pISSN 1229-1153 /elSSN 2465-9223 J. Food Hyg. Saf.
Vol. 39, No. 6, pp. 509~516 (2024)
https://doi.org/10.13103/JFHS.2024.39.6.509

Journal of Food Hygiene
and Safety

Available online at http://www.foodhygiene.or.kr

ICP} ICP-MS o183 JHloj2} TKFE F Boric Acid B ¥ U BUE
AL YA R
PFAFNLYS PA BT FEAAATY
2fei L AT f e guto] 2.5t

Establishment of an Analytical Method for Monitoring of
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ABSTRACT - Boric acid is authorized as a food additive in the European Union; however, it has not been autho-
rized for use in Korea. Moreover, the analytical method for detecting boric acid in foods has not been reported in
Korea. In this study, an analytical method was developed and validated to determine the boric acid content in caviar.
In this study, we established an analytical assay for boric acid in caviars using inductively coupled plasma mass spec-
trometry (ICP-MS). Caviar samples were digested in closed polytetrafluoroethylene vessels in an automatic micro-
wave digestion system. The calibration curve was obtained from 0.5 to 10 pg/mL with a satisfactory correlation
coefficient 0f 0.99. The limit of detection (LOD) and limit of quantification (LOQ) were 0.03 and 0.16 pg/mL, respec-
tively. The recoveries of boric acid from spiked samples at levels of 0.5, 2, and 10 pg/mL ranged from 98.0 to 102.0%
with a relative standard deviation between 0.1 and 0.4%. The uncertainty of measurement was calculated as 203.1+10.8 mg/
kg at a 95% confidence level (k=2). Among a total of 104 samples, boric acid was detected in 33 products, with con-

centrations ranging from 46.0 to 3942.2 mg/kg.

Key words: Boric acid, ICP-MS, Method validation, Caviars
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A boric acids AF H7HeE AREshe A FASAL A
A RE, G- ofAJo} =Tt A= o8] ARGE AL STt

232 7, boric acide] =9} o] Fol 2F HIlEE
ARE-E 3L AT}, EUO A= boric acid®} sodium tetraborate
AFE H7HER TEtAe] AR o, A §&F
< 4,000 mgkgo & A= o] = Aot} 2} g
A& boric acid AHEo] 3 7FEA] e ndAHH BHE
B2 I

gk 21F Wl boric acid w4 ol FAISH Aol
Boric acid®} sodium tetraborate®] £-21-2 9|3l], triethanolamine
o] 83t F=A8t & GC-MS 4 W', Polarizing Plates
©]8-3gk 11B-NMR 4" Curcumin paper WS &
A £ "WH 9 hexanediol/chloroform (EHD) &

o]-8-3F spectrophotometric analysis method'? 5-°] X

12 oo o nle
o ot

<]

= ). multi-collector inductively coupled plasma mass
spectrometry (MC-ICP-MS)&} NTIMSE boric acid, 3147,
Y CaCO, ME2] boron &P a Aol AHEEH AT,
e olH g A WS AlZe] B4 B g™ B4
2o A7k v go] Ag ) B 3l oS, 4]
FollA boric acid®] FE= oFoA 130-926 pg/mL, 2=
oA 161-489 ng/mL, agar-agar strips®llA 918 pg/mL, fresh
prawn®ll A 347 pg/mL, A1 WIroA 819 pgmlE HEE
A& FRABIATH, Qo] 739- boric acidS-ZA] boron®]
A

>

S 930 sequential injection system WH-S ©]-&35te] &
SHATHY. AOAC Wil W=, et A& &4 3 &
WHo] AME-E|o] boric acidE w47 3R T,

