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A Review on the Analytical Techniques for the Determination
of Fluorine Contents in Soil and Solid Phase Samples

Jinsung An * Joo-Ae Kim - Hye-On Yoon*
Korea Basic Science Institute

ABSTRACT

Current status of soil contamination with fluorine and its source were investigated. The basic principles and procedures
of various techniques for the analysis of fluorine contents in soil and solid phase samples were summarized in this
review. Analysis of fluorine in solid matrices can be achieved by two types of techniques: (i) UV/Vis spectrophotometer
or ion selective electrode (ISE) analysis after performing appropriate extraction steps and (ii) direct solid analysis. As the
former cases, the standard method of Korean ministry of environment, alkali fusion-ISE method, pyrohydrolysis, oxygen
bomb combustion, aqua regia digestion-automatic analysis, and sequential extraction-ISE method were introduced. In
addition, direct analysis methods (i.e., X-ray fluorescence spectrometry and proton induced gamma-ray emission
spectrometry) and atomic spectrometry combining with the equipment for introducing solid phase sample were also
reviewed. Fluorine analysis techniques can be reasonably selected through site-specific information such as matrix
condition, contamination level, the amount of samples and the principles of various methods for the analysis of fluorine

presented in this review.
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1. M
B2 (fluorine, F)E QI3+ Eoko e AMeais 2 H7}
FL2HE0] oF#(open storage), 1% E¢A] B IS
(phosphate fertilizer)2] EA|o]-8(soil application) 5 T}
&3t 21994 4= (anthropogenic source)S E3l TAYS}A
u, dX(fluorite, CaF,), 184 (fluorapatite, Cas(PO,);F)
2 AN (eryolite, NazAlF )} 22 F7199] Fshy &
e Tl AdHo=Z WA= $Hh(Fuge and
Andrews, 1988; Zhu et al., 2006; Na et al., 2010).
Eae A oEE A8 2857l 1 mg/L oJstE F
A (fluoridationy=] 7%= AR, Al =52 7% Ao}
ol B %25 (dental/skeleton fluorosisyS -t
olygk(Hodge and Smith, 1977; Czerwinski et

HH

Ll

*Corresponding author : dunee@kbsi.re.kr
A :2013.1.16  AAML :2013.2.2 ARl
2ol W E9] :2013.4.30 7H4|

112

., 1988), ==%0] 20~80 mg/daydl] °]= 7S Ttha=
(osteopor051s)— dogle AeR <A AUtH(Grandjean,

1982). 2Eo] &io A7zt =2 A5 s}
(chlorosis), FAHnecrosis) = A3 7} WAL
(Pushnik and Miller, 1990), oy} 49} e EH-F-9
A9 AlE, EY 2 E 59 HF(ingestion)E F3l 54
H Eoll 93] 2% (emaciation), 734 (stiffness of
joint) F Wjo} o]o] MY W Fo] F4te] vERdTH
(Patra et al., 2000).

ShH, 20108 AlE EUL GAEIRAF AIHKMOE,
2011014 = Eedee7E tHHl 42.5%2) HF 2
S5 Hole B4 5] 29 9ot 5 7t o
Joal sksithGe., HE ol e P e
30% vk, Bak oljz}, ] 2007 A7H4]2] B9k
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A 2 A7s sl B
St Jeong(2010)%] Aol wWEW, E49] & g
(tolerance limit)°] TR A= H|slq B9
7S 7P Bl slke AoE UEkith 53] ¥
|2, tiA], T2 AT &85t 7IEAE sl
A= Agko] FE=| o] vl E 5 (background concentration)
o &g FEFHT= o 2AF3l] g ol & A
o2 FAdsint

o|¢} o] AAHRINZ HRE B3l EY T 24
Qo] wig- FHASHA FE3FaL o] o9 QA H A

=730l gk 7} EolAaL k. v, ES ] B4
FEE Fshe A7 B3 A7 7IE 4l
i FA7TH wlE) mEst Aot @Al EY AT
Aol EY 5 B2 EAWHoRE ALrt
A BEBFH(UV/Vis  spectrometry) @} ©]-2 = (ion
selective electrode methodyS HAISIaL St} o] &= 7}
A WS 7171l A AlE W BAFE 9 A
2 AAE #Ig SRS AAF sk, o] HFY &
aAzto] A B ofle} o] AR FRF U o] _EE
DA frAElok sk ofEdswell ofal 419 @]
Hojx& T thdgt Aol SAgtaL Barsar ik
(Na et al., 2010).
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2.1. E40| et EM

