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PM1o Exposure Characteristics During the Harvesting, Plowing, Sowing,
Planting, and Decapitation Tasks of Agricultural Workplaces in South Korea

Wongeon Jung * Mintae Seo * Hyocher Kim”

National Institute of Agricultural Sciences, Rural Develooment Administration

ABSTRACT

Objectives: This study aimed to identify PMio mass concentration levels and conduct peak identification
during five tasks in agricultural works.

Methods: We investigated five agricultural tasks in 12 farms, which were harvesting, plowing, sowing,
planting, and decapitation. All samples were measured by using the portable aerosol spectrometer(PAS
1.108) and the aerosol monitor(SidePak AM520). The collected data were compared with the national PMig
concentrations. They were calculated to descriptive statistics, independent t-test, or ANOVA, and the peak
identification on time series graph.

Results: The ten investigated farms showed no significant difference with the national PM;o concentrations,
but the two greenhouses(AM, 143.31, 85.16 ug/m®) showed significant difference(X0.05). As a result of the
peak identification, the harvesting tasks showed repeated peak occurrence with the background
concentration level of about 50 ug/mé. For plowing and sowing tasks, the peak occurred intermittently when
the working was conducted near the sampling sites. Among the five tasks, the arithmetic mean of the
harvesting task was 138.84+294.71 ug/m?®, which was significantly higher than the other tasks(X0.05). In
addition, the case of using a tractor was higher than the case of not using the tractor(:X0.05), and the driver's
seat showed the highest concentration(AM, 95.81 ug/m?).

Conclusions: Works in greenhouses might have exposure to PMjg, while outdoor works is similar to general
atmospheric PMig concentration levels. However, there is a possibility of intermittent exposure to high
concentrations of PMso depending on the characteristics of agricultural tasks.
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ojeket Feje] 2Xlo] SRt YA} 42 SE7IA
ATS AU w75 Asks 4o 4= Q= Ae=
B33 v} Qlti(Linaker & Smedley, 2002; Faria et
al., 2006; Puvvula et al., 2022). o|Z2% AA| o =
7lolM= B39 173 dTFE FEste] 1L E4500 it
2715 AAste] Bejsta ok L= Jfuie] g
FoMe FEAN H5f =&715S 10 mg/m’E A3}
a1 9lom, HU I} dinfg0A = JE 2Xlo] tiste] ZFzt
4 mg/m?, 3 mg/m’Z A7sto] Pelstal ot PF
FE BZo] gis] 8AIZF A IEEHLRE 10 mg/m’,
158 DAZH=E7]E R 30 mg/m’S Pt itk E
gt EHRE, 29)0] 59 E/d V2 171841

AAsto] skl QItHKakooei & Marioryad, 2005).
AR B2 dutzog A} A Ao whet FLEEH
51%

715 PMio, A7 2.5 um ©|5F& PM,s= EF3t &
gt AjEATH o == 2 B9 9 Ao wet 3
A A7 HA7F 100 um7kAQ1 S/ EX(inhalable
particulate mass), 7|=4 H 2o o= H 274
10 um9 =4 EA(thoracic particulate mass),
F= H 2o A= B ¥7A0] 4 um T &
ZH(respirable particulate mass)Q& &3k}t B2
9] A+ 2717F & AN A7 ZoA AAZE 7FHsSHA
o, 2717F #A&5E H2o] IFs7] dokCarvalho
et al., 2011; Franck et al., 2011). A9 ===H
A, g gwAst, I HAES v HA
A Agt 52 o 4 U= AeE HuE HE QL
HIversen et al., 2000; Monso et al., 2000;
Franck et al., 2011). °]2|3t £ 5 FolofA
A F718A, 718K R Y1 9tk ALAA &

= 5l EYY E94 @eg., 3= T B
07 HAelE BVEAE 8740 IFE F= A
o7 d#HA glou, PMy A7 olstollA F7EL &
71&o] 23t Feo|A ArEAlT T2 YsAvE 2
Ste [7|18X%lo] sdoME F8 AR A= o]
i Malmberg, 1990; Lacey & Dutkiewicz, 1994;
Schenker, 2000). °]&gt f7|EXS Uit ¥ =S
Qo R ot A AP HRS) AaF, HF 5
A A g o A . e 4= Qi

