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Abstract: The total arsenic and 6 arsenic species were investigated in 56 fish collagen products using ICP-
MS (Inductively coupled plasma-mass spectrometer) and HPLC-ICP-MS(High performance liquid chromatography-
Inductively coupled plasma-mass spectrometer). The mean concentrations of total arsenic and arsenic species
were 40.103+81.133 pg/kg (N.D.~586.686) and 30.070+50.378 pg/kg (N.D.~313.871), respectively. The mean
concentration of inorganic arsenic was 24.610+32.706 pg/kg (N.D.~129.331), and the As(V) (Arsenate) was
the most dominant. The standards and specifications of arsenic have not been established for fish collagen
products. Our study presents that arsenic levels are relatively safe compared with not only previous studies
but also domestic and international standards. However, in one sample, the total arsenic concentration was
586.686 pg/kg, showing the inorganic was 8.119 pg/kg, and the DMA was 305.752 pg/kg, which was high
than the Canadian standard for organic arsenic. In conclusion, it is necessary to monitor arsenic levels
consistently and establish standards and specifications of arsenic in fish collagen products to assure consumer
safety.

2 ¢k oJFZE 56748 ICP-MS (Inductively coupled plasma-mass spectrometer)S ©]&3F ZH] 4
293} HPLC-ICP-MS (High performance liquid chromatography-Inductively coupled plasma-mass spectrometer)
£ o83 v &g sk 418 skt L A ¥ FH| A HiE e 40.103+81.133 pg/kg (N.D.~586.686),
H| 4318 FFEEE 30.070+50.378 pgkg (N.D.~313.871), U438 F F7|H]A(AS(IN2}F As(V)<]
thel FHEEE 24.610+32.706 pghkg (N.D~129.331)°]19.2™, As(V)7} 78 =& v 2R3k
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3 Hl&o] dE 740l glen, ¥ A7 Ade Sule] vk 7ed 7€ 974

-‘)rg]r H]Lo} % w A e® P Eoletar AR AT 22t 7] AlFlA] FHI4 586.686 ng/
kg, F-714]4~ 8.119 pgkg, F718]42Q1 Dimethyl arsenate (DMA)7} 305.752 ugkgl 2 FNutie] f71H]4
7|3 ¥l s A AZEHA 1:]- wEbA FEb AlFe] vlA kg grEly] 98 A&
BEUHPG 71E+4 dFol 28 0= Ardr)
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A& Y= S5 (metalloid) 2.2 K|/l 4] AZL A7 52E 1470, 7V F 343570 (71 €7}
3 Ao s e = EA) o}uq TE S, FF 516%, FRTF 185% AUF 132%, A7
AT AF T U ARE 2EHXR 53 24 %54%, FRIEE 21%, FE7H2AF 03% 2
=7 AFS T8l vl —J—%Ea] 7vs/dol 7P A4, 29 #9¥ 89%)7t :iﬂ“ﬂ ATH2023.01E 715).1°
A el A F2 AgFgol 7dstr] wZo] 14884 & Ee EHX]OHH A et A
o2 F23 A 7ked sholt) 2 (bovine spongiform encephalopathy, BSE), A4 sl
H] 2= F714] 4 (inorganic arsenic)2}F -714] 4(organic H A} | B S(transmissible spongiform encephalopathy,
arsenic)= U™, AR thE £, 54 447 5 TSE) ¥ 4| ¢ (foot-and-mouth disease, FMD)% <.
e 7RI Bl ae A, A4, & T A7 1% A Mol f@Ade] U, O]U]ﬂs 9 Oq:r"oﬂ

Fel 2, 2k elol wal As(ll) (Arsenite) 2t As(V) — wWEW =xAZiEe] Z2A FEle] =& 1,000~9,900
(Arsenate)® U, f7]HAE B $4 B3 oHY Da2] ZEA}F FEfAolng F47 ofH ks @y o]