Ehe SAPHE 919 YA@AFF 18.998 g/mol, U
1.696 g/HZE 2 A7 = (electronegativity(3.98))2} W&
AL Z7] wliol|, dagelze A9 BEFR] gkon,
FFEl A 7] B f7EA SRER EAE 8
MPdElE -7 70e] fRE Hx Y S ZhgAl Q)
7] Wl (1s2s2p%), F71&3% e B 94 T dF
(Heyt & (Ne) thao & 12} o]23} olLf=]|(1681 kI/
moly’} =t} Az} FAEAL 0.065%= xFAEH, ol
13HAZ FH3E Folrt.

EY U BAE duFo= pH 6 o]5ke] S0 Al
9 Fe ol 39S FAJskaL, pH7t S7Hel wet

> N

B4 4714 113

23t FAo] Zoet). ol pH/t F7I8HAA OH <
Tt =0l we} A& competition effect)ol] 2]
3 2sI3HE dAo] 7Ashal, Al 2 Fert oFa7] Zdeiel
Al B84 $22k81% (insoluble  hydroxide)yS &A43}7]
wFolc}, Caol go] E& E%e.g., calcareous soil)ll
ME B-849 CaFyie., Ky=3.9x 107)E A3}

e
e

22, EX U EAEX Hz 9
Oh and Lee(2003)= A2 3gold x99 gkl &
7| ol8=e wE EY U] EATES AR 1 4
7}, JoRloM EFRH9e71FE 400 mgkes ZEhHe
EoEEE WS, ROEH Hrlehel 34 2 F

t}. Chin et al.(1996)2] A7 =gk 34 Pife] #xof
Adste] Pt Ul =& EAEEF(549~1,750 mg/kg)yS
RIS, ole Be] Fslol od] EYEe#7]
T WA7IES BSlehe A7 BAv EAE &
S-S AAFSHE

ShA, sl E A|lZAgo] +JEHUR
iRz dol oA e B EA
A QoM 7S 28I M

¢

(phospho-gypsum)oll A 71913+ @do 7 #dkslar ot
(Lee, 2007). Gilpin and Johnson(1980)& m]= HAHlY
oA FARELS] 10 cm A% el BATE7T 136~990
mgkedl °o]2= A& RIS, ©]9 fFAISHAl Zhang
et al.(2010y& F=2] &9t kx| HollA 500 me/kgol A
1,000 mg/kge] EA7F EYo] FH=] S SRISIA
t}h ol B4} e QiHES] AEF ARSol u}
£ oz FHHr

Loganathan et al.(2006)2 /42 F£Q HjE&do=w &
FulE ARAE gl 1 BEoe] B4 295 )
g TAXARE TSkt HA 16 mgkeolA Hd
2,700 mg/kgd] EA7)F A@s FH Bkl A=At
Husidet], ols &FulEY AdZgoa sy
W24 (eryolite, NazAlFg)e] A71Es]9) 1o wpE &
Fakzo] Aol 7]QIgic). it ope} H7EA oA
A1) f5 2 RESAAS AT S8 S
7R ol&sh=dl, o] W & % 759 Ee B4
S0l e, o] SRl AEA 2 wiEd &
A o2 AFEEE 5 o], &=l o EY & A5}
T 29| =HE F UTk(Lee, 2010).
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3. INAE L E4847|H

EdS vEs] oY, AEAlE B AHAES 23
SH= IA|A]F(solid phase sample) W E4EAL AF
Ao g 38l5Z & XA (potentiometer) F S-34%
Al (spectrophotometer)E ©]-83= WS =23 o}
(Willard and Winter, 1933; ISO, 1976; KMOE, 2009).
gy AR R EEsieiE o g AfE] e EAE
aHoR Igaty] gt AAE g E 771 Al
Waldd AAE 95 SFAEAM Ll ARk e =
slar, the] A3 o] A Mgk ofle}, S %
7F FAEE 2] Tl 91@d0] e T ok AR
o] ZA3H}H(Campbell, 1987; Na et al., 2010). W=hA
ol Heelar} MAAE W B4R g A7t
218 = 5 Q.

