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Exposure Assessment on Sub-Populations of the Local Community
following a Hydrofluoric Acid Accident
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ABSTRACT

Objectives: The purpose of this study was to propose an indirect exposure assessment method using a
questionnaire survey at a time when direct exposure assessment would be impossible after a chemical accident.

Methods: About two weeks after an accident, a questionnaire survey was performed with 1,264 persons from
the local community. Variables related to exposure were extracted from the survey contents, weighted and then
graded for comparison with subjective symptoms in order to evaluate the extent of exposure. Survey items
suitable for reflecting the previous exposure level during the accident were extracted, weighted and divided into
quartile ranges. Subjective symptoms showed an increasing tendency with higher exposure level when compared
with final exposure level (p<0.01).

Results: For the relationship between the final exposure grade and subjective symptoms, as the exposure grade
was increasing the rates complaining of symptom also showed an increasing tendency. However, when adjusted
for demographic characteristics, there was a tendency for the eye irritation symptom to appear higher in women,
and respiratory organ irritation appeared higher in smokers.

Conclusions: When the problem of recall bias is considered, this study may not have completely unraveled
exposure and the characteristics of the participants can affect subjective symptoms. Nevertheless, the exposure
rating method of using a questionnaire showed a significant relationship with symptom level. It can be deemed
that assessment of past exposure may be successfully evaluated by questionnaire in cases such as chemical
accidents.
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Table 1. Relative weighting of factors on overall

Table 2. Sociodemographic characteristics of participants

exposure in this survey
Factor Relative weight References N o, Response
' No Parameter (Total=1263)  °  rate (%)
Evacuation Ves 15), 21) Resident 122 9.7
Return to home for No 1 Population Worker 832 65.7 100
resident or workplace for 13), 14) Student and
es . 309 24.6
worker teaching staff
jecti No Female 465 36.8
Awareness of subjective Gender 100
exposure Yes 2 Male 798 63.2
Extremely - 16), 17) 09 4 0.3
Low 18y 1019 108 8.6
Awareness level of Low 1 )
subjective exposure . 2029 198 15.7
Medium 2 3039 300 238
High 3 Age 4049 259 205 838
Retention time of indoor In 1 5059 113 8.9
or outdoor PM 4~8 1/0 2 6069 32 25
(September, 27) Out 3 9.9 7079 B 25
Retention time of indoor In 1 8089 12 1.0
AM 8~
or outdoor /0 2
PM 12
(September, 28) Out 3
; olg<Eo] 0.05 Hwrd 5-(p<0.05) Felshtal
Observation of leaf No 1 chalod o] W] W et el
withering near the house  Yes 2 stttk Akge] A2l % =3 2Hdol= MS Office
. = =]
Observation of leaf No 1 34,95 2010(Microsoft, USA)E R85t
withering near the
workplace Yes 2 oj=1 zdp
p IH- I_:I'L EJ‘I'

4ol thi: Wold Ao Wasel YA A

7 RY A3 AR =E AR U ARE
M 5 gl Fek(true valu)©2 ST
B wE2 1% EAQ ARYY B AT 5
B, AT B, B8 BN A7 3 5
e, O, WE, AW $9E BY AT,
Pz Al w2 FEde) FRHE 37}

3. 84 24

AT A Yo E FAH HA-L2 SPSS ver.
19(IBM Co., USAYE AFESIATE tid=le] ol3)
2 B4 ¥ =F B4 BAde NN Ve
ARAE ARSIt 289 =E25w A4S
ojFele] vl ¥ Frklls 22X 2E 3]AEA (logistic
regression)S AA131] 54H](odds ratio)ol]l T gk
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Table 3. Characteristics of participants in relation to

