory and 4 female 
workers in an urban garment factory 
(garment factory workers generally 
have some disposable income but 
frequently migrate from rural areas 
and often have limited education); 
and v) 14 females working in low-skill 
hospitality service industries.

The study took place in UHS, both 
Don Bosco Institutes, two coffee shops 
near the factories, a bar and a massage 
parlor. Each participant completed, 
on-site, a questionnaire that provided 
socio-economic and skin-cream 
usage information (most of these 
data points are not assessed in this 
paper). In each case, the participants 
were able to witness their sample 
being processed, an important step 
for several reasons. First, it provided 
a level of transparency, the lack of 
which is a problem that continues 
to face the country as it struggles to 
recover from the tragic Khmer Rouge 
period. Second, the demonstration 
facilitated the educational portion of 
the study. The study was preceded by 
a seminar during which the provider 
of each sample was questioned on her 
awareness of the dangers of mercury 
toxicity, provided information on the 
subject, allowed to ask questions and 
return later for more discussion.  

The origins of some of the samples 
provided by participants were not as 

obvious as of those purchased directly 
from markets, as study participants 
seldom brought in original packaging.  
However, participants were able to 
provide insight into their products.  
For example, students from UHS 
had several samples purchased while 
traveling abroad, particularly from 
Thailand.

Analysis 
The Niton XL3t handheld XRF unit 
(Thermo Fisher Scientific, Waltham, 
MA) used in this study allowed us 
to take readings of skin creams in 
30 seconds with no extraction and 
minimal sample preparation. For skin 
creams, the XRF analyzer was used 
in plastics mode with the algorithm 
and calibration done at the Thermo 
Fisher Scientific office in Billerica, 
Massachusetts, USA. The XRF analyzer 
had a built-in algorithm to calculate 
the standard deviation of individual 
analysis. Other statistical calculations 
were done with Microsoft Excel 
software. Because of the presence 
of a variety of volatiles other than 
water, the research team followed the 
same protocols as Murphy et al.23 and 
processed wet creams. Samples 3 to 5 
ml in volume were taken by spatula 
from the top 5mm layer of the cream 
and placed on a piece of Mylar film (6 
µm in thickness) that was then folded. 
Next, the detector was placed directly 
against the film. If the cream jar was 
full, the Mylar film was placed over 
the mouth of the container, directly 
on the cream, and the detector placed 
against the film. It was crucial to 
minimize space between the sample 
and the detector to avoid reduction of 
signal. The general directions provided 
by the XRF manufacturer stated that 
the instrument detection limit was 20 
μg/g.34,35 This is in agreement with our 
sample processing in that we could not 
detect mercury amounts below 20 μg/g 
in 579 skin cream samples. Increasing 
the analysis time would reduce the 
detection limits by the square root 

of the increased time.34,35 However, 
increasing the analysis time to 
approach guideline values of mercury 
was not feasible for these educational 
clinics as researchers chose to process 
samples in front of participants, 
requiring the analysis to be completed 
within a tolerable time frame. Also, 
the skin cream products were returned 
afterwards to study participants, 
especially if they were mercury free. 

Samples were not stirred because the 
researchers wanted to use a process 
that could be effective in the field 
when used by a regulatory agent.  
The need for processing speed was 
also a factor in the decision. After 
verification (Table 1), the researchers 
accepted that the products were 
relatively homogeneous, requiring 
no mixing before analysis. Since the 
relative standard deviation of triplicate 
analysis of the same samples averaged 
less than 5%, the sampling error was 
modest (Table 1). To stir the creams 
well required placing the samples into 
a container about one-third full so 
that a vortex mixer can mix the cream, 
leading to concerns over possible 
contamination and slow-down of 
results.

Quality Assurance/Quality Control
Prior to the study, Essco Safety Check 
of Seattle, WA, used a handheld XRF 
to process six samples collected from 
Cambodia.36 The same creams were 
also processed by Thermo Scientific in 
Billerica, MA. Another set of 12 skin 
creams purchased in Phnom Penh 
markets was processed at the National 
University of Singapore, using 
inductively coupled plasma optical 
emission spectrometry (ICP-OES).  
The results of the Singapore analysis 
was then compared to the XRF study 
done by Thermo Scientific.  

