St AL 2| M| X, M247 HM|15(2014) pISSN 1226-4326 Original Article
Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(1): 65-73
http://dx.doi.org/10.15269/JKSOEH.2014.24.1.065

EFTLIOIE ZA BHOIMS] AIAIZH IZEET|7|9} MAIZ s z0
SHAlO] 2J8t A= ofo| QIZHA

[ .

"BHakIobd

Relationships between a Calculated Mass Concentration and a Measured
Concentration of PM, s and Respirable Particle Matter Sampling
Direct-Reading Instruments in Taconite Mines

Eun-Kyo Chung'" - Jae-Kil Jang - Se-Wook Song - Jeongho Kim?
1Occupational Safety and Health Research Institute, KOSHA, 2]\/Iinistry of Employment and Labor

ABSTRACT

Objectives: The purposes of this study are to investigate workers' exposures to respirable particles generated in taconite mines and
to compare two metric methods for mass concentrations using direct-reading instruments.

Methods: Air monitorings were conducted at six mines where subjects have been exposed primarily to particulate matters in
crushing, concentrating, and pelletizing processes. Air samples were collected during 4 hours of the entire work shift for similarly
exposure groups(SEGs) of nine jobs(N=37). Following instruments were employed to evaluate the workplace: a nanoparticle
aerosol monitor(particle size range; 10-1000 nm, unit: mi*/ce, Model 9000, TSI Inc.); DustTrak air monitors(PM 9, PM2 s, unit: mg/
m', Model 8520, TSI Inc.); a condensation particle counter(size range; 20-1000 nm, unit: #/cc, P-Trak 8525, TSI Inc.); and an
optical particle counter(particle number by size range 0.3-25 ym, unit: #/cc, Aerotrak 9306, TSI Inc.).

Results: The highest airborne concentration among SEGs was for furnace operator followed by pelletizing maintenance workers in
number of particle and surface area, but not in mass concentrations. The geometric means of PM,s by the DustTrak and the
Ptrak/Aerotrak were 0.04 mg/m3(GSD 2.52) and 0.07 mg/m3(GSD 2.60), respectively. Also, the geometric means of RPM by the
DustTrak and the Ptrak/Aerotrak were 0.16 mg/m'(GSD 2.24) and 0.32 mg/m'(GSD 3.24), respectively. The Pearson correlation
coefficient for DustTrak PM, s and Ptrak/Aerotrak PM, s was 0.56, and that of DustTrak RPM and Ptrak/Aerotrak RPM was 0.65,
indicating a moderate positive association between the two sampling methods. Surface area and number concentration were highly
correlated(R2 =0.80), while PM> 5 and RPM were also statistically correlated each other(R2 =0.79).

Conclusions: The results suggest that it is possible to measure airborne particulates by mass concentrations or particle number
concentrations using real-time instruments instead of using the DustTrak Aerosol monitor that monitor mass concentrations only.