Y FEolMe A, F= AdEeIAY 24 =
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o] 8 A+ tiol|e ko),
oA E Art ti7]ofA1 Q] mAIHA] T, S71AH AR,
AASE-A0L 22 AR 59] tefst 2o 25
Hgshs 210 &2 4 Ut} FES mEoto]
RS FE5] 7= AE7HA] A P o g olF
ot} 5 s FY ool dut Az A %
T= 29 AYed T2 59 54 w3 gol 2
FA7E o8 FAFE Fol= A7 B, ol 93
o] 7}sd =7t Stk wEbN &Y A 5Y
Qlo] sk FHER & 5& ERIsk= Aol 7]
2Ho =z ggsiH, 2¢jo] o]Fo|x|= ATt &%t A
i W ZY ZZoA FHRlo] o' Fgoz Bzl
LEEE=AE ERIg gavt Qo

AN AEE Aistr] Ak A2 oot
Ak, BE A2 gAfo R 8 HAA], T F
A #£A27] 59 FAYS FEHOE o]FoX = A
o]tKSin et al., 2019). T3 2] HiHof wat 5RA
T= A oA ZAstAY EHE, FHRR1 59 5714
E ARSshe A 53 o] =& $5 9] E3hF 0 EFS
7t Kromhout & Heederik, 2005). 3F&A Y&
oA oy &7 QAAE kEF o] A%l IFS &
F At 7 AAEC] YPHMonso,  2004;
Thilsing et al., 2015; Li et al., 2019). ©2tA 54
?lo] PMyeOll 2= AFHH]l JHE AHHET] 5|
Ae $AFCE S Aulisty] flsf XPsh= 2
B PMe0] WAk 2 ERIT E971 ik
R0 AR g EA4E ERISH] HoiAl= PMio
o] A|Zt& o7 WAYslE QFARS EQlsfof Sttt

2 dAFoAe= &Y ol e PMoe] 28 &
Jo] thE Ao Aifstng = Huto] A4 FFo
2 FEE 8, AAA, oE, F4, «X27] &
Joll s AA s2E @FoA LAYSH= PMyp &
T2 5745t ght ti719] PMy 5=k AolE
Hlwskal, 2 Az B9te] o3 WA FHE AAL
A JHxE B9l 240k, 5714 ARE oo mE
PMipQ] k& $5& ERIste] 5H/U] PMoll =&
He AukAQl B4 AmHE R} S}
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Table 1. Sampling information on the 12 farms

A @=X[27] HANM LYdskE PM =& §4 139

Task type  ID Crop Sam;zling time No. of sampling sites Type of  Use of the
min) In workplaces  Near farmers workplace tractor
A Cucumber 60 4 2 Greenhouse X
B Green onion 129 4 2 Greenhouse X
C  Sweet potato 113 2 2 Ground o)
Harvesting D Rice 44 4 2 Ground o)
E  Sweet potato 117 4 1 Ground X
F Bean 55 3 NA Ground X
G Sweet potato 80 4 1 Ground 0
_ H Ginger 53 2 1 Ground 0
Plowing
I Sweet potato 116 4 2 Ground 0]
Sowing J Sweet potato 40 3 2 Ground X
Planting K Sweet potato 50 4 1 Ground X
Decapitation L Sweet potato 32 2 1 Ground X
Total 40 17

Abbreviation : NA, not available

e, BAA, 1F, A, «A27))9 sAITHS
A5FACHSin et al., 2019). AP ZRARE E3) 5712
Aol 2EE w7FE AEsien, $4 diides
FF AgE X2 12 S7FATHID, A~L) oE F 2%
< oF2 FHIROH, YA 10322 RAA e
AefstRArh& Y HA 900~23,140 mz). oA ZEo
F2 Ao 11 9 A%, 0], tin, B, 32 Al
Hist Utk BE A4S ARlo] o]FofA= ARt
B Ao R A= glom, A} AT A of#H
E TAE 71553 5 Aol o]Foj 79| &
7Fe(A~G) 5 A, BY A k204 Q0]9 Hiuks
247} sk 22olUal YA C~L 7k AloA
:J—’—?'U]', I:ﬂy (0] = XHHHO}%“%(Table 1)

