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ABSTRACT

Objectives: Asbestos contents of crushed serpentine rocks and airborne fiber concentrations of workers were determined at
two serpentine quarries and a steel mill.

Methods: Bulk samples of uncrushed and crushed serpentine rocks were collected and analyzed by PLM and TEM.
Airborne asbestos samples were collected from the breathing zone of workers and the vicinity of working area and analyzed
by PCM and TEM.

Results: Chrysotile was identified with antigorite, lizardite and non-asbestiform actinolite in bulk samples. The arithmetic
means of chrysotile contents in crushed serpentines were 0.11, 0.01, 0.42%(W/W) by quarry A, quarry B and a steel mill,
respectively. The asbestos concentrations of all personal samples were less than 0.1 f/cc which is the permissible exposure
limit of workers in Korea. The arithmetic means of airborne asbestos concentrations were 0.017 f/cc and 0.009 f/cc in
personal samples collected from two serpentine quarries. The asbestos concentrations of all personal samples collected from
a steel mill were less than LODs by PCM analysis but asbestos was detected in area samples by TEM. By the job tasks of
serpentine quarries, crusher/separator operation generated the highest exposure to airborne asbestos.

Conclusions: Although chrysotile contents in crushed serpentines of quarries were less the permissible level, the highest
exposure of workers in serpentine quarries reached up to 76% of the permissible level of airborne asbestos. There were also
possibilities of occupational exposure to airborne asbestos in a steel mill. The present exposure study should encourage
further survey and occupational control of quarries producing serpentine or other types of asbestos-bearing rocks.

Key words : asbestos, airborne fiber concentration, occupational exposure, serpentine quarry, steel mill
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Figure 1. Chrysotile fibers in a serpentine rock found at a serpentine quarry. (a) small chrysotile vein in a serpentine rock (generally less
than 1~2 mm wide) (b) bright-field image and (c) diffraction pattern of chrysotile under transmission electron microscopy

analysis.
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Table 1. Analytical results of asbestos in serpentine bulk samples At H# o2 YAZ Bo JIA &7} 0.040 7H/cm3i
by transmission el::ctron micr*oscopy. ZHAF =31 A AQ] QA E 7} 0.036 TN Jom® 0]9lo.

Work sie N, W W) % e e, AlE2e] A RE B 4S9 vltelsic

Quarry A 3 0.11 0.08  0.04-02 Chrysotile A o] A AQA 72 57] T Hisles e o=

Quarry B 3 0.01 0.01  0.003-0.01 Chrysotile 0.008 7l/em’ 2 A1 A2] 7| QAA| & R} 5o 5HA Wk

Steel mill 5 0.42 035  0.09-1.01 Chrysotile CHPruskal- wallis=0.001). £} ] & o]-83 24

"N: number of samples, " AM: arithmetic mean, ¥SD: standard 7§5'-]', %"l%ﬂiﬂs_ﬂl%‘gi 7\::4%@'74] o])\o]' }é‘ﬁ‘ﬂ' Hed
deviation A 19 70 515 7H(79%) 2] Almol A Aol 4553

o AR L Al g o ® YA A9 HQlA R
7}0.017 Alem’& 714 =7 Uept o, 4% BE]
ZAAAE7}F 0.009 Al/em’, AH42] 2 AE7} 0.001
7H/cm3°]S{i‘:]'(PKmskal-Wams:O-Oég)- A4 MAA =2
ZEAAH Fokghe YA AL A=} 0.004 7Y
Jem®, A7 B] 791 A &7} 0.008 7H/em’ 2 T ELo
ANRBZLFS S BTt
237 EMH s AREA A ARIA RS AR Ag 9 AH 5
AAAn A S o] &5t 7] T AR E Tei= Table 32} Z94Th AA| 16 7] AR 5 15 7H(94%)
A &AM F7] T A7 AETHA ol AEE o,

=]
o A, AR 3170 A5 5 19 7H(61%) A=A A
I} AETA o4 AEEATKTabe 2). AR RE 12 AH(75%) ARl A Mol HEHSITh M E F7)

2PO| B M= AREA] uhfE ARl A WA I} oA
HEEH Ao, AR Fej7h e AHF e o] o
tglo| Eo u]| X Eo] FAI Aol f X Be) ujzt
A EEE HPong o] ofd o & A ste]
o A& A E ge o) A kS WA A 0.11%,
4% B 0.01%, Al 2 0.42% ©] ITH Table 1).

fr do 1x

Table 2. Airborne total fiber and asbestos concentrations analyzed by work sites.

