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ABSTRACT

In 2008, baby formula containing melamine was found to be responsible for a large outbreak of renal failure in infants
in China. A total of 294,000 infants were hospitalized, and at least 6 babies died due to ingestion of the tainted formula.
Melamine contains high levels of nitrogen (>60%), which is used as an indicator of protein content. Therefore, high levels
of melamine in infant formula were thought to be the result of deliberate contamination in an attempt to increase its apparent
protein content. Following inspections by China's national inspection agency, assorted products from at least 22 dairy
manufacturers across China were found to have varied levels of melamine (range: 0.096196.61 ng/kg). Melamine co-exposure
with cyanuric acid can induce acute melamine-cyanurate crystal nephropathy, which can lead to renal failure at much lower
doses than if either compound were ingested alone. However, currently, there are very few data on melamine analogues
other than cyanuric acid. At an expert meeting of the WHO and FAO held to review toxicological aspects of melamine
and cyanuric acid on December 14, 2008, a new tolerable daily intake (TDI) of melamine was established that could be
applied to the entire population, including infants. Therefore, a risk assessment of the various theoretical melamine
contamination levels in infant formula and selected representative foods (other than infant formula and sole-source nutrition
products) is urgently needed for Korean babies and children up to 7 years of age. Although the undetectable level regulation
for infant formula may be low enough to guarantee the safety of babies under the age of 1 year (including premature babies),
the melamine standard of 2.5 ppm for foods other than baby formuia could be insufficient to protect the 95th percentile
population aged 1~2 years because of this demographic's high consumption of milk, yogurt, and soy milk (hazard index
= 1.79). Because TDIs are chronic values intended to protect an individual over histher lifetime, occasional modest ingestion
in excess of the TDI is not likely to be a health concern. However, children aged 12 years may have renal systems that
are comparatively more sensitive to the crystallization of melamine and its analogues. Therefore, governmental jurisdictions
may need to practice more prudent management of food items that could raise the melamine exposure for this population.
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AL 7HAE H71Eo k. ® 2 (2,4,6-triamino-1,3,5-triazine,
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Fig. 1. The binding structure of melamine (Left) and cyanuric
acid (Right).
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3 7}, baking ammonium(ammonium bicarbonate)< & 2X}
24 trichloromelamine ¥} 722 71 AEA| 2] 4FO 29} o]
3 AZIZANREE O o8] 13 ¥ E L FKHcyromazine)
o zHE 24 7HeAdS E 4 vk °1E % baking ammo-
niumS FAF 7190sE A oyl FEW detvlg

2323 09 7V5AL 20073 SR AEHRUS 20013
03 FDAYE 20 2HE 443 7IEAlE & 985 ¥
EAEE 2 2 T ols B giEte A9d vk e

o), 1A AR 17708 £4¢ A3 1042 BdE0I Y
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e oA Sulg B HEEA vk EE F o
F AR S A% T 400 ppme] Byl e Ho] HAHUE
o, %HolF ZA(tissue) M= AEHA FATHa Fek(H
254 10 ppb FEYUSFDA, 2007). 13 vk #<* Anderson &
(2008)2 Triple quadrupole LC-MS/MSE ©] &3t o f F
M AEIAZ 3.2 ugks(ppb)7FA HESEHN 400 mgkg
o] eyl 9% & Aopgile] @ EFE AIEE 114
o Zot 9ol ok o]F el shaRoA Wyl ASY
Atk A& 5L w7 (catfish, Ietalurus punctatus)1 A 8
1~210 mg/ke, B 243 oltilapia, Oreochromis sp.yi A1 0.02~
177 mgrke, £oi(trout, Oncorhynchus mykiss)oll A1 34~80 mg/
ke, 91 ol(salmon, Salmo salar)? A1 58 ~94 mg/kgl 2 ZAFE ]
), Yoz @il S HrietA ofyd ARRE HAd F
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obd Al WAZAN AT Alobgite] B4 7HE &
A AEE $F0), Fojol A 5.8 mgkg, #W 7Tl A 11.2 ng/ks,
galy]ololl A 27.7 mgkgol Atk Aol AS+ Aokt &
& AFEE Helr sHF wre] ZAbg At ZAoA Fg
1,200 mgkg 7522 AEEHA2, 6~104 Foll A5 AHH
st} AAls Aas 1.7~043 wgke FFE2E AT
(Karbiwnyk, 2008). Aj-¢-¢] A%+ AR <] gepnl vy 5
o] 170 pg/kgellom, Wio Ui el E Hrpshx
Ao AR A% AolE 41 pgke FES dEpnlo] 7
ZEA0y o £3, v W el A ZEe o9
31.4%90 A A& EHA o1de delyle] AEH L, 10/105
A B(9.5%) o A 51~237 pgke 2 Waprlo] wAH Tt
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(VietNamNet Bridge, 2008)8 Z<t® o Alg 3 I5xo @
AISE A% X oF F A HE Thes AT
T 9