Lr_t

2. HE Nz 58 4

Aold 12719 w7k WA, A9 54, A W
A, AdA " 571AY ol ¥F Sl Aelrt A
ol 1Fste] A B7FF 2~4719] AR oA AL
27E AR 25 WS e oF 1.5 m ol
SRS AAst] AGA RS gHsIFHFigure
D). 42 4019 OWfﬂr Al lefsto] Zhfo] Azt
7] A Fa oF 102 AFH 2jlo] gdaEe ARt
Al YUY H3le U% =30 olHlE(e.g., HHIS| H
o 5)7F TATE A% HlolHoA Alelatirt. S7el
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Figure 1. The representative example of the sampling in the
greenhouse (A) and near the farmer (B)
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8% AH]= Portable Aerosol Spectrometer
(Model: PAS 1.108 & 11-A, GRIMM Aerosol
Technik GmbH & Co., KG, Germany)°|™, PM;o
o Asre Wk Sk 24 A% 2
(interval time)2 624 132 AA5}9c).
3. MU ANE S HH
A4jo] EGEE AMgSHe Aol 19 of=sl B
%io] AT YA ot FA0A SHS AASH
gom, EFEL ABEA R FUAE X 2le)
£ 395 Rl /718 Yol FRE B9 294
2571 94 30 cm WollA &7Fstelth &80 €84
A= Aerosol monitor(Model: SidePak AMS520,
TSI inc., MN, USA)olH, 7]7]19] Y+ FEof PMy,
ZRo] et Alo|EFES Fafoto] &4 A|TF 1HES

129 13|12 HAsiqirt
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o] & PMp % Hlie= 54 715A

AlZE HE gRlE 8-S 1efste] HA| ol el A
%_‘c:)‘g St ‘I':I ANOVAZ 57:"1-] 0‘/‘{/\—10 7—]7(‘101-_]__}(]—
tach 2E A= gk 23] A4 42 SPSS
package(version 27.0, IBM SPSS Corp., NY, USA)
ATEQo|E o] 85T

£ 24 A

o >~ 2

[e)
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1. A 2HE PMy s &

AA 1239 571 3 1032 A, 232 94 Y
oA Zdo] o]FojFow, 7t srpE PG| gt
PMip AT 9 =71 v|AHA] A3l vt A
A= Table 29+ Zth.

Ao =8 ZAAS APt 534C, D, E, F, 9 =
7V 3, A7hE S8t AU FPRE G 571
A PMio9 =7} 179.514558.32 ug/m® (GM,
7.11 nug/m? GSD, 1.44)°& 74 &8 4=Zo]9lo
o, Fd| 16,880.40 ug/m’Q ZAoZ ZHIFQItt E
St AeAA] 2FS APt 239 57 F 1 B7tolA
9] PMjp BEE 65.92+82.16 ug/m® (GM, 5.81
ug/m’ GSD, 1.19)2 Yeph} 7k &2 32 Ao
2 ZRIFEYo, th2o & H 7oA 4% PM;2
BEE 40.81+21.44 pg/m® (GM, 4.93 ug/m’
GSD, 1.10)%1 AL & eyttt | s7ollA 238 ot
Z 9] AL PMY %7} 76.73+185.48 ug/m’
(GM, 5.98 ug/m? GSD, 1.26) &2l Ao & gQly]
PFom, K s7tollA Agd 4] 2o H- PMio
57t 53.45+£77.91 ug/m® (GM, 5.30 uwg/m®
GSD, 1.18)%1 Aoz Uett. L s7tolA J3ggt <=
A27] A4S PMy sEE 56.20+77.32 ng/m’
(GM, 5.32 pg/m> GSD 1.2D)E Yok 13y
Ao X¥H AFES =7 vAHA] A ;et vlwe
o FAHCRE [ogt zolE Ho|R] ASITHp )
0.05). 22(A, B9 AlET-A oA F=3d 22
48 ZQjo|9lom, ZFZF 143.31+£120.07 ug/m’

(GM, 8.08 ug/m’ GSD, 1.24), 85.16+17.78
ug/m> (6.85 ug/m> GSD, 1.07)9 $xo& Vet
ot E3h T 3 B5 =7) uAHA] A2} B u S

o, SAZFCE FoIst Afo]E Hol=
Hp < 0.05).

