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9 Un-Safe Condition Factor

10 Un-Safe Acts Factor

11 Horseplay

12 Occupational Safety and Health Administration (OSHA)
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1 Accident Severity Rate (ASR)

2 Health, Safety, Environment (HSE)

3 Housekeeping

4 Hazard identification (HAZID)

5 Periodic Risk Assessment
6Accident Investigation and Analysis

7 Tool Box Meeting (TBM)

Woo



weralaands @i ) b Gl Cisds gals (e Jalas

Supe i Bigel (ol wg3b (sla,gS) Jare
39 &5 5 Ol ool Jlosl (el Ll l (S
ele Cawl 0uls ools las TV Jolas jo (Sols>
4 oy ol ol 8 il abls g (e lore Sl
13l e 392 Joo UTFEFIYY § YA OFOIAD o 5
o Gy slid Jlesl g Z8VY Sl 5l Gk
dls L Eolgm AYFID 5o collsd g IS 4 anisy
Wng E589r g o3l sl @ole> ZYAY ogdla
oLes HSE bj9el (hmogs sloazil .(V Jgaz) cul
SloySl )0 Cangllae (e (nyiie a5 ob
Sl g plasiial gar Ghjgel a4 oy 4 el
s cls olais! (UYEIY 5 ZY0I5) 0,3 cbli>
Dolg 50 Sy Cupae GloygSE Jodod 4y by e
@ Sogllae Glime (nteS a5 ol las aslllae 30
ool p golaidl Sew; 2Ll e B 4 by o oo 5
9 8 Dloladl (gl Sy J 565 5 anl 8 ol bl

adllas sloools fdzig a4 jzi

Dad paslh p S50 g e la Sy Sl
o S5g bBeih ooy oSN 5l ool b Jad wolg>
VF/Y as.s IBM SPSS Modeler Ll ,l58l6, 4
J5dle 31 oslizal b g s oyite Wir (g
S a a3y ol pll YV asews IBM SPSS (L]
U::’)'? alags 9 A )‘ )~<>5 6)‘0(5;.1& Gla.w aS ol
A0 A0 L ply b Sy Sl sl o lo e
Qo NP asas s

b asl, =
eesi sloasl

e 5aSile wond 155 dols AVY alul
el w0,F acubre VVFAYEVFONY aol> oo

L.S)?"Sb 05; V u.llﬂ )Q M ),..v...a f\ LSQ'“"BJ

(M=AVY) o3l 3 53,8 Jiamn (51033516 iy (sloasily 1) Jsur

Sl aslllas 3590 9516
63,8 sla s
YA/« O B/A0 (L) o
UTFEF/YY (L) 5 asle
AN (LFYIR) RJE, Jals
FOF (/OY/)) ol
RARAND) ok hazs
OAD (/YY) ol
Y2 XAVYAN ol el )8
Slojle sla g5
FAZ (LOOIV) eSS Jab g9
ARYNYAYNED) oo cabs
AY (/A Al eosge
Y (YY) e plaseial go5
OYA (/£VIY) o
YAA (/YFI0) Sy Codgaze o ,Lad
£A0 (LYAI) &5 Cag
\Y- (YY) Vo-+V) S ole;
O-Y (LOVIP) (YY-10) g0
YO (LYAIV) (+Y-YY) au

1WA olas) /1€ a)laidd /9 sdo ¢ )5 (el § Cublagy aslilod



ohBas g asl)olblw saa)

(N=AVY) Sy o o g b jgol 510y B Canglhio oyl (Simogi AL ¥ Jgur

Shol2

aslllas 3,90 592516

Soieel sleygiSe

Y- (IY0P)
VY (LYY/7)
A& (/A/A)
YO (LYSIV)
Ve (/ALY
VAV (/Y V/F)
VEY (JAAIY)

plascial gy (b39e]
sl 0590 ojge]
@ly> 98y 5l 90!
6858 bl Sl Shjsal
(Sao 6 lsails el
Shygel CueS
Shygel kS

