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Analysis of Components and Oxygen Consumption Rate for
Zinc Concentrates in a Closed Chamber

Hae Dong Park” * Eun Song Hwang

Occupational Satety and Health Research Institute, KOSHA

ABSTRACT

Case Reports

Objective: This study was conducted to identify the cause of suffocation accident.

Methods: We analyzed the components of zinc concentrates by ICP-OES (inductively coupled plasma optical
emission spectroscopy) and tested the oxygen consumption by zinc concentrates in a 13.2-liter closed

chamber.

Results: Zinc, sulfur and iron were the main components of the four types of zinc concentrates, and
accounted for 76~89% by weight. Zinc concentrates (0.5 or 0.927 kg) depleted the oxygen concentration from
20.9% to 7.4~18.9% during seven days. The rate of oxygen consumption was in the range of 3.0~11.0
mM/day - kg-sample at 21~24°C and around 95% of free air space within the closed chamber.

Conclusion: Since zinc concentrate consumes oxygen in a confined space, measures should be taken to

prevent suffocation accident (such as ventilation and monitoring of oxygen concentration).

Key words: oxygen consumption, zinc concentrate, confined space, suffocation accident

LM E

T 1097K2012~20214) 285t A= =
196AAFE 1657, B4 1758)0]1lom, APgAte] H]
E(47.4%)°] Avkd AraA ASH(1.1%)ETE F 44H]

=2 $F0|YHMoFL, 2022a). 1999¥€HE 20074
7HA] EA3SE 220 A9 zmxﬂ e 243 A3}, 2AA;
A AR TAAZE uleAFANA 7 Bk
om(447), WE(407), AFE71(407), AAEHFE
(167), At (167), HiER(157) 2 A=K15
) 59 o0& wslt. 7= AR A
AR (697), LASEA(487), F3lra407), 1

718A(327)2 #2= ZA4" ¥ ArH(Yoo et al,

2009). g9 dHgst T AR HRlE HeH(12.
8%)2 =H6.0%)% LE(5.6%)HTt o F Hf =%°
o, dFHE= AHU0B3%), ARAQR6%), ABIAY
(11%)°l14 EAgo] ottt A= 14‘57‘1(181”1)
7h s AA(12378) et Hokom, AsiRte] AR 4
t(93%), 30tH(827), 50tH(66) <=o=2 Wk, ﬁoﬁ
2 2~54(46%), 10~20W(407)2] 4°]|AUtHlee et
al., 2016). E3F, A7 AdZoA Adsrs 27|(8)
21% oo, 37 HA] 92 oE(6Y, 9¥)
16% 0|31 3] & ZAJA(7D)ol= 19%
0] AJTHKim et al., 2018). 1945¢HE 2019W7}HA]
AR v &5 F &4 E FPHEIE 2AF
gt Ay, dugzt dAA s 1990AFE 8710]
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Rom, A= HE AR ZEASITHLee et
al., 2019). AAA 1Y chget EAZY FollA At
sty THE Asie 119 A Y5 stA(Ak
T 17), ‘1249 4R 3884 SRS 1%), ‘139
AR} Y SH(AFE 1), 209 SEREE At o1
AFE 199)Zrdell A BAsHATHKOSHA, 2021b).

AR A7zl e FRI(BE 18)olA 5%
Y37t 5 A7F2 A% - ofgt - 3k - A - A
5 AR - ol B 1 HHY] 37 Y A E E5
=40] 20 U= BA E= ¥ 59 AGAA
o] Y o]tMoEL, 2022b). ZAISHAILA]
AASEZF2(IMSBC Code)oll WEW F3lg<(zinc
concentrates, lead concentrates, copper concentrates
and low-grade middling concentrates)?] 384
2 Aaan 4 24 S8 3 EE ¢ ARRS
o] AT 4= Uvkal g5kl St} wEkA A4 ke
el 942 L HA 7] F Athwt 2ARE
72l &l S7b=H QF Hohal sk vk
(MSC, 2019). E3t AZRAMY oY 4=
Az A e LS Ugo] FFHHoE 7|&E o] Utk

dFol|x, FujoflA 2021 3 Aldtof|A] ofd A
< stgst7] flote] EHIRYGS ofd 5 AR SH(AD
278, F4 19)7F 2SI oo ofd7gge] dEE
A3} A YolA ofAFY AAAHES RARICE
A A2 ARl vl 1Al shict.