Ao gRlE]]

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(2): 137-145



A S o
+& 423

M|, OEE, Al

o,y

=X27] HHUN Ldok= PM =F 58 141

Table 2. Results on the stationary samples and comparison between sampling and national concentrations of PMyg

PM;q concentrations By
o Task c Type of o ! (ug/md) concentrations of PMsg?
as rop working site (ug/m®)
AM£SD GM (GSD) Median Range AM£SD GM (GSD)
A" Harvesting  Cucumber Greenhouse 2771 143.31+120.07 8.08 (1.24) 107.3 59.80-2137.00 72.04+17.99 6.32 (1.13)
B" Harvesting Green onion Greenhouse 5322  85.16#17.78  6.85 (1.07) 83.80 44.30-85260 53.86¢5.00 5.64 (1.04)
C  Harvesting Sweet potato  Ground 2354 26.64+25.22  3.88 (1.24) 2050  7.90-639.10 27.17¢6.33  4.15 (1.11)
D  Harvesting Rice Ground 2284  50.81490.34  4.84 (1.31) 3450 10.60-2569.80 30.21%9.46  4.30 (1.15)
E  Harvesting Sweet potato  Ground 3736  55.01+£78.66 546 (1.18) 51.25 13.40-3996.30 30.17£7.19  4.34 (1.10)
F Harvesting Bean Ground 1802 55.38£138.75 4.82 (1.34) 3560 10.80-3670.40 44.83t16.24 5.05 (1.20)
G  Harvesting Sweet potato  Ground 3736 179.51#558.32 7.11 (1.44) 72.05 24.60-16880.40 48.1448.14  5.35 (1.08)
H Plowing Ginger Ground 119429 40.81+21.44 493 (1.10) 38.00 10.00-922.00  40.04+9.40  4.91 (1.10)
| Plowing ~ Sweet potato  Ground 5082  65.92+82.16 581 (1.19) 53.10 26.60-3075.00 47.29+17.82 5.18 (1.18)
J Sowing Sweet potato  Ground 2956 76.73+185.48 598 (1.26) 6220 10.90-7370.50 69.67+17.26 6.23 (1.12)
K Planting ~ Sweet potato ~ Ground 5417  53.45+77.91 530 (1.18) 4550 20.50-2657.00 45.88+16.42 5.15 (1.15)
L Decapitation Sweet potato  Ground 595 56.20+77.32 532 (1.21) 4270 27.60-1304.60 29.33t6.27  4.30 (1.09)
Abbreviations : AM, Arithmetic mean; SD, Standard deviation; GM, Geometric mean; GSD, Geometric standard deviation
a) PMio concentrations of national measurement networks by Ministry of Environment in Korea(https://wwuw.airkorea.or.kr/)
b) Data logged by interval time (6 seconds) in the real~time monitoring device
c) Data logged by interval time (1 seconds) in the real-time monitoring device
* p{0.05
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Figure 2. Peak characteristics during working time at sampling sites by each work

Time (hh:mm:ss)
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Figure 2+ 57019 Z}io] dis) tiE 235 A5t
of Y25 gl fs el AJAE 1 zLolnt. 574
o] zrelo] o5t T3 wHAY —aﬂq1§ sholsfE Ayl AHA|
AHog WA HIx, WiZEsE 5, T3 FHO Aol&
Hol: Zo& IRIFrt

