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ABSTRACT - This study was conducted to estimate hazardous heavy metal content, including lead (Pb), cad-
mium (Cd), arsenic (As) and mercury (Hg) in 120 collagen products currently marketed in Korea. Hg concentration
was analyzed by a gold amalgamation method using a mercury analyzer, while concentrations of Pb, Cd, and As were ana-
lyzed by ICP-OES. The average Pb concentration was 0.097 mg/kg. For comparison, respective average concentrations
were 0.108 mg/kg, 0.084 mg/kg, 0.131 mg/kg, and 0.149 mg/kg in functional health foods, other processed products, bev-

erages, and fruit/vegetable processed products. The average

concentration of Cd was 0.026 mg/kg. All products in which Cd

was detected were functional health foods. The average concentration of As was 0.097 mg/kg, with respective average con-
centrations of 0.091 mg/kg, 0.133 mg/kg, and 0.086 mg/kg in functional health foods, other processed products, and fruit/
vegetable processed products. The average Hg concentration was 0.0025 mg/kg, with respective average concentrations of
0.0012 mg/kg, 0.0028 mg/kg, 0.0013 mg/kg, and 0.0031 mg/kg in functional health foods, other processed products, fruit/
vegetable processed products, and candies respectively. Heavy metal levels in beverages and candy products with set heavy
metal standards were below the set standards. Even products without regulatory standards were found to be relatively safe

compared with heavy metal standards set for domestic and

foreign foods.
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Materials and Methods

AEM=E

AgE 20219 395 1089704 A71= W dE &
A 2 22 vPEldA fEEL JdE F
120& FA3I #A AT o] T AA7IsAE 224,
AWk E 5 Ve E 687, 5 F 10 (ERSE 81,
WA 17, 5ol 17), FATHEE | 7
AL ABE 3t ag B, Ay, e
(Tablet) & TSt Aol XFHEF FA3ATH

W, 7HEE, Bl B4 ARE BE892 ICP Multi-
Element Standard Solution (PerkinElmer, Waltham, MA,
USA)S 10% Z*H(Wako, Tokyo, Japan)o & 3]435le] 6.25,
12.5, 25, 50, 100 uL/L =% A3 £ B4 &
et 5892 Mercury Standard Solution (AccuStandard,
New Haven, USA)S 0.01% L-cysteine (Sigma-Aldrich,
St. Louis, MO, USA) €922 0.1 mg/L =7} A g
25 520, 40, 60, 100 ng F=2 AFEESITH

NEDE LT

235 BA2 9% 442 W AFEA As I
AW 01 FFE NFWL Agadn RE AEE
Y BuE 98 2AsRA0H, #A AEE )
8 AEY o] o] YRghe Tk &, A=E,
& B4 A% AEE F 03 g2 Ashel AAH(Wako,

Tokyo, Japan) 5 mL& Y3 wle]a 2] E(OMC 3000,
Ctrl-M Scientific, Bucheon, Korea)® £33}, 20 mL
2 4E& F AFste] AP AR 3Tt

Py
d, 7F=E, H]4 22492 ICP-OES (Avio 500, PerkinElmer,
USA)E AHE3IR, 24 27 5 54 3742 Table 134
7ol AAsIA. 722 Folay e Y= Ak

T2 7](MA-3000, Nippon Instruments Corporation,

Table 1. The operating conditions of ICP-OES

Parameters Condition

RF power 1450 W

Plasma gas flow 10 L/min
Auxillary gas flow 0.2 L/min
Nebulizer gas flow 0.55 L/min
Pb 220.353
Analytical wavelength (nm) Cd 228.802
As 188.979
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Table 2. The operating conditions of Hg analyzer

Parameters Condition
1st decomposition 180°C, 120 sec,
P O, flow 0.4 L/min
.. 850°C, 120 sec,
2nd decomposition 0, flow 0.4 L/min

Tokyo, Japan)& AM&-3te] S4 3t
H AYAES o]t #AsIe AR
3, Table 29} 7ol 7S st A5t

a8k, 31
“~(correlation
coefficient, R)E 2F&3F9th 7 E 3 (Limit of Detection,
LOD)¢} g & 3HA|(Limit of Quantitation, LOQ)= ICH
(International Conference on Harmonisation of Technical

X
¥

e >

Requirements for Registration of Pharmaceuticals for
Human)oll A A A% 5 whg-gke] wsdxiel 4

FAe] 712710 2AsE Wil wel ek,

LOD =33 x o/S

LOQ =10 x /S

6 = The standard deviation of the response

S = The slope of the calibration curve

3 gE&(recovery)> AT FTH A& F 7P B2 A
Y9 #ust A2 Yo ARol 27 E2EAS A7
on), 33 uE Sl 35S Fasin

