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SUMMARY

The objectives of this Natienal Institute for tUccupatienal Safety and Health
(NIOSH) study were to investigate, 1dentify, and remove risk factors which may
cause musculoskeletal disease and 1njury in the soft drink beverage delivery

Lnduscry

A field study of mine solt drink beverage delivevymen (ages 34 Lo 58) was
conducted over a four month peried in 1993 Ergoncmie evaluations of the
truck bays showed that they extesded the normal reach limit of werkars
Exrvended reaches for heavy beverage cases can significantly increase the riegk

of musculeskeletal i1njuries

During the field survey several ergonomic interventions to reduce and prevent
musculoskelersl 1njurics were implemented, which included 1) englneering
controls for esaster access to heverage products, such as A) pullout steps, B)
external handles, and C) mulbtilewvel shelving units, 2} two-wheel handtrucks
with counter-balancing devieces, 3) subscitution of plastic beverage contalners
for glass contalners te raduce welght, and 4) i1mpreved beverage carcon design
for better manual coupling during beverage product handling Changes 1n work
risk factors were documented through videotaping, bilomechanical modeling of
manial material handling, continuous hear:t rate nonltoring, and analysis of
psychophysical discomfort assessment surveys — Measurement differences were
compared before, during, and after ergonomic interventlons were made bo tha

beverage delivery trucks and in the delivery process

1



Initially, discomfort reporting increased while new work raoutines and usc of
eYgonowilc interventions were developed for beverage delivery tasks The lower
Lback, knees, right elbow, and right shoulder were the most frequently reported
locations of discemfort However, as the beverage deliverymen developed
experience with the ergonomic controls, the frequency and magnitude of body

discomfort reperting decreased

The benefits of the ergonomic intetrventions were 1n propartien to the amount
of time such controls were used  Reductions 1n biomechanical stressors for
the back and sheulders were obgerved when pullout steps, external handles, and
multilevel shelving were used Heart rate decreased for s1x of nine
deliverymen from the begimning versug the end of rthe survey, despite an
increase 1n the product velume handled  The ergonomic interventlons, 1n
combination with ilmproved work practices, reduced facigue, the amount of
beverage handled per day, and awkward postures during beverage handling
Favorable reports from the delivervmen in the study abour the effactiveness of
Lhese controls helped convince management Chat all new trucks should have

ergonomic changes made

Other beverape delivery companies would also benefit from the lessons learned
in this study and the resuliing recommendations since the risk nf a
musculoskeleotal i1ngury duxing bewverage delivery was found to be 100 percent
among those deliverymen surveyed — The NIOSH lifting criteria showed that most
pf the heverage lifring tasks cieeeded the Recommended Welght Limit (RWL}
Heart rate results and windirect measurements of metabolism showed that the job

of beverage deliverymen is physically demanding, especirally during paak



delivery perlads  Statistically speaking, the proebability of such
mizculeskeletal 1njuries. i1n terms of days lost, 1s twice as high for che
beverage delaverymen as for those in general manufacturing jobs Engineering
contrels are recommended, along with rest breaks during peak delivery periods

te prevent fatigue and reduce 1njurles

WL



INTRODUCTION

The Raftional Institute for Occupational Safety and Health (NI0SH) 1s the
primary Federal agency engaged 1m occuparional safety and health research
Located 1u the Department of Health and lluman Services (DHHS), Centervs f[ot
Disease Contrel and Prevention (CDC), 1t was established by the Oceupational
Safery and Health Acl of 1970 This legislatiion mandated NTOSH to conduct &
numbetr of research and education programs separate from the standard setting
and enforcement functions carried out by the Jccupational Safery and Health
Adminmistratien (OSHA) in the Department of Labeor An important area ol N1CGS5H
research deals with methods for contrelling oceupational exposure te potential
chemical and physical hazards The Gngineering Control Technology Branch
{(ECTB} af the Division of Physical Sciences and Engineeving (DFS5E) has been
given the lead within NIOSH to study the engineering aspects of health hazard

prevention and control

Since 1976, ECTB has conducted a nwber of assessments of health hazard
control technolegy on the bhasis of industry, comuon industrial processes, or
speclflic contrel technlgues The cbjective of cach of these studies has been
Lo decument and evaluare effective contrel techniques for potential health
hazards 1n the 1ndustry or process of interest, and te credie a more genetral
awareness of the need for or availability of an effcetive system of hazard

control measures

Since the discevery of artificially carbonated water pearly two hundred years

AgO, gofl. drink manufacturing has become one of the nation's most lmpertant



food i1ndustries ¥ On averape, Americans consume the equivalent of 12 ocunces
{0z} per day which averages to 32 gallons per year The industry has 1ts
toots 1n Philadelphia, Pennsylvania, vhere sz company started producing the
bottled soda 1n the carly 1830s * The 1dea quickly caught on, and teday
approximately 1,300 soft drink manufacturers empley more than 100,000 workers
and compete 1n a 25-billion dollar market for nomalesholic beverages * Added
to this 15 the changing consumer tastes and needs which create an ever-
inereasing selection of products in various shapes and sizes  Many small
bottlers have gotten out ol the soft drink industry becausc of the dafficulty
i1 adapting to changing proaducts and packaging strategies ° This 1u evident
when comparing the 1,300 plants in 1990 versus the over 3,400 plants in 1560
Because of this decrease, the average mumber of employees per facility has

increased from 35 1n 1967 to 8§90 in 1990 *

However, rthe popularity nf the soft drink has not come without a price  Soft
drink mamifacturers experience a high incidence of workplace accidents and
LT Uries In 1990, the i1njury and 1llness rate fov this industry was 20 3 per
100 full-time workers This was abowe the 12 7 rate 1n mamufacturing as a
whole, and more than deuble the private i1ndustry rate of 8 4 per 100 full-time

1

worLkets Moreover, nearly three-fifths of the injury and 1llness cases 1n

the soft drink industry were searious enocugh to regquire time off from work

Soft drink manufacturers are among the most hazardous 1ndustries based on lost
warktime 1ncldents At 12 2 cases par 100 full-iime employees, 1ts 1990
tnjury and 1llness rate for lost workday cases ranked sixth highest among

corraesponding rates reported for some 370 1ndividual manufacturing industries



Ten years earlier 1t ranked thirteenth highest (11 % cases per 100 full-Lime
employees) ! Soft drink workers had a comparatively high risk {or sustaining
4 gerilous (lest worktime) i1njury or i1llness, hut they rsturned more quickly
than workers in other industries with an average of 18 workdays per lust
workday cases 1n 1990, this represents 3 days fewer lost workdays for injury
and 11lness per year when compared to private industry as a whole ov to all
manufacturing Figure 1 shows injury and 1llnesz 1ncidence rates for lost
workdays per 100 workers for private induscry, manufacturing, and soft drink

beverage industries from 1980 to 1991

The Supplementary Data System (SDS), which 1s comprised of 1njury and 1illness
information from 14 states, 1dentifies four basic injury and i1llness case
characteristiecs  physiecal condition (nature) of injury or 1llness, part of
hody affected, event or exposure (type) of injury ar 1llness, and source of
injury or 1llpess For rhe solt drink i1ndustry, straln or spraln was the
principle condition of injury for three-fifthe of the cases reported compared
to two-fifths of all manufacturing cazes  The back and other portions of the
trunk {such as abdomen and shoulders) sccounted for 30 percent of the injury
and 1llness cages reported, another two-fifths were cvenly divided hetween the
lower extremities {legs, knecs), and upper oxtremities (fingers)

Overexertion for lifting, pulling, or pushing heavy or unwieldy objects was
the major event or exposure leading to disabling i1njuries and i1llnesses  This
accounted for 50 percent of all seft drink cases compared to 33 percent for
all manufacturing Other notable events relating to disabling lnjuries in the
soft drink 1ndustry include falls, striking against ohjccts, and being struck

by objects These events accounted for cne-third af the industry total The
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sources of 1njury and 1llness were handling bowes, barrels, and containers,
tncluding carcons and crates of soft drinks and other producis Thesc sources
were clted 1n more than cne-third of the seft drink cases and 1n one-alghth of

a1l manufacrturing cases *

Beverapge dalivery (also known as driver—salesworkers) was ths leading
coocupation of the tnjured or 111 worker 1in soft drink manufactaring OFf the
100,000 warkers 1n the soft drink industry, ene-saventh deliver beverages
{14,200 Rowever, more than one—chird of the industry’s cases reported by
the $DS wete frem the beverage deliverymen  Four ether occupations 11 this
industry —- freight and steck handlers, industrial lahorers, mechanics, and
packaging and filling machilne operators -—- constituted three-tenchs of the
soft drink case tatal ' Injuries teo drivers-salesworkers related to manual
material handling, such as unleoading trucks filled with soda cans and bottles,
carting and stacking rhe containers on customers’ premises Bepeatedly
maneuvering heavy loads eventusally lead to sustained serious sprains duc to

overexertion !

