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Abstract: To develop the Forest Work Load Index (FWLI) for estimating the work intensity of forest workers, a
study focused on forest tending was conducted. To estimate the FWLI, we used the Ovako Working Posture Analysis
System (OWAS) and the Work Load Index (WLI). The OWAS is a prominent method used for analyzing
musculoskeletal load in work tasks, and WLI is a prominent method used for analyzing the work intensity of workers.
The PRI values analyzed for each forest tending project were 185.3 (Thinning), 150.6 (Pruning), 181.1 (Thinning for
Forest Fire Prevention), and 197.0 (Thinning for Young Trees). The WLI values, calculated on the basis of the
measured heart rates, were 59.5% (Thinning), 53.5% (Pruning), 56.2% (Thinning for Forest Fire Prevention), and
62.3% (Thinning for Young Trees). The FWLI was calculated using the analyzed PRI and WLI values. The FWLI
values for the forest tending project were 110.2 (Thinning), 80.7 (Pruning), 102.1 (Thinning for Forest Fire
Prevention), and 123.0 (Thinning for Young Trees). The FWLI developed in this study can be used to quantitatively
compare the workloads of forest workers. In the future, the analyzed FWLI can be used as a basis for improving
forest workers' postures and comparing workloads across different forest projects.

Key words: forest operation, musculoskeletal disorders, work load index(wli), postural risk index(pri), forest work load

index(fwli)
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Table 1. Characteristics of study sites.

Site . Silvicultural Number of . Age Slope
number Location system workers Forest type Density DBH(cm) class (%)

Hyeonnae-ri, Buri-myeon, Geumsan-gun,

Site 1 Chungcheongnam-do, Republic of Korea Thinning 4 Mixed forest High 10 - 16 HI 30-35
. Dagok-ri, Seoha-myeon, Hamyang-gun, . Coniferous .
Site 2 Gyeongsangnam-do, Republic of Korea Thinning 3 forest High 18-30 v 2025
. Yeokpyeong-ri, Nami-myeon, Geumsan-gun, . Coniferous .
Site 3 Chungcheongnam-do, Republic of Korea Pruning 4 forest Middle 18 - 32 TV 25-30
. . Prevention
Site 4 Sajeong-ri, Gunseo-myeon, chheon-gun, forest fire 3 Broadleave High 12-22 IV 2530
Chungcheongbuk-do, Republic of Korea S forest
thinning
. Ibam-ri, Duma-myeon, Gyeryong-si, Thinning for . .
Site 3 Chungcheongnam-do, Republic of Korea young tree 3 Mixed forest  High 6-10 I 20-25
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Figure 1. Location of study sites.
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Table 2. Characteristics of forest workers.
Operation H(ilrﬁ?t \Kziié;)ht Age Ur:l?seé;};ng Work( i};};:)rience
Workerl 176 83 69 N Over 20
Sitel Worker2 170 63 58 Over 10
Worker3 174 58 60 N 10
Worker4 163 58 62 N 10
Worker5 171 62 61 N 10
Site2 Worker6 168 68 61 N 15
Worker7 165 56 67 N 15
Worker8 177 81 66 N 10
. Worker9 171 66 52 N 10
Site3
Worker10 174 84 58 N 10
Workerl1 169 61 48 N 10
Worker12 174 58 64 N Over 20
Slte4 Worker13 171 68 57 N Over 20
Worker14 167 70 72 N Over 20
Worker15 174 65 58 N Over 20
Site5 Workerl6 182 81 47 N 10
Worker17 165 56 55 N 10
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Thesis subject

Investigation category Number of people

Notation

Studies on the relation between Net Working Time and

Recess Periods from Pulse Frequence in Thinning operations Heart rate 1 Overall Value
of Japense Larch(Kang, 2000)

A study on Work Load of Tree Felling Work Using Maximal

Oxygen Uptake and Heart Rate(Park, 1996) Heart rate 4 Average
Analysis of Working Posture Using OWAS in Forest Heart rate and Action ) Overall Value
Work(Lee and Park, 2001) category

Heart rate strain of forest-workers in weeding(Mun et al., Heart rate 4 Median
2014)

Postural Risk Assessment of Weed and Kudzu Removal Action category 6 Median

Operations(Lee et al., 2020)
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Development of FWLI
(Forest Work Load Index)

FWLI Component Selction

Musculoskeletal Disorders Risk
Assessment

Work Load Index

OWAS REBA RULA

OWAS

Field Data Collection
(Working posture, Heart rate)

Data Analysis

Ovako Working Posture Analysis
System

I

Postural Risk Index Work Load Index

Forest Work Load Index

Figure 2. Research Flow Diagram.
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Figure 3. Still cut extraction using Davinci Resolve 18.
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Figure 4. Still cut of working posture by operations.