3 FRHATS 3 el E, Arsenobetaine (AsB), Arseno- o] QA Ho] fgAde] gl AEA HEfo|=2 &
choline (AsC), Monomethyl arsonate (MMA), Dimethyl T gago] =& oF Fgtqlo] kA FH k!
arsenate (DMA) 5°] JUth>"® dWix o g f7|H]4n aev o)/ el A FATE FFE 2FEH
o 7749 E4o] ¥ Fsie, 53] F7H|4 Sl FEFS S F 7] wiE) b EANAM ARR
= As(I)7} As(V)ETh =Ao] Attt F7]u| 40l 2 & Qo) AES dukE o2 AsBS} arsenosugars
MMA, DMAE & %A (cancer promoter)Z 2}-8-3} (M2 5-deoxypentose -3} C5 F2HE arsinoyl
= o2 gAFHNer, yEstd AsBe AsCE EE arsinothioyl groupS E3Hete 313HE)9 7He
Aol ZAo] fl= A= deA Ut} o]ef e ] M4 =7 =7] i aiite AFHE A% H4
429 Qg oez Qs A & A (International $3lAd o] wreiar B 7FE| A9, arsenosugars®} arsenolipids
Agency for Research on Cancer, IARC)I A= #7104 ¢F 722 AR {7/¥]AE methylation ¥©] DMAY
E mieot 2 Hok 58§49 £ Q= oA werER MMAZ #H3lg o 23 AAAe =4S Jeh) 7| =
2] Group 1 (carcinogenic to humans)©- 2, MMAS} DMA gt} 12
£ UA ¥ 75 E2 21 Group 2B (possibly carcino- A o7 L FAA It FFE EAlof #3k
genic to humans)®, AsB¢} th& f7|Hjae WodE2 AT WA gl FIM] 4 7)Ee] AAE A Fel
Z FEE & gle =22 Group 3 (not classifiable as 3t vl A& 2 v AgekE BAB2e o] Ay o]
to its carcinogenicity to humans)©.2 x| sle] ) s} ko, R AR die fellsas B4 A4
AL ATES whEba] wlheh AgE shehgel] w54 AT vHg dAolt) ek 2 Ao e of
o] T2 7] wiZe] HlAe] SFHE 2Fo| ojH FE e FEHl A Fo sl fFalsws 5 THL FEFS
H|4:3}8RER1A] LA ek A o] Fasit). AL vl AstekES ekl Sk AlF Ha
Fele ] J9F B ugge 29 24 & ZE GotE A} SHTh
Z3h, AN 7P FHe AMFE 2 A
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Z2= ZYANYAPE) AES A 7
Aol 10% AAkel k7 o] MR F 33k FRTE
AH g 5 Azsto] ARSIt A3l AHEE 5

FE 182 MQem AA#E Z2e 27 Ax FA
(ultrapure water purification system, ELGA, PURELAB
Chorus)E ©| 83l 2 F4=2 AAE 353 S/HTE
ARSIl A 82| At EallE flal] HEeAlF 6842 %
Z2HIKC, KoreayS ARS-3IATE FH 4 7S 98l &
FL A AV-ICPMS-71A, Inorganic ventures, USA) 10 mg/
LE 05 N 24 &40 2 s|Mate] 2A|819aL, vl 43}
k5 S $J3l Arsenic(Ill) (Inorganic ventures, USA)
¢} Arsenic(V) (Inorganic ventures, USA)= Z}2Z} 1007
mg/kg, 1002 mg/kg® 2 ZA| ¥ Standard solutionS A
231912 ™, Arsenobetaine (AsB) (Sigma-aldrich, USA),
Arsenocholine bromide (AsC) (Wako, Osaka, Japan),
Disodium methyl arsonate hydrate (MMA) (Chem service
inc., West chester) 2 Dimethyl arsenate (DMA) (Chem

Table 1. Operating condition for ICP-MS and HPLC-ICP-MS

service inc., West chester)+= 1000 mg/kg (w/w)2- 2 stock
solutiong A|Zs}e] A8t T).