In sumpary, the soft drinlt beverage Industry has a high mcidence of injuries
and 11lnessesn, compared to other manufacturing and private industries
Incidence rateg 1n this inpdustry have been somewhat stable over the past
several vears, but severity ratcs contlnuc to rise The group most at risk
for injury and 1llness 1s the beverage deliveryman  Compecition 1n this
industry Ls cxpected to continue to he hirgh, resulting 1n competitively priced

soft drink products and pachages offered te consumers The combination of



competillon, price, product, package, and profit may put thesc workers at

ncreasing risk for more pnmjuries and 1lluesses in the coming years

Because of the potential for more injuries and i1llnesses te the seoft drink
delivervmen, the goal of thisz study was to apply engineering contrels and Lo
measure their effectiveness 1n reducing musculoskeletal injury risk factors,
using psychephysical, metabelic (heart rate), and bilomechanical indices
Tuformation gainsd from this study can be transferred te other industries that

deliver products to custumers

BACVCROUND

PLANT DESCEIPTION

The Pepsi-Cola™ plant studied by NIDSH personnel 1s located 1in Dayten, Ohlo
This plant was purchased appreximately five vears age from General Cinewa by
the Pepsi-Gala™ Company of Sommers, New York There are approximately 240
employees at this plant, including 8 express &4 transit and 537 route drivers
Thais plant 1s a full-service facility which delivers a broad line of soft
drink products, from i1ndividual servings for vending wachines Lo bulk delivery
for grocery sltores Delivery normally is Monday through Fridav  Most draver-
salesworkers, referred to as heverape deliverymen in this report, leave the
plant between 5 30 am te 9 30 2 m , depending on the delivery schedule,
locations, and amount of product ©o be delivered  The amount of preduct

delivered per deliveryman can vary from 150 to over 500 cases of soft driok



product. per day  Thrs wvarlability occecurs for many reasons, including route
srructure {the driver’s delivery volume balance of small customers, 1 e , gas
statlens, ta large, 1 e , independent grocery store customers), bDeverage valas
and promotiens, and delivery time (time of week, time of month, 1 & , paydays,
holidays, and time of year, 1 e , seasonal [significantly more in summer rChan
wincer)]) The delivery drivetrs have some flexibility it how much they want to
deliver on a dally basis, previding chat they meet a weekly average, as
detormined by their route and seasenal demand For exampls, delivery on
Monday can be 150 cases and on Tuesday can be owver 300 cases Peak delaivery
cceurs before holidays, especially in the summer when demand for soft drink
products 15 high During these peak delivery periods, 1t 1s not unusual Tor

some deliverymen to sell owver 500 to 700 cases ol seft drink per day

Driving and delivery are done by one porson The amount. of driving by
deliverymen can range from 25 to over 200 miles per day, depending on the

location of the route and the distance between service accounts

The delivery truck fleet 1s compased of 43 route Lrucks and 17 "Low Boy™
trailers The most commeon vehicle s the 10 bay route trueck (Figure 23
However, the company plans to acquire more "Low Boy" traillers which have

14 bays {(Figure 3} The trucks wvary in age (from new to 10 wvears) and wary in
conflguration and persconal comfort  They may have fully automatic
transmissions or up to l0-speed manual transmissions The trucks are
maintained at the plant by the matutenance doepaftment, mcchanlcal problems arve

usually fiwed within 24 hours  Most drivers use the same truck every day
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JOB DESCRIFPTION

The beverage deliveryman i1s responsible for the followaing tasks (1) driving
a prestocked route truclk from the plant to designated retall/grocery stares,
(2) unluading the various cases of soft driok bheverages from the truck and
dalivering them te the store, and (3) stocking shelves aud displays within the
store and retrieving empty, returnable hotcles The emplovee typleally works
elght ta ten hours per day Customers 1nclude grocery and convenlence
stores, hospitals, schools, etco During a typical delivery, a beverage
deliveryman (1) mamually lifts boxes, cases, or tanks piece-by-piecc from the
truck snd places them se a handbruck, (2) wheels the handtruck btec the pornt ol
delivery speclficd by the customer, and (3) manually wnloads the handiruck and
places products on display shelves or in storage areas Tn the process, sdach
1tem 15 manual 1y handled a minimwn of two tlmes, but thYee to four Ttimes when
gorting, priecing, rotating, or rearranging the display are required Products
delivered range from cases of cans and bottles to Z-liter bottrles, pre-mixed
tanks, bag-in-the-box, and lé-gz returnable bottles, with weights of 22 to

58 hs  Table 1 lists the principal soft drink products and respecotive

welphls

JOB RISK FACTORS

The beverage deliveryman Ls exposed to a variety of mugeculoskeletal and safety
risk factors when removing beverages from the truck (1) whole bedy vibration
from driving a truck, (2) pushing and pulling leads, which can exceed 350 1bs,

up aud down stairs, ramps, coenlined areas, and rough terrain, (3) repetitive

10



Table 1 Principal Boeft Drink Products and
Respective Weights Delivered by Deliverymen

PRODUCT WEIGHTS (lbs}
10 vz nonreturnable glass (case of 24} 23
12 oz cans metal alloy {case of 24) 22
16 o= returnable tall glass bottle {(case of 24) 57 5
16 oz rxeturnable fall glass bottle (case of 24) empty 29
16 uz sgport drink plastic (case of 243 30
lé vz tea drink glass (case of 24) 39
20 oz zoft drink glass (caze aof 24) 449 5
20 0z soft drink plastic {case of 24) i7
32 oz sport deink plastic {(case of 132) 30
L 1iter soft drink glass (case of 15} 45
2 liter seoft drink plastic (case of §) 39
Pre-mix Tanks {alumioun) - sofr drink 53 5
Post-mix Tanks (alumirmam) - soft drink 57
Pre- and Post-mix canks (aluminum) - empty 10
Bag 1in the Box {BIB) 53
Carbon Pioxide cvlinder (ecast 1xren) - full 45
Carbon Dioxide cylinder (cast iron) - empty 26
Cups (1,000 cartan) 34
Taids (2,500) 11
Lids (1,000} 7
Wood Fallets 53

lifting, lowering, stacking, and unstacking beverages 1n variocus slZo crates,
and {4) removing product from the truck bays For example, the bays are
appreoxzimately 7 ft high x 40 1n wide and 40 in deep Gelliang beverages our of
the bay invelwves bracing the body with one hand and using the ather to

retrieve the bheverages Such maneuvers invelve extended reaches with the arms

11



and twlsted body postures to pull the praduct forward and remeve product from
the truck Slip and £all injuries can also cceur from climbing in and out of
the truck {approximately 38 1n from the ground to <zb fleoor), and the bays
(24 1in for regular bays, %0 i1n for bays over wheels) Cther 112k factors
1nclude =lips, ¢rips, and falls on wet or i1cy surfaces while drivers transport
product, beverage product falling on drivers as they open bay doecrs, sharp

glass frow broken glasw bottles, aud robberles

EXPOSURE EVALUATION CRITERIA

HEALTH EFFECTS OF MaNUAL MATERTALS HANDLING

Cumulative Trauma Discrders

Reports of chronic musculeskeletal disorders have been documenited for
centuries ° However, only recently have epidemiologic studies attempted to
examine the assoclation helween job risk faclors, such as repetition, awkward

6,7.8 % gayeral

postures, and force with excess musculoskeletal morbidity
cross-gectional and case-control retfrospective studies of cccupalional
Cumulative Trauma Disorders (UTDs) have been dope 19:11:12 13.16.05  my
conclusions from these studies have strengthened the associration betweet
identitfying rizsk lacters with disease ocutcome  Work-related CTDs of the arms
have besn asgseciated with job tasks that inelude (1) repetitive movements of

the upper limhs, (2) forcelul grasping or pinching of toals or other chjects

by the hands, (3) awkward positions of the hand, wrist, forearm, elbow, upper

12




arm, shoulder, neck, and head, (4) direct pressure over Lhe skin and muscle
tissue, and {(5) use of vibrating hand-held tools Because repetllive
movemenls are regqulred in many service and 1ndustrial ecoupations, iuncluding
che heverage delivery tndustry, new cccupational groups at risk for developing

cunulative trauma disorders contipnue to be ldentified

One of the most commonl]ly reported disorders of the arms 1s carpal tunel
syndrome (CTS) CTS 18 a wmedian neuropathy of the wrist that can be caused,
precilpltated, or aggravated by repetitive, awkward postures and forceful

motions t*

CTS symptoms include pain, numbness, and weaknessz of che hand, as
a result of compression or iLrritation of the median nerve as 1k passes Uhrough
the carpal tumnel 1n the wrist Wirthout 1ptervention, GCTS can lead to scvere
discomfort, tmpaired hand functioen, and disabilicy Workers who perform
repecitive tasks are at risk of CT8 and ineclude automobile manufacturers and
agsemblers, electrical assembilers, metal fabricatorse, garment makers, food
processors, grocery checkers, typists, musiclans, housekeepers, and

carpenters 19.17.18

The driagnosis 12 confirmed by physteal eXaminarion and/or electrodlagnostic

L7

studies CTS can be manaped with conservative measures, such as wrist

imnobilization and nonstersidal anti-inflammatorv medications °

However,
these metheds are not recommended ag the main course of action because
symptoms are likely to rewvur when the patient resumes the precipitaring

casks 1f

Work-related risk factors that may cause CIS should be recognizad
and evaluated in order Lo i1mplement centrols for reducing them  Engruosering

controls are the preferred method, with adminlstrative controls, such as work

13



enlargement, rotation, elic , as an lnterim measure For all patients with
symptoms suggestlive of CTS, an oscoupational history should be obtained that
Ineludes a4 description of tasks invelving che hands  Failure to eliminate
contributery job factors can resuln 1n recurrence or progression ol symptoms,
impalred hand use, and surglcal treatment Redesign of toels, workstations,

