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Estimation of the Concentration of HF in the Atmosphere
Using Plant Leaves Exposed to HF in the Site of the HF Spill
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Abstract

The leaves of three plant species, such as soybean, raspberry, and kudzu, exposed to hydrogen fluoride was col-

lected in an area surrounding an emission source where the release accident occurred. The ultrasonic-assisted

extraction and analysis of fluoride by ion chromatography was carried out. The mean concentration of fluoride in
the leaves of three plant species exposed to hydrogen fluoride was 5,409 + 1,198 mg F/kg dry wt and 788 +£339 mg
F/kg dry wt, respectively. The mean fluoride concentration in ambient air were estimated to be 2.36+0.65 mg/m®
(2.89+0.79 ppm) and 0.35+0.15 mg/m® (0.43+0.19 ppm) in exposed and unexposed sites, respectively. It seems
likely that the passive monitoring using plant leaves could identify with respect to plant risk by fluoride in atmo-

sphere.
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al., 1998). gvtx oz R R AEFol= E47t
1~10 ug Flgdry wto] Y2 ZR3IA|, B47F =&
T2 EAY A9 AT 4 e whgo S8
o AEE st thgRt FU1ERY FHAHIE HEAA
A1 50 9 m|zch(Weinstein and Davison, 2004).
ﬂimﬂ B ZAA 9 S48 o SAAHAZY

%t Q7 W FH Ao u|A = FFo] Atk
°‘EW W7 Hzoll & EF 2 AE T triAelA 9
22 oo fj Balo] RolA T AT} oo
A3 it} (Brougham et al., 2013; Saini et al., 2013;
Koblar et al., 2011; Rey-Asensio and Carballeira, 2007;
Mezghani et al., 2005; Vike, 2005; Notcutt and Davies,
2001).

FAH 2 dRuF A2 EFvE ARS
At T WAHNaAIR)E Al=sh= H =4 A
G5t ol2fgt WAAL AAFHolA AAR o]§
sFaL Qlth(Vike, 1999). whahA, hddt AEFS °1&
sto] AFujE Afaet Fo] tiF= AAGFY AYF
BolA t7] o2 viEEHe d7] § 248 2YH
P g2 dFERL Buda ok gFnlE Ad
A F9o A A8k Q1= Hypnum cupressiforme Hedw.
9 Scleropodium purum (Hedw.) Limpr2]- e o7&

oA BA 22 _7.\_A]—0}ﬁ°ﬂﬂ HEgo 2 HE9
o|AAYI B o 2 IFS ulxlh o=y
Ebytth(Real et al., 2003). ?&Jﬂ, UFujE AALE 7

o2 2ol o] YAatw e *-15(&#434
T Z)o| A9 B4 B (159~1,392 mglkg): w1 &
= (6.0~8.0mgkg)Erh 43| & o= vehget
(Koblar et al., 2011). &Z20|& AHALY SHAAA] &=
£ 994 A8, 425 L AR 2L A2 A
4 55 FA W (38 mg F/kg)d} Fs} Wk
(2,387.2mg Flkg)oll Al 2AVSHSITh Ea, Fah uhakol
A AR BE ARNY BF B FEL 365 F
7HA] ZFashs A%E UER it (Brougham et al.,
2013).
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SHe EollA A% Ea w20l
= A% 2 yelytth(Franzaring et al.,
2007). o], 5, 99 AD7] L Fe, rleAEY
of tie WA e HBel B4L 248 TR o
712 FEA Y £ a3 J&E gt (Mezghani et
al., 2005).

T, YA e B4 FHFHA A +E A
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, Zo GE QNS HRST AE EF &
1 le“ Gl tgt A7t o] x 1 9l
L1 ZRARE AR Qo] @ glof Thy
o % ARl HE SHAET} ofx) REF A
o]t} (Kim et al., 2015; Kwon et al., 2015; Koh et al.,
2014; Gu et al., 2013; Kim et al., 2013).
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(a) Soybean (b) Raspberry