Key words :direct-reading instruments, number and surface area concentration, PM s, respirable particles
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2] 7 (Aerodynamic mass median diameter, Dp)= 7}
Zal A W Q3 PMiE kA7) 7 ek
7 £G4 Gl 100 m olstel HFE A1 o
HHA S F3cHLin et al.,, 2005; Phee et al., 2013).
ko), b=t Ak obA 1 A (Occupational Safety
and Health Administration, OSHA)S PM,52] A=
Zofl gt A4 7182 §IARE TF/3EX100 gt 8
A7t 71 o5 = (Time-Weighted  Average, TWA)
3]-8-7]&(Permissible Exposure Limit, PEL)©. 2 5 mg/
m'g AASHL 9t} oA YA=7|7F 10 mo]sto]
3 B A7 4 mol A HAE HHEO] 50%4l
YA nlst= ml=r AR YA AE71 3l(American
Conference of Governmental Industrial Hygienists,
ACGIH)9] & GAIE-X(Respirable Particulate Matter,
RPM) A& = si¢leh F2/d& % (Thoracic
Particulate Matter, TPM)-2 UR}=7|7} 25 umo|5}o]
I A7 10 mof A 7% B H H2FEo] 50%%] YA
4 2455 UIRTHACGIH, 2013). E3L 9=
BMRC(British Medical Research Council)o| A= &
4 EXlolgk JA=7I7F 7.0 mml ol A Q)7 S ime]]
X SIE WaHgol 50%el A BAE Helah 9]
ThPaik, 2000). 18|31 =+A|E=3}7]H(International
Organization for Standardization, ISO)ol|A #9Js}ar
UE PM o2 ml= ACGIHS| TPM 4 9]¢} 7lid o] &
sj}. olszro] F7le} Fl vl EHARA A
of7} opky Ajol7} Sieh
q8)7, BHREA) gt EERAYEoR v
Ab] oA 1B A G- Y(National Institute for Occupational
Safety and Health, NIOSH) =% 4 EAuhHo dEE
BAG HEE ol g3lel B7) F A 2AL A3t
AHOR HHE dlolnEo) TR T
S5t R BAE sh5elthz Z10ITHNIOSH, 2003)
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(Kim et al., 2004; Zhu et al., 2011).

A7 A e S ew SERT 4
=4 S v A= g Holth dRbd o s
A Atoll AR 254 57471+ DustTrak 8520
ool2& HUYFEoln olF A thF-Eo| DustTrak
85200] &J3F PMys 5=t Sl o7t 354
w4 FE Apolo =& AL e HolFal
) th(Williams et al., 2000; Ramachandran et al., 2000;
Chung et al., 2001; Yanosky et al., 2002).

T12J1}, DustTrak 8520 of|o]2% RUEQ} thE 2
54 247)71% S40 uet AR 4 FEE R
A Aeswet vaE AT SEdolth X3
A AR AEAOR AFFES 2
Astel AGAFE Bk ot Aol 717 vt
wole(m) ool U YRFBAS tha Ay
Aol ol Al Wobel glalch el AR 2%
717 9 o) Rl nieh el AEAe] gk 2%
o] FPsahAey e, olelgt the=7)(1~100 mm)e]
PAES Ao AFMaso)Reh Yol EwH
(Surface area)d}t YA}<=(Number)7} Q1A|2] F& 7]
A A7 e o @ AEshs Aoz el
)thH(Behnoush et al., 2008; Ramachandran et al.,
2011). o7 YALETL 1 glem’ ¢ FHYAES]
B g 501 Y7ol 10 mQl JAFe] HAFES 1 mg
ol EHAL 6.0 x 10° uf, AR=7F 1.9 x 10° 7)<l
W, 10 nm Q1 ZRlAH R o) AiEe o] 1 mgo]A|
21,0008, A& 1,000,000,000 v
a4 ek Eak RSl o] WA 47}
42 A7 BAE Aow RS 9l
W s} A4 o]F Aot WAIH AGAY
AAIGE A5 B E I ¢ltH(Oberdorster, 1994;
Donaldson, 1999; Cullen et al., 2000; Oberdorster,
2000; Brown et al.,, 2001; Renwick et al., 2001;
Raynor et al., 2012). T3t ¢Jx}2] FHEZ o] A7}
aoll 0% JlofeltE Aot Aoz o
Q3 QIxhe] EwHo] ThE Qxjel Fehie] ShaE
wal2 Asks B sto] BB HRY e
o] 9l&o] A Ax 11 QIthDonaldson et al., 1996;
Lison et al., 1997; Donaldson et al., 2000; Tran et al.,
2000; Dick et al., 2003).
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ojdol Bty T I o]Ael  9|¥ X 4x(External
dimension)”7} 1~100 nm¢l #-8(Unbound) F+&= $-3
(Aggregate) = o] 2](Agglomerate) AYE 2] A=
EgHsH= Aol F(Natural) = F4=2(Incidental)©|
Ay A Z¥E (Manufactured) E27o|2}al A5t Q)
tHEU, 2011).
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SEGs)i 7+ 2l o] Hix & 22317} S st