Table 4. Number of forest work image samples.

Operation Number of image samples

Workerl 432

Site] Worker2 323
Worker3 281

Worker4 298

Worker5 268

Site2 Worker6 270
Worker7 241

Worker8 198

Worker9 158

site3 Worker10 474
Workerl11 343

Worker12 218

Site4 Worker13 158
Worker14 155

Worker15 147

Site5 Worker16 204
Workerl7 210
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Body Posture
- @
Straight Bent forward, backward TWIS.ted or bent Tw1st§d and bent
sideways sideways
Both arms are below One arm is at or above Twisted or bent
shoulder level shoulder level sideways

if

Standing with both legs Standing with the weight ~Standing or squatting
straight on one straight leg with both knees bent

e FL

Standing or Squatting Kneeling on one or both
with one knee bent knees

Sitting
Legs

Walking or moving

&7 LD £

Weight or force needed
is exceeds 10kg but less
than 20kg

Load/use of force

Weight of force needed
is less than 10kg

Weight or force needed
is exceeds 20kg

Figure 5. Working posture of OWAS.
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Legs

Sitting
Standing with both legs straight
Standing with the weight on one straight leg

Standing or squatting with one knee bent
Kneeling on one or both knees
Walking or moving

NonswN =

Load/use of force

Weight or force needed is less than 10kg

2. Weight or force needed is exceeds 10kg but
less than 20k

3. Weight or force needed is exceeds 20kg
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Back

Straight

Bent forward, backward

Twisted or bent sideways

Bent and twisted or bent forward and sideways

B o

Arms

Both arms are below shoulder level
One armis at or above shoulder level
Twisted or bent sideways

ol

xxxxxx
wwwwww

'
|

vvvvvvvv

__MA.N'_ég

3als

Action categories

1. No corrective measures

2. Corrective measures in the near future

4. Corrective measures immediately

Figure 6. The concept of OWAS(Ovako Working Posture Analysis System).
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Inform about objectives and
methodology

Wearing a Heart Rate Sensor
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Measurement of HRR

Measurement of HRW

Figure 7. Measurement process of heart rate during the operations

e AL =S WA 3). AAG=(WLL
%: Work Load Index, 0]} WLD)9] B4(4] 42 A= T}
Aol o] Aug vlmsy] gistol AAE, A9l

U 9 QPP ANEE olgate] ALl AYYEE

 HRW— HER

e L @)

HRM=220— Age 3)
 HRW— HRR

M](%) = m > 100 (4)

3) AHEAAE A=A FsEA]ax(Forest Work  Load
Index)

AP QRBA SEWLDE AR A A 21l

9 Aol R ZxAA 7 EHe Fae T4

2451, glolge] f3lo] Tt 407 ThsstES

oq A

olele] Fzjo] YA olfeld 4 YES T3
Ao A AjEo] st Aot

B s E3] 2Asl0A} 3= AFERIA} AR R
FIARFEWLY e TZAA W Bl Owas £
& B3 AEE PRI AU 54 B9 AEE AU
EASWLDE o 85te] A&t
A== ACO] HI&E PRIZ A4
Atolo] ghat Z o Afutae, Adaet 9 P EE o]
$3to] Agateto] AEE AYLGEAFE Foho] A
A A AYHIASE e Ae Fosten

(4] 5).

ot
>
O
o~
e
ot
=
T
N
(=)
(e

FWLI= PRIX WLI ®))

nk-

M

ot

=

1. £7H7| Al
AQES o] &
A3}, 32 S 2A H ALt F3l ApAe] v]go]
217+ A 2RI 2] 58.749.7%, 33.4+5.9%2 =7 L
won, FURIHL7| = fotH7] 2 HAlE] &
| 3l2l5 HIE= AAY Hgo] W2 Aoa FHHr]
o] A FEe o "o el A7} 83.4+
103%2 Yebgon, theje] ¢ F che|2 A ZA7}
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Table 5. Percent breakdown of observations among different body parts by thinning operation(Site 1).
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CODE Worker 1(%) Worker 2(%) Worker 3(%) Worker 4(%)
1 56.7 68.4 58.7 49.0
2 36.8 27.6 34.9 393
Back posture
3 4.6 2.8 3.6 5.7
4 1.9 1.2 2.8 6.0
1 73.1 81.7 85.4 93.6
Arm posture 2 15.0 14.6 12.1 4.4
3 11.8 3.7 2.5 2.0
1 0.2 - 1.8 1.7
2 18.8 32.5 21.0 27.9
3 0.4 - 0.4 0.3
Leg posture 4 153 9.6 10.0 14.1
5 25.0 27.9 29.9 33.6
6 1.2 0.9 - -
7 39.1 29.1 37.0 22.5
1 - - - -
External load 2 100.0 100.0 100.0 100.0
3 - - - -