Table 4. Symptoms of participants by exposure to

exposure Hydrofluoric Acid
N N Response
Parameter (Total % ]::tip‘(’;:)e Parameter (Total=1263) ° ratep(%)
=1,263) None 470 372
Evacuation No 679 538 93.8 Throat Light 459 363 995
Yes 506 40.1 irritation  Moderate 214 16.9
Return to home for No 178 14.1 Heavy 114 9.0
remdt;r)li 0; \:flil;flace Ves 64l 508 64.8 N.one 401 389
16:00~16:59 62 49 irrggon MI;;il; ;te Tzz T:; 99.4
17:00~17:59 186  14.7 '
18:00~18:59 63 5.0 Heavy 128 10.1
Time of evacuation19:00~19:59 32 2.5 314 Respiratory S:;E i;: i ;;
20:00~20:59 33 2.6 organ 99.6
21:00-21:59 12 10 irritation Moderate 192 15.2
22:0022:59 8 06 Heavy 116 92
04:00~05:59 4 03
06:00~07:59 105 83
08:00~09:59 299 237 21, s 5o 4] oFE B dE o] At
10:00-11:59 40 32 o] At T A 71GA 22AF o] G A
Time of retum 001550 20 23 10 100273(79.3%)°] =& =Seal SHeIeH, L
16:00~17:59 5 0.4 55 v AR A =F0] 603H(47.7%).E 7}
18:00~19:59 4 03 FEYL, URoR F E, L 2E FOE A
20:00~21:59 9 0.7 st= 43S YRS
22:00~23:59 6 0.5 i =22 Qe glud ARG &, F, &
Observation of leaf No 1033  81.8 57 ZAbd gisk AT ity 24 3E EA
Witheril?g near the Yes 209 165 98.3 S Table 49 YJERNQIT) 3714 24 2% ks
. ol el WolA] % Sagst SHES eh)
Ok?ser\{ation of leaf No 60 4.8 Qlom vz wY Rap = ZaA vz An o
withering near the 66.7 M=, FE AT e s TR B fo =TT T
workplace Yes 782 619 APl oFe S-S sAg SEAE 7P Bkl
Awareness of No 234 185 979 ZA}o] ATFE A= 74406Rs 78RS LFERAATH
subjective exposure Yes 1002 793
Non 103 82 2. MEX|E 0|88 EHI}
Awarene.ss l.evel of  Low 603 477 0.8 1) =% = d3 2 533
subjective  Medium 281 222 AR F ooiE 2 BT o, AT F 447
High 185 146 2B T 16A7E F A9 AF AL F F
WGl A P AE AL AE FA] o5 #
28 AL B 2, AE T 2 54 95E 7t k& o8 A =F AE 507 7A4E 29
B AR 5434 2 $EHAVE 10338 (81.8%) Bl BF HS A 530S FEsk] 7 7}
o|AL, FTAE Tt =2TE T HATE %
Zs!

3, AR F=We) AR IAl e 2 AR =
23 SR 7824 (61.9%)°1 k. &

3]
A AR, W T L A el 4F I} Ee

http://mwww.kseh.org/

FE 45 H(percentile) 22 FEIIH oM, 25

percentile ©]3= = #] =Z (extremely low exposure

J Environ Health Sci. 2015; 41(1): 1-10



Ol &

I'

A o
6 A= - 23

ra
o

S8 - UBs A3 - fBE

. Z8Y - 0148 - 0%

e
0
fol

2 . 0O
— LR=]

Table 5. Classification of exposure grade by weighting
methods according to questionnaire survey

Classification

Exposure level standard N %
Extremely low exposure level < 25 141  26.6
Low exposure level 25~50 137 258
Medium exposure level 50~75 119 225
High exposure level =175 133 25.1

Total 530 100

level), 25~50 percentile> # =Z(low exposure

level), 50~75 percentile % =Z (medium exposure
lenel), 75 percentile ©]’42 3 xZ(high exposure
levelE 3T HE =255 A 4%
= A =22 1417(26.6%), A =22 1378(25.8%),
Z =22 1195(22.5%), 2L == 1339 (25.1%)

o] A tH(Table 5).

Table 6= A2t 574 758 T4 5= A"
gk Aol T4 e T Ax E3AM T
4 e FYS 4, o, 1%,
A F sEkE dieE A S R AYY
STt AU Ax 5 S48 A A A

%)°1AL, = F4S

HERASIH.

Table 6. Health effects by subjective symptoms

Parameter (To talli 530) %
None No 163 163 30.8 308
Throat Light 211 39.8
irritation Moderate Yes 101 367 19.1 69.2
Heavy 55 10.4
None No 182 182 343 343
. Light 184 34.7
Eye irritation
Moderate Yes 94 348 17.7 65.7
Heavy 70 13.2
None No 178 178 33.6 336
Respiratory Light 213 40.2
organ Moderate Yes 82 352 155 664
Heavy 57 10.8

2) ®& B 4439 v % G

Table 72 45HCE 7Y =& 579 W =
4 Feke] wAHIE UER die|tt 5 A =
2 7IE0E =& 570 1598 IERE &
T} Sago] s F7khe IS BiloH,
xE 580 BoHETE O A B3 Frkee A
o2 yepgth Ad, A, £, 5 5 Ud7sH
HEE B 79 HASA s u B g%
frolgh 435 JepiiTh

Table 82 45722 T8HE =& 53 & &
4 Feke] wAHIE UERR die|t = A =
Fe /1EOR 2 SF0] 15FY IS &

Table 7. Crude odds ratio(OR) and adjusted odds ratio(aOR) for throat irritation according to the quartile of the overall

exposure level.

Model 1 Model 2
Parameter

OR 95% CI P-value OR 95% CI P-value
Extremely low exposure level - - - - - -
Low exposure level 2.030 1.234-3.339 0.005 2.166 1.303-3.600 0.003
Medium exposure level 2.196 1.300-3.708 0.003 2.391 1.390-4.111 0.002
High exposure level 2.897 1.707-4.915 0.000 3314 1.905-5.764 0.000
Gender 0.677 0.409-1.122 0.130
Age 0.996 0.975-0.017 0.691
Smoking 1.095 0.720-1.667 0.670
Drinking 0.819 0.532-1.259 0.363
Note. Model 1 not adjusted (crude)

Model 2 adjusted for demographic variables

J Environ Health Sci. 2015; 41(1): 1-10 http://www.kseh.org/
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Table 8. Crude odds ratio(OR) and adjusted odds ratio(aOR) for eyes irritation according to the quartile of the overall
exposure level.

