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Trace Metal Contents in Sugar Products and Their Safety Evaluations
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Contents of heavy metals in sugar products were estimated to provide a scientific basis for standardization of
Korea Food Code of heavy metals. The contents of mercury (Hg), lead (Pb), cadminm (Cd), arsenic (As) and
copper (Cu) were determined in 285 sugar product samples using a mercury analyzer, atomic absorption
spectrophotometer, and inductively coupled plasma spectrometer. The values of heavy metals in sugar products
{minimum~maximum (mean), mg/kg] were as follows: Hg, N.D.~0.006 (0.001); Pb, N.D.~047 (0.03); Cd,
N.D.~0.06 (0.005); As, N.D.~0.10 (0.004); Cu, N.D.~1.89 (0.15). These results show that metal contents of domestic
sugar products are similar to those reported in other countries. Weekly average intakes of lead, cadmium, and
mercury from sugar products were 0.004~0.1% of Provisional Tolerable Weekly Intake set by FAO/WHO Joint
Food Additives and Contaminants Committee to evaluate the safeties of sugar products.
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Hg 48 A7IAZA sodium carbonate anhydrous
(Nakari Chem. Ltd.)®} calcium hydroxide(Nakari Chem.
Lid)E 1:1(ww)E 3 A} aluminium oxide anhydrous
(Nakari Chem. Ltd.)Z 800°Colx] 2A17F 71 et &, why
&to] AME-EF9ATH Pb, Cd, As, Cu &8 AlFS sulfuric
acidDong Woo Fine. Chem. Co. Ltd) ¥ nitric acid
(Dong Woo Fine Chem. Co. Ltd)E AHEsIit S84 £
FEHLe YATHENE FF5YY(Wako Pure Chemical
Industry Ltd.)2 A18-8lo] Hgi= 0.001% L-cysteine SH O =2,
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Table 1. The operating condition of mercury analyzer

% 9% 993

717184

Mercury analyzer(Model SP-3D, Nippon Instrument Co.,
Japan): 7147|830} 27 (Combustion gold amalgamation
method)™ L2 Table 12] 27 AP& 3k

Inductively coupled plasma spectrometer(Model XM2,
GBC Co., Australia): Table 29| Z7] ubz} 243},

Atomic absorption spectrophotometer(Model 5100 ZL,
Model FIAS 400, Perkin Elmer Co., USA): Table 2¢} =71
of wt Sk

Agigele| =x

A& % 20g8 ob 22t S0mL, B SmLE dEEEt
220 ol &% WA E T 283] Mgt WgEe] &
Mol =7] NAsiH WAt 2-3 mLE VA 7HEE AlS
ato] - gBo] maalTAo} He uf EE X3 2
3 & ER JAFOR Il Alggdoez Yo AgE
Ao Table 29 279 Wt ICPS AASE =33lPon, =
A Alo|Atolol] ®FgM] AFAHE =45t BA Altet

oA HAXZ ST
3)Fg2 AgEddgX Y FHF FE7F Hge 50 ugke, As
= 02mgkg, Pb= 02mgkg, Cd> 05mgkg, Cuv 05

Standard solution

Classification Heating condition (10 ng/mL) Samples
Sample amount 50, 100, 200 pL 10-50 mg
Mode selector 1 2
Ist step 1 min 10 min
2nd step 4 min 6 min
Additive Unnecessary M+S+M+B+M or B+S+B+M'?
Washing liquid Distilled deionized water
Measuring range 2ng
Combustion gas flow 0.5 L/min
Carrier gas flow 0.5 L/min

"M: sodium carbonate(anhydrous):calcium hydroxide 1:1(w/w), B: aluminium oxide, S: sample.

ASolid sample: M+S+M+B+M; liquid sample: B+S+B+M.