3. Z ZAYE PMyp & &

5709 A4 PMyp T S5 RIS HbS o,
g A9 PMyg =71 138.84+294. 71 ug/m=
Uetd 7P 2 Ao=Z ERIFIY o2 15 &+
49l PMyo &7t 58.36+£72.71 ug/m3E =%o
+=R27], AA, B4 A9 PMy st 24
56.20+77.32 ug/m’, 53.31+86.20 ug/m’, 36.83+
19.06 ng/m’Z Yepgth ZAEz BYsk= PMy, &
Lo ts] ANOVAS} AFEAA(Duncan)& AA5H 2
I, ZHdE 7l s BAA Y8 IS & gl
A v, £ A9l A= BE AT HnES o
AR RS I 4= AAHp € 0.05) (Figure 3).
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Plowing  Sowing Planting Harvesting* Decapitation
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(N=23293) (N=907) (N=1197) (N=21689) (N=595)
Figure 3. PM1o concentrations by each work (dashed line-
arithmetic mean)

4. EME| AL RF0| [HE PMyo & &
LAoA EHEQ ALE ofFo] WE 74

ZAR} ZA ] PMyo &= Hwet J# = Figure 4

o} Zot. EHEZ}F AFEHE A A 52 A ZAR}

R

]Od ol
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Figure 4. Comparison of PM1o concentrations in workplaces
and farmers by tractor use (dashed line—arithmetic
mean)

= EHEE ARSOHA] 32 Aot ZdR} Jfﬂlw:}
PM;9] & 50| BAZHCOE FootA &2 A=
YEPFTHp € 0.05). EHEHE ARgosl= 2FAAS] PMyo
LE £E2 AEEd 3EuxE ZRlbE o
95.81+174.39 ng/m’> & 7P =7 vehgton, E}"
o7 EEH7} AREE A A4 PMy, &
84.114267.67 ug/m’, EHEE AREIIA] F= ZY
49 PMig 55+ 47.30+87.00 ug/m’, EHES
ARESHA] Qe F oA ZAR 29.79+
18.66 ug/m’o & ZFzF Yehyith

M

V.2 #H

& AFolrs AAl A @A-CNA o FofAl= 57N
o] 2ol sl PMio9] =& 54& st ¢
A2 2 S oFe] kA9 She-L WiFolA Ade
O‘I._E /\]LH o] J\TQ _1_7] )g_,] (};. nas= l:ﬂ-}:_]:]— :_.;'7-
7b AR 2| e} HlwslE w, ofe] 2Hde] e o
7] PM1o®] ot Hlsegt 21 W, shes A
ofIETH Ao R £ FERl ACE YEHT
Ao 2] PMip T4 F&& AAEAR] Tz 2l
e W, Yooeze At d7]olAS] PMyy &=t
HjS2gE 2ol AT EFE ] ARGolL 54 29