Eight samples containing less than 
1000 μg/g of mercury in duplicate were 
spiked with additional mercury to a 
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final load of 2000 μg/g of mercury. 
The mercury content of four samples 
in duplicate that originally contained 
more than 1000 μg/g of mercury was 
raised to 4000 μg/g. Before ICP-
OES analysis, 1 mg/L of trace metals 
grade acid (Fluka, Sigma Aldrich, 
Singapore) was added to all samples, 
calibration standards, and blanks for 
amalgamation of mercury.37 For ICP-
OES analysis, samples of 50 mg were 
extracted using the protocols outlined 
in Murphy et al.23 Cold vapour 
atomic absorption spectrometry 
(CVAAS) analysis was done in 2008 
at the University of California, Davis 
to provide certified analyses as a 
framework for using kits to measure 
mercury in skin-whitening creams.23 
Samples were digested under 
pressure at 95oC/203oF in a mixture 
of concentrated nitric and sulfuric 

acids with potassium permanganate.  
Analytical quality assurance/quality 
control (QA/QC) samples were 
subjected to the same acid digestion, 
physical and chemical treatment, and 
detection as analytical samples. These 
included: blanks; aqueous standards; 
continuing control standards; 
standard reference materials with 
certified levels of mercury; laboratory 
split samples; matrix spike samples; 
and matrix spike duplicates. 
Performance was tracked with control 
charts. Trace metal grade acids were 
also used for the CVAAS analysis. 
QA/QC results were all within control 
limits.  

To further test the accuracy of 
the XRF analyzer in its recovery 
for mercury analysis, a spiking 
experiment was done at UHS with 

a common cream that contained 
no mercury. In duplicate, eleven 
concentrations of mercury from 73 
μg/g up to 27,800 μg/g of mercury 
were added to the cream. Due to 
the need for high concentrations 
of mercury in some spikes, and to 
improve mixing, dimethylsulfoxide 
(DMSO) was used to dissolve 
mercuric chloride. DMSO was used 
because as a 6% aqueous mercuric 
chloride solution is saturated at room 
temperature, it would take too large 
a volume of an aqueous mercury 
solution to produce a spiked cream 
of 3% mercury without  changing 
the matrix of the cream to a biphasic 
cream/ aqueous suspension. Mercury 
is over 4 times more soluble in DMSO 
than water. In addition, DMSO 
dissolves in creams so that phase 
separation is not a problem, allowing 
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Table 2 — Comparison of XRF Results to ICP-OES and CVAAS
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for better replication of sampling. In 
part because the reagent costs were 
minimal and analysis time short, with 
XRF analysis we were able to conduct 
a variety of preliminary experiments 
to optimize analytical protocols with 

the DMSO spikes. Certified reference 
materials supplied by Thermo 
Fisher Scientific were used for daily 
pre- and post-analysis to confirm 
that the analyzer was within 5% of 
manufacturer’s specifications.  

Results

Analysis Verification
The replication between laboratories 
with XRF analysis was good (Table 
2). Samples with high mercury 
concentrations caused serious 
equipment contamination and closure 
of the California laboratory for more 
than a month. This result is unusual 
but can happen when the client and 
chemist are unaware of an extreme 
concentration. It is important that 
there is consistency with respect to 
laboratories agreeing that a cream has 
insignificant or high concentrations 
of mercury. For the analysis of skin-
whitening creams, the XRF sensor 
is more than a qualitative screening 
tool and has the utility of more 
traditional laboratory equipment. For 
concentrations of mercury <4500 μg/g, 
both XRF and ICP-OES processes 
produced similar results, with an r 
value of 0.97 and slope of 0.954 in 
a linear regression analysis (Figure 
1). About 80% of the skin-whitening 
creams in this study had <4500 μg/g 
mercury. The quality control of ICP-
OES showed good recovery in spiking 
trials. For samples spiked at 2000 
μg/g, recoveries were 86±29% (n=8), 
whereas for samples spiked at 4000 
μg/g, recoveries were 114±18% (n=4).  
There was too little data and too much 
variation to justify plotting the ICP-
OES analysis as biphasic but the data 
could plot into two regions.   

The spiking experiments with DMSO 
produced a relationship with two 
regions that are more distinct than in 
the ICP-OES analysis. Using DMSO, 
we found that there was up to a 22% 
suppression of the signal in XRF 
response with the highest levels of 
mercury. It is possible to put a line 
through all data and get a strong r 
value of 0.999 but recovery of mercury 
is less in the higher spikes with a 
lower slope (0.785) for the full data 
set (Figure 2a) than with the slope of 

Hg Mean1Product SD2 RSD%3 In clinics?
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Table 3 — Variability in Mercury (μg/g) Levels in Market Skin-Whitening  
Creams Measured by XRF

In this experiment each replicate came from a different market and none were provided by students.
1Hg = mercury;   2SD = standard deviation;   3RSD%= relative standard deviation in percentage;  