5 Surverllance of

And Job tasks can prevent cccurrence of CTS among workers
work-related CT8, including health care reports, can aid in identifying high-
risk workplaces, occupations, and 1ndustries, and 1in directlng appropriate

prevenlive measures 17

While some theotretical models showing the relationzhip between repetition.
[orce, posture, and tecovery time have been developed,?”*! therc are no

evaluation eriteria for predicting risk of 1njury co tha arms at this time

Back Injuries

The risk for back injuries in the soft drink beverage industry may he rclated
to the high volume of beverage product handled {repefition —- thousands of
pounds handled per day}), the variety of beverage package werghts (force —— 22
to 57 5 1hs) handled, and the stressful pesitiens {pesture} neaded to relrieve
the product from the truck  The combination of these factors i1ncreases the
risk for back injury  The following 1s a brief overview of possihle back
1nJuUry causes, strategles teo reduce and prevent them from cccurring, and

evaluation criteria to judge effectiveness

14



Beverage delavery, construction, mining, transportation, and manufacturing are
the occupations which ghow high rates of low back ainjuries ??2 Despite the
trend teward automatlen, a stgnificant portien of the work force currently Ls
engaged 1n manual materials handling tashks injurics associated with these
manual material handling jobs accounc for the largest number of medically
related work absences, the greatest pumher of lost workdays per vear, and the
largest amount of compensation paild ** Oceupatlonal risk Ffactors for low

back 1njuries include manual handling tasks,?" lifting,?® twisting,k?®

4

t, 25,27 28

berding,?” falling,?® reaching,?® excessive welgh rrolouged

29

sitting,*¥ and vibration **'3 Home monvccupaticnal risk factors for low

back 1njury 1include obesity,” genetic factors,*® and job

gatisfaction .35

Approvimately one-half of a1l cowpensable low back pain

15 associated with manual materials handling tasks *° Lifting has been
implicated 1n 37 to 49 percent of the cases, pushing, % to 16 percent,

pulling, & to 9 percent, and carrying, 5 Lo 8 percent Twisting the trunk has

hesn reperted 1n 9 te 18 percent of low back pain, bending 1n 12 co 14

percent, and falling in 7 to 13 percent *°

Return te work [ollewing a back imjury Ls dependent on the extent of injury as
measurcd by the amount of time away from the joh  The longer the worker 1s
away from the job, the less likely the worker 18 to return to work 3738  1In
addition, a worker who has already suffered hack pain 1s three to five times
mere likely to be reinjured ** Some deterrents te returning to work include

psychologieal dizabilicy, no follow-up oY encouragement, rigid work rules, too

+ 40 L1

much medical treatmen and atterneys

15



Industry has used three general approaches to attempt to reduce the problem of
low back pain (1) training and education, {2 job design, and (3) job
placement  Control and prevention of low back pain can be accomplished
through jeb ovaluatien and identification of job risk facters S5tudies have
shown thdt good job design can reduce up to one-third of compensahle low-hack

36 Fedesigned |obs can lead to the reduction of rick factors, and good

paln
Job design initially will prevenrt back ipjuries  To reduce bending, twisting,
and reaching by the worker, the work should be at the optimum work level,

from waist to elbow height to reduce excessive bending and reaching, the
workplace should be laid out to reduce twisting, git/stand workstatlong should
be allowed where possible with good seat design teo reduce prolonged sitiing or
standing, package should be redesigned to include hand holes for betrer
coupling by the wexker, small package size so the worker can hold the lead
close Co the body, and low package weight se as not to exceed human

42

capabiiitiles Interim changes to reduce back injuries i1nclude job

K] i, 45, 46

placement,”’ strength and fitness testing, strength and fitness

47 48 and work enrichment, enlargement, or

craining (work hardening),
rotatien to reduce cumulative sxposure In addition to educating and tratning
the worker, unloms, and management about risk factors that cause back i1njury
and pain, there appears to be no elear, single seolulion other than good
mitial job design  Multiple approaches, such as Job redesign, worker
placement, and training may be the best methods fovy controlling back injuries

and pain *°

16



Evaluatieon Criteria for Risk of Back Injury

The rovised WIOSH lifting equation reflects new findings for lifting and
provides methods for evaluating asymmetrical lifting tasks and optimal
couplings betwasen the object and workers’ hands The Recommendsad Weight Limit
(RWL) 1s the principal product of the NIOSH 1i1fting squation and 1s defined
for a specific set of task conditions as the weight of the load that nearly
all healthy workers can perform over an &-hour day without risk of developing
Lifring-related low back pain  The NIOSH litting equation has a recommended
welght that Ls considerad safe for an "ideal™ lift  This weight 1s 31 pounds
and 1x adjusted dewn according Lo vartous task-telated factors, such as the
horizaontal distance of the load fram the workey, the amount of twisting
rtovolved (asymmetrv), vertical height (lift location}, distance moved,
frequency of lifi, and ecoupling characteristiecs, such as handles on the
container being lifted Additienal iunformatlon on the revisod NTGSH 11fting

equation may be found 1n Waters et al 0

In addition te the NIDSH BRWL, there 1s a Lifring Index (LI} that can be
computed to determine the wmagnituade of risk The LI 15 computed hy dividing
the NTOSH BWL 1inte the weight of the load The result Ls the LI, the Liigher
the LI the greater the risk for back injury  An LI of three or more 13
considered slgnificant If the original NIOSH formula (1981) (s used, an LI
af 3 would he representative of the MIL Uhen the LI 1s greater than 3 0, or
1u the case of the original NIOSH formula above the Maximum Permissible Limit

(MPL), engineering contrels are gtrongly recommended te reduce petential for

17



injuries  The folloewing outlines the speeifie criteris for the revised NIOSH

guldelines

The 1981 FICSH Work Practices Guide for Manual ']'_.1fl:1ng,"z and the 1991 Revised
HTOSH Rquation for the Design and Evaluation of Manual Lifrang Tasks®® ware
developed using medical, screntifie, and engruesering resources to davelop

gutdelines for manual materials hapdling

Both guldes use quantltatlve recommendatlons regarding the safe load weight,
s51ze, locatrion, and frequency of a lifting task The 1991 wersion lncludos
gsymmetric lifting and hand/container coupling guidelines  Bacause of the
additional parameters for evaluating manual materials handling and slight
adjustmants 1m the eguation, the 1992 pgquation was used for evaluation of

beverage material handling

The new guide has one weight limic which 1s called che recomrecuded weight
lLimit (RWL) This egquation wss used for selected manual materials handling
tasks The calculation [or Lhe recommonded weight limit 1s as follows RWL =
Load Constant (LC) & Horizental Multiplier (HM) % Vertical Multiplier (VM) *
Distance Multiplier (DM} # Asymmetric Mulciplier (AM} * Frequency Multiplier
(FM) * Coupling Multiplier (CM) (% 1indicates muliiplication} The multipliers

in this esquatien arc described 1n Tables 2, 3, and 4
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Table 2 Revised NIOSH Equaticen for the Design
and Evaluatilon of Manual Lifring Tasks

COMPONENT METRIC U 5 CUSTOMARY
LC = Load Constant 23 kg 31 1bs
HM = Hovizontal Multiplier {25 /H) {10/H)
VM = Vertical Multiplicry (1-( 003|V-75|)) (1-¢ 0075|V-30]))
DM — Multiplier ( 824(& 5/D)) { 824(1 8/D))
AM = Multaplier (1-{ 00324} {1-¢ GD3Za})
FM = Multrplier {sen Table 3} {gec Table 3)
CH = Multiplier (sce Table 4) {see Table &)

Vhere

H = Harizontal location of hands from midpoint between the ankles Messure
at the origin anud the destination of the lift {cm or in)

W = Wertical iocation of the hands from the fleor Measure at the origin
and destination of cthe lLift {cm or in)

D = Vertical travel distance between the origin and the destinstion of the
lift {em or 1n)

& = Angle of asymmetry -- angular displacement of the iocad from the
sagittal plane Mcasure at the origin and destination of the 1ifc
{degrees)

F = Average frequency rate of lifting measured in lifts/min Duration is
defined to be < i hour, < 2 hours, or £ 8 hours assuming appraprlLate
recovery allowances {(see Tabhle 3
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Table 3

Frequency Multipler

WORK. DURATION

FREQUENCY
LIFTS/MIN = 1 lHour = 2 Hours = B Hours
2 1 90 1 040 95 us 45 45
03 97 %7 92 03 81 21
1 94 04 B8 a8 5 79
2 91 91 B4 b4 G5 65
3 85 58 79 79 55 a3
4 84 84 72 72 45 &5
5 &0 50 60 60 is 35
& 75 75 50 50 27 27
7 0 70 42 42 22 22
2 s b0 35 35 18 13
G 52 52 30 30 aag 15
10 45 45 26 26 O 13
11 41 41 30 23 e o0
12 37 a7 o0 21 a0 0o
13 0d 34 00 0o o0 oo
14 VT2 31 00 oo o0 oo
15 G0 28 0o a0 0a aG
>15 oo 0Q co a0 00 oo
Table & Coupling Multiplier
V< 75 em (30 10y Vo= 75 em (30 1n)
COUPLINGS COUPLING MULTIFLIERS

Guod 1 00 1 00

Fair 0 95 1 00

Poor 0 vo 0 89
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To determine relative risk for the material handling tasks evaluated, the
Lifiing lndex (LI) was alse used The lifting inder 1s the ratlo hetween tho
beverage product Leing lifred and the RWL  The higher the ratio, the greater
the rigk for back injury  For example, 1f the beverage product lifted 1s 50
1bs, and the EWL 13 25 lbs, then the LI 15 2 0 The LI 12 useful in
prioritizing high, mediun, and Low hazard lzfting tasks Additicenal
information relevant to the design of ergonomic controls in the heverage
industry, ineluding contalner packaging, contalner handles, push wersus pull,

and wheole body vibration, can be found 1n Appendix A

EVATIATION DESIGN AND METHODS

S5ITE SELECTION

This beverage delivery site was chosan on the basis of the beverage delivery

driwveyr work ferce size (1 o , > 30), willingness to participate in the

evaluation process Lo dmplewent cenbtroels, and prexumty to NIOSH vescarch

facillities becaunse of study duration and vepeat visits te the site

CONDUCT OF SURVEY

Worker Selection and Study Orientalion

Ten delivorymen were selected from company volunteors The raguest for

volunteers was made 1n cooperation with the company and union The volunteers
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were experlenced 1n urban bheverage delivery, had goed job performanuce records,
and were 1n good physiecal condition (based on company records) NTOSH
representdatives met with all potential volunteers hefore and at the beginning
of the study to present an overview of the project NIOSH repregentatives also
showed the veluntesrs the equipment to be used and asked For advice on how the
strumentarion could best he used without interference of thely jobs None
ol the volunteers saird that thes equipment caused problems Gne worker whao
parirclpatad 1n che 1mitial survey suffered a back injury unrelated to the
NTOSH study and could not be used in the [ollow—up study afcer aergonomlc

