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Abstract: A fluorine content analysis method for krill oils, which is a representative oil formulation in foods,
was developed in compliance with the Korea Food and Drug Ministry's “Guidelines for Validation of Testing
Methods Related to Food”. Using this method for krill oils, the presence of impurities was evaluated via
combustion-ion chromatography (C-IC). A review of published technical data on fluorine in krill oils showed
that while the traditional wet potentiometric method was typically used, it was not reliable. Moreover, there
was no food testing/analysis laboratory in Korea to perform a fluorine test analysis on such an oil matrix.
Therefore, we identified halogen (fluorine) tests, developed to national and international standards, and developed
a test method suitable for krill oils by selecting a C-IC method that is sufficiently applicable to the oil matrix.
Based on the characteristics of the oil matrix, the optimal test method was established through various
experiments by reviewing the concerns related to loss and interference in the preparation and introduction of
samples. The fluorine content test was carried out on 11 krill oil products that were purchased online. Most
products (with the exception of only one) were found to contain less than the reporting limit obtained by the
test method. Furthermore, after additional testing, a high fluorine content of approximately 2,000 ~ 3,000 mg/
kg was detected on the krill surface, although the concentration varied depending on the area of the krill. A
comparison with samples from two ISO/IEC 17025 testing laboratories confirmed that there was no significant
difference in the statistical analysis results obtained by ANOVA among the three laboratories. A testing guide

for fluorine content analysis was completed.
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AHE NdeidTh 71 228 F EA ATES 1A F24 A9RPEe] AREE A, AF)A o]
=2 BRI FHelAE ol 0 AFel teix e B4 A8 ke AFHAAPITR] e A8l
t} olo] 24 AFYW FE Iyt @ FAFFOE JNE ANFFAELS Fgelsgon, o] Fo 9 A
Yol T3] A& 7Fed dioleaRuEIYE FHE Meste] I o At AEHS AN
ST 0d Ao B4 AlEFY] E =Y Aol &4 2 725 WE) (interference) T $HE AR
AEst tefst AAS ol A AFHE SEaiith idE od F B4 RS E8ot
frede 2 ed AF 11 AE FHste] BT APS siem, Ul ARE Al it AEFS
= Aol A B HAESA rRte g ERES ERIGI B3 Eavt AEEE s &
1at7] ffal Fegst YA A A@e A3, 2 Tl wEtd FErF tEZ] AR #5S A
93t 2 AHAF = 2F 2,000 mgkg ~ 3,000 mgkge] =& EAFFo] HEHS IS o] F Y
H AIEHE =A< A1871% (SO/AEC 17025) 2 3ol A5 9|8l & Fa7|a3) AlPAHE H|
sl & A, ) AP el B AR A A folat fleg RISk, ol &
2 EYE 2Y0 F BAUF PAY B ARPos 4092 Slsiirt
Key words: krill, fluorine, analytical method, C-IC
1.M B Zoe AF Ee A7 Fe] F482 e A}
S5 Jom, §5 T AAAAA Ak G FAwjrt
2 AU G 9 A7FHE A A7 S7tEE FAIT
Fol gk 2a77F 532 doH, dEH AAFoR A Fofl 4 #H AdFE 2LHATH A &E o
A - e 3 AEFQREZLE B gom- £3] 1979 T. Soevik?} A-+3+ A 3}He]
o] E& 9 28l A & AVE T # A B E=e 2T —‘%"475_-4 A=y gl oG
u) 7} Z7}E] = Abgo|t), EEolME E47F oF 570 mgkg 2 750 mgkg, T4
G2y Eg= ZEA1(34: Euphausia ol AAFNAME 4,260 mgked] ¥ v B4
superba)i= Al-¢} A= H]S=8A R THE o]F 0 7} AZFAUG old &0z ALEE] feixe
EA FEA EHAEY YFoE Y A7k A AETh 22| m], A 22 ELe] 52 B
oA M 2lets A AFRER A FoNA 71 S AABHA Hol slout AR AF T 2Ll
T FEFTORE GEA k! ol A= of EATFE AT F A= Age AlgHel g7l
F, Z2F 9 ZHFe] Hol= FF3] HolrtEee] F4 E4FE Ay vido] Fash 3ot
X &= ARAES FAATIE dhH QL A1 A 2015 AAA B A R e 29 4409 &
7% &t} o]H 3 A= BE R HHH48.6 %) g & BGriEden 7 F A4 4 Az s
SaFol =3, 53] o]lE EXA4t ol DHA  FA 43T Ao| d 4=, 53] EPA, DHA ¥ n-3
(Docosa hexaenoic acid, 16.6 % ~36.5%) 2 EPA (Eico- Ak 5 21F BEAC ek o7t SU1gel e
sapentaenoic acid, 11.1 % ~24.8%)9} & n-3 (= olE AEY FEEE IA Z7IT Ao AT
QU 7}-3) A HRAke] JE] =2 HEE gHE o] 9l 29 3 IA]A 20142017 £4 E 2025 A
T} n3 AL ANS(EFE AR oFol Bol oS B 2, AA 2 dr e FF
SHElo] 9o, DHAS EPAE 8 3 ZH2HE  AEHHA Z7HE T8l 20259 714 79 9405 29
2 ZAAERS ZHAAA SN} A S o v o5 Ao Z o fErt. HYo A vt AA L o F
Hojgtiar g Aok wek Fe MZE w7t ZH7F A ojA tirfe] 5UNELS DHAS EPAS 5
T AAFAE, 7L A )l Erby o ® kst 8] AFH8HAl Zetal vk e ol gk Fdh F
g g HAgRF g T el ofLErHE SRS Adedo] MYFed, o] AF FAH v
(Astaxanthin)°]® ThF -5 o] ledl, 53] LI S AE FEY EYoE FF Aded AR 4%

