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Analysis of the Impact on Community Health after
Accidental Leak of Hydrofluoric Acid

Young Gab Kim, M.D., Ju Taek Lee, M.D., Sang Hyun Park, M.D.,
Chan Hee Lee, M.D., Michael Sung Pil Choe, M.D., Dong Wook Je, M.D.,
Chang Jae Lee, M.D., Taei Ko, M.D., Hye Jung Jo, M.D.

Department of Emergency Medicine, College of Medicine, CHA University, Gumi CHA Hospital

Purpose: The purpose of this study is to verify the influence of a massive hydrofluoric acid spill on community
health through patients who claimed to have been exposed.

Methods: We analyzed 2459 patients who visited our emergency department with the claim of exposure to hydro-
fluoric acid, and retrospective analyses were performed. We analyzed changes in numbers of visitors per day from
the day of the accidental hydrofluoric acid spill, symptoms presented by the 1924 patients, and general characteris-
tics. Comparisons of symptoms and hematologic characteristics were made between the initially set evacuation
zone(1.3 km radius parameters from the spill) and the outer zone.

Results: A total of 2,459 patients who claimed exposure visited our ED from 27 September 2012 to 23 October
2012, and there was a significant increase in the number of visiting patients from day 8 of the hydrofluoric acid spill.
The most common complaints were a sore throat, 729(37.9%) and no specific symptom with health concern, 547
(28.4%). Statistically significant findings were pulmonary symptoms (p=0.001), nasal symptoms (p=0.001), diarrhea
(p=0.023), and skin symptoms (p=0.007). In hematologic study, a statistically significant difference was observed in
white blood cell count (p=0.018), creatine phosphokinase (p<0.001), erythrocyte sediment rate (p=0.013), and phos-
phorus (p<0.001).

Conclusion: A significant increase in the number of patients was observed one week after the accidental spill of
hydrofluoric acid. The most frequent symptoms were sore throat, headache, cough, and sputum. Statistically signifi-
cant increase in creatine phosphokinase level and decrease in phosphorus level were noted in patients within the

evacuation zone.
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Fig. 1. Changes in numbers of visitors per day from the day of accidental hydrofluoric acid spill.
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Table 1. General characteristics of patients (n=1924)

HEOIA 248t S5t=20 HE 20| XIFALS] 22001 0l

™
02
02

2 3] 887 (48.6%), A4 937 (51.4%), AT <=
1}7} 30m(16.6%), Fo] 1509 (82.9%), F-Fgo] 11
0.0%)20= AF, AHEH AP BFoA F 1hell SA
2o 2 fofgt zho]E H At (all p<0.001) (Table 3).

T 2 34 34 vaE 1.3 kmolu] oA F
14527 &, J1F6-S 543 4971 5309 (36.5%), @l 5
23o] 28278 (19.4%), I F7do] 24578 (16.9%), 774 7%
97 (0.6%), &F=F 79(0.5%), B5 BAZ 761
(5.2%), AAF 309 (2.1%), 24 2 FE 307 (2.1%), &
3397(23.5%), o1A ] 2678 (1.8%), &5 SH7F 1811
(12.5%), & $7¢ 159 (11.0%), 5 S 739 (5.0%),
332174] 7 19%(1.3%), 71ek 297 (2.0%) o] ATt 1.3

Z3 el ME & 1819 F, 1FF 758 (d1.4%), A
%*J 559(30.4%), I S 4998 (27.1%), 7 574 3%

Table 2. Symptoms presented by the patients (n=1924)