Table 6. Percent breakdown of observations among different body part by thinning operation(Site 2).

CODE Worker 5(%) Worker 6(%) Worker 7(%)
1 62.3 73.3 80.1
2 332 22.2 18.7
Back posture
3 22 - -
4 22 4.4 1.2
1 82.8 77.8 86.3
Arm posture 2 14.2 17.0 12.4
3 3.0 5.2 1.2
1 - - 0.8
2 29.1 37.8 49.0
3 - - -
Leg posture 4 2.2 22 2.9
5 44.8 422 27.4
6 - 0.7 -
7 23.9 17.0 19.9
1 - - -
External load 2 100.0 100.0 100.0
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F2 AL 27.5443% Lrepgom, 2helzjo] A
LSS TAE, A5 52 Zestel 1020 keal
= SRIESIE, ol 2t AeAAlel ulE

AL < 2glo]
FEo8 MAES H1 52E AL A 9% vk
e *E!Alﬂ% E4 giEo g dekEt(Table 7).

AJNES Ol%?‘& Site 4(AHEAH<=7HE7) 9] AHAE &
749 2 A AAL}F wEl AAY] BlE
o] zkzb AH| xkﬁxm],] 73.1£8.5%, 17.0+4.3%= =7
1,].1:,].14—011] _L}—_J 74 (0] o]:_:J—_O_ 017]H mog LHa] XPCQ‘X]—H]
7F T47+2.4%= UERTE el o] A9 F ohEE A ZRA|
7} 28.9+6.0%, 3+Z 2O 3] ZA|7} 37.748.8%, O] %F
0] 26.8+5.5% = UElow, Zatol|A 7155 s sl5e
ARIE, AXeY, AR, A4 55 23] 10~20 kgl
Aoz RISt olgh ZFYPAA| Q] vl-&2 2H¢i o]
v wlaL ARIEE & ZaL o]gsiH WolE A
Astal, A|AZe] 2ld A 32 E &
AlBE7] wjiE o2 FekElti(Table 8).

A RIES o83t Site S(AAHUYF7HLZN Y] AAME EF
A}, dE|e] 49 24 " AA} 53 AL H]go]
F2F AA 2 AFA Q] 51.6+5.5%, 30.5+6.8% % =A LEt
o, 3g)E wo|AY GFOCRE HEE ZAYAAIZF ok
Z2kedol wlste] A BERE I oY=
oAl A A == AAISH] "ol & HEAY &
A B E= A1 BlEo] w2 AoR Helrh 2] 7
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oz ] ZARA 7} 91.1+1.6%2 L+
Ehgtom, thelef A9 7 o2 Al AA|7F 40.3+6.4%,
eIk —gz}ﬂ ZA 7} 36.0+4.7%, ©]-5°] 23.1£5.5%=
X}Oﬂﬂl 7FeEe skee Akl ALy,
QA Aoz Sl
o2&t &‘?QXWH Hl <= o] v mlaL Al
208 Wolo] SRS o] A7l 2L Al
57] WEo 2 e c(Table 9).
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P WEAER Lo A5
of St siE 7IA A e % Batdkol Site 104
49.3%, Site 204 54.1%, Site 39]| 1 6.4%, Site 40 A
49.2%, Site 50114 46.9%, FZAA o 2] FHE 7 A=
43 HFZko] Site 10)|4 15.0%, Site 20)| 4] 20.4%, Site
30)| 4] 22.1%, Site 49)| 4] 27.8%, Site 59| A 20.5%, <=2
Aol AHAR S 7IAE 42 ol Site 1014
28.4%, Site 29]|A 23.1%, Site 3°J|A] 6.1%, Site 4] A
15.5%, Site 50| 22.5%, = AA ] % Azt &
7A e 222 WaEgro] Site 10]4] 7.4%, Site 204 2.4%,
Site 39| 4] 5.5%, Site 49| 4] 7.5%, Site 594 10.4%=
UERstth o]& S8l 57) Site] PRIE AHE3tH 23 Site 5
(TR A 197.0, Site 1(ZUH7HR7)ol A

Table 7. Percent breakdown of observations among different body part by pruning operation(Site 3).