9] 7% boric acid’t REFE n|dA Fojo]
W 2 SA-eR feEe 7Y AFel tig #27t o
o2 AAolth 53], &4 WHO FAR 18 7]Er4 9]
AR b BTt HA B2 Aol mEbA 2 o
A= caviar®} TFeFeE & 72 Eoll EAISHE boric acid®]
inductively coupled plasma-atomic emission spectroscopy
(ICP-AES) A& ZA4 % 7M1l 424 #lsf 1CP-
MS #AHSS ggsty] fFadS At e &
A S o] 8d A, B4 A &S SolH mEF

o] 7kFssltt g & AFE 53l boric
acid®] 71 4 AR 2 <k Aol tig 7)1 2AQ0 3

12 oMo

o

A i} ARt ol ARSE #FE-S Sigma-Aldrich
(St Louis, MO, USA)AFIA boric acid (Assay 99.999%)
and sodium tetraborate (Assay 99.9%)S U 3ste] A3}
Aot 4] AF8-% boron CRM #EFFE2 Accustandard
(New Haven, CT, USAIIX F+Y3IAth A5 g &

=

B2 AFE3F Nitric acid, Hydrogen peroxide %
ammonium hydroxide & Sigma-AldrichA}el|A] Huf ==
S AMESEATE 9 AJFol ARRE UHE A e &
Al 9 chromatography 5H< AHE-SIATH 32 SR/G
(resistivity>18 MQ-cm)2] A-$- Milli-Q system (Millipore,
Billerica, MA, USA A FAuf 5= AFS o] &3t

o Y

24717 £

ICP 7]17]%= SPECTRO BLUE ICP-AES A]Z=&](SPECTRO
Analytical Instruments, Kleve, Germany)A}ol|A4] Az &
H]Z A axial, radial ¥ twin interface’} &&= AT} ICP-
AESE Quartz nebulizer, Quartz spray chamber % Quartz
injector2 /¥ o] AT} ICP-AES 4 =712 o34
7t} Nebulizer gas flow 0.8 L/min, coolant gas flow
13.0 /min, auxiliary gas flow 0.8 L/min, plasma power
1400 W, pump speed 30 RPM. ¥2jo] Al&d ugo
182.641 nm, 249.677 nm, 249.773 nm®|™, 249.773 nm7}
Y gom Al 182641 nm B 249.677 nm
= A4 oz ARSI tH(Table 1). ICP-MS+ Thermo
Fisher Scientific (San Jose, CA, USA)°IA I8k 4 7H]
£ ARE-3ISITh ICP-MS9] 4 2712 RF power 1550 W,
PFA nebulizer 100 pL/min, nebulizer gas flow 0.79 L/min,
nebulizer gas flow 0.80 L/min, cool gas flow 14 L/min,
sample uptake rate flow 0.25 mL/min®]Tt}. A2 ¥ isotopes
(m/zy= 11 (11B)E Aglste] 48 AAs

A= HXY

2 A= A8 AlEdAE = AE9} blankE
microwaves ©]-&3% AHENH S AHEF T Microwaves
CEM (MARS6, Matthews, NC, USA)SIA A %3+ A| &S
ALg-glom o] AJ2H-& single reaction chamber®l] 15
small digestion vessel”} “&2=o] Ut} ICP 42 3l
vesseloll 0.5g9] caviarg &% ¢ & @3 FAiF 5mLe}
Frbskra 2mLE AlEO] FH7ETR o] vesselo] A4

Table 1. Inductively coupled plasma (ICP) conditions for boric acid
quantification

Instrument parameters Condition
- Quartz nebulizer
- Quartz spray chamber
- Quartz injector
Nebulizer gas flow 0.8 L/min
Coolant gas flow 13.0 L/min
Auxiliary gas flow 0.8 L/min
Plasma power 1400 W
Pump speed 30 RPM
Wavelength 182.641 nm, 249.677 nm, 249.773 nm
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(HNO,, °F 65%) 5 mL7} 7} 3 5 £} 8}9IT}. Digestion
vesselsol 75 130 mLe} #Ar3t4 2mL7b H7FeH
vessel?] 7S H& A2 WA E microwaveS |83}
o] 7Fgstgt) o], AHRF] WESS 98] microwave
chamber®] =& 180°CE 307 FAAA 3l A%
sttt a7 SEE F, E4S 98 s50mL &% =2t
230 FHTE ANY HE ANEE Z L&k &S &
FZelrg0] G998 ICPY ICP-MSE ARE-3lod caviar 5
boric acid 4 & S35}