JAAE Y BAE A WS A4 7HRE Y

2 5 3t AAle AEd bl o] aAmiEoN &

oot

SIA FER, o) LATH)S FASHE WAolI, TAE X
A B D PP FE gk W EREA
e Hsk) Ay S ol Zolrh. B )
A8 W 1Esp 35k A Ade gael A
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A Bl 484 Wieh B ATt 394
2 SaH g,
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3.1. IHAE W E4FE T 77|

3.1.1 EGR AT BN IEET
A R ol2d=)

3 EQ AP 7 (KMOE, 2009)S Akakd=53}
AEE 5:1(ww)E 4191 500°CA SAIZE, 800°CollA] 2
AIRE ERF B £, HALAHHCIONS F7Fsle] B4

[e]
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o

&S A o] §&dol= AL Fe 59 ES T
JEE X3E|o] o o] AAEL LA A B3
H 2 oldaHoeR BAEEE 4 T o dAE
L83 ok webr] 8= i EAlske Elolew
AdeiHoz slgaly] el AN 5715
(distillationyS- ©]-8-3CH2] (1))(Willard and Winter, 1933).
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F57) S-S 5~6 mimind] FESER JEH F
A A SRk WRe] R 135+2°C2 #A
Hojof gt} 135°C olte] oM e B3lad] S
o] ZHasiaL, ool Sl HEaAte] ZIskEe] W
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a3
Follo] pHE WA 8t o), e EE|o] B
A S wx)7] wWFo|th(Na et al., 2010). 4k

3
o] e B, aAAE W B4 3] et
ol AHFe) AT EEe A0} BT
T ot A, Alge] Islagelr ARRHE Alskas
(CaOpll E2dio] Bcex FrHo]l & 71l =
okNa et al., 2010) 3A|E(blank) ¥4 L w7 gk H
ZJ (background offset)el] A4S 05 7|0} gt}

T THAE A7 BB (UVAisible
spectrometry) & 0] 2= (ion selective electrode method)
< ol8st] AYEAS ST A A, 2401
A5 0] 22 FY-e B2 (zirconyl-SPADNS)} HES-
sfo] o] Fole B (ZiF s sk @l 7l
Z3jaL glom, Baxe] o] Woldss §lje] Aol ¢
oA = AL olg3l] 570 nme] TN FRES =H
gt o] W, SFIgo] AR FYHA| e =5
Y Aok ghgafof sh= Bazol2o] ool 23}
2 7 3= Al B Fe o3 REgslo] AsieteS 94
sh=d], o= #ARAte] ¥gle] Hrk. $4k0] -, 3.1.2
Aol A Fes gt

3.12. EI88 B A pH AR el ol ol

ol HTFHLE gl 220] Bio)L(F)e] FEE (activity)
£ ks o= &9 U B4l FRENE o2}, &
O] 2735 (total ionic strength), pH B FEUAol 2t
28135 (fluoride complexing species)2] EA|olF 5l
o3 FA FEFs vt wEbA SR 25 (total
ionic strength adjustment buffer, TISABYS 1: 12 4]
ol =S} pHE I FAIS & A4S Falsliof
SIt(Table 1). TISAB $%-4S o83 A9, pHE 5.5
TEOZ fFAI5] Al 2 Fe o233 EAol9] 2slgt
= F4& WASkaL(Fig. 1), 849 F o]UEE IB
Al A 4 ATtHMcQuaker and Gurney, 1977;
Loganathan et al., 20006).