CODE Worker 8(%) Worker 9(%) Worker 10(%) Worker 11(%)
1 86.7 89.8 822 81.9
Back posture 2 6.1 7.6 13.5 13.2
3 5.1 1.9 1.5 1.5
4 2.0 0.6 2.7 3.5
1 31.6 42.7 74.0 73.4
Arm posture 2 38.8 57.3 11.6 12.3
3 29.6 - 14.4 14.3
1 3.1 - 13.7 10.5
2 39.8 46.5 31.3 33.9
3 10.2 0.6 0.4 0.9
Leg posture 4 - 0.6 3.0 23
5 31.6 31.8 23.3 22.8
6 2.0 - 0.4 0.6
7 13.3 20.4 27.9 29.5
1 - - - -
External load 2 100.0 100.0 100.0 100.0
3 - - - -
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Table 8. Percent breakdown of observations among different body part by thinning for forest fire prevention operation(Site 4).

CODE Worker 12(%) Worker 13(%) Worker 14(%)
1 64.7 81.6 76.1
Back posture 2 18.8 12.7 213
3 14.2 1.3 1.3
4 2.3 4.4 1.3
1 77.1 75.3 72.3
Arm posture 2 14.6 4.4 219
3 83 20.3 5.8
1 - - -
2 34.9 22.9 26.5
3 0.9 - 0.6
Leg posture 4 13.3 1.9 52
5 28.9 43.0 46.5
6 - - -
7 22.0 323 21.3
1 - - -
External load 2 100.0 100.0 100.0
3 - - -

Table 9. Percent breakdown of observations among different body part by thinning for young tree operation(Site 5).

CODE Worker 15(%) Worker 16(%) Worker 17(%)
1 51.7 46.1 57.1
Back posture 2 27.9 37.3 23.8
3 4.8 4.9 6.7
4 15.6 11.8 124
1 89.8 92.7 89.5
Arm posture 2 8.2 6.4 9.5
3 2.0 1.0 1.0
1 0.7 - -
2 34.0 40.2 46.7
3 - - -
Leg posture 4 0.7 L5 1.0
5 34.7 40.7 314
6 1.4 - -
7 28.6 17.6 21.0
1 - - -
External load 2 100.0 100.0 100.0

(O8]
1
[
1

Table 10. Descriptive Statistics of PRI.

Variable N Mean SE Median SD Kurtosis Skewness Min Max
PRI 17.0 178.4 5.1 182.0 21.3 -14 -0.2 148.9 208.5
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194.0, Site 4(AHE-of|d<271927])o)| A 181.1, Site 2(ZLHE
ZFE7) ol A 173.6, Site 3(ZFAI R 7))ol A 150.6 o2 =
Al Vebsteh 4 A oy 771 9] PRIZE 197.02
2 71 =31, 71X 2]7]12] PRIZF 150.6 0.2 714 WA ob
Bttt shgoll w2t Wolket ko] Wil PRIVE
Hlg|gl= A 08 A5 4= 9lom, o] ko] Wa
5 3|2|E wole s H|E 54| et Y] wiE
¢l Ao g FAEh 53] YA Hhgo] o, &
< AH&Sh=E A7 W 7EX] 2] 719] PRIGEO] 7+ %—%
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of mjote} HHEo] A ARG o] FHEE|R] oot 7 %3
PRIFFS HQl Ao 2 Hojxlnh e #2E50] F4+4
< o3 9] Belaly] $]8te] Shapiro-Wilk testS AlA]
3t A3} p-value7} 0.9816 0.5 0.05K T} 2 3HS 714 At
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[e]
$zo] Hot 20.8%, L2
0] 18.9%, -ZZAof| ufj$-
0] 6.6% 4° =2 e Site 155
A3t 7M7Y 9] PRI= 17842 e
WK Table 11, Figure ).