Model 1 Model 2
Parameter

OR 95% CI P-value OR 95% CI P-value
Extremely Low Exposure level - - - - - -
Low Exposure level 1.022 0.634-1.645 0.930 1.073 0.653-1.762 0.782
Medium Exposure level 1.729 1.033-2.893 0.037 1.945 1.134-3.336 0.016
High Exposure level 2.944 1.718-5.048 0.000 3.272 1.856-5.769 0.000
Gender 0.357 0.211-0.606 0.000
Age 1.016 0.995-1.038 0.139
Smoking 1.105 0.731-1.671 0.635
Drinking 1.105 0.725-1.686 0.641

Note. Model 1 was not adjusted (crude)
Model 2 adjusted for demographic variables

Table 9. Crude odds ratio(OR) and adjusted odds ratio(aOR) for Respiratory organ irritation according to the quartile of
the overall exposure level

Model 1 Model 2
Parameter

OR 95% CI P-value OR 95% CI P-value
Extremely low exposure level - - - - - -
Low exposure level 1.442 0.893-2.329 0.134 1.503 0.914-2.469 0.108
Medium exposure level 1.754 1.058-2.910 0.029 1.734 1.020-2.948 0.042
High exposure level 4.090 2.341-7.148 0.000 4.790 2.645-8.677 0.000
Gender 0.725 0.444-1.184 0.199
Age 0.980 0.959-1.001 0.064
Smoking 1.939 1.269-2.962 0.002
Drinking 0.812 0.530-1.245 0.340

Note. Model 1 was not adjusted (crude)
Model 2 adjusted for demographic variables

/3 Tas EF folel Slske S Be AL SAHCR fFolai S7FekAl St &,
o A kF FHS TAXSE Fols SIS i 3 ARl =F SRl wobEeE 24
Bt} & S A =E Sl woEE &= EY S7kke Aoz yeistth A, 9%, &
O A= E3 FUbeke JleE vepden, A, A A, =F 5 AT ¥Wes EAY Af BAs
g, 59, 57 T 478 s AT A B A gks W Hoh tE #od 2AE YEhid
oA sks W Bok v& feold s vehl oy, FANATE S 3o STk F
Ao}, ALTFE S Ta8o] ST FEE = H3ATH
Bt AAH R A F BF =% el S
Table 9= 45HCo2 7Y =% 53 #wE o mE S Tas 3 STk FEE vEhd
TF7) 378 ekl S yEkd Aol ek 28y E, 357 S8 A A =% 5
= A &L VFE =F TF°l 1584 T AMe SAXCR fFolahA] wskon, st 51
g 357 S0 Tas B folsl S offoll e} S 380 STkl FES HEhd
e Fde oy A =% SHe « et
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EFEHAT.

718802 ZF2A= 7475 2 A (healthy worker) FZ vl @S sletEd 75 Al 5
of 713t 9loH, T AT Hil= Aud Vg 2 arEeE & e HYAl B4 EAA
o2 Z7PEY £, Wdo] titkrelH, 2 3 AHIE v R A 3 A 5o BE 9 )
2 ARITAS I B o =2 vE] T & AeF AFo] WS To2 3| AL FA] A
Ago] Yol T4 o] v FAaHTt HUS 7} AGALE] FRLES] =& s Ao F e
A0l Atk Iy Texas B4 FEAIT Al A5y =7 FE5S FgelA AR AEE o] 83t
ZAgolle S0l 29 ol A&E= At *om* o] AfaL BA] =2 g 1Al HrkE st
AATHS 2Bz A7Fe 22 SA]EE At
A AT A AL 4ot A3 ¢ 1oh AEZA A AT Q2 A9 FHlo] 122
AR, O ;M AZF A &HHQ] =EZ | I =FH 8(9.7%), A= 7193 Z2A7F 8327(65.7%), <
NE 7FsAde] k. webA ol g 1T TR < Sk sHAY B sz 9le] 3097 (24.6%)°1 ATk A
O% o A& AAZ] A7 28T Fo= HL o] 7987 (63.2%)0. % oA B} Wkt A
JET Hul= 3049471 7HE Bk, =2 10~594 &

A 3l 71ERE Foddte] 45 (percentiles) o] X3 AUATH ARAE 0|8 =& T7 A
o2 PR =F 5FI Y Y] a4 3 A 2SN F A 22 &=F 157) 14178(26.6%), A
e AAH R =& FH5°| S7HEFE 34 EE2(=FE 2592 137fﬂ(25 8%) = 2E2&E 3
g B3 TV A eI 23y <l SH)S 1198 (22.5%), 3 =& (=Z 45F)2 133
TEH EAS BAANE A T AT 42 o 8(25.1%) ©IUT} B4k L%Oﬂ e 5 A= 24
AAFE T4 Ta80] =4 Yeh= 73] U < A AFEE A oA 530 F 3679
3, 387 A= T4 FAAYFE =4 e (69.2%) 1R, & AT S 3489 (65.7%), &
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