ilnterventions wWetre i1mplemented

At the beginning of the study each beverage deliveryman was rnstructed on (1)
the inmitial objectives of this study, (2} the use of the self-administered
computerizad Discomfert Assessment Survey (DAS), and {(3) the wearlng of a
portahle noninvasive heart monitor (Polar Vantage XL)}™ to determine metabolic

demands {indirectly) of the job

Quastionnalrea Past Work Experience and Medical llistory

AT the begimming of the study a questionnaire (Appendix B) was completed
bofore the workers started their delivery The descriptive information
gathered included age, height, forward rcach, and weight  The work history
included the date when workers started with the Pepst-Cola™ Company and hew
long they had delivered heverages Tnjury histories disclosed job-related

musculoskeletal disorders and zmeunt of time off resulting frem such injuries



Discomfort Assessment Survey

The DAS develaped by raesearchers at the Umiversity of Michigan, Center for
Ergonomics, was used to collect musculoskeletal discomfort data frem selected
workers for this stunday  The objective of the DAS was rfo survey changes 1im
workers' discomfort and fatigue resulbing from ergonomic controls installed in
therr jubs The DAS collected three categories of information iy
descriptive, ineluding the worker’s name, sorcial securlty number, and job
title, {1} location of discomfors by the use of a body template, and (3} a

dizgcomfort score from Q (nothing at all) toe 10 (worst lmagiunable) The

72 and

discomfort =core i1s based on work performed by Borg,®! Seymour et al

Corlett and Bishop 33

The TAS was 1mplemented using a computer feo facilttate the process of
reporiing misculoskeletal discomfort The workstation consisted of a computer
with & color monitor & light pen was used as an input device Software to
run the program was developed by the Tmiversity of Michigan’s Center for
Ergonomics % Deliverymen entered rheir musculovskelctal discomfort data inta
the computer at the heginning, middle, and end of the beverage delivery

workday

Deliverymen received individual training, comsisting of a demenstracion on
uging the DAS, which they practiced on their own  Threughout the study N10SH
rescarchers were gvallable when the deliverymen entered data in the DAS None
of the deliverymen reported diffieculty 1nm using the system to generate their

DAS teports The average tilme to complete ecach DAS report ranged frem 5 ta 10

23



minutes Appendrx G 1llustrates the different DAS screens shown on thes

computetr

Discomfort data were systemallcally collected from the deliveryman a total of
mine times, once 1n the mornivng, afterncon, and evening, over three surwvey
periads (1) at the beginning of rhe study hefore interventions, (2} shortly
after the ergonomic interventlons were first introduced, and {3} at the end of
the study when the deliveryman had adjusted te the controls Dats were
callected [rom three deliwerymen per week, usually 1n the middle of the week

{Tuesday, Wednesday, and Thursday)

DAS 1nformatien was collected 1nn two settings (1) at the beginning and at
the end of the workdsy, the deliveryman entored the DAS data at the plant
conference and office area, and (2) approximately halfgray through the delivery
schedule, the deliveryman took the DAS inside a ninlvan antomoblle Thi=
portable computerized workstation was easy to seb up and adminlster 1n the

field

Metabolic Measures

The metabelic demands of the delivery job were determined indirvectly by
moultoring heart rate A Pelar™ portable heart rate monitor (Polar USA Iuc )
was uged on each worker during delivery Hearr rarce data wers collected every
five seconds from & combination electrode-transmitter band that was worn on
the worker's chest and fram a recelver attached next ta the transmitrer The

racelver stores up to two hours, and forty mitmtes of heart rate data when
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programmed to collect data every five seconds  When 1t was cenvement for the
worker, the reeeiver was changed, approximately every two and a half hours

Up te five recelvers wera used per werker, pet day Tn the evening the data
were downloaded through a transmitter-receiver coupling device connecied to a
pertable computer The heart rate data files were transported te a compuler
sproadsheet package (Latus 123) A stopwateh 1n the porkable vidsocamorya was
gynchronized with the time of day on the hear rate receivers Extranecus
srgnals, causad by electronic noise (250 beuats per minute) or by poor contact

with the skin {0), were deleted from the spreadsheat

Waork Analvysis

Ergonomic Evaluation--

The ergonomic evaluation consisted of (1) collecting of beveragze delivery
1nventory reports that indicated the amount of product loaded and sold, {2}
videotapiug the beverage delivery process, from activities performed at the
plant to activities performed at delivery sites, (3) biroemechanical evaluating
ol musculaskeletlal stress during manual handling of boverape containers, (4)
recording of delivery cruck dimensions, and (5} discussing with the

dellverymen about musculoskeletal hazards asscciated with their jobs

Biomechanical Evaluatien

Biomechanical evaluationt of the back was performed using rthe revised NIOSH
1ifting equation " The purpose ol this evaluation was o determine 1f

certaillt tasks ekceed a worker's biomechanical and statilc strength
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capgbilities, and Lo determine 1f{ such kasks ave putting werkers at risgk for
developing musculoskeletral disorders  Posture and body angles were determined
from stop action analysis of the videotapes filmed during hewverage delivery
The tasks evaluated were selected from representative workers performing
beverage handling tasks  The six tasks analyzed were selected on the basis of

weight range, wvolume sold, and container size

The s1xn basks evaluatad were
Lifting 12-o0z 24-can cases of beverage from truck
Lifring 2-liter B-pac case from truck
Lifting 20-0z case of bheverage {glass containers) from truck
Lifving lt-ovxz case of beverage {glass roturnable) from truck
Liftiap 533 5-1lbs alwminum tanks containing pre-ml: bhaverapge
Lifting 53-1bs, 5-gal Bag-in-the-kow {(BIE) contalning pre—mix

beverages

In addition te ihe NIOSH EWL, the LI was used as a measure of relative risk
for hack injury an LI of less than 1 1s a low rizk, | to 3, medium risk,
greater than 3, high visk *° To determine blomechanical forres on the
shoulders during beverage material handling a Umiversity of Michigan, Cencer
for Ergomomics, software program (3D Static Strength Prediction Program™) was

used *
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Ergonopic Interventlions

Beverage delivery trucks—-

Four heverage delivery trucks were retrofitted for this study three 10 bay
trucks (Figure 2}, armd one 14 bay tractor-trailer (Figure 3) The 10 bay
delivery trucks ate the standard Lor caty delivery because they are easiexr to
handle on urban streets cowpared to the larger trucks However, berauss thea
number of soft drink packages 1s growing by 20 ko 23 per vear (over 200
different packages at the time of this study), larger trucks are hacoming
IeCCs3ary Therefore the l4-bay tractor-trailer was retrofrited with similar
controls as 1o the smaller trucks to determine the benefit of such features
for the larger ones  Table 5 shows Lhe ergonomic retrofif to four Beverage
Delivery Trucks Theze retrofit are divided into two categories safety and
ergenomle (1 e , musculoskeletal) The safety features i1pelude 5-in spot
mirror on rrght and left docr, 3—1in spot mirrors mounted on right side of
lhwod, heated mirrove i1nstalled on driver side, heated/motorized mirror
passenger side, Z-point seat belt, hay liners all bays, motion back-up alarns
with guards, ratse stop/tarllights and back-up lights te boed level, recess
license place brackets, and new cautilon "wide right turn" sign The srgonomic
features include cush-n-aire® driver seat, exterior grab handies for all bays,
d-position drop shelf heles for all deep bays, installed hand grips in
vertical {(single sheet dividey) divider in bay, wvider step platform on wheel
housing step bar, cxtra wide recessed steps {ront and tear, anti-slip
installed on bottem rail and step holeg, pullout step rear bays, large
handtruck holder and high back rest for 2 handtrucks, new rollers 1n all bay

door slats and lubricated deors, and new door straps
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Tahle 3 Saferty/Ergonomic Retrofits of Beverage Delaiwvery Trucks

2" spot mirror on right and left doo:x

3" spof mirrers mounted on right side of heod

hesated mirror inztalled on driver side
heated/motorized mirror passenger side

eush-n-arre drive seat

J-point seat belt

exbertor grab handles all bays

3 position dyop shelf holes/all deep bays

install hand grips in single sheet divider

wider step platform on wheal housing step har

entra wide recegsed steps, front and rear

bay liners all hays

anti-slip installed on bottom Talil and step holes
pullout step rear bays

motiron back-up alarms with guards

large handtruck helder and high back rest for 2 handtrucks
raise gtop/tail lights and hack-up lights te hood Tevel
recess ilcense plate brackets

new reollers in all bay door slats and lubricated doors
new door sitraps

new cautlon "wide right turn" sign

Two-wheel handtrucks--

The wajority of deliverymen preferred te wse the trucks they haa rather than
the ergonomically designed 2-wheel bandiruck called the

"Egualizer” {(Magliner Inc) Howevey, some data were gathered with one

deliveryman using the "Egualizer " Mozt drivers had eme two-wheel handtruck,
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while others had a two-wheel and a four—wheel (for bulk delaivery}  NICSH
researchers performed malntenance on the handtrucks at the beginning of the
intervention phase of the study, including measuring air pressure in the tires
and 1nflating the tires where needed, balancing the tire arr pressure, and

cleaning and lubricating =11 moving parts of the handrrucks

Data Analysis

The null hypothesis {H,) 12 no change 1n stress (DAS heart rate,
biromechanical), during the delivery process with ergonomie controls  The
alternate hypothesis {H,) 1s delivery slresses were less with ergonomic

centrols 1mplemented

Variables from rhe ergonomic contrels (1 e , ergonomlc retrofit, and
handtrucks} were tested to determine differences i1n musculoskeletal risk
Measurad outcemes included changes 1n reporiting 1n the Discomfort Assessment
Survey, heart rate, and bilomechanical stress Lotus 123 and the Statistical
Graphics Package were used fotr analyses ***7  Student t-tesls and McNemar'®s

test were used to compare before and aftereffects of controls
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RESULTS