F % =AY 91 TE5. 91
Holl we}t A st mlelZ =9 o]
g 2% 05 g st EAH 7 mLe
3L 3R WA S F microwave digestion system.S-
135 °Coll A 203, 165 °CollA 204, 210 °CellA 20+
X702 BIAIZl & SRTE M A L&A S
Table 13} 7+& 2722 ICP-MS (Inductively coupled
plasma-mass spectrometer, iCAP RQ, ThermoFisher
scientific)Z E443}th ICP-MS 4 A] 7HdEA &
AA3E7] 9380 collision/reaction cellol] A Th¢] x}o] &
(polyatomic iony& AAY F U= KED mode(Kinetic
energy discrimination)= A&} th>

TECH)oll A 90 °CZ 905 <t
FHTE 25 mL FE&3Hth 2 F 3000xGE 1047
ArEgste] FFAE FHst, o] ATAS
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HPLC

Mobile Phase 0.05 % (v/v) methanol, 10 mM sodium 1-butane sulfonate, 4 mM malonic acid, 4 mM
tetramethylammonium hydroxide pentahydrate (TMAH) (pH 2.7)

Flow rate 0.5 mL/min

Column Capcell Pak C18 MG II column (250 x 4.6 mm, Shiseido, Japan)

Column Temp. 20 °C

Injection volume 50 ul

ICP-MS

RF power 1550.0 W

Nebulizer PFA-ST MicroFlow Nebulizer

Nebulizer gas flow 1.05 L/min

Auxillary gas flow 0.75~0.8 L/min

Cool gas flow 14.0 L/min

Focus lens voltage -7.50 vV

Ion monitored As 75 m/z, KED mode
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v &stets B2 Table 13 242 2722 HPLC
(High performance liquid chromatography, DIONEX
UltiMate 3000, RS, ThermoFisher scientific)} ICP-
MSE couplingdte] #2133t
25. REY #ol

Fuln 2 vlkslelE BEgOlS

55] u}i Z;G O].
o3 ICH(International Conference on Harmonisation of
Technical Requirements for Registration of Pharmaceu-
ticals for Human Use)oll Al A Al &+ Al2k2] o] whet 7]
Fe] 71€7] Ht B 717198 (response)®] FFH
2} 2 7% 34 (limit of detection, LOD) % A 2F3lA)

(limit of quantitation, LOQ)Z 3} T}
LOD =33 * o/S
LOQ =10 * o/S

o kge) FEUR, S A 7187

AL 7 SEd BEElL 53 9 23]

27 47(Correlation coefficient, R?)
gL HAT HEEA 2 AE
£ A8 T2 H]iﬁrﬂ%ﬂ HEFxot 7t
0.5, 2.0, 10.0 ng’kg 2 3.0, 5.0, 8.0 ug/kgol =
A7k - a9 BastekE AP 5Y
Wow Aejste] 38 W SAT AARpS ol Ew
2 o] &S AT

VQE N
10 o Ju Ik

3. &1t a

bl
1]

31 AlEY #E

Z8)4E 0.1, 0.5, 10, 25, 50 pgke, Bl &3}etE
0.5, 1, 2, 5, 10 pgkeel F=2 AFHAS 23S A5
RE 94E ROl 0999007 43 XS
Jehlilen, AZ3AE 0.094-0.278 pg/kg, 3 #Fat

=l

A 0.284~0.843 ng/kgl 2 Yo FEoME A 2
il al:o] 7]————6‘]—0 :6;1—0 ].Oﬂq. ZH]?\Q} H]/\g},tﬂ—&',]

Ha3FEL 86.8~108.3 %, A7 A S (Coefficient of

Table 2. Limit of Detection (LOD), Limit of Quantitation (LOQ), coefficient of determination (R?), recovery and coefficient

of variation (C.V.) of total arsenic and arsenic species

Recovery
LOD LOQ R? — v " v - C.V.
(ug/kg) (pg/kg)) (ug/kg) piked conc. easure conc. ecovery €an ol recovery (%)
(ng/ke) (ng/ke) (%) (%)