4<LOD = less than detection limit of 20 μg/g
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Figure 1 — Comparison of XRF and ICP-OES mercury analysis
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samples containing less than 2000 μg/g 
(0.903, Figure 2b). The mean recovery 
of the lowest five mercury spikes was 
97.1% with a standard deviation of 
7.3% (n=10). The mean recovery of 
the five highest spikes was 82.2% with 
a standard deviation of 4.2% (n=10).  
The difference in recovery between 
the lowest five and highest five set 
of spikes was significant with 99% 
confidence limits. The replication was 
such that in figures 2a and 2b, the 
duplicates often show as one sample.  
The replication in the samples spiked 
with DMSO was by far the best in this 
study, with an average relative standard 
deviation of 2.5%. This is about half 
the relative standard deviation of all 
other analyses in this project. The 
accuracy and precision of the XRF 
analysis with mercury concentrations 
below 2000 μg/g were good whereas 
above 2000 μg/g of mercury, the results 
were reading about 18% too low.

In general, the replication of samples 
with mercury was good. Table 3 
shows the variability in mercury 
levels in various products collected at 
different markets that were analyzed 
using the Thermo XRF. Sample 
replication of some commercial 
products with high mercury content, 
such as the ones apparently from the 
U.S. and one from China (China4), 
was good but sample replication of 
four others apparently from China 
and the sample apparently from 
Taiwan was poor. Throughout this 
paper researchers use the term 
“apparently” because in this region 
bootlegging of all commercial 
products is common and the real 
source of creams is often uncertain.  
The variability in the mercury content 
of some products may reflect different 
batches possibly containing other 
whitening agents such as retinoic 
acid or hydroquinone. The ten-fold 
variation in mercury content of 
five different products from China 
(Table 3) likely reflects inconsistent 

chemistry or varying formulations.  
Table 1 illustrates that reproducibility 
of sampling from the same cream was 
good. The relative standard deviation of 
triplicate analysis of the same samples 
with the Thermo XRF was less than 
11% and averaged less than 5%.

Sample Analysis in Education Clinics
Six hundred and ten creams brought 
to us by 279 young women and 4 men 
were analyzed and 15.9% contained 
more than 20 μg/g of mercury, which 
is approximately the detection level of 
mercury with the XRF.  

Figure 2a — XRF measurement of spiked mercury, whole range

Figure 2b — XRF measurement of spiked mercury,  
samples containing less than 2000 μg/g

Murphy et al
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To impute the concentration of 
mercury in samples with levels 
below the detection limit for XRF 
analysis, we used the mean of 11 
skin-whitening creams collected in 
Phnom Penh in 2008, processed by 
CVAAS and containing less than 20 
μg/g of mercury.19 Using this mean of 
1.86 μg/g, the arithmetic mean and 
standard deviation of contaminated 
products in educational clinics in 
2011/2012 were 456 μg/g and 2088 
μg/g of mercury respectively (Table 
4). The arithmetic mean mercury 
content of 15.9% samples containing 
measurable mercury was 2821 ± 4483 
μg/g with a median of 891 μg/g (n = 
98). One third (64 of 186) of creams 
that were produced by special beauty 
shops, were measurably contaminated 
with mercury, i.e. contained more 
than 20 μg/g of mercury. When these 
modified creams were deducted 
from the complete data set, 8.2% of 
the remaining commercial products 
were contaminated with mercury. 
Thus the beauty shop creams were 
more than four times as likely to 
be contaminated with mercury as 
commercial brands. None of these 
beauty shop creams had any labeling. 
The labeling of commercial products 
found to be contaminated with 
mercury, apparently originating from 
China, Taiwan, Thailand, the U.S., 
Japan, Cambodia and other locations, 
did not indicate the heavy metal as an 
ingredient. 

Aside from the 186 beauty shop 
creams, there were 273 commercial 
products analyzed. Within the 417 
samples of commercial products, 218 
were represented only once. In part, 
this high proportion of single products 
reflects a diversity of brands from one 
well-known producer but it mainly 
reflects a large number of counterfeit 
brands mimicking known products.  
Of the 22 brands of creams collected 
directly from markets, only 9 were 
duplicated in the educational clinics.  
The low rate of matching between 
the sampling of the market and the 
educational clinics and the continued 
collection of new products in the most 
recent samplings indicates that there 
may be more than 400 different skin 
cream products in Cambodia.  