(c) Kudzu vine

(d) Kudzu vine (e) Perilla

Fig. 1. Plant leaves exposed (a ~ c) or unexposed (d, e) to hydrogen fluoride.
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FE37] 93 220 FEUHE LHfHEE Ry
3 ik (Vinatoru, 2001; Fred Schurig and Sole, 1967,
Ovadia and Skauen, 1965; Thompson and Sutherland,
1955). ¥ AT o4 230HE o] 7 252 220}
-$-Z (frequency: 40 kHz, input power: 500 W, 20L, SD-
D300H, Sungdong, Korea)& o]-&3s}o] £35t3ct =
ut 2ate] o5 S=H Huleo|H Enrt Hhaty
£ ARE Aste] FE2371E AAAF17] Y8l =
=3 HEgE Yo ¢FrlE 39S FAoR Yo 2
SIS 2ARE & YA &4 4 3

Aok & dF0E U9 4R

AA o F2871E AAANA F2& TP =
< 250mL 58§ F871° B4 &£ 0593
Z¢4 100mLE Yol 289 255 F35igeH,
= A 2HAHE fASAT g ) o3
2 A87] (SWB-03, Jeio Tech, Korea)& ©|-&35}9
20°Col 4] 200 rpme] 4w 34| B2k ST
7t 93t &8 #A7|71¥7] (a heavy-duty electric
hotplate, MS-300HS, Misung, Korea)& ©]-&3}4] 60°C
ol A 3AIZt FeF AT

7SS IA A 32 A A 3 &

2.3 24 4

B4 (F) B4L 98 25493 185-mm 5A 7]
(Advantec Toyo, Japan)& o]&3s}e] o3t 3, 0|23
ZolE = BAS 93 Dionex OnGuard II RP car-
tridge (Thermo Scientific, USA)E o|&3}te] A A g5}
ok AA 2 B2 WA 7tEAE 15mLe| HeE
(for HPLC, >99.9%, Sigma-Aldrich)2 &-43}A]7] 1
20mLe] 2&42 AN F 223 ARE 7HELR
of FYshech. ABANA 323 B2FS FH7]
o) A7|HAEE HAZ7)9 AS14 A (4x250 mm,
Dionex IonPac™)o| Z&+g o] &3 2ulE a3 (DX-
120, Dionex)& AR5ttt &2jd-& 1.0mM NaHCO,
(ACS reagent, > 99.7%, Sigma-Aldrich)2} 3.5mM
Na,CO, (ACS reagent, >99.5%, Sigma-Aldrich)E A|
2sto] ALgBHGITE B4 AY AT FFHL
oI RnEIH T L B4 BFEZ(1,000mgF/L+
4mgF /L, Fluka)& ©]-83}9) 0mg/L~10 mg/L71A] 5
SA Y] AFAE FEEALE A xsto] AAFstgeH,
o] TR HFAY AP (r=0.9964)2
e ALZ YERth

o] BAub o] A &34 (limit of detection, LOD) L
A=FSHA| (limit of quantification, LOQ)&= 4] (1) o] &
sto] APA3HATHACS, 1980).

LOD(or LOQ) = C,, + 3a(or 100) (1)

714, Cy= Bt A (blank) gk, o= FAIE 4
o] ;EHEalo|t} o|H AT EHxNA B FA|
H 32 0.164+0.004 mgo|m, A4kt HETHA & 7
F5lAl = 27+ 0.176mg L 0.203 mgo|ch.
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Fig. 2. Variation of the extracted fluoride amounts as a
function of ultrasound power.
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Fig. 3. Variation of the extracted fluoride amounts as a
function of extraction time.

Table 1. Amounts of fluoride in extraction samples (100 mL) determined by the different extraction methods with/with-

out ultrasound.

Extraction methods

Fluoride amounts (mg F)

Mixing Heating Ultrasound Ultrasound + Heating
n 3 3 3 3
Mean +SD 3.16+0.25 2.95+0.06 3.55+0.21 3.41+0.15
RSD (%) 8.0 2.0 6.0 45

SD: standard deviation, RSD: relative standard deviation.
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Fluoride concentration (x10° mg F/kg dry wt.)

B
@ ® © @O @

Fig. 4. Concentration of fluoride in plant leaves exposed
(a~ c) or unexposed (d, €) to hydrogen fluoride. (a)
soybean, (b) raspberry, (c) kudzu vine, (d) kudzu
vine, (e) perilla.