Yongang and Baojun(1998)1} Cheta et al.(2018) 5] A
VES ol 3 W B 2ARYS FBAA Hg Ao
A PRI= 26537302 Lehpon], ojo} 2 eio)A 3
olEl o] 2L} F7137](184.5-208.5), ZLUHEIFI7](152.6~
206.6), 7FA] 2] 7](148.9~153.7), AFEol|ak<7F7](170.7~
190.6)5 Hlawe 49 w7Hr7|Alo] M Bl 2a21¢] 9
8 AerRy e F3S 1 olti(Yongang and Baojun,
1998; Cheta et al., 2018).
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Table 11. Percent distribution of observed frames among postural risk classes by operation.

Category AC1(%) AC2(%) AC3(%) AC4(%) PRI
Workerl 46.3 14.4 26.6 12.7 205.7
Worker2 57.9 16.4 22.0 3.7 171.5
Site 1 Worker3 48.8 16.0 29.5 5.7 192.1
Worker4 44.0 13.1 35.6 7.4 206.6
Mean 49.3 15.0 28.4 7.4 194.0
Worker5 46.6 18.7 30.9 3.7 191.5
Worker6 49.6 259 222 22 176.8
Site 2 Worker7 66.0 16.6 16.2 1.2 152.6
Mean 54.1 20.4 23.1 2.4 173.6
Worker8 64.6 232 6.1 6.1 153.7
Worker9 64.3 28.0 1.3 6.4 149.8
Site 3 Worker10 68.4 18.6 9.1 4.0 148.9
Workerl11 68.4 18.4 7.9 5.3 150.1
Mean 66.4 22.1 6.1 5.5 150.6
Worker12 51.8 18.3 17.0 12.8 190.6
Worker13 52.5 29.7 12.0 5.7 170.7
Slte 4
Worker14 432 35.5 17.4 39 182.0
Mean 49.2 27.8 15.5 7.5 181.1
Worker15 442 17.0 28.9 10.9 208.5
Worker16 45.1 22.6 21.5 10.8 198.0
Site 3 Worker17 51.4 21.9 17.1 9.5 184.5
Mean 46.9 20.5 22.5 10.4 197.0
Grand mean 53.7 20.8 18.9 6.6 178.4
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Figure 8. Percent distribution of observed frames among risk classes by operation.

Lee et al.(2020)] &H]71¢} HB2A AU Y L=
A e Aot wlwd 9 Eu7] 249 PRI 157.3~
179.9 .t} 712 %] 7](148.9~208.5)2] PRI7} WA Vyebstom,
o] ZUEL7HIL7](184.5~208.5), ZUFEL7HL7](152.6~206.6),
A7 71(170.7~190.6)= SH|714 AR 2
Ao walch ®gh APIAALYYTL vlag 49 F
GIZAAZAE] PRI 205.7~217.95 0} 2 Ato| A ShlE
7M7) A9 PRIZY B e AS Helom, o]=
HE2AARNLY 544 d12E Bol= AL + HElE
TR = A, FES B AL ddF o R wol U
7] 2o g sekEithLee et al, 2020).

3. MAZE 2N A wL/)

S7HL7IANE O] AAAF Ak 9 2 S A
flste] 57 Aol EM R Uieo] BAFE A3t Site 1(EUHF
7HE7)ellA} 117.0 beat/min, Site 4(4HEl<7FE7)ellAl 115.0
beat/min, Site 5(]HUF7FL7])o A 115.0 beat/min, Site
2(EYF7HE 7))o 4] 112.0 beat/min, Site 3(7}X] 2] 7])o]|
4] 110.0 beat/min <02 YEIGO W, HA4A 07 Adkas
= 1149 beat/min©. 2 EX=E|Qth WLIE PRIS} upz7}
A% AE FRE0| HFAS Ha YA Bela] 9
3}o] Shapiro-Wilk testE A XSt A1} p-valueZ} 047252
0055t 2 gk 7H4 Atde veEhaL Sle 2 g4l
3H9tH(Table 12).

AEk4g Bgolo] WLIE HAE AT, Site S(o]UE
ZHRE7DONA 62.3%, Site 1(EUF7HE7])ol A 60.3%, Site 2

(EUE7HE7))0l| A 58.4%, Site 4(AHEol|3H27117]) o) A]
56.2%, Site 3(7FA X 7))ol A 53.5% 0@ UpERFon,
WL B3 58.0%= -4 %] Itk Table 13, Figure 9).