DESCRIPTICK OF BEVERAGE DELIVERYMEN

Fine deliverymen participated in the corgonomic interventiom study Fight
performed conventional delivery of seft drirk cans and hottles in the city to
small and mid-size grovery stores, one performed Bag-in-the-Box and tank
delivery to rastaurants All deliverymen were experienced, healthy males

ranglng it age [rom 34 to 58 years

QUESTIONNAIRE DEMOGRAPHICS, PAST WORK EXFERIENCE, AND MELICAT. HISTORY

Charactexistics of the nine deliverymen, including weinght, height, functiovnal
reach (from the back of the shoulder te finger pinch), and senlority with the

company and feor delivery, are summarized in Table &

Demographics

Workers who participated im this study ranged i1n age from 34 to 58 years,
average 42 4 years They ranged iu weight from 164 Lo 256 pounds (lbs),
average, 210 4 1lbs  Height ranged from 67 to 76 Inches {1n), average height
was 72 1n Functinonal reach (distance frem the back of the shoulder to finger

tip plnch) was 28 to 33 1n, average 30 3 1ins
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Table & Descriptive Chatacteristics of
Delivetrywen at the Begimming of Study

Funci Cowpany Delivery
Welght Height Reach Semiority Seniority
Subject® Ape (yrs) (lhs} {1n) {in} (vra) (yre)
1 43 218 73 30 25 25
2 37 16 76 5 iz 17 17
3 36 153 71 5 30 13 13
4 58 130 70 1n 34 4
5 39 215 &7 5 28 5 15 16
b 38 243 76 32 15 15
! 34 2586 73 33 1 15
9 43 219 69 3l 19 19
10 51 L4 67 24 20 20
AVE 42 4 210 4 715 30 6 19 6 19 3
5D 75 35 2 34 17 G 4 6 3

%Subjecr 8 was dvopped from study dues to hack injury before ergonomic
interventlons hegan

Work Eqperience

Worket senlerity ranged from 13 to 34 wvears, average, 19 6 years Uith the
evception of ene worker, all reported that they started with the company as
beverage deliverymen and had been performing the same job while with the
coppany  The average svniority for delivering beverages was 19 3 vears  The
one worker had a management position for a short time, but returnsd to
beverage delivery This cempany does not have a career track that advances
epployees from beverage delivery to another job that pays as well or better

Several of the workers indicated that they had been delivering beverages for a
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leng time, but could not recall anyone 1n their organization whe retired as a

heverage deliveryman  Most were sicher injured or found olher jobs

Medical History

At the hegimning of the study all 4 workers were asked about past injuries

related to their heverage delivery job

During their career as beverage deliverymen with this cowpany

Al1Y 9 deliverymen reported that they had suffered 2 musculoskeletal

1imn] ury,

Eight reported having back injuries,

Five reported arm tnjuries,

Four reported log 1njurics,

All had taken time off as a resali of their injuries, and

The average time off was 2 § months
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DISCOMFORT ASSESSMENT SURVEY

Body Location

DAS was conducted to ¥ecord the emplovees' discomforts and fatigue resulting
from thelr delivery jobs, and to compare differences i1n reporting after

ergonomlce lntervenllons were Lmplemented

During data analvsis, 1h was discovered that 3 DAS teports for one of the
conventienal deliverymen had been tnadvertently destroyed (bwo morning, &and
one midday DAS repart) Because the incomplete reporting would bias the
vverall results for the greup. dats analysis was conducted on only the &

deliverymen who had all reports available

As shown 1n Table 7, the back was indicated hy most deliverymen (six of eight)
as having discomfort during the survey The shoulders, elbows, and legs
(knees) were mevwt (four of eight), with neck and hands least reported by the

deliverymen {two of eight)

The legs (44) were selected more often than any other aggregated body part
with discomfort Thrs wax followed by the back (21}, shoulders (20), clbows
(17, hands {8), and neck (3] There were an additional 17 responses for the
specific areas of the hand  These responses were not added te the 1nmitial
count of & for the hands since these responses provided detairled information
ahout specific parts of the hand As shown in lable 7 the body segmenls most

frequencly cited with discomfort for each body aggregate were the righl and
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lefr kneas {257, the lower back (183, back right shoulder {133, back left
elbow (10}, back left and right hands {8}, and back of neck {3} These areas,
highlighced in Figures 4, 5, 6, and 7, show the numbesr of deliverymen
1ndicabing discemfort in the shaded areas  The data wndicate that the number
of workers reporting discomfort in specific body locations decreased from the
first to third survey  [his decrease 1g believed to be real and may bas due,
in part, to the ergeonomic controls installed on the truek and to good
maintenance of the handtruck, such as proper inflation of the rires and

lubrication of mo~ing patts

Yhen the hody parts were evamined by time of day, there was no significant
difference 1n reporting hetween the heginning (45 reports), middle (41

repaxrts), and end of the workshift (44 reports)

When the hody parts were examined by survey, thoere was an 1ncrease 1n
discomfort reporting {rom the first survey (46 reports) to the cecond gurvey
(33 reports), and a decrease in discomfort reports from the first to the third
survey (31 reports) The increase 1n disconfort reporting botween che first
and segond survey was significant (€t statistic p < 03), as was Lhe decreasc in
reporting between the first and third survey for beody part discomfort
reparting (t statistic p < 09) Detailed examination of these data showed
that 30 percent of the delilverymen reported a decrease in body part
discomfort, the other 50 percent reporied an i1ncrease The difference was a
greater numbey of reports by individual deliverymen ovar the survey period,
ghowing a decrease 1n discomfort reporiting (15 reports) rather than inerease

(A reports} The decrease was net dominated by any one
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deliveryman  Thero was no significant decrease in back discomfort reporting
between the first and third survey (McNemar's Test, one sided p > 03) The
shoulder and elbow Wwere the most affected body parts accounting far the
derrease in discomfort However, the decvente yas not srgnificant for the
shoulder and elbow  No pattern was seen in the slight 1ncrease in discomfort

reporiiny hy the other deliverymen

Sympl.om Beporting

More than one symptom could be reported for a body part selected hy the
deliverymen  Up te twelwve symploms could be reported per body pari {pain,
cramping, aching, stiffness, swelling, weakness, stabbing pain, numbness,
hurning, tingling, loss of color, and other} During this survey, LEb
symptoms (186 reporcs) were reported fvr the 130 body part discomfort reports
The most frequent symptem reporbted was aching (3% reports), Fellowed hy
stiffness (46 reports), then pain (26 reporis}, these data accounied for

86 percent of all reports Reporting of these symptoms was evenly

distpibuted Remaining symptoms accounted for 14 percent of the reports

There was o stgnificant difference 1n symptem raporting by time of day
Howewvey , theve was a difference 1n symptom reporting by survey Symptom
reperting increased between the first and second survey from 65 to 74 reporte,
and decreased for the third survey to 47 reports  Aching and paln reporting
inereased and stiffness decreased, from the first to second survey Sciffness
decreased srgmificantly from the (irst to third survey, aching returned rao

flrst survey levels, and pain stayved at seeceond survey Levels The decresse 1n

&)



siiffness reporting bekween the irst and third survey was reportaed by several

workers, however, the increase 1n paln reporbing was dominated by one workerx

Pailn Level Reports

Ornly uvne pain score could be selected per body part salected Therefore, 130
responses were glven Lor thais study  Pain levels for body part discomfort
could be coded on a scale from 1 te 10 Ko pain score was above § The Lotal
Tawn score reports for this study are the following 1 ¢19y, 2 (25), 3 (51,

40233, % (7y, 6 (&), 7 (), and 8§ (1)

For time of day, there was no significant change in pain responses  When pain
scores were comparcd by category between the first and thaird survey, there was
a decrease 1n pain reporting for pain levels 1, 3, 4, 8, an increasc Ln

categories 2 and 3, and tiwo change For level 6 Hone of these changes 1n pain

level reporting by time were significant

There was HM LNcrease LD paln responses hetween the fivsl (46) and second (53)
survey, then a decrcase ip pailn responses 1n the third (31) survey When pain
geores ware compared by category for the first and third survey, tharc was 3
decrease 1n pain reporting for pain levels 1, 2, 3, and 3, an inerease 1n two
catagorles 4 aund 6, and no changes for level ¥ MNone of the changes in pain

level reperiing by survey were signifleant

Table & summarizes the rtesults of the DAS
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Table & Summary of Discomfort Assessment System Sukvey

Examined by time of day and survey
» No significant difference 1n reporting for discemfort between morning,
afternoon, or cnd of workshift

» VWhen examined by survey, an increase in reporting belween lst (46
reparts and 2nd (53 reports), and a decrease 1n reparting feor 3rd (31
reports) The i1ncrease in discomfort becween the lst and 2nd survew
was significent, and the decrease in dascomfort between lst and 3rd was
sigmificanc

+ There was not a sr1gnifrcant decrease Lo drscowlort reporting for the
back between Lhe lst and 3rd survey

* There was a notable (but not signilicant) decrease 1n discomfort fox
the shoulder and elbow between the lst and 3rd survey

Symptom Reporting
« Most frequent symptom reported was aching (38 reports}, followsd by
at1ffness (46 reports), followed by pain {26 reports)

« There was a slight incyeasc in symplom veporting betwesen the [1rst and
second survey (63 teo 74), and a decrease 1n symptem reporting for the
third survey (47 reporis)

¢ Aching and pain repeorting inercased from the lst and 2nd survey,
however, most parn reporilng was by one worker

« Stiffpess reporting decreased from the lst te Jrd survey, this was
reported by several workers