Ty, B o] daEdA, Al B Fes TR X
Sslar e Al5e] 7%, TISAB o] olgrto g+
ol ¥A&d HJFS &3] AT 5 glv] Wil
(McQuaker and Gurney, 1977), 249} s &% W
ALE AAS] g WA HAo| Frte|ojol gt
wEbA] BRdstar AIRARAR]] 3Pgo] SRR Bt
3 FAEHA WS AASH] A SREel

BHolgict.
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Table 1. Chemical composition of total ionic strength adjustment buffer (TISAB II) solution
Full name Chemical formula or structure Percent CAS number
Sodium chloride NaCl 5.8% (W/v) 7647-14-5
Ho o
A
Acetic acid H—C—¢ 5.7% (VIV) 64-19-7
TR
H O—H
Sodium hydroxide NaOH 3.0% (w/v) 1310-73-2
0. OH
j/ ]
HO
L N H‘L OH
Cyclohexanedinitrilote-traacetate (CDTA) o I N 0.4% (w/v) 123333-90-4
DJ\OH
‘Water H,O Remainder 7732-18-5
100 oo eoeo ) 00 mlkee] BAE FHEE ATLUEFS BT

Proportion of F species (%)

pH

Fig. 1. Proportion of F species depending on the different pH
levels (ranged between 1 to 13) obtained from Winhumic V
speciation model (ZF=10°M, ZAI=10°M, ZFe=10"M,
Temperature = 25°C, Pcop, = 0.00035 atm).

olgfgt Eitet X G F)HdS tiAStaAl Bt 2t
ek A 7Bl AFEAAL pH - ot e
i AA wHo] ol AREEA HATH(MceQuaker and
Gurney, 1977). ¢F37] dElolA Al 2 Fee 284
2FES PAshet, olF ofHsie] #4 &< Ul A
Aske Wholtt, 1A Al8ES 600°ColA] NaOHE AME
sl d4e] 885 IS §, HCKS: 3718t pH 8-9
Z HA3}al, Whatman No. 40 filter paperS ©]&3}]
osict. o] ojujelol] TISAB $F=dS 713l B
Mol pHE 5.2~5.52 ARSI F oleATE THT &

oleHTHE olg3le] BT} o] WHE

A7, 4.1%9
Gurney, 1977).

Amesen et al. (1995} =29°]9] Sunndalen A& &
Tl AL FHEYS] EASS 7] HAIGE o
ZE-F-ol2ATFHE o83t EAsIT ¢FvlE
L5 FHOE A 2 EY Ak wE
A, APEZHE 7Pk AR (1 km ©]W),
o] FEX3} F(0 horizonPlA HlwZ =& &
80 mg/kg)S 7E3IATE. Loganathan et al.
FANE 522 EYY] EATHS ¢4EeE
X351, X 9EE 217454 mg/kgd] E
o}, B3t Zhang(2010)%2 5= Guanxi A
Aol old FAF FH FHA A 4

o
rx
R
U
o oL
1o o
R

o7 BA9hE #48 Tt = AYdle Hit 712
+201 mg/kg®] EA7F BEHO] UYL, AT AEH o
2 FHE Bl 1,021 £272 mgkee] B4V BE
o] ARt

3.13. & 7S

Warf et al(1954)> & 7}=i-3l(pyrohydrolysis)H-<
ol g3ste] B4 9 g2 AAE SA] A% AlE F
A WS A7 W71 1000°C W2 71EE
Ngo] 717} Avzba A (2)9] wkgol o) Eslera
7} AAE L, olE SAXA B FETE A o

$3j0] £,
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MF,,+nH,0—> MO, +2nHF )

Wart et al.(1954)y2 §7] EASIRIE-S w=2A 4 71
2357t WP = Z(eg, UF, ThF, ZnF,, AlF;,
BiF;, CeF;, MgF,)@} 12X 92 F(e.g., BaF,, CaF,,
NaF)°2 H=3ith 2AE 1000°C +25°Ce] 250l &=
FE-EA SRR g, 208 ool & JgEsivt
100% ==Y, CaFot 22 HAad-E4 e
ZAS, N WS Follw 94.7%0) AT} o]2i3 St
o HH3t 7153 A (accelerator)S H71Ero A AL
T AT (3)).