Table 2. The operating conditions of ICP and AAS

ICP AAS
Classification Condition Element Classification Condition
Wavelength (nm) Cd: 214438 Wavelength (nm) 283.3
Cu: 324.754 Low slit (nm) 0.7
Sample gas flow (L/min) 0.5 Temperature ()
Plasma gas flow (L/min) 12.0 pyrolysis 850
Auxiliary gas flow (L/min) 0.9 atomization 1600
Viewing height (mm) 10.0 Wavelength (nm) 193.7
Pump speed (%) 22 Cell temperature (°C) 900
Photo multiplier voltage (V) Cd: 720 Pump 1 speed (U/min) 100
Cu: 670 Pump 2 speed (U/min) 120
Carrier gas flow (mL/min) 50

"Chemical modifier: NH,H,PO, 0.05 mg + Mg(NO,), 0.003 mg

PReductant: 0.4% NaBH, in 0.05% NaOH, Carrier solution: 10%(v/v) HCI



994 =2l 788 A4 34 B A 6 T (2002)

Table 3. Recovery of the trace metals in sugar products

Elements Recovery (%)
Hg 97.54£3.31
Pb 98.0£4.07
As 99.044.19
Cd 94.014 .46
Cu 86.0+7.33

E4FE 2| (Analytical Quality Assurance: AQA)
BEAA )3 AEy 9 AFHEE FAFoz o)A uk
71§18l 19999 =] WHO®| vlFEs AR =47
A F= YA ER- Ministry of Agriculture, Fisheries
and PFood: MAFF)9} CSL(Central Science Laboratory) Food
Science Laboratory®l| 4] 2% 3l= FAPAS(Food Analysis Per-

zn 4 s

EIAO
H&E 3482 Table 33 7o, FEle Hd 86%,
FEBL 949, £, ¢, Bli&E 98~99%= Elith

BR S 335 #¥ ¥ o 7= |
3H & 28579 i Hg, Pb, As, Cd, Cu®] SHFH9] ¢
HEAE Table 49 7o} B A} A3 f2vete] &5 &

TES BoEF T2 oF 0001 mgke, H2 0.03 mgke,
FH=E-& 0005 mgkg, ¥4 0.004 mgke, 7215 0.15 mgy/
kgelth. ol A oM 98 FF T 55 =Y
Hy A0 FggdaFol & 0003 mgkg, 7 0.014 mgke,
H)Z 0.005 mg/kg, T2 2.1 mgkgelArhs B} vl A
T F W AR 0004 mgke?, Atiel 4% F vi4 Az
3k 0.002 mg/kg'®3 Bl B o) SARE o)k

£ 2AAS 2R SRE 9o HuedEe 9dge 001
mg/kg, °M£E%° 0.07 mg/kg AAEEZLE 0.02 mgke,

formance Assessment Scheme) =74 H=e] T2 F 5"‘%&, EE=FEe 0.002 mgkg, FEARNEEZS 0.05 mgkg,
] W, e 5 FEE BHOM S0 A8 QU 9 HBE 005 meky, 2IATE 002 mpkeow B 4
Table 4. Contents of trace metals in sugar products in Korea (unit: g/kg)
No. of Mean Standard Minimum Maximum

Sample sample Metal Value Deviation Value Value

Hg 14 1.1 0.7 6.4

Pb 133 20.9 ND." 85.1

White sugar 40 Cd 25 2.0 N.D. 89

As 1.8 38 ND. 228

Cu 14.7 8.0 2.4 279

Hg 1.7 1.3 N.D. 45

Pb 20.5 14.8 N.D. 60.6

Brown sugar 30 Cd 2.6 2.8 N.D. 8.9

As 49 57 N.D. 26.6

Cu 154.2 90.9 N.D. 372.0

Sugar

Hg 1.5 1.0 N.D. 33

Pb 38.6 29.1 N.D. 129.6

Dark-brown sugar 30 Cd 2.8 2.7 N.D. 10.7

As 124 10.0 N.D. 343

Cu 390.8 1974 N.D. 7173

Hg 1.6 1.1 N.D. 6.4

Pb 22.8 24.5 N.D. 129.6

Subtotal 100 Cd 2.6 24 N.D. 10.7

As 5.8 83 N.D. 343

Cu 167.6 196.2 N.D. 7173

Hg 2.1 0.2 1.8 2.4

Pb 74.4 21.7 42.1 114.3

Liquid glucose 15 Cd 482 6.9 36.7 56.5

As 39 25 N.D. 7.8

Cu 5827 4416 212 1668.5

Glucose .

