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A Crossover Study of Noodle Soup
Consumption in Melamine Bowls
and Total Melamine Excretion in Urine

M
elamine exposure remains common even af-
ter the 2008 melamine-tainted baby formula
incident, which resulted in 6 deaths and ap-

proximately 50 000 hospitalizations.1 A continuous low-
dose melamine exposure has been linked to urolithiasis
in both children and adults.2,3 Another source of melamine
exposure is melamine tableware.4 In a pilot study, we
asked 16 healthy volunteers (age range, 20-27 years) to
consume 500 mL of hot noodle soup (initial tempera-
ture, 90�C) served in melamine bowls in the morning of
October 2011. We collected from each participant 1 spot
urine sample immediately before and at 2-hour inter-
vals for 12 hours after consuming the noodle soup. This
experiment simulated the natural situation; thus, not all
participants provided urine samples at every 2-hour in-
terval. However, all urine samples from all participants
were collected after consumption for 12 hours. Postcon-
sumption mean urinary melamine concentrations, cor-
rected for urinary creatinine, initially increased sharply,
peaked at 4 to 6 hours, and then declined sharply for 2

hours and then less steeply for the remainder of the moni-
toring period (eFigure 1; http://www.jamainternalmed
.com). We therefore investigated if consumption of hot
noodle soup served in melamine bowls would increase
total urinary melamine excretion.

Methods. In a randomized 2�2 crossover study in De-
cember 6, 2011, we asked 1 group (3 men and 3 women
[group A]) to fast for 8 hours before consuming 500 mL
of hot noodle soup (initial temperature, 90�C) served in
a melamine bowl as a 30-minute breakfast. The study de-
sign was the same as the aforementioned pilot study. We
collected spot urine sample before and at 2-hour inter-
vals for 12 hours after consumption. Another group (3
men and 3 women [group B]), following the same pro-
cedures, consumed the same soup from ceramic bowls
(eFigure 2), in which melamine levels were nondetect-
able.4 All subjects were different from those of the pilot
study and were advised not to use any melamine table-
ware 3 days before the experiment. Soft drinks were not
restricted. After a 3-week washout period, the assigned
treatments were reversed (December 27, 2011). This study
had institutional review board approval, and each par-
ticipant provided written informed consent.

Urinary melamine levels were measured by triple-
quadrupole liquid chromatography tandem mass spectro-
metry. The method of detection limit (MDL) was 0.8
ng/mL (parts per billion) in urine, with any measure-
ment below the MDL treated as 0.4 ng/mL.3 Total
melamine excretion was calculated as melamine concen-
tration of 1-spot urine sample� the amount of that spot
urine and the amounts of all the urine samples collected
for 12 hours after the participant consumed hot noodle
soup were summed. A Wilcoxon signed rank test was used
to examine the absolute differences of total melamine ex-
cretion between the 2 groups, whereas a Wilcoxon rank
sum test was used to compare the differences of total
melamine excretion in the 2 melamine or ceramic groups.
P values were 2-sided, with a significance level of .05.

Results. Twelve healthy people (6 men and 6 women; age
range, 20-27 years) participated. All urine samples from
all participants were collected after consumption for 12
hours in both groups. Temporal change in mean urinary
melamine concentration corrected for urinary creatinine
was similar to the previous pilot study (Figure, A; eFig-
ure 1). The mean (range) and total number of postcon-
sumption spot-urine specimens collected from melamine
bowl users were 4.3 (1-13) and 52, respectively; all
melamine concentrations were detectable. In contrast, the
mean (range) and total number of postconsumption spot-
urine specimens collected from ceramic bowl users were
4.3 (2-7) and 51, respectively, but melamine concentra-
tions in 17 urine samples (33%) were below the MDL. Total
melamine excretion (mean [SE]) in urine for 12 hours was
8.35 (1.91) �g and 1.31 (0.44) �g in melamine bowls and
ceramic bowls, respectively (Figure, B). The difference was
statistically significant (7.04 [1.62] �g; P� .001). In con-
trast, there was no significant difference in the 2 melamine
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groups (P=.78), although a significant difference was noted
in the 2 ceramic groups (P=.02) (Figure, B). The signifi-
cance was probably due to the high melamine excretion
(carryover effect) in the urine samples prior to consump-
tion in the 2 ceramic groups (eFigure 3). The estimated
half-life of urinary melamine elimination wasapproxi-
mately 6 hours (Figure, C).