£orr
2

. B O
1. B L Al
gL % o] AN SRS WA, WA

3 AR eAE ofEF AlR(1F AE

Table 1. List of samples

orEgEel ==

1=

U ML AAADE B 7

olglo] 20214 3U0] AEEAT Ao wE Y
SHATH1A A1F). 0)F AR AT} FAR ot
B ARGE B, C DB FYsRridngozy
Agurol 20214 6~79] AREAT} AbswS
AR A%, Foejeradnge Azl
W WA, AEA SEEEISEE) § sEdRe
Ao At AnEAdE @ SHEAgR
M2 A50] £0 E4L ol Table 17 2%

2. MEHM

o=

oA HIANEE 2HtEo] & &7] YollA AH
Aaag Y& ol&ste] At &, A AR 9~
13.6 mg, B, C, D A|Z& 4.3~6.2 mg Alo]9] FA=
ZyZYe| Almuitt 2~3719] 48 AEE FH[SHUTh
FAE &% AlE= 100 m v]o]H| Y1, I
(37% BAF : 70% HAF = 3:1) 5 mWE ¥ ¥ 30&t
2ol Tt 7HEEol A 120CE 7HESHAH. A=
7F S5 =& W7HA] FE FUFHEA 7HEsHE L
o, oG AE7F 5] =2 F Gt AT
T A7, 204 ARl & 20 ml &SRS
32 FFY 7 5 mE Hlo|A] B3 EHES Al
Hoto] BFETAT] YAT3I). SFFE H7let
of HFTHFS 20 ml=E stAth. A AEE ARA
HE|(0.2 um, PTEE filter, Thermo Fisher Scientific
Inc. USAE AL & {fddE&otrnt 248471
(iCAP7400DUOQO, Thermo Fisher Scientific Inc.
USA)JE ol&sto] A& 246t fe2dgE&at=
np EYEA7| 2 4750 BE YA AN eE
Aeet & FAE(Dblank)et MES £45t] HE 7t
540] Y& 94 12%(Zn, S, Fe, Pb, Ca, Cu, Mg,
Cd, Mn, Ag, Ba, As)& Agolqict MEHZ 2431

"Humidity at shipping

Sample Compound Color & form (acceptable humidity for Shipping site Source
transport)
A zinc concentrates brown, powder - Austrailia townsville Accident
0,
B zinc concentrates brown, powder (5829173 Austrailia port pirie
. 11.43% - Similar
C zinc concentrates gray, powder (15.1%) Austrailia karumba material
D zinc concentrates ray, powder 8.53% Chille chacabuco
gay. p (8.83%)
"Humidity at shipping : Cargo information from Korean Maritime Safety Tribunal
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< ARESH] FRHlES Altsilen,
dad 44 dEe 38 oF 0.01%%eH, &
2l Aeoll= EAEE 7IEsilth BE
AlzoflA EHEQ] 35(Ag, Ba, As)Z BIHEAA A