Classification n (%)
Age (year) lessthan 19 115( 5.9) Classification n (%)
20~29 486 (25.3) Sore throat 729 (37.9)
30~39 621 (32.3) No complains with health concern 547 (28.4)
40~49 460 (23.9) Headache 464 (24.1)
50~59 195 (10.1) Cough, sputum 409 (21.3)
60~69 39( 2.0) Nasal symptom 336 (17.5)
70~ 8( 0.4) Chest discomfort 248 (12.9)
Sex male 1490 (77.4) Eyeirritative symptom 229 (11.9)
female 434 (22.6) Skin symptom 123 ( 6.4)
Distance (m) 0~500 245 (12.7) Abdominal discomfort, indigestion 103 ( 5.4)
501~1000 902 (46.9) Dizziness 48 ( 2.2)
1001~2000 409 (21.3) Diarrhea 42( 2.2
2001~ 77( 4.0 Nausea, vomiting 39( 1.4)
Unknown 291 (15.1) Others 38( 2.0)
Job Factory worker 1452 (75.5) Muscul oskeletal symptom 26( 14)
Regional resident 419 (21.8) Ora symptom 17( 0.9)
Government employee 53( 2.8) Dyspnea 14( 0.7)
Table 3. Distribution of subjects (n=1633)
<1.3km >1.3km p-value
(n=1452) (n=181) (p<0.05)
Distance, (km) 0.8+0.3 23+1.1
Age, (year) 36.6+10.2 27.3+17.7 <0.001
Sex (n)
Male 1223 88 <0.001
Female 229 93
Occupation (n) <0.001
Factory worker 1343 30
Regional resident 66 150
Government employee 43 1

SD: standard deviation
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(1.7%), &= 39 (1.7%), EHAZ 15%(8.3%), (28.7%), o]A B]& 4% (2.2%), T8 EAZ 219 (11.6%),
AAF 99 (5.0%), 94 & —_rLE znﬂ(l 1%), +% 529 ¥ Z4 219 11.6%), I8 =4 189 (9.9%), =24

Table 4. The differencesin symptoms between two groups

<1.3km >1.3km p-value
(n=1452) (n=181) (p<0.05)
n (%) n (%)
Respiratory
Sore throat 530 (36.5) 75 (41.4) 0.195
Cough, sputum 282 (19.4) 55 (30.4) 0.001
Nasal symptom 245 (16.9) 49 (27.1) 0.001
Ora symptom 9( 0.6 3( 17 0.139*
Dyspnea 7(0.5) 3(17) 0.089*
Gastrointestinal
Abdominal discomfort 76( 5.2 15( 8.3 0.091
Diarrhea 30( 21 9( 5.0) 0.023*
Nausea, vomiting 30( 21) 2(11) 0.293*
Headache 339 (23.3) 52 (28.7) 0.110
Dizziness 26 ( 1.8) 4(22 0.430*
Chest discomfort 181 (12.5) 21 (11.6) 0.739
Eyeirritative symptom 159 (11.0) 21(11.6) 0.792
Skin symptom 73 ( 5.0 18( 9.9 0.007
Musculoskeletal symptom 19( 1.3 5(28) 0.118*
Others 29( 2.0) 2( 11 0.314*

* Fisher's exact test

Table5. The differences in the laboratory data between two groups

Group 1 Group 2 p-vaue
<1.3km >1.3km

mean+SD normal value (n=1452) (n=181)

WBC (k/uL) 3.8~10.8 7.0+£17 76+21 <0.001
Hb (g/dL) 12~17.5 14.7+1.3 13.6+1.4 <0.001
Pit (k/uL) 150~450 270.2+56.3 305.6+70.2 <0.001
aPTT (sec) 20~38 28.2+3.3 28.9+34 0.005
AST (IU/L) 10~40 13.7+£26.0 13.7+11.4 0.99
ALT (IUIL) 5~35 28.6+46.4 215+175 0.041
CPK (1U/L) 43~244 159.4+142.7 110.6+69.5 <0.001
Myoglobin (ng/ml) 0~0.78 39.4+37.5 29.6+28.5 <0.001
ESR (mm/hr) 0~20 5.6+5.3 9.1+85 <0.001
CRP (mg/dL) 0~0.3 0.2+04 0.3+13 0.072
BUN (mg/dL) 8~20 14.2+3.4 13.9+4.3 0.336
Cr (mg/dL) 05~1.3 0.9+0.6 0711 0.108
Na(mEg/L) 135~145 140.8+£1.7 140.8+1.7 0.995
K (mEg/L) 35-5.1 4.1+0.3 4.1+0.3 0.872
Ca(mg/dL) 8.4~10.2 9.0+04 9.0+04 0.705
Mg (mg/dL) 1.58~2.55 2.0+0.2 2.0+0.2 0.346
P (mg/dL) 25~5.6 3.4+05 3.9+09 <0.001