6NaF+2U,04+3H,0+ 0, 6HF+3Na,U,0, 3)

Us05 H7} Aelle Nare) & 7keisizt kg 1AzF
o]Fol%= 10% ool 3o, 7} Foll= 158t
100% A==t web Bas-E4 7] 339 4
71523l 473 Al HESAIRES: E0)a 3E-S =o)7] 9
sMe, 283 7IEsiAlY] 7P 87T AR AdE
g B4 AP wet HA T1EsAlY] TR 2 F
o] geid 4 7] Wil Alsel e HAst a7
H, T2 gAighgo] B Adolu AEA Algd] ¢
Aoz AHEHI u}. U Z Sredovic and Rajakovic
2010y 71E2E, WA, F7aEs, S715% 5
oet 2AARLS T A AR ) B4 4
g & iR HAsE s sl €

= 53 4 89 TISAB &S Hrlet & A
=5 B4 o] AFHE o] 83l B4 o9 vEE =
ZJ3Idtt. k- 3EHEA (surface response analysisyS 4723
G Ak FR0A 7HEEE 1100°C,
%71 £% 2 mlmin, FY7FE 300 ml/min® 2 15
T B S AIFHS wWE VP HREE BHxRdeE
AABFATE. BCR 460(i.e., certified concentration(CC) =
225+ 6mgke, IRMM), NIST 1632c(ic, CC=72.7+638
mg/kg) B EPSl(ie., CC=167 mgkg SRM)Q] 153k
E3 (certified reference materials, CRMs)yS ©|-8-5}
o] G5 (accuracy)ys st A, 3.7~5.1%2] “ddl
T 9 20 mgkgd] AEIAE dol FH o= %
gk EARAH ] U= Wrlsiaict.
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Holl 3t H, o]2HT 58 &8l BAshs ol
t}. 1g olale] N8BS 1] AbAa 2740 atm)oll A ¢
A AA7IE g2 sijHEe] F, CI, Br 59 o]
skl S22 7JAPdel EASHA Har 2.52 g NaHCO;%}
2.52 g Na,COy7} 3E3He 1L &0 9Jo] =24 3=
o] T T 89iEW o] IAZrfEIYTE ]84S

EES =43 = QUTHUSEPA, 1994). 2H9 8715 A}
B3] witel] i EFe] &Ho] WA a1, =1t
AR Ax= AES AR A (e, 103 W] AAA]
Z2hy} 7Fssith. A WSV Bk AR 9bd At
7Fssliof sh7] wW#el, & 7= v AR f7)
E o] B2 Alsd sH R AHE 7l Wiolt)
American society for testing materials(ASTM)elIX= A
A HES7IHe| o] o]2d=1E v U] & EATES
Hrrsls WO E AN oM (ASTM, 2002), & 715&
FHe| o] B4 o] 9 o] AZmfET Y
7 E83te] ARSSIaL UTHASTM, 2007). Levaggi et
al(1971)y2 Az, g4 9 9 59 284 AlE U
EAGES A4 BRI o] oS R A4S
% Willard and Winter®] E4AZAH ZA3}o} H|WsIH=
o], 5% olWe] xpPA] Hellx] dXJsle 4 gs o

ATH.

3.1.5. FF=ol o2 Aksdt AW

Na et al(2010)= 3} ELGATHAA7IES] AAE]
&) HEY ofHeS NslaAt EYelA BEAE 3
3= Y52 (aqua regia digestion)@Fd3} Tl=re] & A
B ) EAEAMPHISO/EC 17025, 1999)21 AFs--A1H
< At 1 FEAES AFTh AFSEAHES EA
o] 5, A gl ZHo] FAFH O o] oA, TEk &
YA FZ <= (lanthanum-alizarine complexion)H-S ©]
g3ttt 1g9] EYo] 9<=@21ml HCl and 7ml HNO3)
£ o] 180°CollA] 247 HEGAIZ] § ofTstal Als Af
FTYIAE Bl AEE SRR FYSIHA 498
At ol dd) FHAT
B4 HAlEY] e Wolr dekdeix F
o] Aol Jhgsle] Adske A &
FAEE 620 nmollX] ST H3) EGATHAIFY
T FrFEAss SRS vl
735 75 mgkegelA 31.5 mgkgl® AL, HHEEA
o] ofafl AFgs AUES] 79 7.9%A 2%= L=
t}. o]9} fAKSHAl Madhavan and Subramanian(2002)
HEE 8719 19 EQAES} 10mld] 9= B ¥
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Table 2. A sequential extraction method reported in a previous study (Xu et al., 2006)

