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Among all chemical accidents that have occurred over the last decade, those related to acid chemicals
account for 41%, which indicates that acids are very likely to cause accidents. Once released, acids can move
to various media such as air, water and soil, subsequently having effect on the environment. In particular, they
spread very quickly when leaked in gaseous phase into the atmosphere. Considering these characteristics, it is
very important to make immediate responses to acid leakage. It is also essential to promptly analyze the con-
centrations of acids in the air to assess their effect on human health and the environment. However, Korea has
no official testing methods applicable to inorganic acid leakage, and inevitably relies on foreign testing pro-
cedures instead. In this study, research was conducted with hydrogen chloride and hydrogen fluoride, both of
which present high accident rates and serious aftereffects. The efficiencies of sampling with impingers and sor-
bent tubes were compared using IC analysis. Hydrogen chloride and hydrogen fluoride captured by impingers
showed their recovery rates as 105% (£20.7%) and 99.4% (+14.1%), respectively. When silica gel tubes were
applied, the rates were each 83.0% (+6.1%) and 88.0% (£13.6%). These two sampling methods were found
to have recovery rates ranging from 83 to 105%, and their precision was within 20%. This indicates that both
methods are adequately applicable to on-site sample capturing. The adsorption approach with sorbent tubes is
considered especially useful for chemical accidents that need to be quickly responded to, because it uses a sim-
ple set of equipment, helping save much time for preparing and setting on site.
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Fig. 1. Diagrams of sampling system by impinger and silica gel tube.
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Fig. 2. Silica gel tube.

A ok AHAM 2ATE FATES(99.999%)HS- & Table 1. Analytical conditions of ion chromatograph

B30 77} A} Aelbl FRE olgale] ¥4 Parameters Condfions
s, gt 5UT o AR oleamn} pument R
. _ . — olumn 19, 2 mm
Eafx $Ath 2 A3, dAAedxEs 7 7t 20mM KOH at 5 min,
2 BT ASER gl FHE 0|83 uw I3} Gradient to 45 mM
- Eluent KOH at 14 min,
220~ & 2220 1} =g S )
o] fﬁo}‘f’# 0.35ppm TR Heht s& Al Gradient to 45 mM
Al HEg 3T KOH at 155 min
Injection loop volume 25 ulL
Flow rate 0.25 mL/min
24wy
22. 24 ¢¥ Cell temp. 35°C
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Thermo Scientific, USAYE o]-&3le] EX4s192, & 93] 100 ug/mL HEF=EN(multi element IC
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Detection Range

Official test methods
of air pollution
(Emission)

Method Analytical technique (Limit) Sampler
UV/Visible Spectrometry 2~80 ppm, Impinger (NaOH)
(Mercuric Thiocyanate) 3~130 mg/Sm® 1 L/min for 40 L

140~2,800 ppm,

Titration(silver nitrate) 930~4,600 mg/Sm’

Impinger (NaOH)
1 L/min for 80 L

0.4~80 ppm,

Ion Chromatography 0.6~130 mg/Sm’

Impinger (D.I. water)

1 L/min for 20 L

40~40,000 ppm,

Ion-Selective Electrode 64~64,000 mg/Sm’

Impinger (KNO,)
1 L/min for 40 L

UV/Visible Spectrometry
(mercuric thiocyanate)

Ministry of the
Environment in Japan

Impinger (D.I. water)
1~3 L/min

EPA method 26

Impinger (H,SO,, NaOH)

(Emission) Ton Chromatography (0.2 pg/mL) 2 L/min for 1 hr
EPA method 9057 Impinger (H,SO,, NaOH)
(Emission) Ton: Chromatography (0.1 pg/mL) 2 L/min for 1 hr
Solid sorbent tube
NIOSH mehtod 7903 Ton Chromatography 0.14~14 mg/m® (washed silica gel, 400 mg/200 mg with

(Workplace)

glass fiber filter plug)
0.2~0.5 L/min for 3~100 L

OSHA method
ID-174SG
(Workplace)

Ton Chromatography

Solid sorbent tube
(washed silica gel, 400 mg/200 mg with
glass fiber filter plug)
0.5 L/min for 7.5 L
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Table 3. Analytical methods for hydrogen fluoride!®11429

Detection Range

Method Analytical technique (Limit) Sampler
NIER published rulings UV/Visible Spectrometry (1.86 ppb) 0.8 um MCE filter
No. 617 (lanthanum-alizarine complexion) 05 PP 20 L/min for 24 hr
Impinger (NaOH) 1~2 L/min
UV/Visible Spectrometry 0.9~1,200 ppm, (HF conc. 1 ppm : 100~200 L,

