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A Clinical Analysis of Patients Who Visited Emergency Department dueto
Chemical Incident Occurred at Industrial Place: A Retrospective Study
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Purpose: The purpose of this study is to understand what kinds of chemical substances have been used annually
and to investigate incidents that occurred due to chemical hazard release and to analyze statistically clinically chem-
ical injury patients who visited one regional emergency medical center in Gumi city with documented references
review.

Methods: Annual chemical waste emission quantity (Kg/Year) (Cwep) was reproduced using national web site data
governed by the Ministry of Environment and 5 years (from 1 .Jan. 2010 to 31. Dec. 2014) of medical records of
chemical injury patients who visited our emergency department were reviewed retrospectively. By applying exclu-
sion criteria, 446 patients of 460 patients were selected.

Results: Dichloromethane, Toluene, Trichloroethylene, and Xylene were always included within Top 5 of Cweq. Six
cases of chemical incidents were reported and in 3 of 6 cases involving Hydrogen fluoride were included during the
study period. Male gender and twenties were the most prevalent group. Injury evoking chemicals were Hydrogen
fluoride, unknown, complex chemicals (over 2 substances) in sequence. The most frequent site of wounds and
injuries was the respiratory tract. Gas among status, intoxication among diagnosis, and discharge among disposi-
tion was most numerous in each group.

Conclusion: There have been no uniform clinical protocols for chemical wounds and injuries due to various kinds of
chemicophysical properties and ignorance of antidotes. Therefore conduct of a multicenter cohort study and experi-
ments for ruling out chemicals according to chemicophysical priority as well as development of antidotes and clinical

protocols for chemical injury patients is needed.

Key Words: Chemical hazard release, Wounds and injuries, Antidotes, Clinical protocols

kl =

[ ==

MAMIE o B =
E&E5 FOIAl BEtE 250 sletE AL A A o] BA o] 2 9] W oja} o
=X SECHSH - Q| SZo|st
;Jo[)HﬁE TOIEH ol_l).glﬁﬂl’ A sk ofE] Kolo A AFEE I 9o A AAFoE
Tel: 054) 468-9114, Fax: 054) 48-9020
Efema\\' 79819@schmc :Z kr UHL:] 7] °]' lq' 22 &‘IT7]' =iA 9)\‘:} 013":] :9:]'—]'

2 n] A , y
EDY 015K 112 2 TAF AAFY: 2015K0 122 12 %% AH|2(Chemical Abstract Service, CAg) dloE] H

AITH S2!

AdA F

0 AN

ol 20154 122 102 o] 0|A] 75009HE2] FFo] 3l

78 /J KoreaN Soc CLIN ToxicoL

7 9 W71



b

o

Al 2 A E S}

Lo
HH
ton
J

3eEd 522 2 d 391 201549 CAS tlolEjHlo]x &
Ql Aol 19 29k F o] o 2 23] F e}, et Ao
TR ol 8ol EHA T S APste sHE2
AtaLe] 7hs Ak wobA|aL glen ofo thigk A 5l a2
< 1% =4 717 A= wid ele|EFa o, 7
HET FuAlE 19683 Z7MEE AP R 2 A A H o]
A2 A, A, A 5 =7 71 ARS8 4709
AHEAS gstar glen 1,923709] 7hE Al
96,5437 9] Z2A} FHHaL ot 2 A AelA =
s Bag oY FFe 75 sEdEC] tFolA
AL glen 2012l Bt O 22 sl A A o
A GFE vAE st dojur|e sy, 1
2t} 518 AlaLe] b Aol A&H 0w EAjtelx B
stal shehEd o] v slet Bl S0 Bl Wl
Aohs S o] Hime} SA o g A77t F-Eate] A
F S 5A7E 4Rl st o] 9] ole SF Al dgt
s tdo g 3t 248 7 A8 ZEREZ] Y99l
A Tt

B AT P A Helx] F2 AMS-E= 318 B &
wob FH2 2D Y 315k Alas vhetstal shsHE 2
At SEoBAE o A 8o &4 8 B
a3zt 5k Ak, FAlOl 2 LA F3 343t