Sy S e slo 556

AAENVARVIN]
YAY (/Y0/9)
Ve (LA+)
AZ (/AIN)
V& (IAYIY)
YA (LYO/+)
VY (LAIY)
VAV (LYY/#)
YV (/XV-)

bl @olg> wad jatls p Fge Jelse (n Fete
O JSs) o

iz Sy D G2y el o el sloadl
« b oo
YY o dl*“’ &olg> 61"1'7” Gl e slaasl
Joe ;o as ol plis asdlas 0)50 oleond Caio
53 555518) SVl i 5 e 5B YY lel
(Slojl ,e5) plasul g5 5 oloy 5,50y
@lgime s PPE (5550l caiol> 5l amy 5 (sloy90 (3550
Wbl olulis (HSE o590l ,5:518)  o5gel
Sloladl (ol Jdowgay 1205 cslo 90 Sy 2b 5!
Copde ,958) PPE (6,510 5 (waige 8
@t S5 5 5 dlge 5 (Gl (T Bl> (g
cawliol oolazwl b solaiwl pac o((pesll oyl i 52518)
LB 5 il 558 (g0, bl Slpass )

IWAA olis) /1€ ayladd /9 sla « )5 Giasl § Cuibvlsgy aslibos

HAZID

oo Sy (215
wobaisl S, 23]
@l el gy 58
ol S e
olaygy ()15 o
i Sloladl
o e Sleladl

69,8 cbla> Olygos

L pe laoaisly (¥ Jgoz) sg A 5 ZAI+) (pwsiiges
5 Oria a5 9l Gl (el bl 595l 05
o SLaS 5 g olge 4 Blaie 5 s oo (25
s ol e VY)Y s Il jo als o (LFF/0)
Ol 0greS aS ols lis eIl Jlasl g s 4y bogs ye
xS )R 5 ) fme 10 95750 Syl 0 b0 05T
@ AYFIV g 7¥00) el slacansg g lacdadas 4o
TS 4 by ye mls aiog mew (i S oS 5
Dolg> (p b a5 2l GLAS gleerd Boly> 59 g5
OlaS 5 hstdn, 5 B 4 bg e mlio g5 00l 5o
(Y Jgoz) aib o (AYVIY § 72¥0/0) oliowis Slge

olaziPearson Ldos 5 JGT 5 eolatul b anlllas o 50

Olsre 4y (o) 390 5 5B 0,5Vl pana Y ol



w003 @360 )y e Gislgs Osib gals (,lwc Jala3

(N=AVY) &0l 59,1 €5 9 cpaill Jlas! g sl byl (5105356 (shogs (slaasdly o g

(iif) 9 &;: i"’ s (‘i‘if ) oealb Jlesl (sla 5251 (‘flf) ool Ll s gla s
vor ; A
Yo solaS 5 gl s s, | YAY 51 cnlils ealil  oslitul pac a7 St g sl 5 )
YVIY7) ol Slge YY) 60,8 cblas Sl (g;v/:_/) Sblin e g oy ST
¥f- » 2% »
ox oottt | 0 Sl o)l T 5 1S 55005 . stotl (58 Bl 555 oslidl
e e v b sla P9 5 D> glgil e Sy s 0l 9 Sl all
(YYI07) TYI¥))
(:Y‘j) @buiiit = (V“;/:L) ol glociadse )5 52508 (\1:'\//.) S hlos LS
ray 0 FAA
FOIT) & IS S97e g Selled 5 18 R lond OlS 5 5 ol

ol

e ,9,9,°
PP LliwP2k
OO0 GO =10 000D
hn @y =1 Lh 00 th '\D th =
Coo
S dil.
Olpai
G5y
plisc] I —
(ke LS ——
phaiad gy oo I—
@l oygd hjosl  ———
ol | iy iyl ———
PPE i)yl - ——
sl LS
i oLl ————

(N=AYY) (ASR) &iol> o (psLis 1 yigo 5by9iS6 oyt yiaten )

slo o Lo ol wad asls aulxe
mlio 85 sges oLl Sis b addlae y5e loorss
Al g SVl B Ol 4 aled
slanlp Swlus 0pd 0 oo ady isu
L oolyon (LS 5 g olge SUjlas coale 9 olond
ol slacales Sy Sladl g (o pe eSB nds
b slacun § ol watas g o3 YU |, lio g4
OF) &5 oo o1
alllae cpl o oud 4B G o aels oo
€58y Mo Jeloiga ;25 (sl pSotiuns wil)8 90 5l a5