oM FEE edolA Bol o] vk stof & 7153t 2 AR o g
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oo £ ATOINE 1) AE 5 AT AG UF AP AL ATh A FelokEebaA, ook
B AEH theliA Se] A 5 AT B o1l B3 71E F AIEY (AFoFEIAA LA
WES IF81, 2) ALY AF FolM B - A2020-21%)%] [EE 3] o FFLE A2 A}
B BAE AN 2L 7] BAPES NEsel W, AREATEUE 3, Ao 5o 4R AgHE
Lol e T, 3) /EE AAHES 56 EF 2 E5taFNaF) oJAtshta Ho|2E Ad AF
ARAZ MRAFS ANHAOH 4) fEHE TP Pl E o] SATRS ASHES Ho] glon, B
LY AF B FAEAE T ELTFS ATk ate] 2k Az dhfste 71golr e Eloled=s
HTHORE HEFOE AMEHE AY U] ELF S ARgste] BAadtES Wrhskal gioh e A of
F AW oA A 8 AT e F4 o] Ho]AE AY AATE B4 A Al AR M
He/FARS FEs FaL oS Tl anAke HF Aol Fol mek AddA e 2do] v =gt
QP T BoEe st Ao wRslaA Wk o SR AR ok A9, Asle] WAL u S

Aok wEA o] 2HFE AMgetE B AP A
2. olquty 3, AFET} e Ao HrbE ek
P Apolle AFEAIAA, et

21. SLe| AEE vl F 715 3 AU @ T FEREA ALA] A2012-89

Fulel B2 AEY A IR oy dFEE 2 3) T ey 923 AdeEgaa dawrlds
7 AREE Yl BT A7, 87 AFleF Ak BE 20= Ba ¥ 5L FaeE 4718
FerdA o AdE e AF/AF AN B4 A 5 AR A Fetiaa FoA da Eafiste] 2
ARSI AT A, A F e eFE b A Soll ol e T2, & F5 A E= A
o 4EFA ATE QUAEY F 22 FIFIPHE s Pel dlnk of el A5 vsta st 717)
AN B AU o]l2HdFE AHEste A9 4 Aol 5E A2 24 BAUReR
Table 1. Worldwide halogen test methods's?'