0.585 0.539 92.1

Total As? 0.123 0.371 0.9999 2.107 2.047 97.2 95.8 3.497
10.249 10.058 98.1
3.363 3.707 110.2

As IIIY 0.140 0.424 0.9998 5.382 5.828 108.3 108.3 3.336
8.194 8.721 106.4
3.367 3.139 93.2

As VO 0.094 0.284 0.9998 5.377 4,985 92.7 93.4 1.520
8.174 7.696 94.2
3.123 2.748 88.0

AsBY 0.109 0.329 0.9998 5.030 4.350 86.5 86.8 2.148
7.691 6.611 86.0
3.347 3.112 93.0

AsC® 0.148 0.448 0.9996 5.439 4973 914 91.8 1.859
8.368 7.620 91.1
3.302 3.170 96.0

MMAP 0.142 0.432 0.9995 5.365 4.989 93.0 93.4 3.725
8.254 7.531 91.2
3.642 3.740 102.7

DMA® 0.278 0.843 0.9991 5918 5.945 100.5 101.0 2.328
9.105 9.098 99.9

9Total As: Total arsenic, PAs III: Arsenite, “As V: Arsenate, YAsB: Arsenobetaine, ?AsC: Arsenocholine bromide, "MMA: Disodium

methyl arsonate hydrate, #PDMA: Dimethyl arsenate
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variation, C.V.)&
o TEE ARy vhd REPA B
Q1 o4 F§ 3 FDAS)
wE3le] g A|g o] Aeae 3ol 59 Tpse
(Table 2).

32. o|RE2H
2342 AF) 43
SRR, AR 502 TAETA, ok AT #
W4 71zt Ao] o] YA E
I, IS T, S8, W%
454, s7hael 8l 0.1 mgkg ©|8

Aol JHlA 2
al

N

ALY THEANES /1F 2

ol 9 77, e 22
AR, obzl /ot 74
al

B &, FFIZTHEY,
o), oletu] ol (OFrhAlokad), 71 B4k E&2
o %—oﬂ el 4.0 mgkg ©)8tE A= glom s
EAANE AR HEFATF 01 mehe

0.5 mgkg 7125 A H o] ATk? Fuol A A7)
SHEOR ¥RE fi:—am AFe NEAEY U8
5

TAEA ofF AR e

Table 3. Concentration and ratio of total arsenic and arsenic species for fish collagen products

Other Processed

Health Functional

Processed Fruit/

Products Foods Candies vegetable products Total Sample
N 43 10 2 1 56
44.859+90.061 23.452+39.046 41.134+12.723 ND 40.103+81.133
(N.D.~586.686) © (N.D.~133.802)  (29.639~52.629) o (N.D.~586.686)
sample5: 103.138
Total As sample28: 102.667
sample31: 102.742 sample50: 133.802 - - -
sample35: 108.696
sample56: 586.686
4.748+12.582 5.373+16.400 4.605+13.012
As(In) (N.D.~60.749) (N.D.~53.726) N.D. N.D. (N.D.~60.749)
6.007+15.138 4.016+12.258 5.330+14.280
b)o,
AslyAs% (0.000~59.137) (0.000~40.158) N.D. N.D. (0.000~59.137)
AS(V) 21.298+24.960 15.227422.164 26.095+0.449 ND 20.005+24.016
(N.D.~101.712) (N.D.~75.605) (25.838~26.352) o (N.D~101.712)
50.350+37.340 42.552+37.702 68.673+20.392 48.712+37.334
0,
Tnorganic As As(VY/As% (0.000~98.664) (0.000~93.615)  (50.157~87.190) N.D. (0.000~98.664)
26.046+32.419 20.599+37.205 26.095+0.449 ND 24.610+32.706
Conc. (N.D.~106.548) (N.D.~129.331)  (25.838~26.352) o (N.D.~129.331)
(ug/kg) As9 samples: 101.712
' sample28: 101.368 ]
sample31: 100979 sample50: 129.331
sample35: 106.548
56.357+40.333 46.568+41.084 68.673+20.392 54.042+40.333
Asi/As% N.D.
(0.000~98.738) (0.000~96.664)  (50.157~87.190) (0.000~98.738)
AsC ND.? N.D. N.D. N.D. N.D.
AsB N.D. N.D. N.D. N.D. N.D.
Oreanic A MMA N.D. N.D. N.D. N.D. N.D.
rganic As
: 7-11146.262 N.D N.D ND 305.752
DMA (N.D.~305.752) o o o '
sample56: 305.752 - - - -
Asd 33.157+54.169 20.599+37.841 26.095+0.449 ND 30.070+50.378
* (N.D.~313.871) (N.D.~129.331) ~ (25.838~26.352) o (N.D.~313.871)
As/As% 57.570+39.429 46.568+41.084 68.673+20.392 ND. 54.974+39.700