=3 A7rE Addsty @

o ®3 Waly &

AP 3] LEH 4
&2 EYHEY dolets ez g
o] 753tk 19861014 1994'A Alo] YEo A R g5
= dge 225 543 43 234 0.0001904 H
0.0076 mg/kg7HA EUE R E A3E EHE 0.0076 mg/ L &
58T T H4 gy FEZ /MY vk oy, of &
NN AEH FHY e AE3A(0.02)~0.55 mgkg = AL
FTEQ 055 mgkes AFES E3 vgnd FY Azivle
A1 HFgo=z 7}240} ATk 3F 209 B3 0.115 ke
AL AHE S 70 kg9 Alo] &Fo kEHE
Hapnle] EH%F 0.0011 mgked AR FH3T 3o
e} E 7S HES 5% mEol vste ol
= 2 %79 ThOECD, 2002).
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@s} A AAEE A= &8 A Ut Male F-344 ratol) A

38 mg9] 14C-melamine 0.38 mgS 7+ FoJdte] A3 2
JJr Fol Fo] 93%7F AHOZ WiEEM 1 5 90%E 24417
Well 25 AARE A 2Z eI THOECD, 1998). sl <
Tl MEW At 9 A Al updoMut g4 W}
=2 melamine X YE AT ol AWM ZRE Y o
ok 32 o) 93 g 29 9 Fo] Ygl Ao
E Ao Fa420F Wanl2 F-344 ratoll A A}
A &= Ao F 9Fl vl YthMast er al., 1983).

Wb 9 rat XA FX(LD50)E AT Folo A¢
3,161 mg/kgC 2 AF9 3,000 mgked FAIE FFo|RE
AHA A& #A] @oh(ScienceLab.com, 2008; David, 2008).
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mice®} rat 7 7HA] FES AR A7 Fo @fﬁo] ZFSB
# onp =Y, £ A X2EEY 2w g

AA YA wWE kg @ 3 Foke] wka) o]-%‘\E}—_J_ 51_37_51
v otk ol dakwl RS st WE Ao dae)
| ERAM B S(RE) #48 L83 non-DNA-reactive
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F

T glou W FAE FUY DI ofF B2 FEE A
el AAFU AWNAN WYY BAL YT @
THIARC, 1999). 415 thet @A watwle) o)g 3

FAX Y AL It EAdA FRYE FAsA
T ICHDHSS/NTP, 1983). @ EtRle] NOAEL A& 7+
HZ A7 A o7 63 mgkg bw/dayZ 135-7F ratol] @&}
V& AtES} A A FAste Ao FAE XSS
2897 AT FoJdte] A2 240 mgkg bw/day, 14U7F HF
Toste] AL 417 mgkg bw/day L2 X miceol 1357+ 7
T Foste] AL 1,600 mgkg bw/day 317} ITHOECD,
2002). °15 AFoNA M HIwieA HdEE 54 T4
ST E AF A AR e, 1 AFAE B 1Y
T AEEO] Yolx|= Aoth AT olF A+ E NE
Ugoz g AreME A% 54 FEE S48 UeEhdA
2 tHReinherat, 1981). A3 54 #d A74xE 4=
ratol] Wi3ted 135 FoF A7 Foi g Wepnle] ofol vH
A3A Aol AFY AR 750 ppm FFAAME 109

Z 3ntg)e] Ao A o] veb k(i E2ES 109
Z 2vh8), 1,500 ppm oA E 107H] F 4ntE]oll A 24
o] YElGtY, 3,000 ppmol A= 10mHE] EFolA 432 4
Ao} w4313 tHDHHS/NTP, 1983).