Recommended
Standard Test method Instrument method detection Application
limit
Determination of certain substances in electrical electronics,
electrotechnical products Screening-F, IEC 62321-3-2:2020 Combustion_IC Greater than  automotive, plastics,
Cl, Br in polymers and electronics by 2nd Edition 1~10 mg/kg  materials, industrial
Combustion—IC products, etc.
Characterization of waste — Halogen and Greater than  Solid, pasty and liquid

sulfur content — Oxygen combustion in Oxygen bomb-IC

closed systerr}s and determination methods EN 14582:2016

Characterization of waste — Halogen and o flaskgc  Greater than  Solid, pasty and liquid
sulfur content — Oxygen combustion in Xygen Hask- 250 mg/kg  samples

closed systems and determination methods

25 mg/kg samples

Standard test method for halogen (F, Cl,

Br) and sulfur content by oxidative Greater than Electrical electronics,
pyrohydrolytic combustion followed by ~ KS M 0180:2009 Combustion—IC 1~10 m/ke automotive, industrial
ion chromatography detection (Combustion products, etc.

ion chromatography - CIC)

Standard Test Method for Total F, Cl and

S in Aromatic Hydrocarbons and Their

Mixtures by Oxidative Pyrohydrolytic ASTM
Combustion followed by lon Chromatography D7359-18
Detection (Combustion Ion Chromatography-

CIC)

Aromatic
hydrocarbons and
Combustion—-I1C their mixtures,
Greater than
0.1~10 mg/kg

Aromatic hydrocarbons
and their mixtures
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NES] ARl wety A3 @t aEe] g 2 5 9l FARFORE EUY AEBA FA RoHS
ong ABAAT ZA A E3] & FUt & (Restriction of the use of certain hazardous substances
TE B o] e §-HEF (European Standards, in electrical and electronic equipment) 2 ELV (End of
o]3} EN) oAl #H71E F @24 Ag¥ EF EN Life Vehicle)9} 7+& A7 AxyA 2} A|F 2 &
14582" o] F-&Ajo] dld AlgRe] 7l&EY e AAAE] FEst e A FElER Aol tii
o], AEEA 250 mg/kg o/l A &st=g HAaLs} 210 2 AFREE IEC 62321-series =+ A E5 o IEC
3 Atk = 250 mgkg ©lste] @ TR A Ro= 6232132 7o UTh ©o] X2 2013 =¢o =z
2g317] ofel W os Al Stk 7 Aol BERIRE B4 sk W o s et

A BolE F7F 4 FAFEFAA B2 AFHS 7}, 2015 o] B4 H 945 et 3 N
25, old Table 1914 H o35 IEC (International o] A= o] A= FANAI P47 ZAE (International
Electronical Commission), EN (European Standards), Inter-laboratory Study, ©]3} 1IS) & CDV (Committee
KS (Korean Industrial Standards), ASTM (American Draft for Voting, $J¢43]|F ¥ o7t S35l o, o]%
Society for Testing and Materials) 3 7-& t}%F3l g+ 20209 69T HF FAEFoZ WYL} B4 F
ZA AN FFAEC] A o] FEAEL 20099 o] T2 A ¥F) B4 Normative part)oll & 402320}
w7t o7 o] FolA IEC, KS ¥ ASTM +4 & E )3 (Combustion-lon Chromatography, ©]3} & 2x-
AEstE Aa-ol2aAZrEIY T E o] 83 A IC) Whgo] ®3te o] 9o, F4:4 (Informative annex)

W EFOEA EN 74 o] ARE 2] ALE ol AREAC B Ak FH2IIC Y] FEHo]
A AES HolErh ol Ea Al gt 71714 o] B Zghd