3. MAADEF T Ol QFH7IA HL B

ofAdAF HIAEE AXASES ol&sto] FAA
927 g, 22} 500 @& 4T &, HHo| FUstth
(Figure 1). Al=EE 7} 134 oF 77t AstgloH,
Adlo] T Fol= Y YRS AW V= F
B3] e A7|1, EZFAZSAZ)(MultiRAE pro
PGM6248, Honeywell, USA)2] AtA5E71 20.9%
= ZRl 3 = o3 AYE S5 EtASA7]
¢} 245 =47](Thermo Recorder TR-72wf, T&D
corp. Japan)g HH i F1 & &= S-S
A7tk 12k 432021 3€)0A ARESE B3t
2271 2d(EEEE)olH, g = ARNAIAZE &
2k Aolu, t-E 3 ti= o4, Fekea, dAkst
i AAE A2 (it 22F 4320219 6~79)
A= ARAIA 7L A2HE EA7IASH7] 199k AL
&okelth. EtASAy7]= HEA 0’ FUE 5
W Hxs 7M55H o™ (250 ml/min), 2553

[e)
T+
=
=

(e

‘ 33cm

17.5 cm

Zinc
concentrates

; ,
B
‘ Therme

Figure 1. Settings of test chamber

Table 2. Chemical compositions of bulk samples

7= Aol dnt. Aol 842 <F 13.28H
Rom, ARH EA7IASA79 R 199 2F 0.6
JEHAY. EF7IASH7IE Y Yol AAg & da
7}22(99.999%)2 el Yot F2 & s E T
sto] Agw o] UHVSEE SRIstATh 27 A EsEE
11.2%%92H, 10AIZFs%tF =5 a2y Aule
15?1 0.1% olste] ¥tz SRI= it

1o

. 2o o
1. OjeIRTo| YRR

Zpol= A A| ekort. 2 18~31%, H2 3~12%,
1.3~5.6% oItk A& Ae "2 BA5HA] &
o} gefo] ZRIE|X| ket A/ ¢ ke 49 A
= 78~90% =0l eH, 8 Ui 3F (A, &, )
9] &Fo] 76~89%= HH-ES A5kt

HIA T JEEAA AR AR A 2oL A
gsto] FFHES AT SYsSPAAT
Al AHE SFEAHof|A oA FB,C,.D)2 AHA] ¢
3ol 5~11%Foug, BAGA|o: dHFo] S8
o] Alzof Zg=|o] QIS AR A=, FEol
gt o] A2 AlggsA] ettt

OIARFAIE A) ARA] EAAEAR RN =
AJEH FTH|E-L ofA(as zinc sulphidic compounds)
(78%, B2 Akst4 <(40%, Z(as iron sulphidic
compounds) 25%, H(as lead sulphidic compounds)
{15%, 7-8(as copper sulphidic/oxide compounds)
(5%, 7F=g(as cadmium sulphidic compounds)
(1%, 52& 7]&=o] UAUTHKOSHA, 2021a). A2
EAANE BRI B AXIR O] AEE T 7|20 B

ol Ao Ueptort, JB4 ke Hoigt 1Ee

(Unit: %w/w)

Sample Zn S Fe Pb Ca Cu Mg Cd Mn Sum
A 49.7 30.7 8.8 NA 0.6 0.2 0.2 0.1 {LOD” 90.3
B 47.6 28.2 3.1 5.6 0.2 0.6 {LOD 0.1 0.1 85.6
C 471 19.6 10.5 3.7 0.1 0.5 (LOD 0.2 0.3 82.1
D 46.1 17.7 11.9 1.3 0.3 0.5 0.1 0.2 0.5 78.6

"NA: Not analyzed(excluded from the target compound)
"(LOD: Below the limit of detection (LOD=0.1%)
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E H7]50] §2 S 2L AT 470 A=A
ELsH ofdd, B ¥ Ho] FaEd=E ZAHUH

2. MAAD

d|E AHE o]-83t ofAg O] AthA T A
TR= Figure 29+ 29ttt 12 A (A= A)oA
Az mEt AEeE &, SAZE T =
20.6%°1A4 20.0%% ZAstch oo,
A BI7IAEG719) g I, 7] Al 4t
o7t APA YR AkAlEQl 20.9% 207 3
B A& ERIsHA. o]F, BITIAZSAGTE THA
Aujo] do] At oF 160A17H6.79) A3 &
Al 7.4% $F0 2 YolHTh Mu o] AR A
Z el o AthErl [~2EYlo) 18.8%F &
7¥etet. 2aF A M oF 7d7e] AFS F=TH
T Ay AEE SRS o A EEE oF 30 o]
o 20.9%% ==t
27} AoA= HIAXEE YA ¥ YA 242