Comment. Melamine tableware may release large amounts
of melamine when used to serve high-temperature foods.
The brand of melamine bowls used in this study was cho-
sen from the 5 brands we tested previously.4 The amount
of melamine released into food and beverages from
melamine tableware varies by brand, so the results of this
study of 1 brand may not be generalized to other brands.
The use of nonbreakable melamine tableware is com-
mon in our daily life. Although the clinical significance
of what levels of urinary melamine concentration has not
yet been established, the consequences of long-term
melamine exposure still should be of concern.5

Published Online: January 21, 2013. doi:10.1001
/jamainternmed.2013.1569
Author Affiliations: Colleges of Health Sciences (Drs C.-F.
Wu and M.-T. Wu) and Medicine (Drs Hsieh, Chen, and
Liu), Kaohsiung Medical University, Kaohsiung, Tai-
wan; and Department of Family Medicine, Kaohsiung
Medical University Hospital, and Center of Environmen-
tal and Occupational Medicine, Kaohsiung Municipal
Hsiao-Kang Hospital, Kaohsiung (Dr M.-T. Wu).
Correspondence: Dr M.-T. Wu, College of Health
Sciences, Department of Family Medicine, Kaohsiung
Medical University Hospital, Chih-Shih Building, No. 100

Shih-Chuan First Rd, Room 917, Kaohsiung 807, Taiwan
(e_encourage@yahoo.com).
Author Contributions: Dr M.-T. Wu had full access to all
of the data in the study and takes responsibility for the in-
tegrity of the data and the accuracy of the data analysis.
Study concept and design: C.-F. Wu, Hsieh, Liu, and M.-T.
Wu. Acquisition of data: Chen, Liu, and M.-T. Wu. Analy-
sis and interpretation of data: C.-F. Wu, Liu, and M.-T. Wu.
Drafting of the manuscript: C.-F. Wu and M.-T. Wu. Criti-
cal revision of the manuscript for important intellectual con-
tent: Hsieh, Chen, Liu, and M.-T. Wu. Statistical analysis:
C.-F. Wu and M.-T. Wu. Obtained funding: Chen and M.-T.
Wu. Administrative, technical, and material support: Hsieh,
Chen, Liu, and M.-T. Wu. Study supervision: M.-T. Wu.
Conflict of Interest Disclosures: None reported.
Funding/Support: This study was supported by the Tai-
wan National Health Research Institutes (NHRI-EX98-
9708PI), the National Science Council (NSC100-2314-
B-037-027), and Kaohsiung Medical University Hospital
(KMUH98-8R05 and KMUH100-9R54).
Role of the Sponsors: The Taiwan National Health Re-
search Institutes and the National Science Council were
involved in supporting the design and conduct of the
study; and the Kaohsiung Medical University Hospital
assisted with the collection, management, analysis, and
interpretation of the data as well as the preparation, re-
view, and approval of the manuscript.
Additional Contributions: Chao-Yi Chien, MS, and Meng-
Tian Tsai, MS, assisted with laboratory analyses, and James
Steed, BS, assisted in editing the manuscript.
Online-Only Material: The 3 eFigures are available at http:
//www.jamainternalmed.com.

1. Gossner CM, Schlundt J, Ben Embarek P, et al. The melamine incident: im-
plications for international food and feed safety. Environ Health Perspect. 2009;
117(12):1803-1808.

2. Cheng WC, Chen SK, Lin TJ, Wang IJ, Kao YM, Shih DY. Determination of urine
melaminebyvalidatedisotopicultra-performanceliquidchromatography/tandem
mass spectrometry. Rapid Commun Mass Spectrom. 2009;23(12):1776-1782.

3. Liu CC, Wu CF, Chen BH, et al. Low exposure to melamine increases the
risk of urolithiasis in adults. Kidney Int. 2011;80(7):746-752.

0

10

8
U

ri
n
ar

y 
M

el
am

in
e,

 µ
g
/m

m
o
l o

f 
C

re
at

in
in

e

MEL, N
CER, N

Time, h

12
12

6
5

10
7

5
8

8
7

7
7

4
6

6

4

2

A

0

>10-12>8-10>6-8>4-6>2-4>0-20 MEL
8.13 (2.45)

CER
1.98 (0.79)

CER
0.65 (0.24)

MEL
8.57 (3.17)

14

12

To
ta

l M
el

am
in

e 
E
xc

re
ti
o
n
, 
µ
g

10

4

6

8

2

B

0

2 124 6 8 10

35

30

C
u
m

u
la

ti
ve

 M
el

am
in

e 
E
xc

re
ti
o
n
, 
µ
g

25

20

15

10

5

C
MEL CER Group A Group B MEL CER

Mean (SE), µg

Time, h

Figure. Consumption of hot noodle soup in melamine (MEL) or ceramic (CER) bowls and excretion of urinary melamine among 12 study subjects. A, Mean (SE)
temporal change of urinary melamine levels in the MEL and CER groups. N indicates the number of urine specimens collected in that particular 2-hour interval
after consuming hot noodle soup. B, Mean (SE) total melamine excretion in urine 12 hours after consumption by treatment sequence (group A: treatment MEL
then CER; group B: treatment CER then MEL). C, Mean (SE) cumulative urinary melamine excretion for 2-hour intervals in the MEL or CER groups.
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INVITED COMMENTARY

New Studies About Everyday Types
of Chemical Exposures: What Readers
Should Consider

E
xposures to chemicals in consumer products and
from other sources are an everyday reality and have
been a global discussion topic and research inter-

est for many years. For example, setting the stage for much
of my awareness and thinking about this was a commen-
tary, published in 1979, titled “Analyzing the Daily Risks
of Life,” which included extensive mention of chemicals
in consumer products.1 That commentary1(p41) began with:

The world seems a very hazardous place. Every day the news-
papers announce that some chemical has been found to be car-
cinogenic, or some catastrophic accident has occurred in some
far-off place.