43 9 270 7]25t0] Holsich. w3k, SEGs

-
R Folsts 34T 9Re W 9 o5 |

>~

_EL

Table 1. Major activities at each process of SEGs
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SEAEZAL JeIAREAF7]2] 10 mm nylon

cyclone©] Pore Size 0.8 ymQl MCE membrane ZEE

Process Job cartegory Task
Crushing Crusher operator Check equipment inside the crusher and conveyor belts; clean the area
Crusher maintenance Maintain equipment in the crusher building or in crusher maintenance shop
Concentrating ~ Concentrator operator Check on rodmills, ballmills, magnetic separators; clean area
Concentrator maintenance Maintain equipment in the concentrator building
Pelletizing Pelletizing operator Operate and monitor the filter discs; clean areas

Pelletizing maintenance
Balling drum operator
Furnace operator

Dockman

Maintain equipment for the pelletizing building
Operate and check on the balling drums and the pellets; clean area
Operate and check on the kiln

Load pellets from the loading pocket to the train; mostly inside a enclosed room
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Table 2. Summary of instrumentation used for characterization of airborne particles

Response Diameter Collection

Instrument Measurement Metric time (s) Range (um) Channels efficiency Upper range
Model 8520 DustTrak Aerosol .
Monitor w/ Mass concentration No size
. (particle diameter >2.5 1 0.1-10 ; - 100 mg/m’
PM; 5 inlet, ~10 ) resolution
PM, inlet um, Hm
Model 8525 P-Trak Ultrafine . No size Size ~5.0x10°
Particle Counter (CPC) Number: concentration ! 0.02-1.0 resolution dependent #em’
Model 9306 AeroTrak Optical Size distribution by | 0325 Size Size
Particle Counter (OPC) number ' resolution dependent
Model 9000 AeroTrak . - No size 5
Nanoparticle Aerosol Monitor Surface area concentration 1 0.01-1.0 resolution - 10,000 um’/cc
Azkslo] 1.5~2.0 //min®] §Fo 2 EZXSIHTE & T2 Ao PM,5(0.02 -3.0 m) Y RPM(0.02
ZAE ]94 RPM ZHeflem: 5’—/\] B2E 183} A -10.0 m) =% & AF&3}9 th(Ramachandran, 2005).
23 A, 2o HeFAE AHs7IFe= o
ArEshgint Mi=(6)*n*pp*(d)” (12) ++(4)
HIZE o]&3 ZHWM o3 RPM FHsEe
DustTrak 85209] 35 A E&L HASI=G o]&E A7 A, M; : iHA Iz} A=k
At 2 =AZke] oigt R A A4 CF(Calibration n : iHA QA (particle count),
Factor)«= t}24]2 o|&35lo] Akt Py YA E(particle density = 10° pg/p),

di iR ARk} 27 (um)
CF for RPM = Time-average grav RPM / Time-average
DustTrak RPM -«(1) v ROARe Zoux, ZoAA(YR])oA =Ast
FAEE 222} 34 A (Pairs)o] tisiA] EA3AT

=

PM,;s %% (Gravimetric conc.)= UAA7|E

2 RPM g=of gt A7 2 PMas &% 3R HHMA 5 £F
o] H|E o]g&3le] AP AR AI|E AL 2 AtolA A= 5742 AeroTrak 93063t
OPCZ H¥ dirh P-Trak 85252 o]-&3l¥ 1l HHAE =742 AeroTrak

(Model 9000, TSI Inc., Shoreview, MN, USA)2 AR&-3}

Grav PM,5 Conc. = (Grav RPM conc. x Size-integrated Atk AeroTrak 90002 Q] 7]TA| == HZ o =

PM,5) / Size-integrated RPM --+(2) Azlo] Q= JA=2] THAL A5 ARFe] A7)

