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ABSTRACT

Airborne chlorpyrifos concentrations in formulation workplaces have not been determined in Korea. The aim of the study
was to evaluate chlorpyrifos concentrations of air in a formulation workplace and recognize the RBC cholinesterase
activities for the formulation workers. 30 air samples (personal or area sampling) were collected and bood samples from 10
workers were collected for RBC chlorinesterase (RBC AChE) activity in a factory on May 2008. Air samples were collected
by the National Institute for Occupational Safety and Health (NIOSH) method and were analyzed by GC-MS. Airborne
chlorpyrifos concentrations ranged from 0.003 to 12.90 mg/m3 and geometric mean (GM) was 0.15 mg/m3. Compared to
Korean Occupational Exposure Limit (KOEL) of 0.1 (2011) or 0.2 mg/m3 (2008), at 95% confidence, airborne
concentrations exceeded the KOEL 69.7% or 56.1% of the time or less, indicating that this concentration level was
unacceptable according to exposure assessment using a LogNonn2®. Since the workers were continually at work on the
organophosphate or carbamate pesticides formulation, individual baseline for RBC AChE activity was not determined. As
the results of comparison with reference average value of RBC AChE activity, it was found that a worker was below 70%

RBC ACHhE activity and five workers were abnormal.

Key words : Chlorpyrifos, RBC cholinesterase activity (RBC AChE), formulation worker, Korean Occupational Exposure

Limit (KOEL)
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MAA R HWFH-L NIOSH method 5600(NIOSH,
1998)2 wtth 114 &ZFHOVS-2 tube: 13-mm
quartz filter; XAD-2, 270 mg/140 mg, SKC, Inc., USA)&
Aol EEGgo] A Fog FHTE
o]-8-31] A5 0.5 L/min©. 2 360-400 & 5 Al 2E
sk om A2 A7t Foll A Gilibra-
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3. EMUY
27 & F2 298 A9 AL NIOSH method

56000 we} o] o] MTHNIOSH, 1998). A|2Z 2
mL2] 90% =F/10% ofA|&E FNoE &3
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SIM) 0| A E-413} 9t} GCol+= HP-5MS (cross-linked 5%
phenylmethylsilicon, 20 m x 0.2 mm ID, 0.25 um) Z-&-&
B215lo] AFE-519ITh Table 12 2 Ao A AR
W Zzavjenac gzt of ZANA &
A& = HE3HA(LOD)= 0.002 pg/sample (1 L/min
© 2 8A7F Al E A FH WL ) 0.004 pg/m’)o] At

Table 1. Analytical conditions of chlorpyrifos by GC-MS

Parameter Condition

Carrier He at 1 mL/min

Oven 150°C (1 min), ramped at 15°C/min to 235°C,
temperature post run 300°C (5 min)

9 7FE F=

o} ZAel AT FUo2EH A FHE 9

Aol et FHoLEHHA EEs HAEE
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5. SHEA

$7] % SRee A K g 4= 457
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AAirstEct E A8 ZRloAgH A =] '
7k 7pol, 2 | ot MY Bl A A BAE
2NN Tt AE - FRlo| AH eHA o A&
SPSS (IBM SPSS statistics 19)5 o]-83}o] 2435} 9 th

Table 2. Precision for analysis method of chlorpyrifos concen-
tration (n=5)

Injector type Split mode (1:10)

Injector

280°C
temperature
Selected ion, 197, 258, 314
m/z
http://www.ksoeh.org/

Amount spiked Detected Concentration

Compound

(ug/mL) Mean = SD(RSD%)
. 0.25 0.26 + 0.02 (5.94%)
Chlorpyrifos 2.50 2.51 + 0.08 (3.22%)

SD: Standard Deviation, RSD: Relative Standard Deviation
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Figure 2. Scaling process
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et ZAolm 33l AA 4330709 7S L
& 19 A | Figure 30| T}
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Table 3. Chlorpyrifos concentrations in the air of manufacturing company