Fraction Chemical form Procedure
1 g sample (100 mesh) + 30 ml of distilled water
1 Water-soluble F stirring for 15 hr at 25+ 0.5°C
centrifugation at 6000 rpm
Residue from step 1+30ml of 20% (v/v) acetic acid/water
2 Bound to carbonates stirring for 15 hr at 25+ 0.5°C
centrifugation at 6000 rpm
Residue from step 2+ 15% (v/v) nitric acid/water in a cover
3 Bound to sulfide compounds vessel for 1 hr at room temperature and for 1 hr at 85°C
4 Residues Total F concentration determined by combustion and hydrolysis

— (sum of fraction 1, 2, and 3)

HAZ F 60°CoIA] 90 FF HRSA|A EAS F=3)
e}, o EARS o]ﬁ_o}o:] NBE ZF3A)7)31, TISAB &
MG 1:19 HIER

F T E

o

5 LEEY] 749, Tessier et al.(1979)°1] 23|
Aot ALFZE (sequential extraction)o] B W TF
o] EXFEo] gk Aol AAH R F8E Stk
ol AWE3}FA o]-84 (bioavailability)?] 7ido] Haksd
A A W eEEHe] T o] opd, 8A] A
Aoz s vE = e ol oig Ido] S
A7) wEolth.

Xu et al.(2006) OWOM B9 ﬁ‘ff—f}?—ﬂ SR
(mobilityyS 371171 fI8te, B4 A&FEHS At
319t Table 2). 1:30(g/ml)e] vABZ 36tA|o] GAH
FE2EUNE A8l TSk AL FEd disle] o]
ATHE o] g3l B s ARt 1HAE =
TEr%“—E— olg3e] 4=89 Fulo] BAE HESIaL, 29
T 20% OMIEARS o] 83l gidsdEel] AEE

o] EAE, 3HAle 15% i8S
A3 6§ﬂ14 EAE FE31 %E%
FHAI= 27] A8dM daet 7
HE o]83t F B BEF %7(33]-1 1 AsfollA
A9l 1, 2 F 39 BAEEE wjFo] At
9] 757 GAAF sl B F I 2 38}
A olgAE 7] dA&EFEROE -147} 3 Xu et al
(2006)°] ATolME A FHE
) 1012 mg/kge] BAELEES Lom ick. %‘%J
olle}, W22 (dolomite) E I8 (limestone)} 72 &
NEFES] BF T BT 57.6-99.6%7F 1397
Suflo] F=F 32, 2184 (phosphorite)ol] $H-EH E4x9]

78 40.8~100%7F F=HACE. g, WA oMOI &l
uHOP(phylhte)cﬂ] X3kd E49] A 129-149%9] E

7} FEERE, ol EAE FHsle 949 & 9} a
of we A 717l wt 318H4 o]sAol YEis ¢
njeh, AEFEHE 285t aHR st The
3 ou|gitt.