Hg 1.7 1.2 0.2 4.0

Pb 22 149 N.D. 58.8

Purified glucose 15 Cd 14 14 N.D. 5.1

As 2.1 22 N.D. 7.6

Cu 16.7 3.1 4.4 359
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Table 4. (continued)
No. of Mean Standard Minimum Maximum
Sample sample Metal Value Deviation Value Value
Hg 0.7 0.6 N.D. 1.8
Pb 1.8 22 N.D. 6.9
crysm}?;?lfgucose 15 Sj 8Z 8? Eg ég
Cu 429 39.5 N.D. 128.9
Hg 1.3 1.1 N.D. 3.1
Pb 488 54.5 N.D. 219.7
Glucose Watcry-free 15 cd 0.1 0.1 N.D. 03
crystalline glucose As 038 13 ND 40
Cu 52 4.2 N.D. 13.7
‘ Hg 1.4 10 N.D. 40
Pb 36.8 40.4 N.D. 219.7
Subtotal 60 cd 12.6 21.0 N.D. 56.5
As 1.7 23 N.D. 7.8
Cu 161.9 326.9 N.D. 1668.5
Hg 0.8 0.6 0.3 22
Pb 515 86.1 N.D. 281.9
Liquid fructose 10 Cd 34 29 N.D. 89
As 04 0.5 N.D. 15
Cu 268.4 483.5 N.D. 1524.1
Hg 0.9 0.5 N.D. 18
Pb 23.2 103 12.5 45.1
Fructose Crystalline fructosg 10 Cd 1.7 24 02 7.6
As 0.7 0.8 N.D. 2.8
Cu 60.4 87.7 40 268.6
Hg 0.9 0.6 N.D 2.2
Pb 37.4 61.4 ND 281.9
Subtotal 20 Cd 2.5 2.7 N.D 8.9
As 0.6 0.7 N.D 2.8
Cu 164.4 354.6 N.D 1524.1
Hg 14 0.5 0.6 2.1
Pb 29.1 11.6 229 49.8
Fructo oligosaccharide 5 Ccd 09 1.8 N.D 4.1
As 39 8.5 N.D 19.2
Cu 36.0 634 N.D 149.2
‘ He 15 1.0 05 33
Pb 96.6 1355 N.D 3144
oliglssgzlfl,t;ﬂde 5 Cd 1.0 1.3 N.D 3.0
As 37 74 N.D 14.8
. . Cu 16.6 237 N.D 63.6
Oligosaccharide
Hg 0.8 03 05 1.1
Pb 22.1 11.0 7.8 37.0
Ohggﬁjgﬁ‘;ﬂ “ 5 cd 13 1.9 ND 44
As 1.2 2.0 N.D. 4.7
Cu 101.2 205.2 42 468.3
Hg 1.3 0.7 0.5 33
Pb 49.3 80.8 ND 3144
Subtotal 15 Cd 1.1 1.5 N.D 44
As 2.9 6.2 N.D 19.2
Cu 49.1 117.8 N.D 468.3
Hg 1.0 05 0.5 2.0
Pb 6.9 7.2 N.D. 219
Dextrin 10 Cd 2.0 2.3 N.D. 78
As 15.0 34.6 N.D. 104.8
Cu 29.2 17.9 5.1 61.8
Hg 0.5 0.2 N.D 0.8
Pb 21.3 343 N.D 155.3
Taffy Watery taffy 20 Cd 37 42 N.D 11.2
As N.D. - N.D. N.D.
Cu 41.5 35.6 N.D. 1314
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Table 4. (continued)