AEel FAFEA Q) AlobE Ak ratS o] &8 AT FoolA
LDs; 7,700 mgkg bws YeRd 212 B I X o] UTHOECD,
1999). Alol&2Fe] NOAEL(no observed adverse effect level)
& 150 mgkg/dayZ 2elx S ™(OECD, 1999), BE ofgt
A 7T+ EA A E(subchronic oral toxicity studies)ell Al 217
g3 ), AR g3 oAz A ZS vd, HEF
vQ_oﬂ7]/H xﬂi_q._q 07} _*g_zkl 11}_1-611_7!__4 ;dE /\]Z]— @/H
9 A58 5o SAFEe] #EHE v e, 0131 HskE
ks HIJH obgat AAlo] A7 dEd EAHE
HAER FAHIL Ak T Aloksit AT T 98%
E O E 2447 oo 2o wiEE oty grh(Allen
et al., 1982).
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2 o} gho] = (ammelide) 4HZH10~100 ppm)= ¥ 3} A
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TDI = (NOAEL or LOAEL)/UF

oA71A Zpzhel oFxlE oo} 22 ou|E sbzinh
NOAEL = no observed adverse effect level (2|t F2}8-2h
LOAEL = lowest observed adverse effect level

UF = uncertainty factor (28244 A%)

o= FDAY 5 @4 4F8} FSIS(Food Safety and Inspection
Service), EPA bl AR 2] RR(CDC; Centers for Disease
Control and Prevention), 1232 DHS(Department of Homeland
Security) 9t &8k 2007'd HebEE ALE F @k A
A "epdl st T fAEE ) TDIE AAE v Qlo) slg 5
A= 0.63 ngkg bw/day= Weigls} Aobsal HEREe 25
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7H #2008 129 1~4%0) ANyl QErSel M &
HE WHOFAO AF-7Hs o= Wepnle] =& TDI % 2
0.2 mg/ke bw/dayE AAEATE dlF A= oAH ratE
gt Weprl S Hukeh AbES] AT Fol 135 A9 271
ANE vtg o g §-F3 Zolth Benchmark dose B2 A}
&3t A7ER B el B8 A3 A48 gty o
7hetled, obvhg FEAY Aol wE AME 45%
NE2 BASNL, e 2345 ntg oz jESRlw e 10%
(the BMDL o)l &l %&3}= benchmark dose] lower limito] ]
A3 FA5H F (end-point) &= 2% ATk, BMDL-
35 mg/kg bw/day 2 A|AFE =), G X = 45 F2 168
ngkg bw/day 5 derglo] 42 AMRE ¥

EREIIARE ]
ratll A AL w3 AAlo] AR ke 1HT o v
Bl fxj01th A7) BMDL ol SHAS 200(F7 2
A Abel 9arE % FA)E 2Ledsked 0.2 mgkg bw/day
£ 9S4 AUJTHWHO, 20082). sl 3= Halylo] Al
obEAbdt 22 ksl FAME AT A A9 A 1HH
2l @& FHolth F=e] Wyl 2F B/ dlREoA
AEd wakgle] 7 (median level)E vl o2 Al3k
2o] & F£F0] 8.6~23.4 mykeg bwolH AL 7roreH
MG =& 552 TDI 0.2 mykg dbw/daye] 40~120uf0) o] =
= AR HIEBE 2008 o Be & day oy
AL JolEd AT A7t Aol o, o229
745% 0.8~3.509f | Fa= A E WHOFAO HE7} 3
o= st S THWHO, 2008a).
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Frottt 71 717k Fot WEkle] EE vHeAel dvkeE A
& &7 71 AL olfE S UTHMerrett, 2008). 7
ks 2 WHOFAO HE713] elellA 2448 TDI 0.2 mg/
kg bw/dayS MEo] AL ZAEHH Ffotel F¢
ddd AFyel g FA 71ES 71 AL 1 ppmollAH FH
305 ppme® ¢ 2AHSAS. 718 +R7E FHERA
U $5258H fHE AF 95 Sl sl e 71EH 2]
HI 25 ppme] A 71ES FAEL dok SV A
T+, A 39 2 A FYRERAA TA] Al 200972 FE A F
S Ead Ve 9 AEHE Adg

{Table 2>9} 2ok AFEFdAF Ul%?lr 7E‘°l L
o} 22 o frotde diste £4
s "‘v"ﬂ ek Fehnl 2L
o] A AE 0.5 mgke 22 AL o] AAHO R 05
ppm FE7HA ﬂﬂ gtk A& ofv gtk

ZH vt 4k R %Hwﬁ EEIE R R
Fog 1 al»t— 2.5 ppm< 2008E = Ayl vE5S
A712 ©]= FDAYA A4 3 TDI 0.63 mg/kg bw/day = 5-E
5o Ho LAFES 7Pt AR FR)olth A S