* T F

PCM TEM
. Sample ‘ q - [ 1 ;
Work site type N AM' SD' Median Range PK-W N No. of asbestos- AM~ SD' Median Range Pe”
(f/ec) (flec) (flec) (f/cc) detected samples (f/cc) (ficc) (f/cc) (f/cc) KW
Quarry A Personal 8 0.036 0.038 0.022 <0.013-0.126 0.001 7 7 0.017 0.026 0.004 0.001-0.076  0.068
Quarry B Personal 8 0.040 0.020 0.038 0.018-0.070 8 5 0.009 0.007 0.008 0.002-0.017
Steel mill Personal 9 - - - <0.012-<0.040 - - - - - - - -
Area 6 0.008 0.006 0.007 <0.004-0.020 4 3 0.001 0.001 0.001 0.0004-0.003
Total 31 0.024 0.025 0.018 <0.004-0.126 - 19 15 0.011 0.019 0.004 0.0004-0.076 -

;PCM: phase contrast microscopy, "TEM: transmission electron microscopy
Concentrations of asbestos-detected samples were used for this statistics.
N: number of samples, "AM: arithmetic mean, SD: standard deviation, Pg.w: significance of Kruskal-Wallis test

Table 3. Airborne total fiber and asbestos concentrations of personal samples analyzed by job tasks of serpentine quarries.

Job task § AM' SD' Median Range PR-W" N No. of asbestos- AM' SD' Median Range P

(f/ec) (flec) (flec) (f/ce) detected samples (f/cc) (ficc) (f/cc) (f/cc) kw

Excavator operation 4 0.019 0.011 0.018 <0.006-0.034 0.035 3 1 0.004 - 0.004 0.004 0.140
Dump truck operation 4 0.033 0.017 0.032 0.017-0.053 4 4 0.004 0.003 0.004 0.001-0.008
Crusher/separator g 074 0,037 0.066 0.037-0.126 4 4 0.031 0.030 0.017 0.014-0.076

operation
Wheel loader operation 4 0.025 0.007 0.023 0.019-0.036 4 3 0.008 0.009 0.004 0.002-0.018
Total 16 0.038 0.029 0.029 <0.006-0.126 - 15 12 0.014 0.020 0.006 0.001-0.076 -

"PCM: phase contrast microscopy, "TEM: transmission electron microscopy
Concentrations of asbestos-detected samples were used for this statistics.ﬂ
N: number of samples, "AM: arithmetic mean, "SD: standard deviation, ~Px.w: significance of Kruskal-Wallis test
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Figure 2. A cloud of dust generated during crusher/separator ope-
ration in a serpentine quarry.

w2 37] 5 Auo] el e gue 4
SIS S Yo nE AR HHFIAL
SR 130wt AYTVAZ S AT 5

E

=)

=
8187188 298 7154 TS Ak
A A 4ake] gAERE v E7] 2 2
© 20| 27] § Aol mBE A
27 % HH FEE A Te}
£ TN o F F o 7o) okst waw
o] o] ERfahis 5917 417 T o] wAlwo] 7}
HE o4 EWO® wEE T, ofF Adste] Yo
27)o) weh sl Bol Al thake] A Bl
uhako] @ WlALEl7] o 2 4 ch(Figure 2). 0}

o 23] 7hesto] SAeR AYshe 5 &
= A7) SRk A=2Q A 2278

B Aol A Al E o] A AR M= AHe] A
HAeu MM RAAE 371 T A7t =HES
ot ol A A FRAP) 22 a5 #410 e
o ARAYH Al F7IFe AA Fo=A AR
ZTA7E ok ool A Z1Rlsk= Al 4 ek
2hA QA BT EHEE T B 22 ARe] 2]
ollA T A A R A Aol HEd He
o, AdA F2AE A $ A =EE 7t

o] gt}

o M ook E ot Hy 3o v -

2

of K .

V.4 &

o

&oHd R

S QHEAI o AHRA A AR A A
N 9 FO MUEG S sopshin, AR
Z

gt A B2l A AN AT 22

F
f

N VY

X

J Korean Soc Occup Environ Hyg, 2013: 23(1): 35-40



40 AAE, AFA, 23, Ao

71 Fol BlAtd Ao digt g +2E H7Iske

1. Qs A AREA A Aol 4] AatE]= AFEA] 9
A At O =2 1% n)ike] WA Hol HEE| it

2. AbE A A ZEARY] A o] ElEgle
AR = o)/ 7] LAY L2 P =
T2 Ao =E&FHoh A =5 22
A&7} 2 8]87120.1 Aem’)S Z1461A] oF
U g
A& u] 7
ShHoiTh