1st Measurement 2nd Measurement 3rd Measurement
Sampling Concen-tration Sampling Concen-tration Sampling  Concen-tration
Job Type Job Type Job Type
Type (ng/m’) P Type (ng/m’) P Type (ng/m’) P
Personal 9085.8 Filling Personal 12903.7 Filling Area 20.2 Inserting
Personal 266.2 Common Personal 152.9 Pulveri-zation Area 7.6 Hammer Mill
Personal 325.7 Common Personal 115.4 Pulveri-zation Area 10.7 Pill Mill
Area 62.8 Inserting Personal 780.8 Blending Personal 652.9 Blending
Area 188.5 Sampling Personal 694.0 Blending Personal 713.7 Blending
Area 113.2 Hammer Mill | Personal 887.3 Blending Personal 445.0 Blending
Area 260.3 First Mixing | Personal 953 Filling Personal 66.8 Filling
Area 5.8 Second Mixing| Personal 81.7 Scaling Personal 43.1 Scaling
Area 3.0 Z-Mill Personal 783.3 Scaling Personal 168.2 Scaling
Area 92.4 Packing Personal 78.4 Heat Sealing Personal 51.3 Heat Sealing
AM*: 1040.3 pg/m’ AM: 1657.3 pug/m’ AM: 218.0 pg/m’
ASD*: 2829.0 pg/m’ ASD: 3966.4 pg/m’ ASD: 278.2 pg/m’
Sub- GM*: 115.8 pg/m’ GM: 3732 pg/m’ GM: 78.1 pg/m’
total GSD*: 9.250 GSD: 5.043 GSD: 5.256
Median: 150.8 pg/m3 Median: 423.5 ug/m3 Median: 59.1 ug/m3
Range: 3.0-9085.8 pg/m’ Range: 78.4-12903.7 pg/m’ Range: 7.6-713.7 pg/m’
AM: 971.9 pg/m’ GM: 150.1 pg/m’
Total ASD: 2783.9 pg/m’ GSD: 6.765

Range: 3.0-12903.7 pg/m’

Median: 134.2 pg/m3

*AM: Arithmetic Mean, ASD: Arithmetic Standard Deviation, GM: Geometric Mean

GSD: Geometric Standard Deviation

*Standard: Korea OEL-TWA (2008) 0.2 mg/m’, US ACGIH TLV-TWA (2008) 0.2 mg/m’, UK WEL-TWA (2005) 0.2 mg/m’

TLV-TWA 0.1 KOEL and WEL-TWA 0.2

99 95% Confidence interval _

o\

Probability, %
8

1.0693

101.5999 5
10 y=-4.6187+ e
/ 0.1294  +X
~7e R =0.9884
14
0.1
0.01 0.1 1 10

3

Concentrations of chlorpyrifos, mg/m
Figure 3. Lognormal probability plots on chlorpyrifos concent-
rations for all samples triplicated. Standard values were
as of 2008 for Korean OEL (KOEL), 2008 for US
ACGIH TLV and 2007 for UK WEL.
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Table 4. RBC AChE activity for workers

9 7FE F=

o ZAel AT FUo2EH A FHE 9

e A sy P P e
No. Sex worked Job type (U/L) average(%)* minimum(%)* (mg/m®)
1 F 3.0 Filling 12559 90.0 112.2 12.90
2 M 3.0 Pulveri-zation 9359 67.1 83.7 0.15
3 M 6.0 Pulveri-zation 10999 78.9 98.3 0.12
4 M 3.0 Blending 10745 77.1 96.0 0.78
5 M 2.0 Blending 11693 83.9 104.5 0.69
6 M 1.0 Blending 12645 90.7 113.0 0.89
7 F 2.0 Filling 10528 77.6 94.1 0.10
8 F 0.5 Scaling 12669 90.9 113.2 0.08
9 F 2.0 Scaling 10699 76.7 95.6 0.78
10 F 3.0 Heat Sealing 11269 80.8 100.7 0.08
Arithmetic Mean 2.55 ) 11317 81.4 101.1 0.37(GM*)

Range 0.5-6.0 9359-12669 67.1-90.9 83.7-113.0 0.08-12.90

Reference average (13943 U/L) was calculated for the median of minimum (11188 U/L) and maximum (16698 U/L).

"GM: Geometric mean

0%7}- v Rk ekt = 7S 9 u] gk (ACGIH, 2005).
= ?-01] A= Z 7219 baseline A EE AH=
g 7F ik JE S 51y Aol o]u] ZHARES
o 1_—‘?‘—51 Al &8 A 771 QA &2 7hutu]| o] EA|
(O1A = ZHAAH ALY SHEE Holmd) 5
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