Results and Discussion
By 9ud 23
HEIA, A 2 3lo& 54 2= Table 33

Table 3. LODY, LOQ?, recovery of heavy metals

2o i, 7hes, B, 2l dEHAle 2 0.0021 my
kg, 0.0004 mg/kg, 0.0029 mg/kg, 0.0017 mg/kg, A HEHAI= 2+
7} 0.0063 mg/kg, 0.0011 mg/kg, 0.0088 mg/kg, 0.0136 mg/kg
o2 Yeigtor, A&3A vivre] A3x+= N.D (Not
Detected) *] 2|3} th T3t HAFd S FAdste] AAA
(linearity) 321 Az} A F(R?)7F 0.9997 o] e
2 I et 3lege By A Al 2714
e A5e FFE&NS st 33 whE SA S A7) o,
FIEF, H&, 729 3582 B2 AFNA 712 101.0%,
97.4%, 101.0% 101.5%, Az A FolA Z+zt 102.1%,
102.6%, 102.0%, 101.4%% YERNAT. A3 Aa= A&
oJFFeE IS A F 5 AIEY v EEEA | #
g 7tolmgRRl oM T4 AlEWe AE 84 B UE
M2 A FAAR?Y) 0.99 )4, 3FE 100£20%0]

RYSAR.

g(Pb) T¥F 2N

e 2 AR F55 T§F 24 49E AF &
PHEE LF8IATHTable 4).

g2 12071 5 29794 HAEEHALH HH 0.097

+0.055 mg/kg FEE UERAUTE 117171525 371004
0.108+0.052mg/kg, 71EF7F&-%F 20719A4] 0.084+0.053 mg/
kg, SEF 5404 0.131£0.047 mgkg, FAN7HEE 14
AN 0.149 mgkg o FEE JERN oD 7T FollA
= AEHA FUh AE AFe Ve Ee] 201002
71 BAIRE, "Wt b 7P wstem AR A oy
SEFA 7P Beol AEHJAT F2 SRS AdF
o vk 2}z 0.3 mg/kg, 0.2 mg/kg ©|&tE = 7]F0] A3
Hojglon AEH S7/F 5AL 7F olsE BF Y
sttt 71Ee] gl AEFS SW 5t 2 7R
9 5% 7IEE THsk] vlaatd H4& 71 0.01
mg/kg(B-Frobs 2F 59 71%) o AZHAA, H
o 7132 5.0 mg/kg(HEA) ©l8t2 AEHATHTable 5)'2.
Codex 7|52 712 Eo| A gol-g ZA2] (Infant formula)
of thall &4 0.02 mg/kg, 2 Fll thall Hth 2 mg/kg 715
o] AA AU, AEH Fo] B+t FHFE Hid S

Powder Jelly
LOD" LOQ? -
Elements (mg/kg) (mg/kg) Spiked conc. Measured conc. ~ Recovery Spiked conc. Measured conc.  Recovery
(mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%)
Pb 0.0021 0.0063 0.05 0.0505 101.0 0.05 0.0511 102.1
Cd 0.0004 0.0011 0.05 0.0487 97.4 0.05 0.0513 102.6
As 0.0029 0.0088 0.05 0.0505 101.0 0.05 0.051 102.0
Hg 0.0017 0.0136 0.1 0.0985 101.5 0.1 0.0986 101.4

Y Limit of detection.
? Limit of quantitation.



Table 4. Heavy metal concentration in products by food type
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(unit: mg/kg)

Pb Cd As Hg
Type of sample No. of
YP p Analysis me.aniSD I me'aniSD No. me.aniSD No. me.aniSD No.
(min-max) (min-max) (min-max) (min-max)
0.097+0.055 0.026+0.011 0.097+0.048 0.0025+0.0016
Total 120 (ND-0.193) 20 (ND-0.037) 2  (ND-0.186) °  (ND-0.0053)
Health functional » 0.108+0.052 3 0.026+0.011 ) 0.091+0.055 4 0.0012 |
food (N.D.-0.174) (N.D.~0.037) (N.D.-0.186) (N.D.-0.0012)
Other processed 0.084+0.053 0.133 0.0028+0.0018
product 68 (N.D.-0.193) 20 N.D. 0 (N.D.-0.133) ! (N.D.-0.0053) 4
0.131£0.047
Beverages 10 (N.D.-0.191) 5 N.D. 0 N.D. 0 N.D. 0
Fruit and vegetable 10 0.149 | ND 0 0.086 | 0.0013 |
processed product (N.D.-0.149) o (N.D.-0.086) (N.D.-0.0013)
. 0.0031
Candies 10 N.D. 0 N.D. 0 N.D. 0 (N.D.-0.0031) 1

" The number of heavy metal detected.