3. A da 2R BE oA R 27 &= AST)
EHEE Ao 2rguk el Al F g A A 7oA
Aol AEE HE e o, 29 5 Adol =24
7Fs/d o] 2A 83T

2 AT AT AHEA] AT TR A= AP
g o) uhet oA g H o2 YA sta grof ut
EH}QOI 7Fsdt Aol 1% n|vto 2 g-hH A]—UH

= Fadtol= &6k, 2L 5187159 76%

iﬁl’ﬂk

$59] 3871% SRAM whet 914
oz WA A 1) NR7t 87158 23

v o r{n flo :EL

371 % o] 2 HAch web B A E A
AH oz Avlo] FheH HBE Aok Tajel o
sho] A1giakel 2 Zoteta, el 2aAjel] that 54
241 A3 B a el olek,

Hnesl

American Standard Testing and Materials (ASTM), Stan-
dard test method for microvacuum sampling and indi-
rect analysis of dust by transmission electron micro-
scopy for asbestos mass surface loading. ASTM Stan-
dard D 5756-02. 2003.

Asian Citizen's Center for Environment and Health (ACCEH).
POSCO & HYUNDALI Steel use asbestos contami-
nated serpentine. ACCEH Publication 2011-04. 2011.

Asian Citizen's Center for Environment and Health (ACCEH).
Survey report on asbestos in school playgrounds.
ACCEH Publication 2011-19. 2011.

Asian Citizen's Center for Environment and Health (ACCEH).
Survey report on asbestos in baseball stadiums na-
tionwide. ACCEH Publication 2011-23. 2011.

Cattaneo A, Somigliana A, Gemmi M, Bernabeo F, Savo-
ca D et al. Airborne concentrations of chrysotile as-
bestos in serpentine quarris and stone processing faci-
lities in Valmalenco, Italy. Ann Occup Hyg 2012;
56(6):671-683.

Choi JK. Cases of occupational disease caused by asbestos

J Korean Soc Occup Environ Hyg, 2013: 23(1): 35-40

in Korea. Korea Occupational Safety and Health
Agency (KOSHA). KOSHA Publication Health 97-41-
74.1997:34-44.

Choi JK, Pack DM, Paik NW, Hisanaga N, Sakai K. A
study on several minerals contaminated with asbesti-
form fibers in Korea. Korean Ind Hyg Assoc J 1998;
8(2):254-263.

Deer WA, Howie RA, Zussman J. Serpentine. In: Deer
WA, Howie RA, Zussman J. An introduction to the
rock-forming minerals. 2nd ed. Pearson Education
Limited. 1992;344-352.

Environmental Protection Agency (EPA). Method for the
determination of asbestos in bulk building materials.
EPA 600-R-93-116. 1993.

Kim TW, Koh DH. Atypical asbestos exposure in workers
- Cases from occupational safety and health research
institute. Korean J Occup Health 2007;46(2):62-73.

Klein C. Serpentine group. In: Klein C. The manual of mi-
neral science. John Wiley & Sons, Inc.. 2002:528-
530.

Ministry of Employment and Labor (MOEL). Notification
on the work environment monitoring and evaluation
of designated work environment monitoring labora-
tories. Notification of Ministry of Employment and
Labor 2011-55. 2011.

Ministry of Employment and Labor (MOEL). Occupa-
tional Safety and Health Act. Act 10968. 2011.
Ministry of Environment (MOE). Asbestos Safety Control

Act. Act 10613.2011.

Ministry of Environment (MOE). Hazardous Chemical Con-
trol Act. Act 11260. 2012.

Ministry of Environment (MOE). Minerals having the pos-
sibility of containing asbestos. Notification of Mini-
stry of Environment 2012-72. 2012.

Ministry of Environment (MOE). Sampling and analytical
method on the survey and analysis of minerals ha-
ving the possibility of containing asbestos. Notifica-
tion of Ministry of Environment 2012-74. 2012.

National Institute for Occupational Safety and Health
(NIOSH). Asbestos by TEM: NMAM 7402. NIOSH
Manual of Analytical Methods (NMAM) 4th ed.
DHHS (NIOSH) Publication 94-113. 1994.

Rohl AN, Langer AM, Selikoff 1J. Environmental asbestos
pollution related to use of quarried serpentine rock.
Science 1977:1319-1322.

Sakai K, Hisanaga N, Kohyama N, Shibata E, Takeuchi Y.
Airborne fiber concentration and size distribution of
mineral fibers in area with serpentinite outcrops in
Aichi prefecture, Japan. Industrial Health 2011;39:
132-140.

http://www.ksoeh.org/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