F5e e 2o

EX
o 5
T

Table 1. NZFSA's risk management strategy for melamine in food (NZFSA, 2008)
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Table 2. Maximum level of melamine in foods, Korea (2]& <] 2F&

FAE A, 2009)
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0.63 mg/keg bw/day + 10 = Ze 19 vwk 5ol A Ha 336 g(u]Zoho] A%
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Table 3. Daily intake amount (g) of infant formula
Ages Body weight Amount of infant Number of Number of Daily Intake
(months) (kg) formula of one spoon spoon feeding amount (g)
Premature* 1.5 2.8 1.5 8 33.6
0~0.5 33 2.6 4 8 83.2
0.5~1 42 2.6 6 7 109.2
3 6 2.6 8 6 1248
6 7.8 2.6 10 5 130.0
12 9.9 2.6 12 5 156.0

* D& olPremature) <} 73
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Table 4. Hazard index estimation with the infant formula intake for the baby under age 1 (The melamine is assumed to be present in
the infant formula at a concentration of 0.5 mg/kg (ppm). TDI 0.2 mg/’kg bw/day is applied)

Daily intake amount Daily intake amount Daily intake amount

(mé)ii}sls) of infant formula of Mc per person Bod};k\;elght of Mc* per kg bw I_iliczl:;d
(2) (mg/person/d) (mg/kg bw/d)

Premature 33.6 0.02 1.5 0.011 0.06

0~0.5 83.2 0.04 33 0.013 0.06

0.5~1 109.2 0.05 42 0.013 0.07

3 124.8 0.06 6 0.010 0.05

6 130.0 0.07 78 0.008 0.04

12 156.0 0.08 9.9 0.008 0.04

* Mc means the melamine concentration.
e ) 24 44 19 B AT ZE 24 B AF) e
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o Mc 8ppm ool 4EE F AAE, BUA AF L AR ¥ /1T
Fig. 2. The Hazard Indices in case of melamine is contaminated in dehglo]l AEHAAY, 2E 7He A O] A AEH B
infant formula as 0.5, 1.0 and 8 mg/kg (ppm). The toletble 2 95th% AHFS AT Aelch EF 17714 2Fel W
daily intake (TDI) of melamine, 0.2 mg/kg bw/day is applied. Aoz HAFQoH, 7t AU F A5 HIF
e ZE AFEY F AHF A A 17. 6%(3~4
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Table 5. The average and 95th% intake amounts of the foods based with protein and melamine detected (KHIDI and MH, 2006)

Foods Age 12 Age 3~6 Age 7~12
Average 95th% Average 95th% Average 95th%
-, Milk 182.10 601.6 161.06 403.5 154.18 5013
RFEE(AA, Yogurt (liquid) 27.28 146.4 19.99 146 4 13.16 85
ZA| 2%, Infant formula 13.47 90 0.01 0 0.01 0
STFEEEAY, Yogurt (Solid) 7.13 100 778 100 3.98 0
A2, Cheese 1.95 13.7 0.69 0 0.92 0
o]§-2], Baby food 3.87 0 0.00 0 0.00 0
%, Soy milk 56.78 406 6.10 0 2.16 0
97 Egg 17.82 933 24.87 100 30.01 111.6
T3, Tofu 9.46 65.3 14.64 74.1 19.12 90.6
o] 5, Fish Cake 453 30.3 6.41 46.2 10.72 61.9
F714&, Soybean oil 1.81 9.9 3.59 12.7 4.94 17.7
(2R, Soy (dried) 131 8.1 238 11.9 3.93 18.4
A}, 2442} Snack 7.62 473 8.75 52 7.69 60
WIHARH E, Tee cakes (low protein) 5.82 413 5.47 10 10.30 82.5
2}, Cookies 5.00 295 8.24 50 5.55 45
ofe] A’ Tee cream 453 36 11.37 82.5 14.49 119.6
Ao 2, 2™, Cake, Fresh cream 1.97 0 1.64 0 0.73 0
Sum 352.46 1,718.70 282.97 1,089.30 281.90 1,193.60
Ratio to total food intake 23.5% 24.5% 18.3% 17.6% 19.4% 19.9%
Byl 0 FEE 25 ppmOE MR E A=, 34 o4t 1~2A4) obF A ZARAe] oF 5%9] 8] Tt WS A
B R FHEHARES A5 T 1 EEo) ¢ F, 7% T 2R 24 vhsAdel 2 A F EF 25
Aot 1~24] oFF 73413 =2} A= 4 0372 ppm Tl E Wakglo] I{FE A, AA Y 7540l
TDI thH] oF 2.7uf ¢bA3 71 0 2 Jehygth 22} 34 o) AeBZ G AF & F 53] FHdAA & HAF
dolMe FABA s 1~2Aﬂ obF o] A9 A3 °] 100 g o1l -, SFEEMASG R I E FH B
o8 HHAZ B T/ 52 ST A A 9 of thate] A&Aolm HFAl 7t WO F AR 3
MAFE 1798 derE Ao ﬁé 7}= A TH(Table 6). =, 7hHE T},