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(2): 137-145



wef &0 R =2 39 PMp kol =52
A ERIstATE T3 5709] Ao i B
< SRl 2y, 5 Aol oA =2 A=
e om UmA] 4709] A2 v =30l Qi
£ AFolA A FHFL Aut 7] PMy =9 &
o7} gle ALE Ustth wEhA ZAPE=R m3rt
HhlsH= 9FARS B Figure 29 (A) o5 22 E
A o] AP=E 42 Hd 2k 800 ug/m’ $F
7HA] PMjeo| EAYsk= A 22 BHEZR1 w3 FH|
E Uit (B) A23A &Y 15 2AdT |fAksEH
Al EHE Q] o] wet 1371 WAskHs FHE EI
oy, BAE 139 5 £ uE Ay g 3
o 3075 ug/m’Z BRIE0] BT $Fo] Ayoz
2 AoR ZRIHYL. o]+ EHHE ol{s) &
7= #do] Xg=o] wA|ofA W¥sk= EX(field
dust)] H3FS Hke Ao g worErt (C) A4l 2HQ]
749 giHEo] 3o =g Folxglon}, i B4
of it F71Ael &Y &0l == AF¢ mAvt
Aok A AQotH tiiE W2 0= Usyt
. (D) & ZA2 o2 o] vlgf| Mrk{os oF
50 ug/m’ o9 HiFEEE Hol1 glon, BE =
Ao o327t WA o8 WAlsks 2o R Ry
At AASHRA YollA 5 A XY FE &
7 AR A gle] 7] Foll FRot e 1Y
L o] HE Ao H|s == AoE Az
(B) £A27] &Yl 4= 9F 30 ug/m’ AF 552
HiAEEE Heon, 53 2y g Autyo=s v
2 &7t ASHLoE fAEE AoE ZRIFrh
8 Zkdo] thE Aol Mg =2 AoE UEhd
Aoll= 2w, Al ¥4, &E B4 59 ogwt
dRlo] e FUS Ao=E wHET A B k=
AlESEA0A 428 QS Fich 0|9t Zo] whd|
T29] Ao AAE FHF7] WEo] oFolA £
P ZAo] HlsiA HIAHA] =7t %S AR S
. At Qo] 48 A P A 571 Al
Aske-A Yol 3] Wo] 67] AX|=]o] gJlo
T n7ks AEiglen, &7)7F A& o] Fo R A 43k
ok &3 B 5719 A< AfA] AldskeAoH &
He GRS IRIT 4 gle ol E9] A
s7tet o] Qolg gdl= AE, 2019 7Hxet A
o Z2 do| SlojA A Al £xlo] EE 7FsAe] A
AN Z

=4
aL, olFlo] #2Ad Al 7] F 24 =l e =
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|, WE, 4, =XI=7| AN LYSk= PM =& 58 143

Qltta A vF QltiMadsen et al., 2009). &
AtoAe] Qo] A} gt X FA= S At
L 143.31 nug/m’ °124 Madsen et al. (2009)7}
53 Q0] 58 AJHSEEA YolA 9] A%l FU8 &
B 5= 1.7 mg/m’E BIg AL FasE
2 A el Y ZAAAE el =& A
e AGQAm dato] Hlsf B =9k AR d&H
YE 2= fifo=s gk AU FUH 231 ¢
PM,59] =& B7IE Xt doAs =2 &2 Al
TUA BH) 527t 1,362 ng/m’E YERY P4 2}
(1,315 ug/m’) sh= A9} HlSBIAL, o= X
A 9 A AdHG 22 Aoz HIg v ot
(Moran et al., 2014). £3] oj[2EE& 43I51= AR}
o] YA BA9 g =& 4,368 ug/m’ AoE
BIskel=t, 5714 AR B9l o2t UHE &
= Aoz B3 dA¥o] FrlstAttal skl £
Aol A9 48 AP fFE 57IAE ARESHA] &
I R oA BEEE FES0l7100 PMee] A
Z0| Moran et al. (2014)9] dF+ATHET A& og
$ors Ao woEn B Ao ZE V| E
oA HIsH Q= X kE $51 Huo|EH,
oA 9] B e Y WAl 57149 AR
5ol w2t g2 o oke AL g1 4 o

&Y Al EFEY AvRRl 59 571AE AHEE
AS 23 = o] B3 A= FARE 9
o] £tHAybek & Arslan, 2007; Lovarelli &
Bacenetti, 2019). & QoA EHE ARE F50
et HAYSh= PM8] w0l AolE Helow, 2=}
Q1 EE AANA 9] w7t A AaofA
FEHT FooH w2 AR UEyTh 2 A4
+= o] AU E= o] §l= EE AAE 2

=44 QRN EHsI o, A Ao =H
o] gl= F7I1AE ol&sh= A% ol A= s7AE
[-&sh= Aol vlsiA sre] £l =&d & 3
o E3E HF QcHAybek & Arslan, 2007). ESE
EHE 39 57AE AT A oS 539 A
ARfEEL F7HoE wEd 4 JKSydbom
et al., 2001; Stapleton et al., 2018).

=4 E= PModt 22 A =40 &2 A%
ookt 38714 dgke U 4 ook =Y 18 eE
FoA= FEEA(grain dust) @ FE=EZ(flour dust)
o dgt &7 22 4 mg/m’, 0.5 mg/m’L.
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