=
=
Foh &4e] B4L 71%sag st

1. 70| oM X2 AFBE|= slstE o] 29} 212
SLBIEL OS] 3H8t AL AL

slst Bdo] Are}l oy slsh Al tigt JHE A
Qshe] ARoA Gt ¢ AlelEQ] “glst 23 )
col e AR AR H “5let Qb ARFH A LE
o] g I, Fu] A YoM AHg-EE= 8lst B-o] &
LA E4E gt slr] g8l Azt e Ve
2 At gst B ulE - oleF AR AL S T
3l 201093 € 2013704 447 vl & € slst B3-S v
Qo mlEHE SAZ 195 2080704 2AFTH
(Table 1)7. Z12]aL W& 343} Alal A= 88t ok 4
B34 A2H" S o]835to] 201085E 20149744 5
7F FrlAloA] BAE Ao 2 29 318 Al s iy B
A 4]l 71H e g F/3te =13} 8l rh(Table 2)°.

Of

—_

A2 SSA0l LIRS eXte] Jad NE: QONER FEN 37

2. S=2=ME0f| LiHEt StAte] 24 R SEu &4

E5F =AM

1) ZAHCHA 2 7| 2¢

201031€19%E 20143 12¢€ 3197HA] 5 591 &
Tl stet Fdof &4 Fal g A= vhetHE 4600
o] RS giFoz Al

i, ojexo g wAel 313t &4, w194 vk, 3ekE
Aol A4 HZF shA B2 e ellA] EA g &4 Ay
of B stgell 3 s, AU Soll A3 AT 9
), A A ol 9] o] AFAolA] WAG 318} AbaLe]] o] g &
78, 3h8F Akl 4 71 o] B 2k 149 0] A€
o] ¥ 4467 2] A7} 7t HA. SAte h HFEE
g2pe] o], A, &4 9, AR, HEske Jd,
5 5 A uiA] 2, g5t EEY TR AN, ST
ARSI, &4 F9e HE, ), HHEGE o
9], &, AR, A (L), FAE ol &), A (), shA| (T
o)), AA7], 3l &H, &7, TFANEA, 257, 5
FHQTH o)hHE R/ AT Atnrjde B
(spraying), &2 (explosion), T2 (spill), 2] (suffoca-
tion) & 2 &7 shglal WFshE g2 3¢ (burn), 7%
(laceration), 5 (intoxication), &< (complex
injury), 7[eH(othen) 2 &7 stict. 85t &2 7148 &
Joto] WA= TFAS T Ve BETAE T=
o Rolstett ¢34 A8 F B2 WA AvHdispo-
sition)& Y9 (admission, ADM), ¥ (discharge, DC),
Aol ¥l 9 (discharge oneself against doctor’ s decision,
self DC), A (transfer, TF), AFd(death) 2. 2 57 3%
o S5 E(severity) = g T A} v x| A E vlg o
2 HYL FF &4 old(no severe injury) 2 A,
Ao E Y, A9, AFge BT F5E (severe injury) &

2 Aosto] &7 sttt

X

—_

—

A+F = SPSS window 21.0 (SPSS Inc.,
Chicago, IL, USA)Z ol §3to] Qeisteion], aius
(- B2 U W5 ol g
WIESoh MR g8 7o 3l

s
R

el

N

J KoreaN Soc CLiN ToxicoL / 79



TEEPREEEEY

1. 50| Xl
SHAIBYE

oA T2 AlElE 3
1 L 3tst AL

—

132 K235 2015

T A gollA 20103 8E 2013 37HA] 437F A7 |

SHNY st 22E T 49 59 delle HEREAY,

=79, ESSERE, Ad=lo] ¢ £ U3

th(Table 1), B4r2 2012d¢] 170] B Balka}

Table 1. Chemical waste emission quantity order in Gumi city (From 2010 to 2013)

2010

2011

2012

2013

Order
(high to low)
1

10
11
12
13
14
15
16
17
18
19

20

Chemica Name
(Cwegr)
Dichloromethane
(265,856)
Toluene
(106,114)
Trichloroethylene
(65,185)

Ethyl Acetate
(62,400)
Xylene (o-, m-, p-)
(47,347)
Methyl ethyl ketone
(29,927)
Methanol
(18,656)

I sopropanol
(16,1112)
Ethoxyethylacetate
(13,795)
Nitric acid
(9,479)
Ammonia
(9,428)

N, N-dimethylformamide
(6,806)
Hydrogen Chloride
(6,377)
Sodium Hydroxide
(5,273)
Sulfuric acid
(5,003)

Lead compound
(4,216)
Hydrogen Peroxide
(4,104)
Acetic acid
(2,644)
Hydrogen Fluoride
(2,464)
Potassium Hydroxide
(2,172