Table 6. Hazard index estimation with selected foods for age 1~2 children assuming the concentrations of 2.5, 2.0 or 1.0 ppm melamine,

respectively

Average food

95th% food Ratio of average
intake per day intake per day to total food

Mc intake via Mc 2.5 ug/mg

contaminated foods

Mc intake via Mc 2.0 pg/mg
contaminated foods

Mc intake via Mc 1.0 pg/mg
contaminated foods

95th% food

(g/day) (g/day) intake (%) Average food Average food 95t.h% food Ave?age food 95th% food
intake intake intake intake intake intake
3525 1718.7 235 881.15 4,296.75 47.00 1,762.30 23.50 881.15
Mc total intake (mg/person/day) 0.881 4297 0.047 1.762 0.024 0.881
Mc total intake per kg bw (mg/kg bw) 0.073 0.358 0.004 0.147 0.002 0.073
TDI (mg/kg bw/day) 0.200 0.200 0.200 0.200 0.200 0.200
Hazard Index (Mc Consump./TDI} 0.37 1.79 0.02 0.73 0.01 0.37

* Mc means the melamine concentration.

** Body weight, 12 kg (The average weight of age 12~15 months male and female).
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Table 7. Hazard index estimation with selected foods for age 3~6 children assuming the concentrations of 2.5, 2.0 or 1.0 ppm melamine,

respectively.

Mc intake via Mc 2.5 pg/mg  Mc intake via Mc 2.0 yg/mg
contaminated foods

Average food  95th% food Ratio of average

contaminated foods

Mc intake via Mc 1.0 ug/mg
contaminated foods

intake per day intake per day to total food

Average food 95th% food

Average food

95th% food

Average food

95th% food

(&/cey) (g/day) intake (%) intake intake intake intake intake intake
283.0 1089.3 18.3 707.43 2,723.25 36.60 1,414.85 18.30 707.43
Mc total intake (mg/person/day) 0.707 2.723 0.037 1.415 0.018 0.707
Mc total intake per kg bw (mg’kg bw) 0.039 0.151 0.002 0.079 0.001 0.039
TDI (mg/kg bw/day) 0.200 0.200 0.200 0.200 0.200 0.200
Hazard Index (Mc Consump./TDI) 0.20 0.76 0.01 0.39 0.01 0.20

* Mc means the melamine concentration.

** Body weight, 18 kg (The average weight of age 3~6 years male and female).

Table 8. Hazard index estimation with selected foods for age 7~12 children assuming the concentrations of 2.5, 2.0 or 1.0 ppm melamine,

respectively

Mc intake via Mc 2.5 pug/mg
contaminated foods

Average food  95th% food Ratio of average

Mc intake via Mc 2.0 pg/mg  Mc intake via Mc 1.0 pg/mg
contaminated foods

contaminated foods

intake per day intake per day to total food

Average food 95th% food

Average food

95th% food

Average food

95th% food

(g/day) (g/day) intake (%) intake intake intake intake intake intake

2819 1193.6 194 704.75 2,984.00 38.80 1,409.50 19.40 704.75
Mc total intake (mg/person/day) 0.705 2.984 0.039 1.410 0.019 0.705
Mec total intake per kg bw (mg'kg bw) 0.021 0.090 0.001 0.043 0.001 0.021
TDI (mg/kg bw/day) 0.200 0.200 0.200 0.200 0.200 0.200
Hazard Index (Mc Consump./TDI) 0.11 0.45 0.01 021 0.003 0.11

* Mc means the melamine concentration.

** Body weight, 33kg(The average weight of age 7~12 years male and female).
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Fig. 3. The Hazard Indices in case of melamine is contaminated
in the selected foods as 2.5, 2.0 and 1.0 mg/kg (ppm). The
tolerble daily intake (TDI) of melamine, 0.2 mg/kg bw/day
is applied.
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