(0.000~98.738)

(0.000~96.664)

(50.157~87.190) (0.000~98.738)

ON: Number of samples. PAs,: Total arsenic. ©As;: Sum of inorganic arsenic. YAs,: Sum of arsenic species.
9Mean=Standard deviation(minimum~maximum value). ? N.D.: Not detected.
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Fig. 1. HPLC-ICP-MS chromatogram for a standard mixture of 6 arsenic species. [As5+: As(Ill)(Arsenate), As3+: As(V)

(Arsenite), MMA: Disodium methyl arsonate hydrate, DMA: Dimethyl arsenate, AsB: Arsenobetaine % AsC:
Arsenocholine bromide].

HEdo #3 71F R FHoE TARNTAE VT 33. ojREadel H|asiEtEs #Y

A8 9 7EE A &k A, o oE 5 HPLC-ICP-MSE ©]&3) H|AsleE 65& 4%
=4 71ES A A, FHAFH AR A% A3} Fig 13} zFo] ] H At v 23 EEd ojgt
715 EL %%fﬂ oF ZEpl AFE FHA 7T iﬂlig‘r 7R 2 A E o] A e
22 0.5 mgkg == 1.0 mgkg o]ste]th - wEet A7) o, FAE32, ole F7ba 7Foz2 FF
7152 &o| gk ZHIA A 4L w= 5 mgkg, N 02 mgkg ©13}, 7FEAE T off, EFILE 2

A
U t}9] TQuality of Natural Health Products Guide I E4o) 885249 0.1 mgkg ©]5}, dn, v, 2B,
= 0.14 pg/ke-day (3H= 420 o4 FHFAFS 57.64 5 e 2as /\}&GP RE 7FEAE 1 mgkg
kg FeHll dd HAFE 5 giday= 7HE 8 161 olatit A o] 1LY AN hrhe] TQuality of Natural
mg/kg), & 0.2~4 mg/kg (T-oF3 /T A 7R &, Health Products Guide, o= F-7]H]49} f7]H]4& 7]
dRsPREHAEY, FHHiERS XRELHY S 47 003 pgke-day(F 42 94 HAAFES
Fofl gal A8y R YIIEE 02~1 mgkgSE AH 5764 kg, Y AAFES 5 gdayR 7HFE 3 035
Fo] A} mg/kg), 20 pg/keg-day (3= 4 A4 HFAFTS

ICP-MSE ©]&3dt] T4 o FEehdl AFS T 5764 kg, L HAFES 5 gday= 7P 549 230.56
H 2 BEE B 40.103+81.133 pgkg (N.D~586.686)  mgkg)S2 AR o] QIThs,

olth F 1671 AlFoAA F¥A7F AEHJLOH, 1 HPLC-ICP-MSE ©]&-3}e ojFZepzle] v|A3}st
Z 67l A|FA Wt 189.622+183.220 pgkg (102.667~ T BNS Ay A3 v &8ss 659 HAHS