Pol7l FEF(295~341mgF)urt B o= vet
ek 53], 28 2ab] gt 22 P I
Faguch o 179 B 02 kit gl

pressed bubbles)o] AZsHA FHHHUA w2 2=
&2 9 SF T} (shock wave)et 22 2|4 aI-E 7}t
2}k (Yim et al., 2002; Suslick, 1990; Suslick et al.,
1086). ufehA] 2wt 24} O3t BejE At AR
Yo RHE EAE FETE U 8% 9T gt
J8uv 7HEE FEkeE 250 RAMY] AH FEF
OFZF adts Aoz veht 259+ 7Hg o] &gt A
EYOREEY B4 5L aRHo|R] g2 Ao

Az S 283 2] ofat 2Eg0lo ERE

,409 (+1,198) mg F/kg dry

2 FEE UEd HY2d2>
6,478 mg F/kg dry wto] et E4tell 24 =2HA] &
< P9 AU B4 = 47 1,028 548
mg F/kg dry wto] oL}, 4 =3 Abaie] o8] 14

7SS IA A 32 A A 3 &

o2 At =EHA] GUSARE o] 24 FE

o2 52 aEoE AZdEn o2et A
ol AR AFARY 34 FToAA A AN
W gl A& g3 A

e e

N

71E BFe A2 o83t &FujE Ada
oF go] tiit: AFEES AT AN 7] Fo=
HigsHe t7] & 248 2UEY & B2 d72%
£ 2H, ¢RulE Alfa F9o A48t = Hyp-
num cupressiforme Hedw. @ Scleropodium purum
(Hedw,) Limprs} 22 o] 7R o4 2] B4 57 24
sgon, Ba BEl <10 g Flg~154 pg Fgo] it
(Real et al., 2003). &FulE AP F9o A4t
Pe BN ST B BL FEE 4.32~912.22
pg/gollen, E40 ujEHdo] gslA| F A Ho
Ao w7 T oF 5~15pg/g 0 2 RALE ITH(Rey-
Asensio and Carballeira, 2007). o]&} Zro] tEZQl &
2 HjE 9 gRulE ARLE FHOE T FHA
AFT BFE AEFANMY B4 T S Aol7H
rebyttt (Franzaring et al., 2007). 2 d2Z21ke} o]
AP 72 AR AR =28 AEdd FAE 24
9] = A3 wob @71zt AEdel A¥Her

o2 & 4 Uoickn et

of
o

3.4 th7] & SE+A(HF) =2 £4
AEY] R AR EAagE 7|2E Bl R &
Hole to] g7] % BEES 4()F o L5 245
At (Horntvedt, 1997).
_ AI:plam

air — K-t (2)

HF

o}7] 4, HF, & ti7] 5 B34 5% (mg/m’), AF,,
+ A F3E E4 F=(mgF/kgdry wt), t= =&
A7k (days) 18] K 4EFo] T2 EFA S (mY
mg/day)o|t}. K2 2%, ¥, 43 22 thafst 7]
AzAd 7139 481 23, 99 HE 5 Uy E4
2o 7 AEFTEE AHshe A2 AFs] &
o &2l A 9lth(Stern, 1977).

2 AFollA AREEE A2 DAt B34
LE2H F 1Y o] HiZ RFHT AFO|7] Wil
+ 5ol g3l HA §lo A= (wash off) FF2 133}
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Table 2. Concentration of fluoride in plant leaves exposed or unexposed to hydrogen fluoride and estimated hydrogen

fluoride in atmosphere.

Sample plant Fluoride conc. in plant K HF conc. in atmosphere
plep (mg F/kg dry wt) (m*/mg/day) (mg/m® (ppmy))

Soybean 5,636 2.23 2.53(3.09)

Exposed Raspberry 4,115 2.50 1.65(2.01)

Kudzu vine 6,478 2.23 2.90(3.55)

Unexposed Kudzu vine 1,028 2.23 0.46 (0.56)

P Perilla 548 223 0.25(0.30)
A gttt A (DollM SAAP= AEFT ot g 8~12E(BAIZ B¢ FE)o2 HHY, Al FH 1
A AAEL QLo & Aot g AEF] ¢l km7AR] RE A Eo| 3AE A o] A9 4T 7]
& A%ole Ao B4L DS FAT FHAS: F Belba FEE 500m o]ske] o] Ao AL At
#e WAL =, T Y2ABY JYBS TH £WF 3.1ppm (0.4~14.7 ppm) (Gu et al,, 2013) 0.2