Official test methods of (lanthanum-alizarine complexion)

air pollution

0.8~1,000 mg/Sm® 10~20 L,

10 L)

10 ppm :
100 ppm :

Impinger (NaOH) 1~2 L/min

(Emission) Thorium nitrate-neothorin ) (HF conc. 1 ppm : 500 L,
method 10 ppm : 100~200 L,
100 ppm : 10~20 L)
Ministry of the UV/Visible Spectrometry (1.86 ppb) 0.8 um MCE filter
Environment in Japan (lanthanum-alizarine complexion) -0 PP 20 L/min for 24 hr
EPA method 13A SPADNS Zirconium Lake
(Emission) 3 ;
0.1~1.4 mg/m" Impinger (D.I. water)
EPA method 13B .
. Ion-Selective Electrode
(Emission)
EPA method 26 Impinger (H,SO,, NaOH)
(Emission) Ton. Chromatography 02 pg/mL) 2 L/min for 1 hr
NIOSH mehtod 7902 . 3 0.8 MCE filter
(Workplace) Ton-Selective Electrode 0.12~8 mg/m: 1~2 L/min for 250 L
Solid sorbent tube
(washed silica gel,
NIOS(I{IVOTIS ?223)7903 TIon Chromatography 0.35~6 mg/m® 400 mg/200 mg with
P glass fiber filter plug)
0.2~0.3 L/min for 3~100 L
NIOSH mehtod 7906 Ton Chromatoeranh 0.05~10 ppm 0.8 um MCE filter
(Workplace) graphy 0.04~8 mg/m?® 1~2 L/min for 250 L
0.8 um MCE filter
OSHA method ID-110 . 25~20,000 pg 1.5 L/min
(Workplace) Ton-Selective Electrode (25 ng) (TWA determinations : 90 L
STEL determinations : 22.5 L)
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Fig. 3. Collection efficiency of impinger for hydrogen
chloride.
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Fig. 4. Collection efficiency of impingr for hydrogen
fluoride.

Table 4. Sampling efficiencies of impinger sampler for
hydrogen chloride and hydrogen fluoride

Compounds HCI HF
Number of samples 4 5
Recovery (%) 105.0 99.4
S.D. (%) 20.7 14.1
R.S.D. (%) 20.1 12.1

H H AT Hsrael BESlraE SR 51
Elwt3, hydrogen fluoride® 34& % 99.4%

(*14.1%)E JEPFTHTable 4). Tsai 522
chloride 9.7 ppmv 3} hydrogen fluoride 6.0 ppmvE
o2 0.1IN sodium hydroxide §5-S AR5
ANZE B JAAR 2L, 1 A 3)Eo] 7t
7} 88%, 91%%1 Aoz R ul 9tk B AT
A7t ABEFHAZIO] FHoR Foba AR A
F A sl on, sese et AR wdkE
SHTFE FFUoE AME3SH= hydrogen chloride Al
EXAYS 7159 Y FBAIR7 I AlAE S)
A9t hydrogen fluoride®] 4= 52 0.1N sodium
hydroxide F+9<& AHE-atod] glﬂr L) g} &)
hydrogen fluoride= <18+ S}etA}aL 2HAY A] wlH Q]
A& o] &3 AFTEFIH] FHEEo] gl B
Aol A FUIA THRTE %—r"“ﬁi /\F%é}oi
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23 5 53] vk A3g AI4E Fig 59 Fig 69
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hydrogen chloride®} hydrogen fluoride®] 3|4~&-<&
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pluge} A 2]7H 2 hydrogen fluoride ¥ hydrogen
chlorides} ®F-&& 4= 9t} Silica(SiO,)<t hydrogen
fluoride= W83l silicon tetrafluoride(SiF,)E 3733}
3L silicon tetrafluoride(SiF )= S0l B4 7145
a5 o] fluoride ion ¥ o}&} silicon hexafluoride

ionSiFe.2 ole3td 4 Jtk®  Hydrogen
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tetrachloride(SiC1)E AT 4= Utk o3 W
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Fig. 6. Collection efficiency of tube for hydrogen fluoride.
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Fig. 5. Collection efficiency of tube for hydrogen chloride.
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Table 5. Sampling efficiencies of silica gel tube sampler
for hydrogen chloride and hydrogen fluoride

Compounds HCl1 HF
Number of samples 5 5
Recovery (%) 83.0 88.6
S.D. (%) 6.1 13.6
R.S.D. (%) 7.5 13.2
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