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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). Yutz o2 fREL AEZoL BT}
1~10 pg F/gdry wto] HYZ ZA5HA|9, E47F 52
Tz AL B5, AR 1 AskehE vk F8
o AEE ot thRt FU1ERY FHAHIE HIEAA
A &) P2 u|2th(Weinstein and Davison, 2004).
FZol= E4 AA Y S8 of e SAHARS F+
E2 Q% A7 9 FH Ao WA= FFo] Atk
dHA W7 2ol =, EY E AE T ohAlolA Y
24 oo thal o] FobA BE AT o]0l
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 R dRulE Al FuE AAS
AR Y HAHNaAlF)S Alzshe © 24 A
3t o]2fgt AN AAFHolA AAR o]§
st Qlth(Vike, 1999). whehA, Thgdt A &35S °1&
sto] AFuE AHaet Zo] iR AAYF AHdE
BolA tf7] o2 viEEHe d7] § 48 2YH
9§ @ ge d7auvt Rugs qeh 2fulE A9
A F9ol| A A8 Q1= Hypnum cupressiforme Hedw.
9 Scleropodium purum (Hedw.) Limpre} 2+ o|7]5&
oxe] B FES RABIRCH, HlEYdo 2R E
olAAY} B4 FEo F FFE A= ALeE U
Ep5tTh(Real et al., 2003). 3HH, EFulE ARLE 7]
Foz FET W] AL e ABE45Y
I BM 9 B4 FE(159~1,392 mg/kg)= HiE 5
& (6.0~8.0mgkg) Rt 4] 2 A= YEH
(Koblar e al., 2011). &Fu]5 AHAL9 XA &
Z, 994 AE ST 2 A7 22 AE0AY
4 FEE 3 ¥FG8mgF/kg)d o W
(2,387.2 mg Fikg)o| Al ZAlatgict. ESt, £35) whafo|
A A RE NN BE Bh BEE 6% T
7HA Faste A3 YERY itk (Brougham et al.,
2013).
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AEH F90] AASRE BolH ZAT B B

S U)X A] %= AL R Vet (Franzaring et al.,
2007). ol 43, 29} A7) % Fe, A7l eFER
of dfet WA e ABe 4L BaE EEU o
712 FEA Y £ T3 J&E gt (Mezghani et
al., 2005).

T, YA e B4 FHFTA A +E A
a7k BIMstA WAste] ¥ 2] & wsiE f
3, B4 R 2o WhE ATHE BIRS AE EG E
o M= FFl et A7t olFAA L 3l
ERARE 45 A & Ho o] ok
9 o] g SRR} obd] RET HA
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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=9 (Kudzu vine)Z BAF & A7} A8 AMGA
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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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A ApE o] g8t FA 4% & A (20 mesh aper-
ture sieves) 2 A7 FZ8 A|EZ FYTh

=) mlo

2 882
B HiE
3 At} (Vinatoru, 2001; Fred Schurig and Sole, 1967,
Ovadia and Skauen, 1965; Thompson and Sutherland,
1955). 2 AFoIA) 2ETE o] §8 £EE 283} 3
8% (frequency: 40 kHz, input power: 500 W, 20 L, SD-
D300H, Sungdong, Korea)E o]&3lo] 35}t =
S5t 2Abl oJ3) S8 AulElold Bt Hehshe)
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oA 3|17k Fet a5t Th

e PN'

N

D71 A 2 A A3 &

2.3 =Uk'| I:IH:H

E4F) 24 3 &8
(Advantec Toyo, Japan)E o|-&
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stof ol ¥, olea
ZolE = BXA-S 9]} Dionex OnGuard II RP car-
tridge (Thermo Scientific, USA)E o] &3}lo g3}t
Hok AA2 B2 WA FtEAE 15mL| e
(for HPLC, >99.9%, Sigma-Aldrich)2 &AJ3}A|7]1L
20mLe] 2&4E AAS & 223 AIRE 7IEE A
o FASATE AENdNA FET EaFS FFH]
A A7|A=: AE7|9 AS14 HAZ (4 %250 mm,
Dionex IonPac™)o| A2tE o] L3 2ulE 78] (DX-
120, Dionex)E ARE-3F T 8992 1.0 mM NaHCO,
(ACS reagent, >99.7%, Sigma-Aldrich)?} 3.5 mM
Na,CO; (ACS reagent, >99.5%, Sigma-Aldrich)E A
2jol AHEIIST. BAE BTN AT ABHL
oleIRulEIHTE B FFEEZ (1,000mgF/L+
4 mg F/L, Fluka)S ©]83}%) 0 mg/L~10 mg/L7}tA] 5
Wel ARAE BERIIS AZsl] 2yeiglen],
o BEHANN AL MY (1=0996H2 $5

o ettt
01 B 4wk o] A 231 (limit of detection, LOD) U
ZF3HA| (limit of quantification, LOQ)= 4] (1) o] &
Shod A 3FATHACS, 1980).

LOD(or LOQ) = C,y, + 30(or 100) (1

714, Cyi= Bt FAIH (blank) g, o= FAIE &
9] EEHA ot} o]l AT AN &2 FA|

3 ZHS 0.164+0.004 mgo|™, AAE HE&3)
A= 2+ 0.176 mg 2 0.203 mgo|th.
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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 4.5

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

(2) (b) (© (@ (©)

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.