Pain Level Reports
» HNo pain level wasz reported above & (pain =cale was from 1 to 10}

v+ Distriburion of pain reporting was
{193, 2425), 3{51), &4(25), 5(7), 6(4), T7(0y, 8(L)

¢« Time of day, there was no sigmificant change 1n pain reporting

*» Al IDCIease 110 paln cespouses between lst (46) and 2Znd (53) survey, and
a darrease 1n paln responses for Ird survey (31) durvey, decirease 1n
paln goores from lst and 3rxrd survey at lewvels 1, 3, 4, 8, increaszed 1n
paln levels 2, 3, and no change 1n pain level © The changes 1n pain
level reporting werc net significant
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METABOLIGC MEASURES

Average, Minimum, and Maximum Heart Rate Values

Table 2 shows the heart rates data collected on the delivervman at the
beginning and end of the study  Average heart rate at the beginning of the
atudy ranged from %3 & to 113 B beats per minute (bpm) The average heart
rate at the end of rhe scudy, when ergonomic concrols were 1n place, ranged
from 93 1 te 114 9 bpm  The average heart rate for the 9 workers at the
heginning of the study was 104 (+ 3 4) and at the end was 29 9 (+ 8 2) The
minimum heart rate range at the begioning of the study was 38 teo 79 for the
workers, with an overall average of 67 (+ 7 7) beats per mlnute At the end
the minimum range was 4% to 78 with an overall average of 66 (+ 9 9} beats per
mlrmage The waximun {peak) heart rate ranged from 137 to 167 with an average
of 154 (+% 5) bpm al. the heginning ol the study At the end of the study, the

maximum heart rate ranged fram 123 to 1632, with an average of 144 (+12 7} bpm

Comparlsons for the average, minimum, and maximum heart rate values showed s
trend 1n decrcased cardiovascular demands by the end of the survey when
compared to the boginning Paired Student: t-tasts for hefore and after
differences were stgnificant (p < 053} The difference 1n cardievascular
demands may be attributable te & mumber of factors, including ergonomic
inLerventlons Whether this decrease 1s arcributsble te the interventiaons

alone 18 doubtful
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Ape and Heart Rate Values Before and After Ergonemic Interventions

Table 10 showe the workers' ages, maximum heart rate based on age, resting
hearc rate, heart rate range, and 50 percent of the wmavimum potentiral heart
rate The maximum potential heart rate (220 - age) range was 162 to 18f, with
an averagce maximun value of 178 beats per minute The resting heart rate
ranged from 63 to 92, average 7/ bpm at the beginning of rhe study, and ranged

from &0 to 87, average ¥4 at the end of the study

[he heart rate vange for these deliverymen was 78 te 119 at the begimming, and
32 to 119 ar the end of the study Fifty percent of the maximum potential
heart rate {resting heart rate + 50 percent ot the maximum hearc rate
potential) was from 117 to 135 bpm before the interventions, and from L15 to
134 after the interventions aAf the bBeginning of the survey the average heart
rave was approximately 32 percent of the maximum potenlial heart rate, and al
the end approximately 20 percent of the maximum potential heart rate When
the heart rate ex¢eeds 50 percent of the maxipum heatrt rate over an 8-hour
day, rest periecds should be implemented to reduce fatipue *®* As these data
show, there were metabollie demands during beverage delivery as noted from the
peak hecart rates However, because the job allawed self-pacing, there was

time for the heart race o recover

Percentage of maximum heart rate {a maasure of cardievascular derand for work
performed) decreased on average at the end of the study versus the beginning
when compared with the average and peak heart rate wvalues This decrease 1=

most evident when comparing the actual maximum heart rate values (Table 9) acz
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the begumming (87%) wversus the end (51%) of the study, and the percent wmaxinum
potential heart rate values (Table 10) While the amount of heverage
delivered varied from the beginming versus the end of the study, the overall
welght of beverage delivered Increased slightly at the end of the study  The
combinatron ol ergonomic Lnterventlons and good wark practilces may have caused

some af the decrease 1 maximun heart rate

WORE ANATYSTS

Work Documentation and Analvsis

A1l workers were videotaped during beverage delivery at the bepinning, middle,
and end of the study to determine work risk factors In addition, discussioens
with the workers provided more infocrmation about the work visk factars and how
risk could be reduced Selected pirctures of these activities and assoclated

risk factors are shown in Appendix D

Biomechanical

Scop-action snalysis of videolapas of the workers delivering bevarage product
woere used for biomechanical analvsis Selected work activities for each
deliveryman before and after ergonomic interventions wWere usced for
bromechanical evaluations, using the NIOSH revised lifiing model  Thaa
approach provides the broadest overview of the blomechanical risks and the

changes 1n these ricks as a result of the 1nterventroms

N7



Tables 11-16 and Frgurec 8-19 show the results from this analysis  All
beverage packages handled excesdsd the NIOSH BRWL, especially when worker
posture was Taken 1nto consideration As nobed earlier, when ths Lifring
1ndex (LI) excecds 3, the risk for injury increases substantially  Because of
the workers’ peostures and werght of many of the beverage products being

removed from the cruck, the LT often exceeded 3 (Tables 11-16)

Biomechanical analysis of shoulder strength for a deliveryman lifting a B-
pack, 2-liter bevevage case (gec Appendix 4, Figure ALY, showad chat 25
percent of the males (Subject #8, weilght 23% lbs, herght 69 inches}, and O
percent of (he females {50 percentile female, weight 137 lhs, height 63 8
tnches) were capable of lifting and moving such cases in this posture 3% When
the 2-l1ter case welght was reduced from approximately 40 pounds te 30 pounds
(gimulating a 2-liter 6-pack case}, 65 percent of the males, and 1 percent of
the females had the shoulder strength ta 1i1ft and move such cases When the
deliveryman used the pull-cut shell as shown in Appendix Figure 47, 63 percent
of the males and 3 percent of the females had the shoulder strength te lift
and move the 40 1h casesn 1o this ponture When the case welghl was reduced to
30 pounds simulating a 2-1iter &-paclk, 84 percent of the males, and 24 percent
of the females had the shoulder strength to lift and move such cases add to
this the instability of the 8-pack, 2-liter bottles due e the low heirght of
the cases, and the combinallon of weight and peoer case design makes material
handling more difficult and increases the potentilal fer injuries to the

shoulders
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Hand Crip

Table 17 shows right and left hand grip strength at the beginning and end of
the workday over the survey period  The purpose of collecting hand grip data
was to determine 1f Chere was any musculoskeletal fartigue in the forcarms and
hands at the end of the day, compared teo the bepinming Un averapne, grip
gtrength increased at the end of the day, compaved to the heginning Similar
patterns of prip strength weve seen at the heginning and end of the study

The differemce 1n grip strength may have been related ta worker reporting of
general stiffness in the meorming, whercas in the cvening they were “warmed up"
from the day’s activitics and could excer more force  The average grip
strength at the beginning of the day for the left hand was 103 (+ 23) Tbs, apd

for the right hand 106 (+ 29) lbs At the end of the day the grip strength

Table 17 Hand Grip Strength -- Beginning and End of Workday

Begin Lell Begin Right Fnd Left End Righi

Average 103 106 107 112
{1b=)

Std Dev 23 29 29 28
Max1mum 130 151 174 156
Mainlimam 70 65 73 74

dot Statistically Sigmifiecant Comparing Buginning with End

Grip strength Table

67



for the left hand was 107 {+29}, and for the right hand 112 (+22) 1lbs Tha
range of grip strength was €3 lbs for the right hand at the beginning of the

day to L/4 lhs for the left hand ac the end of the day

MATERTAL HANDLING

Beverape Material Loaded and Deliveread

Table 1% shows the average, maximum, and minimum number of cases loaded and
sold during the NIODSH study Sixty~four perecent of the cases loaded were sold
vver the study pericd  The range 1n cascs loaded was from 343 Lo 681, the
range of cases sold was 162 to 381 This represented a range of 47 o

74 percent of the heverages loaded om the trucks sold to customers The tank

and bag-in-the—hox route data 15 alse shown in Table 18 A similar pattern 1s
seenn [or this deliveryman where an cxcesz amount of heverage was hrought bhack
to the plant The average number of tanks scld (pre- and post-mix, and G0;)
was 130, and the average number of bag-in-the-box unlts sold was 325, tetaling

455

Beverage Material Handled

Table 19 shows the minimum (handled twice —- remove beverage packages ELraom
truck and load on handiruck, transport to store and unload in =tore), probable
(handled rhree times —— same as above, buf also counts for additional material

handling, such as unloading from handtruck on leading dock, maving boeverage

i




Table 18 Truck Tnventory Beverages

Loaded, Sold

Does Not Include Bag-in-Box / Tank Route

Avg # Cases Loaded 517 (= d Y4}
Avg # Gagcs Sold 332 (= 4 L1le)
Maximmn # (ases Loaded GRL
Maximum # Cases Sold S8L
Minimum 7 GCazes Loaded 245
Minimum # Catses Sold 162
Bag-in-Box {(BIB)} .and Tank route

Avg number of 5-gal pre-mix tanks deliverad 72

Avg number of 3-gal post-mix tanks delivered 35

fvg number of 5—gal Bag-in-the-hox delivered 325

fvg  Carbon Dicxaide Lanks dellivered 23

Max tmam runber of BTR/Tanks Leaded 141017
Maximum vumber of BIE/Tanks Scld 493
Minzmum number of BTR/Tanks Loaded 1046
Minimun number of BIE/Tanks Sold 400

Table 19  Average Amount of Couventlonal Beverage Material llandled

n—=48 Minimum Weight® Probable Weight? Maximum Weight3
Handled & (s d ) Handled & (s d ) Handled & (s d )