Injection Sample boat  pyrohydrolytic combustion tube
Electric funace | f

/ __ Sample injection port

' ] 1 i

Sample introduction system

lomiel furnace| Inlet fumacel | 1

Absorption ‘
tube

02 AriO;

Water supply device

Electrode terminal

Oxygen
Inletoutiet

Fire

Combustion flask

(or equivalents)
~" 777 Platinum gauze sample carier
Bomb

Alkaline sclution as absorbent

souhon

B Cc

Fig. 1. Schemes for halogen sample pre-treatment (A) electric furnace combustion device connected to IC, (B) oxygen bomb
combustion device, (C) oxygen flask combustion device (Referenced figures from IEC 62321-3-2, Informative Annex
A, B, Q).
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A ol 7| % 3Hth Fig 1914 & IEC 62321-3-2 Y2 2 A (Samchun, Korea, @ %= 0.83 g/mL ~0.89 g/mL
HEAA AMEE T2A AIEH AHE o AHE 25°C)2 Aok o2 BAe] 3y o RE 2l T AR
| A7)7] B RS BHoFT QiTh A, FAlFE APAAdAM FAF ZA (Human
stz Al #E SUMEFEoRE oA At Power, Korea)S AF8-3lo] 18 MQ/em®Z ZA| 5lo] ALE-
3lo] KSZ #14 3 KS M 0180 E 0] lom, o] 3tk 2AA e ASEAEH (WO, % 99.9%) &
EFEL FAXTE AR fsiA AP =9 g o] §3ATh Ado) ARREE e 5 97 %
AR AR7FEC] st A EH AL § KS2 FHEE) ool ol2FL % 99.99% (FHEE)
A G stA Tt A7) IEC 62321-3-2 ZA T3 AP W o] el 7k2=25 AHE-3 ) &2 (Eluent)2 NaCO;
Fo WE2 Tk, AENE =29 A, E2A 3.5 mM2} NaHCO; 1.0 mMZ E3tste] ARgslgith.
(F, Cl, B3} 3 (S)o] BF E3Eo] glorm= 3k
o ANgeg FA oy d2A EF3 Fof gt 23. 89 HM=x= % AlE HxI
£A0] 7best T OZ AMSEH A Yk ELol FFE4 S o835t (0.5~8.0) mgLE
e EAA F2A AFEA B EN 1458218 A4E FFLHE FATE ol&3te] ZASFAL,
o] A%, #A71E (Waste) =2 /=] AT AA] W &3 (Method Detection Limit, ©]3} MDL)E
HoZe %3 W A8 7Hesst vido] A, Fo|2E =48] fl8ted B4 50 mgl 98 2AEIH T 2
9 AF 5 TS APS 2Tt AFo] 7Hsst= d miFe EARJASETELS AA T2 A5
E Aot Jon, 8 AAYOZE AHAF-IC9) 7] 93] B4 AES olFtE ERIE muY oY=
AaEE2AC Wl FEHO] Atk A AAA L s|Aete] slrES Hrkel] s FAET BT 8
2 AAICE EE3 AYH7] A= - o (582 mg/kg)S ZA|sto] ARg-stITh
S AESE 2 3 drE 38 g2 AEy Az IS 98 ELole X7 20 myke,
° 2 AR 30 mgkgel AL 7+t AU, B4 NS HE
v ASTM®] 7%, ASTM D 7359-18%" %30l <) fHoZ BAol2 F&7} 134 mgkg ©] 89S Fu
=d, A 2 AA AY A5 A B4 di ZTagol 24 F A ARY)E o] 8381 (40~50) °C
2 o] 3 AP LS AAICE o] &3] Fyse oA 5%7F wnkste] g8 AT
EFolM, 0.1 mgkg o3l Aw=e] Ai3e ¢ # A= B AFx HAFe B4 s 54
A AE 9 A5G 7to| Wol FEFH I Ut 371 91 ZEAS- e, 55, A4, 2] 7 7
I 9ol =RES AN A3, S5V X%k B AE Yol mixeith Ax7F das AN S =
FZ2 o] 2AFHE AL o, FARoME 60 °C Dry ovenollA] 30% 5<t AXAZ F HF oA
ojARMEIHNZHS ARSI UeS & F U THA] 308 AZRAIA $1S FHuigk A ASA
olglg A TS B o thde AY, 53] 2 AP e THede 22 Husle] Uit
Fo A2 AFe] Agdde o]2AFY Hupe Ak Eo] e S AF A AF sl BT
ICe} Zo] Exgh wiz o] Alge} Xt Al EZA
g7t ke, HA AE g 7)17] 1S FAskete 24. M 77| ¥ =A