3.2. DHAE HEEAMY

32,1 XA 3R

g A XA 34 (wavelength dispersive X-
ray fluorescence(WDXRF) spectrometery> A]&o] XA
S 2B 3 -& Az7} wk o]—— 22} 3 XS A4
(diffraction crystal}~ o83t EFsto =M AlE Ul ¢
Ao FTHE FESNL, HEVINAM AlFEe AAREA]
BEE olgsio 7t OV\-J TEE A%k(Fig. 2). XA
FHOA #AsE 31 dquA] XdE A ie.,
excitation source)® = ©|-§3}7] witel] IANX 5] v}
3] £ (non-destructive analysis)®] 7}k Byt opg},
He FeHYNA e, T ppm~a %) FEHo] 7}

58 0] Aok B, B4 XRE LHARE 3
EIAEE §A(e.g., lithium tetraborate, Li,B,0;)%} &
?ﬁi} % 88A1A FElT(glass beadys ANZFsAL, A

3 2R (bindenS B715 T S 71l0] FlerdEn
(pressed pelletys A|Z=st] FAA G2 o] 83} o= X
A FREAY A ol A=) B BESH 3
Sk(particle size effect and mineralogical effecty2 XA
slaL, Aol Aol Aeet AlRe] UEE R 9
Sk ot (Mzyk et al.,, 2002; Demir et al., 2006).

WDXRFE ©]-835}] stainless argon-oxygen decarburi-
zation(STS AOD) €32 W} E4AEAS 433 Jung
(2007)] AFNAE, 1:15ww)e] AlE o A4 S
£ AL83I fElTE Alxste] 40 ol8sldint. o] 4
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Collimators

Beam filter
Detector

-

X-ray tube ety
High voltage >
generator Analyzing crystal Cif\gil:ir:n

Fig. 2. Schematics of a wavelength dispersive X-ray fluorescence
(WDXRF) spectrometer.
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TEO] A ofgfze] wEr] wiEd, AR F 370
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A=, BFEEE vHERA 0] EFEAAlY] AR HESH
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491 mg/kge] EHS AATE Faroogi et al.(1992)=
PIGEE ol&3le] 2FAE W 84S 833,
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H13}JT}. Roelandts et al.(1986)S A ZARE 719F A
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Table 3. Analytical performance of various techniques recently developed to determine fluorine concentrations of both aqueous and

solid samples

Sample amount

. . . . . 7 0
System Sample matrix needed Detection limit  Linear range RSD’ (%) source
CPI-MIP-OES' f:r‘gs’n activated lg 32-56mgkg  15-5000 mghkg 1.7-4.6 Jankowski et al, 2007
$8-GF-Mag?  Coab alumina, 0.3 mg for solid, 17 oo 1~25 ng <85  de Moraes Flores et al.,, 2007
aqueous solution 10 pl for solution
TXRF? Pure water 2 ul 5~35 mg/l 15~500 mg/I <10  Tarsoly et al., 2010
ETV-ICPMS* Aqueous solution 90 pl 3.2 mg/l 0~100 pg 3.6 Okamato, 2001
HR-CS-ET-AAS® 1aps drinking, and 10 ul 36 pg/l 1~100 ng <10 Ozbek and Akman, 2012a
mineral water
HR-CS-FAAS®  Toothpaste lg 5.5 mg/l 0~1000 mg/l <10  Ozbek and Akman, 2012b

!CPI-MIP-OES = continuous powder introduction microwave induced plasma optical emission spectrometry
28S-GF-MAS =solid sampling graphite furnace molecular absorption spectrometry

3TXRF = total reflection X-ray fluorescence spectrometry

*ETV-ICPMS = electrothermal vaporization inductively coupled plasma mass spectrometry
SHR-CS-ET-AAS = high resolution continuum source electrothermal atomic absorption spectrometry
®HR-CS-FAAS = high resolution continuum source flame atomic absorption spectrometry

"RSD = relative standard deviation

I graphite tube MEF A F+
sample
MF, > MF, plasme ETV-ICP-MS
(ICP or MIP)
vaporization
F*@/F@ ;
temperature 1‘ hv
MF ) > Fg) XFg) ETV-MIP-OES
ETV-ICP-OES
Q=) 0D
GF-AAS GF-MAS

(e.g., SrF : 651.187 nm
of absorption line)