‘ﬁ-‘ﬂb 0.01~1.0 mo]tHTSI Incorporated, 2011). ©]A

PMzsoﬂ et BAAE AR PMos S5 & ko] o3 o] 252 A= FEo olsf HakE

A28+t DustTrak PMss 2 UHRo] A4S 2| E=d), old YAkse] MR FlEH

SHE RSl AAR ol FE o] Hsks S5ty

CF for PM,s = Time-average grav PPM,s / Time- OAS & xHZA O 7 HIES= YTE o83t Aol
average DustTrak PM,s --+(3)

4. K= 2|
Zul WA S A3 9l P-Trak 85259} 1A zmz}ﬁﬂ] g5t EAEAS SPSS 18.0K(SPSS
WA 2 2A3F 9l AeroTrak 93062 AF&3}o] ¢ ., Chicago, IL, USA) o] &3&}gal 1eje #F
A QrlSE=rg2 BE AL o]83le] A SlgmaPlot 10.0(Systat Software, Inc., Chicago, IL,
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USAE AH8 o). SRR de 3T 44
2 [H DataAnalyst(v1.27) T2 13- AM&3FITH

. ¢ n}

1.PM,s 2 RPME| B2 sT ZXM X2} EHAMK| H| WD

HAE RPM 9 PM,59] APl 2 JHFET
S}oAt}. Table 33} ZHo] JAp=49 RPM 4 PM;s
=9 7et g+ 9 7|skEEHANE 212 0.16 mg/m'
(GSD 2.24), 0.04 mg/m(GSD 2
= BAFSE FoTt Alol7} ‘Rl‘iil AR ST
2E SYEYH 241G M w2 FEE B
THp<0. 01)

AR5 &35 Ptrak 8525 L Aerotrak 93069]

A9 RPM 59| 7|5t 8+ 9 7]t HAH= 0.32
mgm(GSD 3.24) ©]QI PMys =L 0.07 mg/m'
(GSD 2.60) ©]3it}. t-g#E t A Z T}, DustTrak 2]
HA PM,s 2 RPM %2} Aerotrak % Ptrak?]
PPM,s % RPM 5= Abolofl= 23t 2po]7h Q13
THp<0.01).

g, At 2 3 5= DustTrak 85202
sEAEdel e B <
A4 =TS =48} Ptrak 8525 2 Aerotrak 9306

Aepses S gk v

Az, ¥ EAmTo et ARASR)E 22 0.65,
Ho] FAck(Figure 1). =

gk Als gl E T SAH =T Bt Zol7t 9l
ATHp<0.05). YA} 2718 Ads= EEoA= ¢

Table 3. Summary of DustTrak PM, s/RPM measured and Ptrak/Aerotrak PM, s/RPM calculated

Method No of pairs R’ AM=SD GM(GSD) p-value
RPM measured 34 0.23+0.19 0.16(2.24)

<10.0 m) 0.65 0.000
(=100 p calculated 34 0.5540.72 0.32(3.24)
measured 34 0.06+0.08 0.04(2.52)

<P2N£2.5 0.56 0.001
(=2.5 ym) calculated 34 0.09+0.07 0.07(2.60)

* AM(Arithmetic Mean), SD(Standard Deviation), GM(Geometric Mean), GSD(Geometric Standard Deviation)

t RPM : adjusted RPM concentration
¥ PM,s : adjusted PM,s concentration

by =0.25
b,=0.95 .

0.1

RPM calculated(mg/ms)

ooy & © ©

0.01 T I
0.01 0.1 1 10

RPM measured(mg/ma)

(a) RPM

PM2.5 calculated(mg/m3)

0.001 T T
0.001 0.01 0.1 1

PM2.5 measured(mg/ma)

(b) PM>s

Figure 1. Correlation of calculated mass concentration vs measured concentration for RPM or PM, 5
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Aol ARALE AFerl ZUlst=s ASRS Hch Table 5. Correlation of number concentration vs surface area
concentration and RPM vs PM; s

2. AR st EMHAY s H|W Metrics No of samples R’
Z2A% AR}, W FHA =T 2 IOAFERE T} Number concentration 37 0.80°
AtHp<0.05). E}ZYO|E HAA|HFAHS YA 9@ 7 Surface area concentration 37 ’
HASEL 2P-RAHY $9E0R B4 Ue RPM 3 =
HI ARZAE dAeEEE SHRIUAT} PM>s 37 '
144,734.7(3.2) #/en' 2 7V &9k 1 o2& xd7] . P<%-%15
p=0.