¢

AFo A= 7H]o] Fof &A= boric acidE =3
al7] 913l ICP-AESE ©]&3ste] 43ttt ICP-AESE
&3l boric acid®] TS Ak, 182.641, 279.677, 2
249.773 nm®] FFE FRIEIATE o] Al TF BFA A
& 3FS o] &3l 0.5-10 pg/mLe] HFHA W) s
AFFAE 1 & A A AFE 099901302

Q1= 2Tl Boric acid®] baseline equivalent concentration
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Fig. 1. The spectrum of measurement wavelength for boron.

(BEC) %< ICP-AESZ 0.02¢14] 0.03 pg/mLoZ Z4 5]
AThFig. 1). 7HH] 2} TpFst 713 Foll A sk boric
acidE F&F 415171 918 249.773 nmE A Aol A
g3 spgoz HAelsith. 182.641 nme} 279.677 nmeE A
d BN spgom ARSSFATHFig. 2). He A boric
acid®} sodium tetraborate®| 2]EZF7IE2 FLHH, o=
boric acid2 & FH 3L St} E AFA= Accustandard
ol A boric acid T EN(F=: 1000 pg/mL)yS vl sl
boric acid®} sodium tetraborate®ll A boric acidE ICP-AES
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Fig. 2. The linearity of boron wavelength by inductively coupled
plasma-atomic emission spectroscopy (ICP-AES). (A) Callibra-
tino curve of 182.614 nm. (B) Callibratino curve of 249.677 nm,
(C) Callibratino curve of 249.773 nm.
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Fig. 3. Sample preparation of boric acid and sodium tetraborate.

Standard material(RM)

RM Standard —

A

Calibration of balance

= x = o
U el 552 U= caviars ICP-AESZE =4 514
blank® AL, F8447 Agde] SrdE A8 HA

o} FAME A Eate] B4 B4 FH g3 AR
£ Ilsts WS oot A9 Solds Fret
At

P8

Boric acid A &341S 218 A% W9l 0.5-10 pgmL=E

{A

0

A28 AL, stock solutions o]-&-3te] 3|4 ste] A &

Hoz ARGt HFHe T W= 0.5-10 pg/mLd

a7, HEE B35 A3} R=0.9999 o]4Fe] A4S UER)

gom A=A zHzbe] o i AYEE 0.9% ©]3)

2 IRIFAL, FLEE 1.3% ©]3}, &= 98.9-100.6%
2 1353 tH(Table 2).

=

2 OE F% 3714 0.5, 2, 10 pg/mLe] &
&3to] 33] WHE EAste] duf, d7F AE = A
5} ZA35FA T 199139) Siti-Mizura 592 3714 ®
Hak 20029 Van Staden 59 A7 A3E vwgk 2
3} boric acid?] 3]FEo] =4 Ay =FEEr e A
=9 =2 34gS vl AT B Ayelre A
3 3l Ay, U AUEE 04-0.6%, == 99.1-
100.6%= A FUTH U7 AUEE 0.5-2.1%, ==
96.8-100.2%= 1= ATH Table 3).

[

Matrix effect

Sample repeatability

«— Stability of balance

Calibration of balance
Mass-up
Stability of balance

Sample preparation

Fig. 4. Fish bone diagram of uncertainty.

Calibration of balance

&—~——Weight

Stability of balance

Boric acid (mg/kg)

+— Calibration curve

Calibration curve



Table 2. Linearity of boron by ICP-AES
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Concentration (ug/mL, n=3)