Fig. 3. Schematics of various techniques for the determination of fluorine in aqueous and solid samples discussed in this study: Graph-
ite furnace atomic absorption spectrometry (GF-AAS); GF-molecular absorption spectrometry (GF-MAS); electrothermal inductively
coupled plasma mass spectrometry (ETV-ICP-MS); ETV-ICP-optical emission spectrometry (ETV-ICP-OES); and ETV-microwave

induced plasma-OES (ETV-MIP-OES). F represents the fluorine,

analysis (Belarra et al., 2002; Resano et al., 2007).

powder introduction(CPI)E SAZ A5=43=7 (graphite
furnace molecular absorption spectrometry(GF-MAS)) <
nlo] A2 5} g}zl B33 % Al (microwave
induced plasma optical emission spectrometry(MIP-OES))
o Astele] dej7h, &Fry, A 3 Adat ge 1
ANE U BEATEFS 5 mekg oA Exe] A

glo] EAlsk=t] Ad8slth(Table 3; Fig. 3).

KN
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M a metallic species, and X a certain metallic species for the MAS
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LapE 0 2 YR (atomization) E ©]-23}(ionization)A]F
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Table 4. Summary of the general properties of the analytical techniques described in this review

Detection limit

Technique Possible interference/difficulty (mass fraction) Throughput Expense
Distillation -ISE or UV/Vis Competing ions in sample, hard to control temperature ~ 10-~107* Low Low
Alkali fusion-ISE Requirement to adjust pH accurately 10°%~107* Moderate Low
Pyrohydrolysis-ISE Only applicable to organic based samples 1075~107 Moderate Low to moderate
Atomic spectrometry Matrix effect, isobaric interference, 107~107° High High
XRF Overlapping of peaks, difficulties of calibration 1074~1073 High High
NAA/PIGE Overlapping of peaks 1075~107 Low Very high

ZEkzrle] M7|1E B9 B49 o]LdeS =o|AY,
AAS B MASS}F o] FHEE o]8she WS A9
oF st} 3HH, GFY} ETVS} 22 Al 3718 AXE
717] Aol Ao =M Alg QS Folal 74
ASAEE FIE 5 AUckFig. 3). =3+ SSH+ CPI%t
22 AN E =YL} HEsl] TAAF U BEAS
HEo] Hxjg] glo] 48k A= 7Fssith

= B, ARt AdiF ez Agel] wEel
2 AR BysiE] Qe EAHo AESH
10~50 mg/kg® = ARAEe] Utk A8l o] o]
A=) A, Sl BlEl 1Rag dAxE] BHS
A} FAl 3~5mgkge] AEIAZF BHaEal 9l
(McQuaker and Gurney, 1977). Ad3}go] djgoz
ZEAskar gule] WeAde] 7] wiizel], spiele] Be &
2 AEYF A0l o] WhHo] AgHar ot v A
2] 34 F pH 2HS Tl Al & Feol AAE 24
afjok sl7] wiol], 79 2 pH A o] Fasitt.
d 7EER e Ae, A'olu AEA AR § Rl
o] W& Alg9] §Aslol| o]8EaL glor, oF 4-5A71]
HluA #e dxz] Agte] AQ%™ 20 mgkg T2°
HEIAIE BLItK(Sredovic and Rajakovic, 2010).
XRFS} 22 AU 75, 248 913 71 ®
s Azl 10iE oo AlTAIZE Agto] A8 F7]
wjZel] HA7t 2 Wk ope} #Hdo] A st
A =t o] JA|TH Armenta et al., 2008), LWt
2oz BuEal = AEIHAT 100 mgkg oV E T
2 BA7REC viE) duiFoz 2 Txo] Exlst

(PleBow, 2012). HA, F=Fo] L@ glv A
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J. Soil & Groundwater Env. Vol. 18(1), p. 112~122, 2013

S Z2H TR WALSE E-49%H (neutron activation analysis,
NAA)Y] o8 =], Eaell thald o mgkg <
o] HEIWE Hole vhd, a7ie] = QIgh vk 7]
7] A wiiell AR Bl FAgSH ol
t}. PIGEY] A%, 5mgkg 9 &4 AESIHAVT Hal
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9] &7d(homogeneityys T=EAIAHCE tEA = 23
E 9S4 A(Jankowski et al., 2007).
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