Bagin Survey 23,815 + (7,253)y 135,722 + (10,880 &7,629 + (L4, 507
Middle Survey 20,436 + (5,926) 30,635 + (8,888) 40,873 + (11,851)
End Survey 24,005 + {6,512) 36,008 + (9,767 48,010 4 (13,027
Average Overall 22,752 + (6,512) 34,128 1 (9,768) 43,504 + £13,024)

Each hevorape packapga handled two times
Each heverage package handled three times
Each beverage package handled four times
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packages around on truck, retating back stock 1n stoeres, ate ) and maximum
welght handled (handled four times, but more beverages handled due to multiple
handling of packages, setring up i1sland displays, ete ) at the beginning,
middle, and end of the survey The miniwum weighi handled was calculated by
adding thae total weighti of producits sold during thart day and multiplied by

TWa This equatlion acceounts for removing the beverage from the delivery
fiuck, loading 1t on the handtruck, transporting i1t the store, and unloading
it from the handtruck  The probable welght handled 1s the total weight of
beverage sold times 3, and the maximum welght handled 1s the total weight of
beverage sold times 4 Based on ohservarions by NIOSH researchers and on
evaluations of sclected vadeotapes showing heverage delivary, 1L was cstlmated
that most heverage packages wete handled three times This equation takes
1nto account moving cases arcund 1w the truck to pet at needed heverage
product for that stop, moving beversge stock alrcady in the stores to tche
shelves (not counted hecause Lhe boverage was not sold that day), and roltatiog

heverage back stock to kecp product fresh

As shown 1n Table 1% the minimum welght handled at the beginning of the study
averaged 23 815 (+ 7,2533) lbs per worker, probable wesight handled was 35,722
{4 10,880) lbs, and the maximum weight handled 47,62% {+ 14,505) 1lbs The
average amwount of product handled in the middle of the study (at the beginning
of ergonomic imterventlons) was 20,436 (+ 5,926) 1lbs, 30,635 (+ §,888) 1lbs,
and 40,373 (+ 11,851} lbs, respectively At the end of the study after the
deliverymen adjusted to contrels, the minimam weight handled averaged 24 005
(+ 6,512} lbs per worker, probable weight handled was 236,008 (+ 9,767) lbs,

and maximam weight was 48,010 (+ 13,023} 1bs The decrease in the average
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amount af weight from the beginning of the study may have been fronm
adjustments workers made 1n getting used to the retvofitted trucks Every
effort was made to make sure delivery days were kept congistent from the
beginning, middle, and end of the study The increase in average weight aC
the end of the study may have resulted from the seazcnal change from winter Co
spring, a higher demand for sofc drinks due to szles and promotions, and the
wntroduction of 2 new Time of cold tea drink  Cther Tactors may have resulted
from the workers’ growing comfort with the ergenomic controls and their
abtlity to work more effectively The owverall averapge for the three surveys
arc the following minimue 24,630 (+ 11,056), probable 33,826 {+ 10,333), and

mavimum 43,817 (+ 12,223) lbs

Bevarage and Type of Load

Table 200 shows the number of cases delivered per day, and may not be a gEood
tudicator of the deliveryman's work load For example, the first survey lead
compariscns between two deliverymen (Subject 4 wersus Subject 10) showed
nearly equal total weights for beverages sold (26,202 1bs versus 26,870 lbs)
during a toutine delivery day But the diffevence 1n cases =sold was
sigpmfieant 308 versus 451 Subject 10 zold many more cases of the 1Z-ovx,
M4-case can beverages {(which average 22 1lb: each), compared to Subject 4 who
sold less canned soft drinks, but substantially more 20-oz pnonreturnable (49 9
Tbs) and lé-ox returnable (57 5 lbks) packages of 24 pglass bottles Another
example 1x shown 1nt the second survey when Subject 2 sold 400 cases (23,330
1hs), versus Subject & who seld 218 cascs (21,023 1bs) Sul>rject 4 =old more

16-oz returnable, and Z0-0z noureturnahle glass bottles, and 2-liter plastic
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Table 20 Heverage Cascs and Loads Handled Companng, Delvenymen

First Surve Sccond Survey 1Turd Sunvey
[Peverage Fackage Huly 4 Suly 10 Suly 3 Suly 4 Suly 4 Suby 7
[Casey & Wezhl in ba)

10-uz bottles {23) 0 0 ] 0 4 ]
12 og cuns (22) 77 289 M2 15 40 175
L liter glass 43) 4 L] I 2 0 ]
16 o7 Returpahle glass (375 o7 11 U 55 hih Q
e Sportdiinh plaste (3 a 0 {0 H 0 6
16 ov leed I'ea plass (W 0 i G 2 11 18
20wz glass nonrcturnable {42 5) 73 17 3 KU @5 25
2liter plaste (3 85 e K] M o B2
TOTAL CASES 306 451 ) 218 ki 31z
TOTAL WEIGHT = PRODUCT Wl x 3 39,303 4it 3033 30495 31535 41415 20420

bottles, eompared with subject 3 who seld 312 cases of 12-o0z cans out of

400 toral cases sold Finally, during the last survey Subjects 4 and / sold
approxamately the same wunber of cases (308 wvorsus 312), however, the weights
are sigrdficantly different (Al 415 wersus 29,429 lhs, respaclively), a
difference of nearly 12,000 1bs When the weights, metabolic demand,
biemechanical stress, and posture are figured 1n, the worker's day can vary
gignificantly with regard to stress and straln Therefore, while the numher
of casgses sold can bhe 2 benchmark in determining worker StresSs, 1T 18 mora

Lrpertant to determine weight deliverad
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ERGGHNOMT G LNTHEVERT [OMS

Beverage Dalivery lrucks

Table 21 summarizes the evaluation of safety and ergonomle lntarventions for
the four beverage delivery trucks Each truck had ?1 modifications, designed
to make beverage delivery safer and reduce musculoskeletal i1njuries AS
mentioned earlier, a cheek list gimilar te this table was uszsed to evaluate
each delivery truck {or the completeneszs of the retrofit At the heginming of
the workday a walk around of the delivery truck was performed and deficlencies
were noted on the check ligst  This proceduve was vepeated Tor each truck at
the beginning and end of the intervention phase of this study Problems with
any of rthe medifications were relaved to the maintenance department Supervisor

te be fixed Usually, the problems were fixed by the next aay

The 21 engipneering changes to each truck were a wix of ergonomic and safety
features The ergeonomic features were (1) cush—-1n-a1r® ride =eats,

(2) exterior grab handles, {3} 3-position drop shelves, (4} handgrips on the
lnside of the single sheet daivider, {3} wider step platform on the wheel
hoeusing, (0) extra-wide vecessed gteps front and rear, (7) anti-slip strips on
the bottom rail and step holes, (8) pullout skep rear bavs, (9) larger
handiruck holder and high back rest for 2 handtrucks, (10) new rcllers in all
bay doot slats and lubricatlen of doors, and (ll) new door straps to open and
cloge bay deors The safety features included (1) 5-in spot mirror con right
and left doors, (2} 5-in spot mirrers mounted on right side of hood,

(3} heated mirror on driver's side (4% heated/molorized wirror passangey
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side, (5) 3-point seat belt, (6) bay liners all bays, (7} motion back-up
alarms with pusrds, (&) ratsc stop tail lights aud back-up lights ralsed to
hood level, (9) recess license plate brackets, and (10) new "cautilon wide

right turn™ si1on
=4

At the begirming of the 1ntervention phase of the study, 1f the modification
was done properly. then a 1 (ves) was marked i1n the column tor that
modification, 1f 1% Wwas not done properly, thenm a 2 (no) was marked in that
column  If the average score was close to 1, the modification was successful
If the score was closer to 2, then therc were probloms  Comments about the
problem were written in the calumn next to the modifications noted in the
checklist The dats in Table 12 show that 12 of 21 modifications to cach
truck were done without any problems  Safety retrofits that weire mot done or
nezeded tixing were the spot mirrors on the right and lcfi dooer and
heated/metorized wirror on passenget side Ergonomic retrofit problems were
gbsence of some 3-position drop shelf holes 1n the deep bavs, extra wide
recessed steps on front and vear areas of wheels to access high bays, anti-
slip strips 1nstalled on bottom vail and step holes, absence of pullout rear
bay en one ef the trucks, wern rollers or absence of lubrication un sovme bay
doors, and missing door sStraps to open and close bay doors At the end of the
study several of these pruoblems were [ixed TFor safety rectrofit, most of the
spol MLITYoTs on the right and left docors and most motorilzed mlirrors were in
place Frgonomie retrofits included bays fitred with 3-positien drvop shelves,
ant1-s8lip zarfacing 1n bavs and i1mproved step holes, more installed pullout
steps on Tear bays, lubricated deors and fixed rollers, and installed bay door

ntraps Whern maintenance of retrofit was compared with the beg1nn1ng and end
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of the intervention phase eof this study, onlvy two retrofifs deteriorated over
time a missing externral grab handle on one of the trucks {caused by a fork
lift truck hitting ic), and the back-up alarm system  Video pletures in
Appendix D show the varlous ergonomlic retrofit controls usad by the driver-

feliverymen in thils siudy

Bay Door Forees for Opaning and Closing

Table 22 shows the differing forces needed to lift and lower the bay doors al
the beginning, middle, and end of the study  There was a siguificant
reductien in the smpeount of foice needed to lift and lower the bay doors from
the beginning of the study warsus the end  There was not a significant
reductiren in che amount of farce needad to 11ft and lower the deoors after the
intervention study began and at the end of the study On average, thege was 3
7 8 (4 1 1) 1b decresse 1n the amount of force needed to 11ft and lower Lhe

bay doors at the end of the study compared to the beginning

Handetruclks

Table 23 shows the results of tire pressure on the bandtrucks at the boginning
and end of the study In general, the tires werc under pressure, and not
evenly pressurized During the interventloen study, TlTe MeldsUYemenis Were
made with a small tire proessure gauge, and then the tires were 1nflated frem