(o]

y

1

=

I

A3t Ae(blank)olA HA AFsided], 6¥ &
s 20.9%004 #s7E gl d8E=, A
T ZE(drift, 5489 #sT glgol® A7HY]
Ftof wat §ESgto] A1A3] FASHAY SV @
) E40] AAEEE7] dFE FA= S Ao
ot 5 AlEFolA A Yo Athsk
tA&EE C) D) B 9 <02 HrIEQth Ahs
23] 243949 7]&7]E -0.29~-0.86°02 UE}
wor, o= AFRAGA 19 % AtbEkrt
0.29~0.86% Wotxl= AL Qulgitt. 243|749
AAATE 0.950~0.998F LEFGITE

A= A9 HAFHAY 7&7]= -1.942 AlE B,

=)

ox 1o > o

U o2
i

N

1

Upitsite

0x
AT
HI
=
ne
o2
=
=
rx
B>
e
H
oM
oH
N
©

C. D o HI8)A, DAz k4
o vt JeyY, ol:

1A R AolmE 47 AREE H|lws] B 95}
29 FFG AraREEE oo} Zo] AXtaiolrt.

OCR MG = G)/100 1000
= X
RUT, - T)W,

OCR: Oxygen consumption rate(mM/day - kg
sample), V: volume of chamber, C;: oxygen
concentration at the end of the test(%), Co: oxygen
concentration at the start of the test(%), R: volume
of 1 mol oxygen at test temperature and pressure,
T1: elapsed time from the start time(day), To: start
time(day), Ws: weight of test sample(kg)
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QANZF 2 TSt AbAARET L Table 33}
APAAEETEE=A ) C)D)B 9 £o0= w
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A 2EE= AR A7F OE A5 H]gA <F
C A 9oy, A& A 390 A9 31993 o
ANFEE 6-79 AATIN7] o] Ao 9
ob J3kol Ao w mekEch ZF Al 2ro] EEH
A= 0.6 T oJstz Ad77Fe?t oA A=A
ok AFAY $EE 3¥ol= oF 20%2 wekeH, 6-7
Uof|= oF (2~82% 402 z}ol7} QQict A o]
AiEEs APAZ & 15~308 ojyjo] ZShsEs
o= Frtetgen, Agol TREol &7 NHT uf
7] FAE L AR CE A F 25534719 4
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Figure 2. Oxygen depletion curve (Sample : (A), (B), (C), (D))
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o Fd 11709 S4gelA B 22HAE A=
SHtE. HIA WY & T g EASHA] &
Ao, SFEHHE A= QJetH ofAYF A=, C,
D)= A& FAl 9F 5~11%2] S o, 24t
& 5 Qe R T2 8~15%= skl A
(Table 1). 2822, HIAEY] FEo] FUE o]
A 5o Srl Xl o g IR o= md
Zl=g

Aol AREE ALAAIA = 7|8k o, 49
0~30%(F14]), &3l 0.1%, ¥FSAIZE 15%, 25
9l 20~50C ¥ AR sk 0~95%(850] dolut
A o= )9 AlkE 2 UTHHoneywell, 2019).
Qe o g MAL &£59] Pk vkS £~ Qith 1y
L, A Yo 2E=WHIE A9 gl AElolA A Al
sl 0] Sibolel §3 B4 29T folos
59 8= fle o= TWaE QI E3L, AH|o
TEAAL ZE(PTFE 25 m, 0.2 m pore size,
Water trap external filter)E Z&lolo] ARESIFOE
2 sho] ofg JRS WS Aow A7,