Discussion

Sampling
Sampling at educational institutes 
was more efficient, safer, and more 
conducive to follow-up sampling 
or consultation than sampling with 
factory or hospitality workers.  
Factory workers were only available 
before or after shifts and hospitality 
workers were only available when 
their establishments were not busy.  
One hospitality manager instructed 
his staff not to provide researchers 
with whitening creams containing 
mercury that were sold on-site from 
a producer in Phnom Penh. In this 
instance, the study participants waited 

for an opportunity to explain and to 
give the creams to the researchers 
privately. There also was some concern 
about potential theft of the XRF unit, 
which could be useful for mineral 
exploration. The sampling of workers 
in the hospitality sector proved 
difficult and they may have been 
underrepresented in this study.   

The goal of sampling creams provided 
by participants from a range of 
socioeconomic backgrounds was 
partly satisfied by the selection of 
different categories of educational 
institutions. In all cases, lectures were 
given to introduce the risks of mercury 
and each participant was able to 
directly observe the analysis of their 
cream. This led to great enthusiasm 
and usually initiated questions and 
requests for more analysis. Toxic 
creams were set out in an exhibit and 
usually when a participant realized 
that their cream contained high levels 
of mercury and had not yet been 
identified, the item was donated to 
the exhibit. As a teaching tool, the 
educational clinics seemed to be 
effective. Interviews indicated that 
before the clinics, only 9.6% of the 
participating students knew that 
skin-whitening creams could contain 
mercury.  

The sampling in 2011 confirmed 
an earlier study24 showing mercury 
contamination in skin-whitening 
creams is common in Phnom Penh 
and a handheld XRF analyzer can 
readily detect mercury. The researchers 
processed all skin creams, including 
ones that were not whitening, that 
were brought to them and therefore 
they observed less mercury than in 
the 2008 sampling of skin-whitening 
creams selected from markets. Studies 
from around the world have linked 
mercury-loaded skin-bleaching creams 
with negative health impacts. In Hong 
Kong, patients in the Prince of Wales 
and Jinling hospitals who had used 

Number of 
Samples

Arithmetic 
Mean

Geometric 
Mean

 
Median

Max with  
XRF

% with Hg,  
>20 μg/g

610

434

166

456

391

736

4.9

3.2

13.0

1.86

1.86

1.86

23247

23247

18350

15.9

7.8

34.4

Table 4 — Mercury Levels μg/g Measured by XRF in Skin-Whitening Creams 
Sampled from Educational Clinics

Total

Commercial

Beauty shop
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skin-whitening creams containing up 
to 30,000 μg/g mercury were shown to 
be suffering from kidney damage.39-41 
A U.S. study reported on a Mexican 
skin-whitener with 60,000 to 100,000 
μg/g mercury, resulting in high 
urinary mercury concentrations and 
a prevalance of mercury-poisoning 
symptoms among users.15  

The reported exposure period of 
patients hurt by mercury in skin-
whitening creams varies considerably: 
from 2-60 months,41 and 1-60 months 
14 (with a mean of 13 months). The 
frequency of use of these creams by 
patients is rarely reported. Users of the 
toxic Mexican skin-whitening cream 
reported the following frequency of 
use: less than once per day, 18%; once 
per day, 30%; 2-3 times per day, 52%.15  
A 2007 Nielson survey of the general 
public in Asia reported that weekly 
or daily use of skin-whitening creams 
ranged between 8% and 30%.21 

Handheld XRF analyzers lack the 
sensitivity of some laboratory 
analyzers but are able to measure 
mercury levels in skin whitening 
creams close to regulatory standards.  
The comparison of XRF and ICP-
OES illustrates the utility of XRF 
analysis. The XRF we used was 
about 100 times more sensitive than 
a mercury kit developed by the 
Thai government's Department of 
Medical Science and marketed by 
JSP Pharmaceutical Manufactory 
(Thailand) Co. Ltd. The ASEAN 
cosmetics committee suggested in 
January 2008 the use of screening 
kits that would detect 1500 μg/g of 
mercury, or about 38% (37 out of 
98) of the contaminated samples the 
researchers detected by XRF in this 
study.42 The fact that the ASEAN 
committee proposed such a kit at all 
suggests that regional governments 
understand that local laboratories 
lack the analytical capacity to process 
samples and that a screening tool 

is needed to focus on the most 
contaminated creams.