¥ (2.95~3.41 mg F)ET} Be Aoz et
o 53], 2} 2Aj0] o3t 2aFe Bg) o
oF 17% B2 A2z Ukt 4899
Z2SuE xAPHH 9d o= W& (adiabatic com-
pressed bubbles)o] ZZs}A B EHHA =2 259}
&2 9 SF T} (shock wave)et 22 E2|4 aI-E 7}t
A&t} (Yim et al., 2002; Suslick, 1990; Suslick et al.,
1986). TebA 2&} 2Ajo] ot Beld Hake A8
Qo BAE 239L U 2T ABS Atk

% AEdd =257

= =
6,478 mg F/kg dry wto]|3ltt. E4te] 214 =EHA] &
<= AF2dN AU 4 = 47 1,028 548
mg Flkg dry wio] o}, B4F =2 Abo] o3} 27
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Moz Bite] wEHA YhSATE of B FEE
RHOR & pEOR Y2 ol 4% 2
ENEE milfz A 34 oA B A
W1 g T @3l Ao IR wm 2
= gz
i uwfz NBFE olgalo] Ry xﬂw
o ol thtE AAF AT 7] 3

HlEE= o7 l % B8 ZUHY & g2 I_:r”ﬂ#
£ 29, ¢RulE Alfa F900) AA8A = Hyp-
num cupressiforme Hedw. & Scleropodzum purum
(Hedw.) Limpre} 22 o]7] 7oA 2 &

stgon, B4 $Ee <I0pg F/g~154 ng Figolglek
(Real et al., 2003). 20l AP FYo A5tz
e ZEoA AT HF EL = 4.32~912.22
pg/gollen, E40 ujE o] gehshA| gFe A Ho
Ao 7 FEE oF 5~15pg/g 02 RAE U Th(Rey-
Asensio and Carballeira, 2007). o|&} Zro] 7 2]¢l &
& HiEUY gFuE AfaE FHSE T FHA
AFT g AEFANMY B4 s S Aol7t
UE T (Franzaring ef al., 2007). 2 A 123t} ZHo]
EAF % /\]._T_roﬂ A w23 A& o]oﬂ ‘—;QEI Ex
9] T A3 Eob @717l AEddol o=
q3lE 2 4 Qgickn Azt

AZO i}\l_

3.4 7] & 23+AHF) s=o &4

AEU FAE E4FE 7|22 Bl 52

HAZ o t7] F F=E A (Q)F ol§ste] 35t

St} (Horntvedt, 1997).

AF,

HF, =—— 2
K-t

o}714, HF, = ti7] & E3k44 B (mg/m’), AF,,,

= A8 2AH B4 = (mgFkgdrywt), tv= =&

A7k (days) 21T K A& w2 EHA S (mY

mg/day)olth. Kgt& 2%, 9, &3 22 thefst 7]

AT 7130 AU T, Qo) WA 5 Yo 54

fzol 7HE AEFHE Aste AL A3 Zdst
ot &2l A 9lth(Stern, 1977).
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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’ (ppm))
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 2.23 0.25(0.30)
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A FATE Al (Dol 2 A
A AAEL o, & A9t 3
< Afole 49 4 st} fARE S A4
#E A8sHh &, 3 d=4ES A9 3
(Leguminosae) = 2 (Glycine)9] 2.23 m’/mg/day
(Vike, 2005), A2 =D} (Perilla)4:2] 2.23 m*/mg/
day (Vike, 2005; Tanaka et al., 1997) 3= FHoH, At
©719) A9 AFE7]4 Rubus) o2 AP F2 A
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2005; Kortekamp and Zyprian, 1999)2 %8s} 11
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o] gt ol&sto] AL ti7] F Edgd FEE
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(Mezghani et al., 2005).
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% 28lh HEE 500m o5t oA A el Ak 4
&% 3.1 ppm (0.4~14.7 ppm) (Gu et al., 2013) 2.2
£ dA7dntel vlma) BY, $ARE SEgH Uehy

e
= qieh AAR Rl @/l 0.5ppme] E4t

u

of 1417F 5% =FH A9, W AvsAL 52 A
=9 4% 537] o] UehgAg 19ppme] 24k
o 1417F B¢t =2E Aol B 557 AT 3
Ao] Lrekston], 4.2~4.5 ppme] BAle] 147} Fb
w28 Aol YT AN 587 A5 ug

=
a9 (ATSDR, 2003). 3tH gy}
DELFR AARPHRAY (A3 A2g 9 A2z,
AlBYT2 A8 1222) A= eHEE =E7|E0R
AZt71 2] (TLV-TWA) 0.5 ppm, FAZ 385 =
(Ceiling) 3 ppm< A3 JATHMOEL, 2012). & 4
TFAT= S FEAZOIAT 18T 5 o HA gk
e 2T FEE ol U= Ao g Uy
Atgo]l A &5 AT A T 9] =A e
g 7ol &St

o] AFAIE= AL £E0] ofF B2 A7t o] F
AR FH AZFol tigt H3f A=Fo] 2A] ot theF
g AEAE AE AFste] sk d AL A
Rem, 7] F E3ea 5= F4 A AHE S84
7t AEF Y FAH ol weEt A8 EH 7 dzol tha
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&t -3l /d (phytotoxic) G H7He] Yoz sfA|E
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FeAtE AR $& S29 FEI ekt A
02 Y] 3 Boea] G W Ao= |
Ehdeh B, Bate] A =2E AW $2)A o

4 A" 72
7l & B B3drA wEe 71E0] Eud kA
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