w3 7 2} & AZuIC el 7K 2 o] AgE AC AHle Fig 29} e T
FEH PYOE BeEo] L ATIME AZIC
2 ]85 7|71 EE ALESIGT SN -

-

o 2 dFolMe 2ded AP EA4E 1
stof, A& A= 2 AEAAY, e % AT

22, AN & M=

A7 s fal Lol EFE
Korea, 1,000.0 mg/kg), 24 5 E24 <l
(Sigma Aldrich, USA, 2,910 mg/kg)S AH&-3F3 T v Fig. 2. Combustion-ion chromatograph system.

B
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Adog ANaEY 2 A4EE Mitsubishi Chemical
Analytech (Japan)A}2] ZH] (249 ™: AQF-2100H)E
ARSI TE H7E L5 E (900~1,000) °Col™ F
£ 0,9 Ar2 717} 400 mL/min, 200 mL/min 522
FAE AT AL W] 715 3 (0.01~0.04) mL/
min®] £52 AAFE 2J3AT S5 @A R
HAZE ByE 10 mL7t S 3 F o]2ARNETD
Pz | mLE FYFALE o] 2AZEIYZ=
Thermofischer Scientific (USA)A} FH] (2dd:
AQUION)E A3 =], o] 5742 3.5 mM NayCO;,
1.0 mM NaHCO;9] £ o] 4313, £48 A9
2 Thermofischer ScientificAF2] AS 23 (4 mm x 250 mm,
6 um) 0] EAHE AH S AMgsg e HE7)
£ A7]HME%E (Conductive Detector, CD) =7 #2] &
ARS-3FA T

gy 9 AA AP EHS A A A
A NBRE MYES &8 T ANFEE FU35
of BA18IA, AP0 9 247 EEERIA
A 3H71%18) Ni A Ae] A ERE AA o =
AA BHS o] Mgt AIERE Qo &H & &

A& s

3.1 Y Y
311 HO, M A
B4 A A F5ES Bo|] 98

o2 A7 Ee H00l el A eFS gelsh]

{3t Hy0,9 s&e & & =

At Fig 33 o] E4ol2 20 mygkg &9

H,0, %9 & 35&S

10 mg/kg o’ AREFHol wat 3&0] 60 % Wk

120%

100%

60%

Recovery (%)

40%

20%

0%
0 10 20 30 40 50
H20:2 Concentration (mg/kg)

Fig. 3. Verification of H,O, interference for fluorine analysis.
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Table 2. Evaluation of fluorine recovery (%) according to the
sample input amount

Sample Input F Concentration Recovery
(mg) (mg/kg) (%)
20 27 90
30 31 103
40 28 93
50 31 103
60 27 90
70 30 100
80 30 100
90 32 107
100 34 113
150 35 117

2 HoA e Fo| A=At H0, peakst E4
3iA FEEA ol A=u}
A 7= AE grlst

ool H0,= H7hshA] ool 3

312, AR EQlzk M= 3 ot

ANE =Y & B4 358 Hrishr] 93t
o] B4ol& FE 30 mgkg &84S AL, =Y
= AEHEHS 20 mg~ 150 mgl & 547t A¥ e
o} Table 2914 B, AEAH 35782 90 %~ 120 %
ZAETF F7kl 2 fFong Afole gl Ao
il weba 2 AfolA FHF Al EYHFS oF
50 mg FFEOZ 3T