0 " 5 S m R? Slope Intercept
1 day 0.49 1.00 2.00 5.05 9.97 0.9999 325146 21359
2 day 0.49 0.98 2.02 5.01 9.99 1.0000 324376 28509
3 day 0.50 0.98 2.01 5.01 9.99 1.0000 335554 32850
Mean 0.49 0.99 2.01 5.03 9.99 1.0000 328359 27573
Precision (%) 1.3 1.3 0.6 0.5 0.1
Accuracy (%) 99.0 98.9 100.5 100.6 99.9
Table 3. Precision and accuracy of intra-day and inter-day by ICP-AES
Concentration (pg/mL,n=3)
0.5 2.0 10.0
n=1 0.50 2.00 10.02
n=2 0.50 2.01 10.05
Intra day n=3 0.49 2.03 10.11
Mean 0.50 2.01 10.06
Precision (%) 0.6 0.6 0.4
Accuracy (%) 99.1 100.6 100.6
1 day 0.50 2.01 10.10
2 day 0.48 1.99 10.00
Inter day 3 day 0.48 1.99 9.90
Mean 0.48 2.00 10.02
Precision(%) 2.1 0.5 0.6
Accuracy(%) 96.8 100.0 100.2
Table 4. The result of recovery for boric acid
CO?:;Z:E?OH n=1 Detected \:21213 (he/ml) - Mean Precision (%) Recovery (%)
0.5 0.48 0.50 0.50 0.49 0.1 98.0
2.0 2.03 2.03 2.05 2.04 0.4 102.0
10.0 10.19 10.15 10.12 10.15 0.3 101.5

ST U FFE

ICP-AESE Al&-3te] A& 3Hi (limit of detection, LOD)
9} A =& A (limit of quantification, LOQ)Z A+&3}31th.
T3k, v Eg 2o A boric acid®] signal/noise ratio (S/N
ratio) s A3t 7 E A (method detection  limit,
MDL)= "= 37 X $=(U.S. Environmental Protection
Agency, EPA) W& Ag-ste] Al4FsEAATE. ICP-AESE
7152 Z boric acid®] LOD= 0.03 pg/mL, LOQ+= 0.1 pg/
mLE 1= Th

U+g 2u

Blank A|Z°] 0.5, 2 ¥ 10.0 pg/mL 52| FE2] boric

acidE H7sle] 3|4& 4 A3} 98.0-102.0%2 T
H2m, RSD (JHEFAR)E 0.1-0.4% Atel 2 E2lE)
ATH Table 4).

oA B el SRR JEE Sl g
221S A3t =4 % boric acid®] 203.1 mg/kgdl
NStk gk 24 B¥EE GUMY
Draft EURACHEM/CITAC Guid®'Z Farste] 24 235
S 93 E3w acloz AAste] AMEEAATH
7 95% 2= 77F, k=204 ESE(U)y= 203.1+10.8 mg/
2HE = A TH(Table 5).
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Table 5. Expanded uncertainty of boron level using ICP-AES in caviar

Parameters of Uncertainty Result Unit
Certified Concentration 203.1 mg/kg
The result of uncertainty 203.1+10.8 (k=2, 95% confidence level) mg/kg
Expanded uncertainty (U) 10.82 mg/kg
Coverage factor (k) 2 dimensionless unit
degrees of freedom (veff) 19 dimensionless unit
Combined standard uncertainty (u,) 5.41 mg/kg
Combined relative standard uncertainty (u/r) 0.027 dimensionless unit
Table 6. The determination of boric acid by ICP-AES in caviars
. Name of The number The number Range
Method of collection sample of sample of detection (mg/kg) Type of food
Caviar 7 2 3106.2-3549.2
Domestic market in Herring Roe, Lumpfish
Korea Various roe 32 0 N.D. Roe, Soused roe, noodles,
Flying Fish Roe, etc.
Caviar 31 31 46.0-3942.2
Herring Roe,
Foreign market in Lumpfish Roe,
Europe Various roe 24 0 N.D. Salmon Roe,
Trout roe,
Flying Fish Roe etc.

* As boric acid : boric acid conc. (mg/kg)=boronxMw (boric acid)j*MW(boron), N.D. : not detected .