The high level of global interest within the exposure sci-
ence, toxicology, risk assessment, and risk management
communities about everyday types of chemical exposures
has continued, and a recent report from the US National
Academy of Sciences Committee on Human and Environ-
mental Exposure Science in the 21st Century2 begins with:

We are exposed every day to agents that have the potential to
affect our health—through the personal products we use, the
water we drink, the food we eat, and the soil and surfaces we
touch, and the air we breathe.

In this issue, the Research Letter by Wu et al,3 titled
“A Crossover Study of Noodle Soup Consumption in
Melamine Bowls and Total Melamine Excretion in Urine,”
provides an opportunity to note key considerations when
reading about results involving everyday types of chemi-
cal exposures. Readers could be asking the following ques-
tions for this and other publications:

1. Is the study published in a peer-reviewed jour-
nal? In this case, readers have the easy task of looking
for this information and finding the peer-review pro-
cess for this journal (http://archinte.jamanetwork.com
/public/About.aspx).

2. Are there other publications that lend or do not lend
support to the current research, or is this study possibly
the first of its kind that suggests an emerging issue for
regulators, chemical companies, consumer product manu-
facturers, and others to consider? Wu et al3 cite 1 pub-
lication on melamine in tableware; however, there are
many others going back to 1986, if searches of the US
National Library of Medicine’s PubMed (http://www.ncbi
.nlm.nih.gov/pubmed) and TOXLINE (http://toxnet.nlm
.nih.gov/cgi-bin/sis/htmlgen?TOXLINE) databases are per-
formed (TOXLINE can be used to also search for PubMed
content). Additional relevant publications obtained via
PubMed and TOXLINE include “Migration of Melamine
and Formaldehyde From Tableware Made of Melamine

Resin” (1986)4; “Comparison of the Migration of
Melamine From Melamine-Formaldehyde Plastics (“Mela-
ware”) Into Various Food Simulants and Foods Them-
selves” (2010)5; “Analysis of Melamine Migration From
Melamine Food Contact Articles” (2011)6; and “Survey
of Counterfeit Melamine Tableware Available on the Mar-
ket in Thailand, and Its Migration” (2010).7

3. In addition to scientific journal publications, is there
information available from government or other web-
sites that provides perspectives about the exposures and
potential risks? The answer is a firm “yes.” As key ex-
amples, a web search found that the German Federal In-
stitute for Risk Assessment (BfR) issued an “opinion” in
2011 on “Release of Melamine and Formaldehyde From
Dishes and Kitchen Utensils.”8 Later, in 2011, The BfR
followed this with a press release titled “Cooking Spoons
and Crockery Made of Melamine Resin Are Not Suited
for Microwaves and Cooking.”9 The BfR information is
valuable and provides information that is globally rel-
evant to scientists, regulators, and others.

4. How was the study conducted, eg, is it a prelimi-
nary or “pilot” study involving a small number of people
who were studied, and did the participants represent a nar-
row or broad, wide range of the types of potentially af-
fected consumers? Considerations relevant to the study
by Wu et al3 include the relatively small number of people
involved(6menand6women),allnotedasbeing“healthy.”

5. Did the study use bowls and food that some con-
sumers are likely to be exposed to? If yes, are there geo-
graphical or other limitations that should be noted by the
authors such as the bowls being likely to be sold only in
1 country or region of the world? Also, is the issue likely
to be only with 1 or a few manufacturers of the bowls,
or is it likely to be a more widespread issue? Wu et al,3

to their credit, discuss some of this.
6. Did the study try to approach “reasonably foresee-

able” consumer exposure conditions? Considerations rel-
evant to the study by Wu et al3 include the tempera-
tures, exposure durations, type of food being consumed,
and other factors. In this study, 500 mL of hot noodle
soup with an initial temperature of 90�C was served in a
melamine bowl “as a 30-minute breakfast.”

7. Is there a known or reasonably foreseeable associa-
tion between these types of exposures and human ad-
verse effects? For example, if the consumer product-type
exposures seem to lead to increased melamine excretion
in urine, is the level in urine known to be potentially as-
sociated with toxic effects in humans? In this case, Wu et
al3 note 2 publications that they believe provide informa-
tion that “a continuous low-dose melamine exposure has
been linked to urolithiasis in both children and adults.”
An updated search of PubMed or TOXLINE would have
found a recent publication from one of the groups (Liu et
al10) that continues the discussion.

Readers asking themselves these questions will be in
an excellent position to critically evaluate studies about
everyday chemical exposures.
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