4, MARIARISIX |4 AE ZHI FWL/: Forest Work Load

Index)

Z} Siteo| Al WA LS AA F AIHPRDS}E A4
E(VLE o] §3to] AFdAIA AR RaIA 48 4
=3 A3} Site S(]AUF7HE7]) ol 4] 123.0, Site 1(Z4+
F7HE7DOIA 117.1, Site 2(UF7HE7]) oA 103.1,
Site 4(AH=oll®<7Ht7]) ol Al 102.1, Site 3(7FAZ] 7))ol
Al 80.7 =& AFEE T &, Site S(olAUF7HL7])7H
A e ARARSA RS G Site 120
F7Ht7)), Site 2(2WH7HE7)), Site 4(AHE <7 HE
7)), Site 3(7FAA]7]) =0 &2 AFRIA AR5 w2
AO g UePTh o] of U7 HL7] Aol A A A 3]
oF & 3}5ut L] AAZYG ol Q%= AlZto] AA
= @i, ofYURTHL7| AR B AAT e
W o] Aol fIAIBHAL Qlof FYE ol AU HIE
ZrGApA| o] HIT7t o) o] 23t Auprt mEH Ao
THETh B3k, AP ARG FSEA 7 80.7 = LrERd 71

7= AAAE] &0 o 9= Sefrhe AAI7E A4S
ol dhgstel o), sejet F thelE A HarA A
Sh= AHA9] Bl&o] ot ZHdAke] LEAA | v A=
Fol A yeht 7)elE AR HojZcKTable 14,
Figure 10).
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Figure 9. Work Load Index of forest workers.

Table 12. Descriptive Statistics of WLL

Variable N Mean SE Median SD Kurtosis Skewness Min Max
WLI 17.0 58.0 1.8 59 7.5 -0.5 0.1 44.1 72.1
Table 13. Heart rate and Work Load Index of workers.
Category Mean(beat/min) Min(beat/min) Max(beat/min) WLI(%)
Workerl 115.0 72.0 143.0 60.5
Worker2 114.0 75.0 148.0 53.4
Site Worker3 124.0 80.0 141.0 72.1
Worker4 115.0 77.0 146.0 55.1
Mean 117.0 76.0 144.5 60.3
Worker5 113.0 81.0 131.0 68.9
. Worker6 115.0 77.0 138.0 62.2
Site Worker7 108.0 82.0 141.0 44.1
Mean 112.0 80.0 136.7 58.4
Worker8 119.0 76.0 146.0 61.4
Worker9 118.0 81.0 154.0 50.6
Site Worker10 98.0 73.0 121.0 52.1
Worker11 106.0 78.0 134.0 50.0
Mean 110.0 77.0 138.8 53.5
Worker12 118.0 84.0 138.0 62.9
. Worker13 112.0 78.0 144.0 51.5
Site Workerl4 115.0 83.0 142.0 54.2
Mean 115.0 81.7 141.3 56.2
Worker15 122.0 84.0 141.0 66.7
. Worker16 118.0 77.0 144.0 61.2
Site Workerl7 124.0 78.0 152.0 59.0
Mean 121.3 79.7 145.7 62.3
Grand mean 114.9 78.6 150.4 58.0
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Figure 10. Forest Work Load Index of forest workers.

Table 14. Forest Work Load Index of workers.
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Category PRI WLI(%) FWLI
Workerl 205.7 60.5 124.4
Worker2 171.5 53.4 91.6
Site 1 Worker3 192.1 72.1 138.5
Worker4 206.6 55.1 113.8
Mean 194.0 60.3 1171
Worker5 191.5 68.9 131.9
Worker6 176.8 62.2 110.0
Site 2
Worker7 152.6 44.1 67.3
Mean 173.6 53.5 103.1
Worker8 153.7 61.4 94.4
Worker9 149.8 50.6 75.8
Site 3 Worker10 148.9 52.1 77.6
Workerl11 150.1 50.0 75.1
Mean 150.6 58.4 80.7
Worker12 190.6 62.9 119.9
Worker13 170.7 51.5 87.9
Slte 4
Worker14 182.0 54.2 98.6
Mean 181.1 56.2 102.1
Workerl5 208.5 66.7 139.1
Worker16 198.0 61.2 121.1
Site 3 Worker17 184.5 59.0 108.9
Mean 197.0 62.3 123.0
Grand mean 178.4 58.0 104.5
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PRI WLI FWLI
400.0 100.0% 300.0
300.0 200.0
50.0% =
200.0 E 1000 E
100.0 0.0% 0.0
Mean Min Max Mean Min Max Mean Min Max
178.4 150.1 208.5 58.0% 44.1% 721% 104.5 67.3 138.5
Figure 11. Box plot of PRI, WLI, FWLIL
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