6loygo S ng_m |

e |

slaggy GilyS
e Sl ————
PPE )5 S, ne—

i el i 3y O —

ol gl oo
(ki S8 L ———

Slylas 5 g,

b LS ——
PPE | eoliind puis - no——

g g i3l ol

i Caanl g |
Orelll Soxdga o 605 )18

bt Sl i iy

N5 s Gl il 5yeS —

el NS Ll oy ol

S

2 6R5B s 8 lame 3 d92ge Dl ol
(ool Jlesl ,558) ol slacansdy 5 lacosdse
5 loeed Slge g SLS 5 Blhgcsu; sle )l
onile (Bl ol Joo yo (Lol 55, 55 ,558) 52 >
LU, slls (ASR) iol> il oy asls b
oS el S a4 aY (P[0 B) oy b Lo
S50 15 (e 5l a5 oy (LR (g 3o arslone
Lylys (RT=4IAVA) Glojlo 956wy 5 Jelos
@l R'=+ /A 0) el Jlacl 5 R7=+/AYR) cyasll
sy ol sty Sl b o

(Y Jgo=)

1WA olas) /1€ a)laidd /9 sdo ¢ )5 (el § Cublagy aslilod



ohBas g asl)olblw saa)

M=AYY) Gol> S pb (25LE Gigew 55§ 3l ote gl F oo

R? Closv t p-valuet

< IFYY YNY) - V/FY) —-/OY «[-\Y
-0/a%) - -YIt%) -VIfY ofe

«IAYQ (\/f0) - (YI7Y) AfINA ofse)
(FIVD) - (YAIYR) YIVO oleF

OIYA) = (YIVY) YINE of+-Y

fNY) - VYD) YNY ofe

AR, OAIYQ) = (-V/OY) =Y/-% RN
(AL ERCARIARY] =YI\A ofs-Y

YVYAY) - (-Y/AY) =YI#Y o[+

YVYY) - (CAIAY) =Yibe. ofe

< [FAY QIR ERGANATS) -¥/.7 ofe N
YAMNY) - (-7I0%) BN ofs-Y

CYOINS) - (-F10F) -Y/A¥ RN

YYe) - (-FIYA) =Y/eY TR

-Yo/af) - -AFY) -YNAa ofe )

+/AYA FNY) - (VYY) YNY ofs
O\/EF) - (vIFF) /00 ofe )
XIY)-(FI-Y) YO «[\Y

cIA- 0 (YIYA) = (NAY) - /oY ofe e
ANY) - (YIAD) YIFA ofe

#1-5) - (VAP 7l ofe <

AAR (FIVO) - (YAIYR) YIVO R4
FAY) - (VYY) Yiof AR

Caotl (51310 02,6l ! 5l oo ] el 5 0o 3591
(A) il oo wolg> Jdo 4o gl )3
S plye 4 SIS 5es 5 08 laygiS
sle 4l wil oo zilae dxd @olgr (o g Jle
e, L wolg> as cols lis 58 Olalllas & 5
S0 Gl sloog )T 5 00 Sl gme LI glyls (50,8
Oe 2l 9550 30 (VA LD) Wgd oo (6 yiiien Diolg>
e Bl 4 bope Jelge 5 (Slojle la, xS
it slaanl 5 sl oy s 4 Jele o)
ald o MG jep Eely 355 Wilg o ¢ Sxio g
Jols j0 g il con by oals )15 peul 12! g plxl

IWAA olis) /1€ ayladd /9 sla « )5 Giasl § Cuibvlsgy aslibos

B (SE)
VA (-12Y)
=$IVe (- 15YF)
YIOF (-100)

Ve
\PIOY 1+ +)
fIVO (\dY)

e
YIVY (- IYFA)

-Y/9Y (\¥/59)
“VFIEY (PIAY)
-VO/OY (B/AY)
=Yoo (OIVY)
=YV ¥ (FI70)
EAMARR(ARY)]
=YV/YY (VITP)
“\PIVY (FIY'F)
-YYIYY (FI8%)
YIYY (- IYFA)
YIOF (-100)
VE/2F (OIAY)
ZITE (\IYA)
VVYY (/2YY)
A (V/TA)
VPIOY (71-+)