Chemica Name
(Cweg*)
Toluene
(106,707)

Dichloromethane
(104,883)

Ethyl Acetate
(65,147)
Isopropanol
(51,550)
Xylene (o-, m-, p-)
(48,568)
Trichloroethylene
(45,222)
Hexafluorosulfuric acid
(36,653)
Methanol
(24,326)
Hydrogen fluoride
(23,435)
Methyl ethyl ketone
(23,041)
Ammonia
(20,231)
Hydrogen Chloride
(18,108)
Ethoxyethylacetate’
(13,394)
nitric acid
(10,056)
Phenol
(8,908)
Formaldehyde
(7,663)

N, N-dimethylformamide

(7,243)

Lead compound
(4,025)
Hydrogen Peroxide
(3,557)
Sulfuric acid
(2846)

Chemical Name
(Cwegr)
Dichloromethane
(301,002)
Toluene
(105,592)
Ethyl Acetate
(81,247)
Trichloroethylene
(52,780)
Xylene (o-, m-, p-)
(51,061)

I sopropanol
(40,809)
Hexafluorosulfuric acid
(31,496)
Methyl ethyl ketone
(26,834)
Methanol
(24,969)
Hydrogen Fluoride
(19,598)
Nitric acid
(19,450)
Perfluorocarbons
(18,934)
Hydrogen chloride
(16,954)
Ammonia
(16,155)
Ethoxyethylacetate’
(13,410)

N, N-dimethylformamide)
(7,393)
Hydrogen Peroxide
(5,057)
Sodium Hydroxide
(4,957)
Aluminum compound
(3,302
Acetic acid
(2,652)

Chemica Name
(Cweqr)
Dichloromethane
(440,578)
Toluene
(124,012)
Xylene (0-, m-, p-)
(61,692)

Ethyl Acetate
(55,735)
Trichloroethylene
(49,738)
Methanol
(43,315)
| sopropanol
(41,924)
Hexafluorosulfuric acid
(37,139)
Methyl ethyl ketone
(32,950)
Ammonium
(32,930)
Nitric acid
(28,588)
Hydrogen Chloride
(19,639)
Ethoxyethylacetate'
(16,766)
Perfluorocarbons
(13,009)
Hydrogen Fluoride
(12,026)

N, N-dimethylformamide
(11,268)
Hydrogen Peroxide
(6,598)
Sodium Hydroxide
(4,750)
Aluminum compound
(3,932)
Acetic acid
(3,278)

* Cweq: chemical waste emission quantity (Kg/Y ear)

" Ethoxyethylacetate: 2-Ethoxyethylacetate

Reproduced from Pollutant Release and Transfer Registers web page”
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Table 2. Reported Chemical incidentsin Gumi city (From 2010 to 2014)

(37.01+12 3D M Z 20tH(1429: 31.8%)7} 71 ©ka

Released Cause of Mechanism of

Chemical Incident Incident
27/Aug/11 Polyester Operator’s Mistake Explosion
27/Sep/12 Hydrogen Fluoride Operator’s Mistake Spill
02/Mar/13 Hydrogen Fluoride, Nitric acid, Acetic Acid Operator’s Mistake Spill
05/Mar/13 Chlorine Control Device Malfunction Spill
22/Mar/13 Hydrogen Fluoride, Nitric acid, Acetic Acid Corrosion and Crack of Device Spill
09/Jul/14 1, 2-Dichloropropane Operator’s Mistake Reactive Incident*

Aluminum compound

* Reactive Incident: Incident caused by extraordinary chemical interaction
Reproduced from Chemistry Safety Clearing-house web page”
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Fig. 1. Frequency of chemical injury site.
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Table 3. Demographics of chemical injury patients

8.1%) <=o|t}(Fig. 1). IF o 2= FE=(intoxication)
o] 2209 (49.3%) 2.2 717 &oka 33 (burn) 2107
(47.1%), B3 <=2 109 (2.2%), 7]ek(other) 47 (0.9%),
A2t(laceration) 278(0.4%) o]k, ULk 34} 5 &
T4 X8 F Aol A= HAdd H7t 34607
(77.6%) 0.2 713 Botor 2o Bl 529 (11.7%), 4
407(9.0%), Bt MY A 6%(1.3%), AHd 29(0.4%)5
o|th(Table 3). TF =0 WE &/ Al T5&% obd
0] 346 (77.6%), S5 o] 1007 (22.4%) o] ATk
(Table 3). #}2] Bl 3t 52 9] A5 F 3P A7} 42