The 18-22% suppression of signal 
observed in spiking of creams with 
mercury/DSMO deviates slightly from 
a study by Shackley43 who found that 
XRF was linear for 17 international 
standards containing strontium with 
no suppression of signal over three 
orders of magnitude. Possibly our 
sample matrix was unusual being 
a cream but the validation with 
the reference materials supplied 
by Thermo Fisher Scientific was 
within manufacturer’s specifications.  
With respect to detection of toxic 
creams, the 18-22% suppression of 
response in the samples with more 
than 2000 μg/g of mercury has no 
applied significance. ICP-MS, AFS-
hydride, CVAAS etc. are designed 
for much lower concentrations of 
mercury and without awareness and 
sample dilution they would be badly 
contaminated by the worst skin-
whitening creams. Chemists that are 
aware of the high concentration of 
mercury in skin creams would dilute 
but they sometimes require a series of 
dilutions and must take care with the 
worst of their contaminated glassware.  
With some AFS-hydride systems, the 
detection range without dilution is 
only one order of magnitude, whereas 
the XRF was useful over four orders of 
magnitude without dilution.

The comparison of skin-whitening 
creams purchased from retail centers 
and beauty shops was complicated by 
the lack of standard product labeling 
and the perception of what actually 
constituted a skin-whitening cream.  
Beauty shop creams had minimal to no 
labeling, and the percentage of samples 
having > 20 μg/g was higher (34.4%) 
than in the 424 commercial products 
tested (7.8%). The products containing 
mercury work by suppressing melanin 
synthesis, while weaker products 
contain non-toxic coloring agents like 

zinc oxide, barium oxide or titanium 
oxide. These do not block melanin 
production but reflect UV light, are 
white in color and suppress tanning.  
However, three sun-block products 
were found with detectable mercury 
levels. Although these products were 
mainly advertised as UV-blockers, 
in small print they did purport to be 
whitening creams.  

Treatment and Control
Presently, the only treatment possible 
in Cambodia for mercury poisoning 
from skin-whitening cream is simply 
to stop using it. There currently are no 
resources in Cambodia for chelation 
therapy to remove mercury from 
people. With some exception, there 
is good recovery of most subjects 
who stop using these toxic creams.  
Prevention and education is the best 
available strategy for this public health 
problem. Before the educational clinics 
that ran parallel with this study, more 
than 90% of participants did not know 
that skin-whitening creams could 
contain mercury. In all cases where 
mercury was detected, users were 
cautioned to discontinue using their 
creams.  

It seemed that though most 
participants took the warnings of 
toxic contamination seriously, the 
majority seemed determined to 
keep using skin-whitening creams, 
albeit switching products. A few 
individuals planned to continue using 
toxic products, despite seeming to 
understand the risks.

Many young women said they bought 
what their friends bought and avoided 
ones that caused problems. When the 
products were listed by popularity, 
the top 135 samples did not contain 
mercury, showing that, though cost-
effectiveness and popularity were 
strong factors in decision-making, 
other issues also likely influenced their 
purchase. Further analysis should 
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manufacturers claim has detection 
limits of 0.5 to 7.9 μg/L of mercury but 
such units are more expensive and not 
readily portable for field analysis.44

Handheld XRF analyzers are 
particularly appropriate for police 
or customs officers. Rapid analysis 
by XRF units in the field could 
facilitate decisions on when to seize 
samples for laboratory analysis. 
Especially with the proposed 1 μg/g 
guideline, validation with CVAAS 
or its equivalent would improve any 
legal initiative. For now, bans on 
the worst skin-whitening creams 
are being implemented by decree 
from the Cambodian Minister of 
Health. There is nothing absolute 
about a 1 μg/g guideline. The EU 
manages its cosmetics with a 70 μg/g 
guideline.27 An operational standard 
of 20 μg/g of mercury could be 
considered to simplify management. 
The Cambodian arsenic guideline is 
a good example of how Cambodia 
might chose a higher operational 
or enforcement standard than the 
guidelines of USA or ASEAN. The 
scientific community of Cambodia 
lobbied and was able to keep the 
arsenic standard in drinking water 
at 50 μg/L45 when much of the 
developed world dropped their 
standard to 5 μg/L. Similar to the 
problems with mercury-contaminated 
skin-whitening creams, Cambodia has 
such high concentrations of arsenic in 
the water supply that it is a challenge 
to meet the international standards. 
Cambodian analytical facilities also 
are limited, so they frequently rely on 
a less sensitive kit-based approach to 
assess water quality.

For all countries, the handheld XRF 
can be a useful screening tool that 
minimizes the risk of contaminating 
sensitive laboratory equipment when 
mercury levels are unknown in 
samples. This study re-confirms that 
toxic levels of mercury are common 

in skin-whitening creams sold in 
Phnom Penh and there is a need for a 
thorough health risk analysis to more 
fully define the at-risk population.  
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