Jove 5 oailogdly it

O
LY

NVO-+Y) obes
(YY-10) g8
CY-YY) 4w

) flml 69"

&) Sley
Gl 095 Ghisel

ol £98g 5l my B0

o5 Sy )l
olga ol gy 58
sdiges Sloladl
©9,% cblax Olygzs
Bl sl s oy ST
ceiasl (65 Bli> 3 canslicls
lord Dl 5 g 9l
PPE ;| coulial solizasl b ool pac

L5 o wlylas o)Ly smlfijk;.;lo SguaS

oolb slacansg 5 laciadse 10 (6,5 )18

ot Slye 5 S5 ik 5 S5,

VYAY (V/-Y) B

Wiz b e S,

P wu)l JiL.: ‘09.0,3 oolaw! &.;L.Aa O‘i‘ B dm]y
3,559, 3 (olond Caxio 0 Wolgm a5 el (60,5 4

bl Olie 5 03508 G (g9 5 Slo e
oals 36 cow Wiy e o] jo @olg 5l il s
09y 00y alidrs C}Jaﬂ: 29 Q;L’; 6LQ)L~.>L~» o
Ol waliBe sle,giS 1 olaie slas SIS Lo @
@l (V) wiboe Sglite 5 Jle 51 So 5 a9
S g5 it Sy Sl iy 6T
g ol G Glaie & Caio (pl 0 Solex uls e

ojlail b calises Julge 13U o wilgi o otz aely

S Sy Jelisd 128 @l (uizren all Sglate
Gl psie a5 ol lid g 0dged w1, a8l ol 3

Woic



weralaands @i ) b Gl Cisds gals (e Jalas

sla,ld) a5 calbs le ly (oo Ladly cnl g y25 5o
5 ool Olpazs sl eolaiul pace aile eyl (50,8
S Cundy g by Coxde 0 (65,058 (60 B blis
sy, 5ep 9 seme e Sl 5 I g el
Lo Sl sl iand G5 5| B STk
S Fs05 s aile pe slaysiSh %o b
sl elgl 5ep el J bame Lulyd g Slosle
(Y NP) 05

dndle S o o5 wslllas ol sloasily (S ok
Pl woly> 5l s B8 digad 59y 2 5 S)i )bo]
ot mlio ;o Solex yog Jule wim coals il
ol 5o Golem als aS olo lid ogdhay c0dge A0l |
Ol Jolas jo als 555 a0 Wlgiee mbeo
058 Jolo 5 lasle 5 s

GrS el =
90 65 Gk &S el adllas ool s
SlRleS 9 2B son)l 5 Sglite ST 5 5%,
SDolg> oduzmy 5 sdeaiz Coale (ol ol cany
Oy ole 5 e Doge 4 ]y bt mlio o
ol s Wl 1y easay cpl Spo aliwgipay 9 cole
e (gl it 5 Lo 52516 4igSa 4 ol Lis Laazil,
03505 &S jlie o (pl jo ol e wl 3 o
5 LygSh des 4 azg cplply wies L3
Soly> Ll 638556 Gl 1 O] gunainl
Vg o golio ol o HSE galx asliyy o5y B o

Q"‘ )| OMT Cawdy CL:L.; u,uLw‘ » J.ul.u 0D g )L......u

ol jep Sad g oles rals gl ole o andlas
b oged oygoe dalipy S mbio K50 5 oloowd mbio
390 1,0 addllae ol 5l ool p calisie slo,gxS1s i
00 YL b ake plla 0 S5y, SGLg a3 S |8 ang
b sla,giSl @ azxgi g Sy 2l 5 Ghjgel o
slo conl glyl 550 rals 4 Sljle 5 502 !