9

Table 3. Evaluation of fluorine volatility/recovery rate according
to sample exposure time

Exposure time F Concentration Recovery
(h) (mg/kg) (%)
0 142 106
1 120 90
2 87 65
3 80 60
4 81 60
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SFATE. Table 39 Ve uhel 7ro] Whx] 24
FE 3480 o 60%E FA5A HolH o, &
UH%‘Oﬂ ﬂ%ﬂ ] *loﬂb A= 3 ks

st wep

32. EMEo| RS AHS
AN FEA E02 A EFFEIAR A
W7kE A F T AW vk R332 A #3E 7o)
=2kl (2016) 2] 3t 5ol (Specificity), & 24
(Accuracy), 2 = (Precision), “d &g (Quantification
limit) ¥ 2443 (Linearity)S &<13}5] T}
A AFE F ol og TS Flsh] sk
7b7b v g wjde] A RE EA S ARE Fig 49 Y
AT oY A

BT, B20) e 2 mglLe WaEge
Gol Bhol e 2 mgl A7 AW

o}:o_l

7k o

gud

3 Aol
A0 Ae 5 AAste] 1
J‘

o(B) 7+ T

tﬂl

(A)

-
8
-V 1 3770

=45 20) W AOAC TAE
247

tﬂrﬂ} A sslon, e
93.37 %~ 102.0 % ©]H, mﬂE—E S U2 (RSD)
1.25 % ~3.60 %= AOAC 7to|EZRIZA Fk 5
H A9 7)E olske] Fmdt 3& B RSD(%) 2
£ Felaant.

A2-IC 9] A5, A7) =20lA BstE o] 7125}
| NEIFS

FQe A 4
EERRvE

3
3T

AL

]E%k

ZX

d
X o X

Ao E31H T HF ICY =HHE
3O

SlaIAE B gl

=

242 AT £E Atk A A

(B)

1600

min

oo 25

50

75

100

125

150

175 200

Fig. 4. Study results of retention time and spectral pattern between F~ 2 mg/L. standard solution (A), test solution spiked
with F~ 2 mg/L in oil formulation (B) and overlapped spectrum between (A) and (B).

Analytical Science & Technology



Determination of fluorine in Krill oils by combustion-ion chromatography 269

Table 4. Results of evaluating accuracy and precision

Accuracy F Concentration (mg/kg) Precision F Concentration (mg/kg)
(%) 100 200 300 (mg/kg) 100 200 300
1 90.65 192.17 301.91 1 90.65 192.17 301.91
2 91.64 191.57 301.87 2 91.64 191.57 301.87
3 99.19 191.11 309.9 3 99.19 191.11 309.90
4 92.56 188.98 308.44 4 92.56 188.98 308.44
5 92.80 184.38 307.95 5 92.80 184.38 307.95
Recovery (%) 93.37 94.82 102.00 Average (mg/kg) 93.37 189.64 306.01
Average (%) 96.73 RSD (%) 3.60 1.68 1.25
Range (%) 93.37~102.0 Range (%) 1.25~3.60
Table 5. Results of evaluating reproducibility between laboratories ¢
(between test equipment/methods) 7 )
. Laboratory 61
Repetition
A (ISTD* used) B (None) =5
1 192.17 187.70 %,
2 191.57 201.47 E;’
3 191.11 185.83 < 34
4 188.98 196.12 5
5 184.38 193.05
14
RSD (%) 1.68 3.29
Average (mg/kg) 189.64 194.53 0 . : T : .
0,
Average of A&B (RSD, %) 2.48 F- concentration (mg/L)
ISTD: internal standard Fig. 5. Calibration curves for the Fluoride linearity test [F~
: 0.5, 1.0, 2.0, 4.0, 8.0 (mg/L)].
| 240 3, g WielA £ A4S B
AEuAE AF 1E 7Y U Aol BY A ARE ALESlel MEson 3 Aghe Tuble 59
Fol X @S F YOBE WLEFZAL A A B 5 Ak AFHOR WREFE BA AE
&34l 1C FR1Fol @ wgol ek ool W) ofRo] upe T Age] he BN ABY
TEFEE A ol mE 7 N ARV 5 Bt Ade 248 %2 & o7t fle AL st
Table 6. Measurement of linearity
#1 #2
Repetition Concentration Area Concentration Area
(mg/L) (us*min) (mg/L) (ns*min)
1 0.5 0.359 2 0.5 0.413 9
2 1.0 0.736 2 1.0 0.793 3
3 2.0 1.549 6 2.0 1.641 0
4 4.0 3.265 6 4.0 33856
5 8.0 $6.881 5 8.0 7.012 4
Slope 0.872 9 0.883 3
y-intercept -0.147 7 -0.089 2
R? 0.999 4 0.999 6
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ATt