WBC: white blood cell count, Hb: hemoglobin, Pit: platelet, aPTT: activated partial thromboplastin time, AST: serum aspartate amino-
transferase, ALT: serum alanine aminotransferase, CPK: creatine phosphokinase, ESR: erythrocyte sediment rate, CRP: C-reactive pro-
tein, BUN: blood urea nitrogen, Cr: creatinine, Na: sodium, K: potassium, Ca: calcium, Mg: magnesium, P: phosphorus

SD: standard deviation
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AE2(0,041), Zelobel 1 BAE2(pC0.001), 1] & F4 L AR A ARFAA AAL F Aok =9,
QZFREH(PC0.001), AETF I £=(p<0.001), & A, &, 3, A 5o 718l F48E doA BEFHAE
A Ap0.00DAA FATFACE folg Aolg wy AL BEA, ARDE Lo 5 Aok
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(p=0.018), Z#ot& QA+ AR A (p< 0.001), HIF F3, 8HO R 25~3.0% SFEA ZHES YU F
374 £%(p=0.013), @3 <A(p<0.001)] 27} SA5t walFolok gt} 7| HHAZF AT  Jlouw HA
Ao 2 o5t 2po] 2 H Yrh(Table 6). 72l E AYs] #EHA HaAde 7= Atdoly 7]
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1 02 sjof Ao, w1 R shdelAE 54 4] thae]
st 22 XA AHste Fa1, 25% FFIA 7
Balpat T4 dos 27 &9 ok 3 F AL 3087 Bl vhabA Sl olF §5 244 7}
A, a0l Lo oat A AE2Fow el 5 A WEITH E3Fo] S BF 4 HE FARE T
}e oot B4, EE BA o]l TadolAY ool BREHIL IAEARE dEAE 5 o o] B,
AAo 2 o AAe &4 A ee, 4 2Age 0 FFEAAF A4S 05 ml/em® JE §Fo2 ¥
o AAASNNS AT o] 2Zo HA Ax z Wl FARG. oju FF FALG Ao 24 ¢He T}
24 olgold mpallg oled B3] wheat] oy U FE AW AYE 5 glong L ofe Wl
FAehe Aol B A,
Table 6. The differences in the laboratory data between two groups corrected to normal value
Group 1 Group 2 p-vaue
<1.3km >1.3km
Difference in normal 1457 181
value* +SD (n=1452) (n=181)
WBC (k/uL) 0.03+0.24 0.12+2.10 0.018
Hb (g/dL) -0.03+0.25 -0.04+0.27 0.599
Pit (k/uL) -0.14+6.67 0.85+7.08 0.060
aPTT (sec) 0.02+0.75 0.02+0.35 0.971
ALT (IUIL) 5.30£44.22 291+11.86 0.469
CPK (1U/L) 19.00t42.42 4,06+39.06 <0.001
Myoglobin (ng/ml) 2.36+26.29 1.46+17.46 0.655
ESR (mm/hr) 017+1.48 0.87£3.75 0.013
P (mg/dL) -0.01+0.08 0.01+0.08 <0.001

WBC: white blood cell count, Hb: hemoglobin, Pit: platelet, aPTT: activated partial thromboplastin time, ALT: serum alanine amino-
transferase, CPK: creatine phosphokinase, ESR: erythrocyte sediment rate, P: phosphorus

SD: standard deviation

*|f thereis no difference between the normal value, the valueis 0.
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