ol 55 s ysb 4 S0 (slaze; Jelse L
AV 09,0) sl a8 5 Jes

ol asdllas cpl jo gilu e b a5 aisSKilen
Sad Glme b iygel la,giS cngllas ol wls
s anlllas cpl jo (hige] (ola,giS i 8,90 40
5 BB oygel a5 cusls lo lg oo citwl ool
Sbyhs gla,bs; ( 280 o 4 e Wlg oo caolial
Sbasmld olss 59,0 axs jo 5 gludl las glgil g
sloasls 5, g HSE 55900 40 a>g5 ¢ oplplio 00,5
B e olowd lo 00V (6,05 ojlasl g yo3g0]
ol Sgge G b bl g S o 28 YL el
AYY gVY) 00 )5 oo Solg> 590 SualS g

Gl ,eS asdlas cpl jo e Judow ol wluly
Joe 5o @l sla)est plae 4 Sy J5S
olas 4Bl pl el (asie dlols Sal Jeew S
oS 5 oo iens sl el slaanl b
Sy S pde slp 60,05 g ax LSS LSl SO w0
Oole 0l (o0 59020 9 mre sl @lie cnl 5o
as ‘Ssul.uo o kSa-ui) Co g W“""‘“""" 6‘?‘ ‘)i"o
Wigd o ayogs HSE gl oS, b Lok
S @ ]y Dol g9y Wlgioo g 009 e Hloa
(8 F) s pals g ls gme

«olem 4y bgsye Olallas 25T slaassl yulwl 5
slos, 5l S olse 4 ol Jlel 5 Lalys
qu.u T e o uQ‘P w.l.c 0y | ).:Jql)s_i&m
als Hlis 5 mels Judow ol sloazdl (YY V7 A)
SlaS 5 g olge 5 Sl 0l) 5 G L el

‘os)h.g LT U,.J)sl 6)"‘i‘“‘“> O ygo b ‘) ‘_’)] quw

1WA olas) /1€ a)laidd /9 sdo ¢ )5 (el § Cublagy aslilod



5 Olidss Ciglee wgas VA o lad  Slidss
Sloy (bl Dloas g (b pole olSails (5 )lis
bl oe o8

REFERENCES

1. Ghamari F Mohammadfam I, Mohammadbeigi A,
Ebrahimi H, Khodayari M. Determination of Effective
Risk Factors in Incidence of Occupational Accidents in
One of the Large Metal Industries, Arak (2005-2007).
Iran Occupational Health Journal. 2013;9(4):89-96.

2. Mohammadfam I, Soltanzadeh A, Moghimbeigi A,
Savareh BA. Analysis and modeling of threatening
factors of workforce’s health in large-scale workplaces:
comparison of four-fitting methods to select optimum
technique. Electronic physician. 2016;8(2):1918.

3. Fatemeh K, Esmaeil Z, Iraj M, Esmaeil S. Analysis of
Root Causes of Major Process Accident in Town Border
Stations (TBS) using Functional Hazard Analysis
(FuHA) and Bow tie Methods. Muhandisi-i bihdasht-i
Rirfah/i. 2014;1(3):19-28.

4. Soltanzadeh A, Mohammadfam I, Moghimbeygi A,
Ghiasvand R. Exploring Causal Factors on the Severity
Rate of Occupational Accidents in Construction
Worksites. International Journal of Civil Engineering.
2017.

5. Mohammadfam I, Soltanzadeh A, Moghimbeigi
A, Akbarzadeh M. Modeling of individual and
organizational factors affecting traumatic occupational
injuries based on the structural equation modeling: a
case study in large construction industries. Archives of
trauma research. 2016;5(3).

6. Poursoleiman MS, Moghadam VK, Derakhshanjazari
M. The effect of Health, Safety and Environment
Management System (HSE-MS) on the improvement
of safety performance indices in Urea and Ammonia
Kermanshah Petrochemical Company. Journal of Health
and Safety at Work. 2015 Nov 1;5(3):75-84.

7. Al-Shanini A, Ahmad A, Khan F Accident modelling
and analysis in process industries. Journal of Loss
Prevention in the Process Industries. 2014;32:319-34.

8. Soltanzadeh A, Mohammadfam I, Moghimbeygi A,
Ghiasvand R. Exploring causal factors on the severity

rate of occupational accidents in construction worksites.