A=A AlA= ofg] 714 HefiEdol Jsia] FFE

HkS & glow ARAMAIANE $£ATIATL 1%EAS 4
2 —2%9] ¥rSZHS HQIth fATtA] 9sjA] FFRS

e AA FolA daslaart qlom, FATEA7E
100 ppm E8A] A R A= 40 ppm o & BESRITH
(Honeywell, 2018). 12} A4 AREH EIVIAS
H7o)= datsleraMA 7t gl9lon, AgAE I of
3AIZE 9ol 40 ppmO = l"—57} =7)15191 01}, o]0
= 9F 6.5¥97F 40~60 ppm =4 LA A=
Aek. A7 79 F<t *V\%EL A&H07 A
stRoy, st 94 =8 fASIHeE

Table 3. Test conditions and oxygen depletion rate

=, %@Z‘JJOHH FA7IAIAC] IE AbsE Ha
L

Adre] sHEThS E%_E A&sto] 1ES 2T,
7 9] oF 80%7F &71= At = AdEiolA 371
ALl TASTEE FI7IRE A7 AATHBurke,
2020). 99 SFEFA = AlEETE 19.5%7HA] =
olx|=d| B 1.45A17H10T) E= 0.3417K23T)o] A
ot P eI E AR s =T 19.5%71A] Rot
A=y B4+ 1.91A7H10T) T+ 0.84(23C)AZto] 4
ot 2 AollAs U AW o 95%7F 371= A
AR AR =T, ArEETE 19.5%7H] WolA|l=d| 4

ojN ok

2 A|7H 7.4~108A17k01 9k ol & el 7|
A7) AFEHONA 2 Hol7h YT, S5 sHext
(= ) Fuoe] A5 s42o] AX|sHe Rrje] b]

oA & Aol7h AU

ChgRE 1arsH FERE(E, S
of Yil, HiHE 20~50%0l4 A /&M_E
0~12 mbar/yr/go2 B7}= UK Thickett, 2021)
BEE 50%°1A ARt i A4 Red oF 8
mbar/yr/g °1%2H, ol= A¥-E719 Fu(1H)%}
ZE(EwoA AR ghol flo] 20=% 7HERhE
st ZRAkSHHE oF 0.97 mM/day - kg-Al=ol 3T
gttt 2 A49] AR EH4.56~11.03 mM/day - kg
-Al&)ol B EUeH, ol & A7 w2 szt
A9 L a1eHH %%4 BH 5 AMREEY IF
1 AE AR S
2 A2 XA ARl A A E obdgF 1
S olet %’\]’0} Ofcﬂ;‘é%’ 35S tdes Adsie
=°] AT WA, Ao A
ot M m= @%5—*}01]*1 FAE Am e BR7]

1—‘- Q. o) ,ﬂ]_9_7]

[¢]

Sample Temperature () RH.T (%) Sample weight Oxygen consumption rate
AM£SD" (range) AM+SD(range) (kg) (mM/day - kg-sample)
A (2201. iiizg.(sg) %'72}11000'? 0.927 11.03
° 03 1239) G0 05 3.00
¢ (22%.7332211) 1((1)83? 0.5 9.47
b (2225?212~i20349) 6100 05 4.56

"AM: Arithmetic mean,
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"SD: Standard deviation, TR.H.: Relative humidity
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< B4 2, ofd, B 3 Hol FJH] 76~89%=
s /9ot ATk AW jollA] ofArggo] 4t
SAWFE oF 7Y R 2, AtAEET 7.4~
18.9%% #4st3ltt. AAl SgoM A4 53t o
3719 F3, AG=(rAF 59 #HE, 2=/
% 37155 5 S mEbA AR A o

Ao}, AZke] Aol whet ALzl WAghe
it aene, B Aol MEA ArbE
sholat ) HAS AAAN A A Systolof
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