2490 g S AT= S
&t Table 6 2 Fig. 59 4
)ﬂé‘lﬁj’,} SRS 7424—3;—}3% or&
AIE AT F U

oleaRutETHYE vhe] A&l 28 AAFA

AldE ZalA ARFA ° )
0.5 mg/LoA 8.0 mg/L7FA] 57 BFENS A5
o gk A3, o] AR nEaY 2] HFeA =
0.36 mg/LE 1= Tk,

22 50 mgkg £98 1038 WHEZ=slo] A
o A& = HI1e A, Table 79 AFoA B
FE0] (93~102) % FolH 4o ETHA= 4%

oljo] g5t AL xz Bt o]
Pz AAPFAE F QUXF mjF L Ao)slm
2 o odd B4 XFEEAS AR ARE 9
€3 MDL H7} 23+ 45 mgkgl & Table 79 A
1= A

(A12F4]) MDL =17 x s )
7104

MDL: method detection limit (%4

t 2FEE 13 (99 % A1),

s: XA}

AZT), (mgke);

2 MDL 5 2 Agae) 4
.D. not detected) 55 2
AHE S AT

ot
1
£
<
,
+
N
ft

33 AEA ZF JHLE AIEY ni HAE
ELE] (e} C‘>__,_1 %_ Eok

2k el A AP AT B3
A FAX 7] (ISOAEC 17025) F Lol A&7
A =8t F 37 7]1#e] AR vl YA
th oY = B4 AEEEFER (CRM) (Sigma Aldrich,
USA, 2,910 mgkg) @ 229 (KO-12) A= of
gk 37 AEAT Ao tElA Box plot Bl B &
224 (ANOVA) #7123, CRM 7|1E3 tiH] 3k

Table 7. MDL (method detection limit) measurement for 50 mg/kg fluorine in oil by C-IC

Sample No F concentration Average Standard deviation t-value MDL
(mg/kg) (mg/kg) (s) (0=99) (mg/kg)
1 452
2 48.0
3 46.3
4 50.0
Spiking fluorine 5 48.0
48.27 1.6 2.82 4.5
(50 mg/ke) 6 48.4
7 49.5
8 47.3
9 50.1
10 49.9
Boxplot of CRM by Lab. One-way ANOVA: CRM versus Lab.
3000 Source DF SS MS F P
Lab. 2 4635 2317 0.07 0.931
Error 6 192911 32152
29500 Total 8 197546
% 2800 o~ §=179.3 R-Sq=2.35% R-Sq(adj)=0.00%
£ Lo
b3 \“\0—‘// Individual 95% Cls For Mean Based on
§i2% Pooled StDev
Level N Mean StDev ----+ S
2600 A 3 27810 957 -
B 3 2726.7 261.0 (-----
2500 C 3 2764.0 1385 (
A B P R — RS S o
Lab. 2550 2700 2850 3000

Fig. 6. ANOVA analysis of inter-laboratory testing for CRM sample (Fluorine 2910 mg/kg).
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Boxplot of Krill_Oil by Lab.