IWAA olis) /1€ ayladd /9 sla « )5 Giasl § Cuibvlsgy aslibos

ohBas g asl)olblw saa)

Sloyud g S =

Tk @l 5l i dlie (pl jlooe el (oland

International journal of civil engineering. 2017;15(7):959-
65.

9. Omidvari M, Gharmaroudi MR. Analysis of human
error in occupational accidents in the power plant
industries using combining innovative FTA and meta-
heuristic algorithms. Health and Safety at Work. 2015
Sep 15;5(3):1-2.

10. Monazzam M, Soltanzadeh A. The relationship between
the worker’s safety attitude and the registered accidents.
Journal of research in health sciences. 2009;9(1):17-20.

11. Mohammadfam I, Soltanzadeh A, Moghimbeigi
A, Akbarzadeh M. Confirmatory factor analysis of
occupational injuries: presenting an analytical tool.
Trauma monthly. 2017;22(2).

12. Soltanzadeh A, Mohammadfam I, Moghimbeigi A,
Ghiasvand R. Key factors contributing to accident
severity rate in construction industry in Iran: a regression
modelling approach/Primjena regresijskog modela u
analizi klju¢nih ¢imbenika koji pridonose teZini nesre¢a
u gradevinskoj industriji u Iranu. Archives of Industrial
Hygiene and Toxicology. 2016;67(1):47-53.

13. (OSHA) OSHA. Safety & health managment system
etool. . 2012

14. Biesiada ], Duch W. Feature selection for high-
dimensional data—a Pearson redundancy based filter.
Computer recognition systems 2: Springer; 2007. p.
242-9.

15. Modeler IS. 14.2 user Guide. 2011.

16. Lees E Lees Loss prevention in the process industries:
Hazard identification, assessment and control:
Butterworth-Heinemann; 2012.

17. Tauseef S, Abbasi T, Abbasi SA. Development of a new
chemical process-industry accident database to assist in
past accident analysis. Journal of loss prevention in the
process industries. 2011;24(4):426-31.

18. Vinodkumar M, Bhasi M. Safety climate factors and its
relationship with accidents and personal attributes in the
chemical industry. Safety Science. 2009;47(5):659-67.

19. Reason ]. Managing the risks of organizational accidents:

Woty



weralaands @i ) b Gl Cisds gals (e Jalas

20.

21.

Routledge; 2016.

Caruso CC. Negative impacts of shiftwork and long work
hours. Rehabilitation Nursing. 2014;39(1):16-25.

Fam IM, Nikoomaram H, Soltanian A. Comparative
analysis of creative and classic training methods in
health, safety and environment (HSE) participation
improvement. Journal of loss prevention in the process

industries. 2012;25(2):250-3.

22

23

Abrahimi A, Salarifar A.Air pollution Analysis: Nickel
paste on Multi-walled carbon nanotubes as novel
adsorbent for the mercury removal from air. Analytical
methods in Environmental chemistry Journal. 2019;
2(3):79-88.

Reason JT. The human contribution: unsafe acts,
accidents and heroic recoveries: Ashgate Publishing, Ltd.;

2008.

1WA olas) /1€ a)laidd /9 sdo ¢ )5 (el § Cublagy aslilod



—

# N,
[
&

JHE

W
OPEN a.ﬁ.ﬂiiii

Journal of Health and safety at Work 2019; 9(4): 307-310

Received: 2019-07-14
Accepted: 2019-11-13

Comprehensive Causal Analysis of Occupational Accidents’
Severity in the Chemical Industries; a Field Study Based on
Feature Selection and Multiple Linear Regression Techniques

Ahmad Soltanzadeh!, Hamidreza Heidari?, Heidar Mohammadi’®, Abolfazl Mohammadbeigi‘, Vali Sarsangi’,

Milad Darakhshan Jazari®*

I Occupational Safety & Health Engineering Department, Research Center for Environmental Pollutants, Health Faculty, Qom University of
Medical Sciences and Health Services, Qom, Iran.

2 Occupational Safety & Health Engineering Department, Research Center for Environmental Pollutants, Health Faculty, Qom University of
Medical Sciences and Health Services, Qom, Iran.

3 Department of Occupational Safety & Health Engineering, School of Health, Larestan University of Medical Sciences, Fars, Iran.