) Frequency ) Frequency
Demographic factor (high to low order) Demographic factor (high to low order)
Gender (Count, %) (446, 100%) Face (except eye) (30, 6.7%)

Male (360, 80.7%) Upper extremity (21, 4.7%)

Female (86, 19.3%) (except hand)

Age(Years) (37.01£12.31) Lower extremity (16, 3.6%)
Category of age (except foot)

(20~29) (142, 31.8%) Lower extremity (foot) (12, 2.7%)

(30~39) (135, 30.3%) Central nervous system (7, 1.6%)

(40~49) (96, 21.5%) Neck (6, 1.3%)

(50~59) (48, 10.8%) Trunk (2,0.4%)

(70~79) (12, 2.7%) Genital (0, 0%)

(60~69) (9, 2.0%) Perineum (0, 0%)

19 (3, 0.7%) Gastrointestinal tract (0, 0%)

(80~89) (1, 0.2%) Head (0, 0%)
Status of chemical (446, 100%) Diagnosis (Count, %) (446, 100%)
(Count, %) Intoxication (220, 49.3%)

Gas (239, 53.6%) Burn (210, 47.1%)

Liquid (192, 43.0%) Complex Injury (10, 2.2%)

Solid (10, 2.2%) (More than two different

Gel (4, 0.9%) type of injury)

Unknown (1, 0.2%) Other (4, 0.9%)
Mechanism of Incident (446, 100%) Laceration (2, 0.4%)
(Count, %) Disposition (Count, %) (446, 100%)

Spill (223, 50.0%) DC* (346, 77.6%)

Spraying (206, 46.2%) Self DC! (52, 11.7%)

Explosion (13, 2.9%) ADM’ (40, 9.0%)

Suffocation (4, 0.9%) TF (6, 1.3%)
Chemical exposure site (446, 100%) Death (2, 0.4%)
(Count, %) Severity (Count, %) (446, 100%)

Respiratory tract (217, 48.7%)
Face (eye) (66, 14.8%)
Upper extremity (hand) (36, 8.1%)
Complex (involving more than two site) (33, 7.4%)

No severeinjury
Severeinjury

(346, 77.6%)
(100, 22.4%)

The format of the numeric value: (mean=standard deviation) for age, (Number, percentage) for category of age.

* DC: discharge

" Self DC: discharge oneself against doctor’ s decision
" ADM: admission

' TF: transfer
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Table 4. Frequency of injury evoking chemical list

Demographic factor Frequency (high to low order)

(304, 68.2%)

1. Hydrofluoric acid

2. Unknown (33, 7.4%)
3. Complex chemicals (17, 3.8%)
(More than 2 substances)
4. Sulfuric acid (15, 3.4%)
5. Magnesium (14, 3.1%)
6. Thinner (13, 2.9%)
7. Nitric acid (9, 2.0%)
8. Phosphoric acid (3,0.7%)
9. Potassium Hydroxide (3, 0.7%)
10. Trichloroethylene (3,0.7%)
11. Epoxy (2, 0.4%)
12. Hydrochloric acid (2, 0.4%)
13. Hydrogen Chloride (2, 0.4%)
14. Silicon (2, 0.4%)
15. Sodium hydroxide (2, 0.4%)
16. Toluene (2, 0.4%)
17. UV paint and varnish (2, 0.4%)
18. Acetone (1, 0.2%)
19. Acetylene (1, 0.2%)
20. Acryl (1, 0.2%)
21. Ethyl Acetate (1,0.2%)
22. Ethylene Glycol (1, 0.2%)
23. Hydrogen Peroxide (1, 0.2%)
24. Iron Sulfate (1, 0.2%)
25. Isopropanol (1, 0.2%)
26. Methyl Ethyl Ketone (MEK) (1, 0.2%)
27. N-Methy [-2-pyrrolidinone (NMP) (1, 0.2%)
28. Naphtha (1,0.2%)
29. Nickel Acetate (1,0.2%)
30. Pam fluid (1,0.2%)
31. Polycarbonate (1, 0.2%)
32. Potassium Chloride (1, 0.2%)
33. Pyridine (1, 0.2%)
34. Silicic acid (1,0.2%)
35. Silver Nitrate (1, 0.2%)
Total (446, 100%0)
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