HAESZARE 111,876.5 #en o|Qlch EHA =
ZoNE G| ZAAA} 315.8 mi/en B 7V =9k

= = iz 1= S C =
_ _ Q) Zholle =0 Alalajo] 0lo. o Blolsldd
sto] UAGEmol uaF AL HATHTable 4). L Metries)tholis w2 ARPEO] Slas Sl
= S o ZLo oIzl =
2, A WAR S BEFES YA srefs] TR 080 pOOD, oS |Fe] HE HAS]
o A2 THAS Z7lgl ¢ =2 3l
L o2YsY SAAYAY W, EugpEde  WETH HUAE S7pie dedd vxdns
ustAelolgiet AYHS ue, B @ 4 BT U B A RPM g igf PMys 5
- N o EAA o =0 Alyly 0] O o} A
YA VAT A0 ol AT Aoz gy OIE SANSE = WEWAA UG &
o —| <
ol YA wAh 2YFANG weAow oy AHTERT0T. peO.0s)(Table )
HAou e8] vt A3t yeEbdTh o= 24 N
X
9 717150 Wasl Ee] dn 2ATHoE V. &
chpst 7]7150] EAfeka HlolojEst 2 )
e Adu) 9 galR 2 Fof P et e Ardd S8 A=A ddE Fxe= U
= 3719 RS Ags] AEshe AL &7ksst
AL L2 ZAFF QAN E T 97) 2 F(N=37) ARk, AFHLA7E 20~300 nm Q1 JA7E A Y
o] HHerol rEe FHAEEE =A3 9A} 98.9%% A5t YAHL7F 0.3~0.5 pm 0.5~1.0
Table 4. GM and GSD by SEG and process for each exposure metric
Number SA RPM PM:s
3 2 3 3 3
Process SEG N (#em’) (im/em’) (mg/m’) (mg/m”)
GM GSD GM GSD GM GSD GM GSD
) Crusher operator 3 30,545.6 1.7 1353 1.9 0.12 2.76 0.01 2.62
Crushing
Crusher maintenance 4 35,705.3 2.5 172.2 4.6 0.10 2.66 0.02 3.70
. Concentrator operator 5 18,854.8 1.9 103.2 2.5 0.12 2.34 0.03 3.11
Concentrating -
Concentrator maintenance 6 19,2448 2.4 68.8 2.4 0.09 1.51 0.02 1.90
Pelletizing operator 5 51,971.2 4.0 120.6 4.8 0.11 2.30 0.02 2.58
Pelletizing maintenance 3 111,5553 1.8 299.6 22 0.25 1.54 0.05 1.84
Pelletizing Balling drum operator 5 74,385.4 4.0 188.5 2.9 0.31 2.25 0.07 1.86
Furnace operator 3 1445892 32 315.8 4.4 0.22 1.50 0.04 1.76
Dockman 3 30,779.4 5.4 244.7 8.2 0.16 3.69 0.06 4.14

* N(Number of samples), GM(Geometric Mean), GSD(Geometric Standard Deviation)
+ Number : Number concentration of particles

¥ SA : Surface area concentration

§ RPM : adjusted RPM concentration

I PMas : adjusted PPMzs concentration

9| SEG : Similarly Exposed Group
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TS =%3t= DustTrak 85200042 =X ZFHET)
o A e tiezvlel Qas mejetr o
DustTrak 85202 o]-&3t Aeger H7PH B

H| A o u}a‘rxlz‘;} HhHo|gt B 4~ 9tk
Aol A QA4 SO HHA B Abo]ofiz
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