* Epidemiology & Biostatistics Department, Neuroscience Research Center, Health Faculty, Qom University of Medical Sciences and Health
Services, Qom, Iran.

3 Department of occupational Health, Tehran University of Medical Sciences. Tehran. Iran.

** Faculty of Health, Bagiyatallah University of Medical Sciences, Tehran, Iran.

ABSTRACT

Introduction: The causal analysis of occupational accidents’ severity in the chemical industries may
improve safety design programs in these industries. This comprehensive study was implemented to analyze
the factors affecting occupational accidents’ severity in the chemical industries.

Material and Methods: An analytical study was conducted in 22 chemical industries during 2016-2017.
The study data included 41 independent factors and 872 accidents in a ten-year period (2006-2015) as a
dependent variable. Feature selection algorithm and multiplied linear regression techniques were used to
analyze this study.

Results: Accident severity rate mean was calculated 214.63 + 145.12. The results of feature selection
showed that 30 factors had high impacts on the severity of accidents. In addition, based on regression
analysis, the severity of accidents in the chemical industries was affected by 22 individuals, organizational,
HSE training, risk management, unsafe conditions and unsafe acts, as well as accident types (p<0.05).
Conclusion: The findings of this study confirmed that accidents’ severity in the chemical industry followed
the multi-factorial theory. In addition, the main finding of this study indicated that the combination of
features selection algorithm and multiple linear regression methods can be useful and applicable for
comprehensive analysis of accidents and other HSE data.

Keywords: Chemical Industry, Accidents, Accident Severity Rate (ASR), Multiple Linear Regression.
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1.Introduction

Despite many efforts made in various industrial
fields to reduce occupational accidents, the statistics
continue to be catastrophic. Mohammadfam et. al.,
studies have shown that the incidence of accidents
is high in sectors such as chemical, petrochemical,
steel, aluminum and construction industries [1, 2].
Although, occupational accidents-related data in
developing countries such as Iran does not provide
reliable information due to the lack of proper
registration and report systems. But these reported
accidents have been using as a basis for safety
activities in industries, so far [3, 4].

Accident analysis and forecasting models are
one of the most important tools in the accident
prevention. These tools have been explained and
developed in various studies to understand the
effective and contributing factors in the incidence
of occupational accidents [5,6]. Therefore, the
aim of present study was comprehensive causal
analysis of traumatic occupational accidents
occurring during a ten-year period (2005-2015)
in 22 chemical industries using two data analysis
approaches including feature selection and multiple
linear regression analysis.

2.Material and Methods

This study was implemented as a retrospective
descriptive-analytical study to analyze the factors
contributing to the occurrence of occupational
accidents in the chemical industries in 2015-
2016. The statistical population was included all
occupational accidents that occurred in the 22
chemical industries during the 10 years leading up
to the study (2005-2015).

The statistical sample were included traumatic
occupational accidents. Initial survey showed that
908 reported accidents were included to present
study. It should be noted that only accidents were
remained in the study which have all inclusion
criteria. For example, accidents that had incomplete
report, were excluded. Finally, 872 accidents were
selected as the final sample for the study.

Based on the objectives, the study factors were
classified as independent and dependent factors

that met criteria such as different literatures review,
past accidents analyze and logical relationships
between factors in 7 independent factor groups
(including individual, organizational, training, risk
management, unsafe conditions, unsafe actions,
and type of accidents factors) and a dependent
factor including the Accident Severity Rate (ASR).
Determination and analysis of pollution is very
important factor for occupational accidents in air
[7].

Data analysis were implemented based on
feature selection using IBM SPSS Modeler 2.14
and multiple linear regression analysis using
IBM SPSS V. 23.0. It should be noted that the
significance level was less than 0.05 and the cut-
off point for feature selection was considered 0.95

[8].

3.Results and Discussion

Based on 872 reported accidents, mean and standard
deviation of accident severity rates were calculated
214.63+145.12. The mean and standard deviation
of age and occupational experience of the injured
workers were 38.05+£5.85 and 9.34+6.32 years,
respectively. 61.7% of accidents was related to
contractors. Time limitation contributed to 36.5% of
accidents, and 79.7% of accidents occurred for shift
workers. Among the training factors, desirability of
pre-employment training and personal protective
equipment (PPE) training were 35.6% and 24.7%,
respectively.