(Leguminosae) = 24 (Glycing)d] 2.23 m*/mg/day
(Vike, 2005), 74912 w|da}(Perilla)4:2] 2.23 m¥/mg/
day (Vike, 2005; Tanaka et al., 1997) k2 FH o, A
9719 A= AFE7]4 (Rubus) &2 ARME A A4
7F 71 gl&o fARE BEQ 204 (Cucumis)] =
A 421 2.50 m*mg/day Zk(Paris et al., 2011; Vike,
2005; Kortekamp and Zyprian, 1999)2 #-&3d}o] 11
g 29AS MY 2 e Ao HjHts
A Q=S st

o] gt o]&sto] AL ti7] F Edgd FEE
20 Uetligith E3lgpae] tigt =& of Rof k2
AEUE o83t 2% ti7] T Edea FEEH
H, Effpao] =28 A B4 7] 5 B
E3lA 2E L 2.36+0.65mg/m®(2.89+0.79 ppm)o]
W, AR =EEA ¢S NF F2o|AL 0.35+0.15
mg/m°(0.43+£0.19 ppm)°| ich. vl &Y 0 ZRE 9 o]
AYE 71eez A& SHE s=o W] 5 &
s =90 A W&ol oF 16km7hA] of
T =2 AHHAE e e AR HuEHH
(Mezghani et al., 2005).

ue] Ay g BRNN 2AE Bh FEL
0.05~1.89 pg/m*o| (Thompson et al., 1971), =9
TZAISF v oA 5% B FEE 0.1~11pgy
m® (Coleman et al., 2005)&2 UEelgon, 3 H)o]A]
oA SHE t7] F olof2E] 23 £ FE=
0.08~1.61pg/m’ 22 VreEfStTt. gH, $-ajutbatol| A %

RS
Y o) BA T AR AP, F BA TEFL

£ avaseh vus) BE, AR $Eghe ek

J W&o AAol Azt s
ARkl @Ado] 0.5ppme] EA
L2d A, e FusiAY 32 A
Ao YEREAIRE 1.9 ppme] B4k
o 1XZF B¢t 2" Aol 3 357 AF F
4 ppme] EAte] 1A1ZF F<t
5 3357 A5 817 |
(ATSDR, 2003). 3t# <-ajita}
AR AW (R392 A28k L A42%,
A2 AL 22) AL FHEEH kEIV|FOR
AN Z¥7VE B 2] (TLV-TWA) 0.5 ppm, AR 31855
(Ceiling) 3ppm& FA43kx JTH(MOEL, 2012). 2 &
FATE F2 FEARPIAT 1§=F5 o WAL
FgsEo] A FEE BolX e A2 Yehd
Aol A w&HUS A T3l Fol AA et
g 7Hs Aol &3t
o] A7 AT BAlF F&0] ofFF B2 A7 o]F
ojx ¥ A EZF tet gaf AZo] IA| Pof thF
ot AEAS AE AFHste] +Yste b AT 9
o, t7] F BE3led 5 33 A AE 234
7t AEF9] FAMI o weh Z L= 7] f e tha
/A E 7t =S 2 Sk 1Y e A Eof
gk f-31/d (phytotoxic) & B71e] Ao g A=
(passive) JERUEZHE $3t EAF] &8 &1

oA eju] = 7| zA4Es B Aoz Az,

o
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£ dFoXe Bl 7E AL F 935S de AE
A& ol g5t e FHHE B4 FES YL,
47] 5 E3ra FEE FASAT Eatel 4 =
29 3 F=29 4974 % FE=del #4448 3
T B4 FEE B, A os Bt =2HA ¥
UEATE A LR £2 £39 FE7F HERY A
S£HOo2 f7] ¥ Edfpad] 9FE B2 AR ¢
Ehgth 3, Eatell HA =2d A F2oAY o

CEE
7 % B BHes BEE 7|20 BuE guEd
97] F Bohia B (5 ppb) Tt AP
2 Uehdth webd B4 22 AR A
W Aode] e W AR 51X Asko] 4
Aom 24 4 Aok

2F YR AEF ELES
sho] W2 olAA 2 W ARG (ET, 4, B9D)
S5} 2o ke AAZANN B FES
24 B et S A Bl WA (pas-
sive) ZUE RS 43 5 UE 5AS AFsnA
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