A=2N A

2 AFelA SgE 24 Y
& caviar B ThEE 7hE 2
acid ¢} sodium tetraborate®l] FFHFS SA3IATH =
B7h)et - 6571)olA T 10471 AEE T8t
A& FYsinh 2 A5 1041 ME F 3370004 46.0-
3942.2 mg/kg2] boric acid’} HZE=TE Caviar, HE, &3]
&4 =9] A BNAE boric acid ¢} sodium tetraborate”} &7
Z H%T} EUOA] boric acid 318 7% &=+ 4000 mg/
kg ©I3IZ B2l o] caviar AlFANA A& HIA T 7]
FHEE 2AEA 22 Aoz T (Table. 6).

Conclusion

E A= ICP-AESE AME-381e] caviard] &=A)3t=
boric acidE &33}7] 8] A5 AXgH=F ICPE o] &
st 24 RS S Tk gy EAEbHe Al
FXE =9]7] $I80 method validation= A8 TE. Caviar
% boric acid ICP &4 913l 3714 3 F 249.773 nm
o] A& Mesle] 71¥ AOAC Official Method®] 2.2
H EAY Hvo Adyde] & e dsigen,; s
e ALY JEdert 53HAM S, v Ze] boric

acid 4% BAo] 7hestth AL A5 7€ A9 1-
62%A A Aol A 0.4% ©|3}, 3]5F&-2 98.0-102.0%2] 4
g5 gRlsAh. i A AFNXE FHoA
Aot AlE 3979F F ARANIAM FY3 65719 ANEF
10470 9] caviar ¥ T}F3 G7FEFE A FolA] 46.0-3942.2
mg/kg?] HLE 7 boric acid’} 33E50] HEH o] 7]
& AT BMAART AlFAe] T2 nE R o] &
A=At wEbA B AT A= Suled Pl s e
NEA7NE F RERY J|E 44 A4 9 #E Yot
54 AES 9 Fa A5V E 5 v ddEs
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A S Aotk B3 HjelM = 4F T boric acid®]
A ol Bad Zo] glth webd B AFeAM =
caviarl| 4] boric acidS ZAE3d}7] 93 £4 HHHES et
shaL o] & 33tk 2 Aol A= inductively coupled
plasma-atomic emission spectroscopy (ICP-AES)E A3}
o] caviaroll £A)3l= boric acidE 43 T3k ICP-
MSE o] &sto] 712l GAEA o] 7hsd v‘i"/—‘i‘?‘é% g
Hatourk & AFolM = ICP-AESE AH8-38ted caviarol A
boric acid®] A% A WhHS 339t} Sy EA4H
Hel F84 HAES flal A4, Il 9 I A, A
3k, ZZE3HA(limit of detection, LOD), g & 3HA|(limit of
quantification, LOQ) % 3582 X33t W A5S 43
HTh 1 A AL 0.2 pg/mLolA 10 pg/mL HHell
A ARAGETY 09901421 AL ettt Hee]
71zt Fgo] e LT 0.9% ©lstE 1%

E—J—“E
I, AYUEE 1.3% o3l FFEE 98.9-100.6%= 2213}
Aok AFd | M2 bE S5 37F4 0.5, 2, 10 pg/mL

o T2 l e AU, 47 Adest Foes 54 24
U A== 04-0.6%, FE== 99.1-100.6%= 1]

0.
AUTH A7 Xé‘?—_llz% 0.5-2.1%, FEE 96.8-100.2%= &
olg 9t A& FALOD)Y A F IALOQE 77t
0.03 pg/mLe} 0.16 pg/mLZ 1= St} Boric acide] ¥
F& g4zt 0.5, 2 2 10 pg/mL F5=004 98.0-102.0%,
A ﬁ% # i}(RSD)b 0.1%-0.4% Ale]Z Eel=Slt) =

L A% 95% A F7Hk=2)14 BEF=U)E
203.1£10.8 mgkgl = AEEHATH FHE BAHS &

S|
st FUe] F5EHE caviar ¥ THSSE 7HE AEF SOl
EA13k= boric acid ¢+ sodium tetraborate®] HFFE =

Ao A3 & 104019 AE F 3370 AEolA 46.0-3942.2
mg/kg®] boric acid’} HEF AT wepA] 2 AT A=
U] rAdA FHoldle AFHHE T BRERS Ve
2 Ax 9w A doprt 54 A¥E g # A5
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