The results of risk management factor analysis
showed that the low desirability was related to
specific risk assessment factor and risk control
(technical and engineering measures) (0.8% and
8.3%, respectively).

The frequency and percentage of unsafe
conditions , unsafe acts and type of accident are
presented in Table 1.

According to table 2, the findings of analytical
modeling of occupational accidents in the 22
showed that 22 factors
remained in the final model and had significant

chemical industries

relationship with accident severity Rate (ASR) (p
<0.005). It should be noted that the calculation of
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Table 1. Descriptive findings of Accident factors

Unsafe condition factors Frequency (%)
‘Working Inappropriate and dangerous 252 (% 29)
Insufficient protection systems 327 (% 37.6)
Inadequate safety protection 227 (% 26)
Structural defects 325 (% 37.3)
Working with electrical device 157 (% 44)
Materials and chemicals 388 (% 44.5)
Unsafe action factors Frequency (%)
No use or improper use of PPE 283 (% 32.3)
Lack of knowledge of the dangers 340 (% 39)

All sorts of inappropriate gestures and 196 (% 22.5)
jokes

Exposure to unsafe situations

303 (% 37.3)

Working without permit 65 (% 7.5)
Accident incidence Type Factor Frequency (%)
Spraying chemicals 325 (% 37.3)

Contact with electrical objects

148 (% 17)
Accidents caused by the displacement of 105 (% 12)

materials
Fire 397 (% 45.5)
According to table 2, the findings of analytical modeling of

occupational accidents in the 22 chemical industries showed
that 22 factors remained in the final model and had significant
relationship with accident severity Rate (ASR) (p <0.005).
It should be noted that the calculation of R* coefficient
showed that among the analyzed factors, organizational factor
(R*=0.879), unsafe conditions (R?>=0.829) and unsafe acts
(R?>=0.805) have had the most correlation with ASR (Table 2).

R2 coefficient showed that among the analyzed
factors, organizational factor (R?=0.879), unsafe
conditions (R*=0.829) and unsafe acts (R*=0.805)
have had the most correlation with ASR (Table 2).

4.Conclusion

The findings showed that the severity of accidents
is high in the chemical industry. In addition, the
severity of accidents in the chemical industry
follows a multivariate theory of accidents.
combined application of two analytical method
of feature selection and multiple linear regression
which may provide a comprehensive analysis of
accidents and other health, safety and environment
challenges, can be as a main finding of the currently

study.

Table 2. Results of regression modeling of Accident
Severity Rate (n=872)

The remaining tp-value ClL,,, R
variable in the model

Age 0.012 (-3.12)-(-1.63) 0.677
Education 0.001 (-5.94)-(-3.46) ]
Shift Work 0.001 (1.45)-(3.64)

Time 0.002 (1.78)-(7.72) 0.879
Type of Employment 0.001 (4.13)-(11.34)

Periodic education 0.039 (-58.29)-(-1.53)
Post-accident training  0.002  (-18.21)-(-11.49)

Training in the use of 0.009 (-27.12)4:3.93) 0.703
PPE

Quality of education 0.001 (-31.32)-(-8.82)

HAZID 0.001 (-40.11)-(-13.96)

General risk 0.002 (-28.12)(-6.56)
assessment 0683
Accident analysis 0.005 (-35.86)-(-6.56)
Engineering measures  (0.009 (-29.26)-(-4.28)

PPE 0.001 (-35.94)-(-8.61)
Insufficient protection 0.001 (4.13)-(11.34)

systems

Inadeqtlate safety 0.001 (1.44)-(3.64) 0.829
protection

Matel‘*lals and 0.012 (3.2)-26.07)

chemicals

Not using or PPE 0.001 (2.28)-(8.83)

Lack of knowledge 0.001

and awareness of (9.13)-(13.85) 0.805
workplace hazards

unsafe situations 0.001 (6.04)-(11.86)

Spraying chemicals 0.006 (4.75)-(28.29) 0.79
Fire 0.011 (4.12)-(31.73) )
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