7.0

6.5 /

Krill_Oil (mg/kg)

5.5

Lab.

, One-way ANOVA: Krill_Oil versus Lab.

Source DF SS MS F P
Lab. 2 1.376 0.688 3.46 0.100
Error 6 1.193 0.199

Total 8 2.569

S$=0.4460 R-Sq=53.55% R-Sq(adj)=38.06%

Individual 95% Cls For Mean Based on
Pooled StDev
Level N Mean StDev ----- S T & S L — y om——
A 3 5.9000 0.3464 ( x )
B 3 57333 05132 (weeeeeme-
C 3 6.6333 0.4619

540 600 660 7.20

Fig. 7. ANOVA analysis of fluorine inter-laboratory testing for Krill Oil sample.

Table 8. Test results of fluorine in krill oil products

Sample No Amount F Conc. Mean Sample No Amount F Conc. Mean
’ (mg) (mg/kg) (mg/kg) ) (mg) (mg/kg)  (mg/kg)
1 12.2 2.8 . 1 37.8 N.D.
KO-01 2 20.6 1.5 I(\;lz) KO-07 2 39.1 2.1 I(\ill))
3 13.3 2.9 ’ 3 433 1.3 '
1 13.7 1.9 1 23.1 N.D.
KO-02 2 16.3 1.4 Elg) KO-08 2 21.8 N.D. N.D.
3 23.5 1.4 ’ 3 18.9 N.D.
1 29.7 3 1 323 N.D.
KO-03 2 39.3 23 glg) KO-09 2 38.2 N.D. N.D.
3 60.6 3 ’ 3 25.6 N.D.
1 31.5 2.2 1 34.5 N.D.
KO-04 2 314 3.7 I(\;];) KO-10 2 23.9 N.D. N.D.
3 60.3 3.8 ’ 3 324 N.D.
1 34.1 N.D. 1 61 N.D.
KO-05 2 46.1 23 (1:1)15)) KO-11 2 62.8 N.D. N.D.
3 44 .4 N.D. ’ 3 69.7 N.D.
1 82.4 2.5 1 60.7 5.7
KO-06 2 84.9 2.2 215)) KO-12 2 52.5 6.3 5.9
3 85.9 2.9 ’ 3 71.2 5.7
“N.D.: not detected (MDL: 4.5 mg/kg)
&S oF (94~96) % A& FFOIAAL, 3] A4 25 st o] ERIHATE ol A A ol A
Hgt 7 ezt gle Ao ® AU Fig 6 1¥l MDL (4.5 mgkg)S 283 Ale KO-12 A&
oA B AP ¥ ARE HAFI 9tk A &3] = AL FIsAT). &, =

k>
o

34. RE=T JE2Y NE F =248 Ay

AlgollM F2 fFeHe Zded 11 AFH =
W ALl Aed WAF 1S R N
AARE ARSste] F7HEE AHE Table 8914

e
E 5 Aot A AlgAd= BT 6 mgkg ©lste] &
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Table 9. Test results of fluorine in krill (Before drying)

Samples Head? Shell Body Tail
(mg/kg)  (mghkg) (mgkg)  (mgkg)

K-1 617 938 134 1,263

K-2 609 1,350 27 802

K-3 675 1,948 128 2211

K-4 1,563 553 52 1,935

K-5 296 1,378 59 1,896
Range 296~1,563 553~1,948 27~134  802~2.211

“Excluding eyes hall

Table 10. Test results of fluorine in krill (sample K-5) (After

drying)

Samples  Head® Shell Body Tail

of K-5 (mgkg)  (mgkg)  (mghkg)  (mgkg)
#1 435 1,071 109 3,270
#2 702 2,116 158 1,641
#3 1,051 3,096 321 3,572
#4 1,387 1,914 270 4,731

Range 435~1,387 1,071~3,096 109~320 1,641~4,731

“Excluding eyes hall
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