No. of Mean Standard Minimum Maximum

Sample sample Metal Value Deviation Value Value

Hg 0.6 03 N.D. 15

Pb 30.2 66.4 N.D. 466.0

Taffy Malt taffy 40 Cd 1.7 23 N.D. 8.0

As 1.3 6.7 N.D. 39.8

Cu 80.4 1932 N.D. 1172.0

Hg 0.8 0.4 N.D. 23

Pb 484 39.6 N.D. 152.0

Powdery taffy 20 Cd 4.7 2.1 0.6 103

As 4.8 7.1 N.D. 257

Cu 3544 4393 28.3 1886.5

Hg 0.6 03 N.D. 2.3

Pb 323 55.6 N.D. 466.0

Subtotal 80 Cd 2.8 31 N.D. 11.2

As 1.8 6.2 N.D. 398

Cu 133.9 278.0 "~ ND. 1886.5

Hg 1.2 09 ND. 6.4

Pb 304 457 N.D. 466.0

Total 285 Cd 4.6 10.5 N.D. 56.5

As 36 9.1 N.D. 104.8

Cu 145.0 260.0 N.D. 1886.5

UN.D.: Not detected (Hg: lower than 0.1 pug/kg, Pb: lower than 1 pg/kg, Cd: lower than 0.1 pg/kg, As: lower than 0.1 pg/kg, Cu: lower than 0.5

uglke).

Table 5. Average intakes of heavy metals from sugar products

Tot?rl1 ::ke:Hy PTWI
Mean(mg/kg) (g/kg body (g/kg body
weight) weight)
Hg 0.001 0.001 5
Pb 0.03 0.03 25
cd 0.005 0.005 7
As(Total As) 0.004 0.004 159
Cu 0.15 0.14 35007

YJECFA established the PTWI of 15 ug/kg body weight for inorganic
arsenic.

PJECFA reestablished the PMDI (Provisional Maximum Daily Intake)
of 500 pg/kg body weight.

TR 71E®R] 05 mygkgith R dgron A
2 0.02mgkg, SEE2 0.04 mgkg, 92E- 0.007 mg/
ke, THELT DL 0.03 mgkg, ©)ATESIH LTS 0.1
mglkg, ZEELTIFE 0.02 mgks, ERE 0.02 mgkg, =
o}H- 0.03 mgkg, BAIBIHL 0.05 mgkegS & HY AEF
Ao ¢ 71F<¢] 1.0 mgkegHEtl R ol g FFo|n),

HRE S8 S35/ FU UM

vt SRe] R AATS 198 FUAYT FYRAE
A0 mEY Q) 19T 82g0%, B ZAAM Ao 7
T3S HoUEe EUE FIHHFES Table 59 2t
Z35 0k Table 5914 B ule) o] f2lyetiA 55
= 9RENEH HdAse $F45 Y2 FAOWHOOIA AAH
A4 FHEFS S %Y PTWIProvisional Tolerable Weekly
Intake)9] 0.1% ©l3t2A P& $EUS & F Ak

FysA T 1999 F 28579 FH

AAS 2 Mercury analyzer 5% |83t & 5 THETH
< FA3on o Ade v 2oES~-AN@EE), my/
kgl; Hg: £72~0.006(0.001), Pb: E73&~0.47(0.03), Cd: =
A&-006(0.005), As: EHE~0100.004), Cu: EBHZ
~1.89(0.15). ¥ ZAMAIE Q=9 RUHY A} {AR
Aoz et =3 F/E 5 felivEr 299l ¢, Jt
TE, 529 HFALL FAO/WHOOIAN F3< HdA Hrt
£ s A3 PTWIY 0.004~0.1%Z AT S50l
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