586.686) =2 HAEH o] "4F3F 3, 7 CODEXS 30.070+50.378 pg/kg (N.D.~313.871), F71H] & (As(IIl)
AF FAF BA& 71591 0.1 mgkg HU}h thi l.L 9} As(V)el #He Ha 24.610£32.706 pgkg (N.D.~
L, £3] 586.686 ngkeo- 2 A=A 3 ) AF 129331) 2.2 AEEHAoH, 7eHE, 7137154 F,
FAER7F=S] 71 2 744, 9 71 4.0 mgkgﬁr AN F2 F-7)8)2E 7F 26.046+£32.419 pgkg (N.D.~
A g2 Yele] A SAE 7)FE B =9t} 7] 106.548), 20.599+37.205 pghkg (N.D~129.331), 26.095+
& A B4 Axe vlwshd, HE 58 & 0449 pgkg (25.838~26.352) ©) AL, A 7FEEol A
16951 pgkg, W 175428 pgkg, 2 1234358 pgkg ' AZHA gt £ f7R st ¥H A B
GBS FTUoNA A o F 24042208 pgkeol Aot =UF Y wRkoM, FH|A th¥] FrH| A et e
skl AES At fARBH AEEALH, FZle} As(II)7} 5.330 %, As(V)7} 48.712 %= As(lI) E.Th=
S%0) A o] F 1760+13608 pgkg, AAF 3380424208  As(V)7F B =L v]&S Ak v A27F 100 pg/

ngkg, SZH 1990+13308 pgkg, 77HF 6620£25008 kg ol AEHAY 67 AE = 570 AFEL] Fou)
nghedt AL 50X AZFH 5282461588 pgke A HATTES 107.988+12.240 pgkg (100.979~129.331)
Hobe= dA 8] Lokt OS2 TAFFA, o FHA 7E & 7P @ 7]
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=142 0.1 mgkg Brhe thd ESkou tE TlE
Brhes Wgith ole AN T A #n]e} wn o]

T718 2 HEeEEel 77438, 47420 pgkgh e =Sk
M, F2Y T sl2F F FMlA el =
& AeR 4zl R visieE HaFEd

40460421170 pg/kg Hoh= A3 Egrh F71v4&
= @ AF delle AFHA UAAY AEEH
njko & 1bgko | FH| A7) 586.686 pgkglE A&
HAW AFAA F7H 27} 8.119 pgke, 71848
Dimethyl arsenate(DMA)7} 305.752 pg/kgS = H| &

FHE T el fr7HIadS Eelaint
4.4 B
AMEAW e 2N fF 3 s e
F22 564 F715k] ICP-MSE ©] &3+ Fu &

4 = HPLC-ICP-MSZ ©]&3F Ag(lll), As(V), AsC,
AsB, MMA ¥ DMA #4412 335tk FH| & &
A A3 S AFANA E 110.209+12.072 pgkg
(102.667-133.802)2 HEH oM, o] AFSe] F7)H]
2 g FEE 107.988+11.825 pgke (100.979-129.331),
%ﬂﬂ]iﬁe AZEA gttt AA sEvEels &

A AF e vlA& 7]EAe] AR AA] Lo
w, H & 1%01 AR E A Fe g 71Ee] Ao}

Az

2

HALSA S o frAEAY W2 52 HAEEHUT
ZH| 27} 586.686 ug/kg Az AEL F7¥ &7t

8.119 pg/kg, 7181421 Dimethyl arsenate(DMA)ﬂ
305.752+2.280 pgkgl & H| A& 3 2ol 71
H 29 & RIS ol &= ’“010%**4 A%
FAS FEHA A Zo dd AFHFo HATHFL 7
tod AR Aiucke] f71Rl 2 7153 Blaekils
A o]m, DMAE IARCeIA] <A et 7Hs
2 AYH2 e v FE AFo] ek FH
aspelgol] ek A& RUE o] 48
, 71 8 fIE e dig VEatd A
U L T A=

ol
rlo

L b B o
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