Table 5. Standards of heavy metal in Korean food'?

Standards" (mg/kg)

Type of sample

Pb Cd As Hg

Processed, Agricultural, Marine, Livestock Products

0.01-5.0

0.05-5.0 0.1 0.1-0.5

D Minimum and maximum standards of Korean Food Code.

21F9] W+t FTF 0.004(FAHE)-0.082(F4HE) mg/kghth
EUAINR, 7JE ] ' 3 0.001-13.39 mgkgFt Bl AL
3 A AF FEE 0193 mgkgo 2 v WQITHY. &

3t =l AEe] Y8Q o7 B W & 0.17+032 mg/
kg B} SA AZSEH AT,

IIE(CA) BT 2N
1207 5 27A HEHJL HHA
0.026+0.011 mgkg S =& Yepth A&9 212 =5
MEJNBY A7 SHEFLR AFE F55 71%5—-%7% o]
Aot JlEFS SEFO gisiAw 0
To] o, BE 2F gt = Ha 71f4+ CODEX
F & 7150] 0.05 mgkgE LA DA Yo, A
29 71=F9] sEe AUl i 7R 9A 2Rl
A3, B ) 2Fe] 7t=F e T 0.001(FAHE)-
0.157(FAHE) mgkghth WL 7F2Ee] H ek
0.023 mg/kga}t FARSH SHeS BT | B3 J|EpLEE
ANx AZE 0.003-1.231 mgkg FFF vwsg S o
2 AZFET Skom Y, o] Fo] Wt T 0.34+0.07 mg/
kghth v$- W w2 AEEHATS.

NEge &

| ) =
H|AE 67 AEFolA Ha 0.097+0.048 mg/kg =2 7

S5 Ak AA71525%F 471614 0.091+0.055 mg/kg, 71EF}

F 1719014 0.133 mg/kg, A 7HE 1719014 0.086 mg/

g Fd FTEE Hai_ﬂ% SEFS WHFAAM= HEH
Zl gtk Hlde FIHIAE Afsta S A AF
oA AEHFAF, /e EAFA, THEF, ),
7VefA, 2EY, vh7bde] tisiA et 0.1 mgkg ©l3k]
715e0] 1em, CODEX 7|&ole 4% fFAFol 0.1 mg/
kg, 219 0.5 mgkgl 2 AA ] At L4
20149, 20168 ZHzF Wu] 0.2 mgkg W 0.35 mgkg
© 2 CODEX 7|& 4] AR AL Floll= 2018l
%U]’ 1:!]701-’ %1-‘—’ =, 2AEES &8-3 7 AlZd) 0.1-

I mgkg 71%T4S ASIGPY, v B4 48 T
S T BRI w2 el Had e 5

el dis] F2 AEofith o FAF AT} H| A9
Bt e BaE s T B4 3 0.028-0.070 mg/
kgHth F=UAIRRO, S|/l 7HEe] Wit % 4.672 mg/
kg?, 31%F o]Fe] Wi F& 2.523 mg/kgi‘:]' of-5- BA|
AZHAH. EZH -, A8R7A, vt S e R o
AT Aol HiL =l 4.220 ngkgRrh iouluw *
Fol AL FE 209.7 pgkghthe Wk = 7}—“‘
Foll thet ¥la fé.% AL A B4t 0575 mgkg® F
e oE QYRTl Jral BN °1Hd e
AL A3 B4 ﬂ%‘& U9l & 718l 0.1 mgke
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Abst o=
the Hlwd whe s Beh

FZ(Ho) BT 24

T2 774 AFANA HeF 0.0025+0.0016 mg/kg F=
AZE AT AA7152F 174904 0.0012 mgke, 7|EF
FF 474904 0.0028+0.0018 mg/kg, A 7HE 174004
0.0013 mg/kg, AT F 174 0.0031 mgkg B+ F=E
UeEpoH, SRR E HEHA Ldrh F22 =u]
2FE 5 T 29 tisiA Rt 242 0.5 mg/ke, 0.1 mg/
kg 715°] Jom, CODEX 7|Fol= 2ldel disfA gt
0.1 mg/kg 71=0] AR HAJTD. AEH F9] B+
TFFE T2 LHdET 7P EuaL B k=] %
7 S 0.048 mg/kgh U R Gk Ao H
F 7.6 ugkg B 7HEAES B T 44 ngkgith
2 FEE YERATHY. EE3 oWl A} A3 J|EpeE
oA 0.0053 mgkgl® 7P H& TS B o Fu
9] H4& 71F 0.1 mgkg Pl R AZEJL, 7
Fo 7 gF dF A7 A F=F 0.650 mg/kgEth
SokTHY.
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o2 AR7EAE, 7IeteE, AT E, ARl
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