28 to 32 lbs with a tire pump WUhen pressurized, the tirves usually maintailned
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Table 22 Bay Door Force, Before, Durmy, and After Ergonomie Interventions
(Bay Door Force {lbs)

Up Left {Driver Down Left Up Right Down Right
Side) Ibs & (s d) (Driver Side)  (Passenger Side)  (Passenger Side)
Beginning 472 319 499 294
(13 8) (133 207 (87
Middle 411 244 411 228
(11 5) (5 0) (11 1) (63)
End w7 235 411 31
(94) {4 6) (87 (53

t-stahistic  Signdicant reduction in up and down bay door torces tor leit and right sides

between first and third surveys

Monsinificant reduetion i up and down bay doors torces tar leflt apd nght sides

between second and third surveys

Table 23

Tire Pressure From Handrrucks
Tire Pressure (Tbs)

2-Whee! Balloon

4-Wheel Balloon

Left Right Left Right
Beain 21 20 26
End 28 28 31

their pressurs ovaer Lhe study perieod

handtruck used by the deliverymen are summarized below

2-vwheel hard tire handtruck ocnly

?-vheel hard tire and 4-wheel balloon tire handtrucks

deliverymen,

Other findings about the type of

uscd by 3 out of 9 deliverymen,

uzed by b out of 9

2-wheel balleon and 4-whael balleon tire handtruck used by 1 outr of 9
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DISCUSSTON

The geal of this study was Lo apply ergonomiec controls and measure their
effectiveness 1n reducing musculoskeletsl injuries through pxychophysical,
physiological , and bromechanmical methods  Ten deliverymen participated in
this study One of the ten injuraed his back after the i1nitial survey, leaving
nine participants to evaluate once ergonomic interventions were implemented
The average deliveryman participating in this study was 42 years old, weighed
210 1bs, was 6 feet tall, and had a 30 5 1nch arm reach  He worked for the
company for 20 years, nearly sll of 1t as deliveryman Back lnojuries were his
must common job-related injury The average tiwme off ovexy hils carcer was 3
months for musculoskeletal 1njuries At the begirming of this study, NIOSH
researchers requested 9 heaithy wolunteers who were eXperienced as

celiverymen The company pledged their support and offered their best
deliverymen the opportunzty Lo participate in this study As the results have
shown, the partlclpants are unique and highly qualified professionals
periorming their job Much was Jearned from their c¥perience and suggestions

to reduce Job-related 1njurles in the performance of beverage delivery

Az reported 1n the Lntroduction, this industry ranks among the highest 1n the
natien wirth 1njury and 1llress rates, especilally for lost workdavs per 100
cmployees  The majority of these winjuries and Lllnesses oceur amwong drivers-
salcsworkers The injuries, locatien of injuries, and risk factors for these
injuries reporfed by the participants in this scudy were similar to ihose
reported in the Supplementary Data System (SDS) database noted earlier in this

Teport The association between the SDS literature about possible risk
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factors for injuriez asnd 1llnesses in this industry and what risk factors were
documenced through the NICGSH study was in close agresment The followimg 1s a

brief summary of the findings from this study

DISCOMTFORT ANSESSMENT SYSTEM

The computerized instrument was very useful 1n documenting bady location,
symptom and pain level of the participants af the beginning, middle, and end
of the study  As shown in Tabkle 7, the frequency of discomfort reporting
1necreased between the first and second survey, then decreascd on the third
SUrvey This pattern 15 similar to other intervenllon sturdics where an
lucrease 1n awakeness and ad|ustment te new controls results in locreased
reperting of injuries among workers Then after workers adjust to the

controls, discomfurt reperting decreases 1#

The low back was most frequently indicaced for discenfort by the deliverymen,
followed by the back righl shoulder, left elbow, and knees  While discomforc
reporting docreased by 50 percenl between the first and thizd survey for the
low back, the decrcase was net signlficant, small sample s1Ze wWas the problem
However, shoulders and elbow reporting did decrease significantly  The
reasong for this may be attributed to some of the ergomomic luterventions,
such as the external handles, pullout shelves, adjustable beight shelwves, and
heavier load beverage cases on lower shelves for easier access with less
lifting This cconomic retrofit could have reduced the overall stress [or the
shoulders amd arms There was no signiileant decrease 1nm reporting for the

knees Most deliverymen sald the knee problems were aggravated by climbing
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in and gut of the truck to access the printer for sach sales transaction No
changes cccurrad regarding the printer and, therefore, the problem did net go

away

There was no signrlicant change 1n the level of pain between rhe firvst and
third surveys  The majority of responses for pain were 4 and below on a scale
of 1 io YO Becanse the pain levels were geperally low, 1t 1s not surprising

that the overall difference was not significant

METABOTIC MEASURES

The average heart rate decreased from 104 Lo 99 9 beats per minute (bpm) from
the bepinning versus the end of the study, despite a slight inerease 1n the
average load handled by the participants  The decrease 1n hesrt rate was not
significant Resting heart rate at the begipnning and end of the study was
about the same 67 wversus 66, respactlvely  llewever, the peak heart rate range
for the deliverymen was noticeably less, frowm 154 te 144 bpm Changes 11
hearc rate were significant Lor the beginning versus end when pasired for each
individueal  This difference may be attributable to several faetors, ineluding
the ergonomic interventions on the truck and use of well-maintained

handrruclks

Fifty percent of the max i mum predicted heart rate 1s cited 1n the literature
as a bench mark for determining weather rest breaks should be taken from & job
ever an 8-hour day Data frem this study sheow that the averape hearli rate was

approximately 32 and 30 percent of the maximum predicted heart rate, at the

80



beginning and end of the study, respectively  These data do not suggest that
the deliverymen do not need a rest during their delivery schedule The data
do suggest that because of their experience they know how to pace themselves,
and 1f meore time 1s needed te perform deliveries during that day, then they
have the aption to do so Alsa, 1t should he recognized that the haoart vatc
data were taken 1v the winter and early spring when the volume of beverage
delivery 1s low, comparsd lte late spring, summer, aud early fall During the
warm seasons, the lemperature and i1ncreased load may exceed Lhe 50 percent of
the predicted maximum heart rate values These deliverymen are aware of ithis
fact and drink plenty of water  Salf-pacing allows rest breaks when needed to
reduce farigue and the porential for i1njuries Deliverymen without as much
experlence may not be aware of the need to replemish hody fluids ovr have the
cxperlence to pace themselwves For the inezperienced workers, rest breaks
should be cncouraged and cducation that flurd replacement will reduce fatiguc

and 1njuries sheuld be given

BEIOMECHANICAL ANALYSTS OF VIDEQTAPES

When the NIOSH cquation was comparcd to the beverage package weilghts evalualed
in this study they were arbitrarily divided inte 3 categories those packages
sbove the 51 1bs limit {category 1}, those packages less than 51 lbs, but 3%

lbs and above (category 2), and packages less than 39 lbs

Packages 1n category l were pre-mix tanks (53 5 lbs), post-mix tanks {57 1hs),
bag-in-the-hox (53 1lbs), lé-oz returnable (57 5 1bs), and wood pallets (55

lhs) Those packages ewceeded the i1deal leoad, and accerding to the NIOSH
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gulrdelines should be handled wsing mechanical aids As shown 1n Table 16,
Figures 18 and 1%, when the task-related factors were computed, the i1deal
welght was adjustoed down to 26 & lbs at the beginning of the lift, and 16 3
lhs at the end of the laft  The LI, a ratio of the product weight divided by
the NIOSH RWL shows an LI of 2 O at the beginning of the lift, and 2 3 at the
encd  However, 1f the pullout step 1z used, analy=zis ol this same task showrs
that the 1deal weight 1s 27 2 Ths at the beginning, and 31 & lbhs at the and
(Table 24, Figure 20 and 21) The LI does not change at the beginming, but
decreases substantially ta ] 7 at the end This 1s because the deliveryman
does not have to reach as far te set the tank deown  Another example 1s the
hag-in-the-hex (BIE} material handling The BlB weighs 53 lhs, {Table 15, and
Flgures 16 and 17), the LT ai the beginning of the T11ft was & 4, and at the
end was 3 1 In th1s case, the Tilting index was higher at rthe beginning of
the 11ft fhan at the end The decreased LI resules from the worker twisting
ard reaching for the BIB at the begimming, and releasing the load
approximately 8" above the handiruck at the end  Analysis of material
handling for the other packages (wooden pallets) in cacegory 1 show similar
results on risk fer hack tnjury  FEven though weoden pallets are not handlaod
often, their weight (55 1bs) and avkward size {approximately 40 x 40 x 5 1n)
meart that they should be handled with care  If the NTOSH RWL 1s exceeded, the
recommendation 18 to use engilneering countrols, such as a hoist, or the soft
drink should be repackaged into smaller, liphter units An example would be
reducing the 5-gallon BIB o s 3-gallon BIB  The smaller aund lighter BIB
would reduce risk for the deliveryman, as well as for the customer who may
need to change the BIB when empty  The BTB new comes 1n a 3-gallon package

which weighs approximately 32 tbs Using the example given 1in Table 15,
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Figures 16 and 17, the LI changes to 2 7 {from 4 43 at rthe beginning of the
T1tr and L ¢ (from 3 1) at the end If puod work practices are usad to bring
the load cleser to the body and to reduce twisting, the LI can be reduced ta

less than 1 ¢

Category 2 containers (39 to 50 lbs) inecluded 20-oz glase bottles {(package of
24 was 49 4 1bs}, l-liter glass (package of 15 waz 43 lbs), 2-liter plastic 8-
pack (39 lbs), and 16-oz glass (package of 24 was 39 lhs) While these
boverage packages are less than the KICSH 1deal weight of 51 1bs, risk for
back injury can be high depending on the worker’'s posture when handling these
packages For example, Table 13, Figures 12 and 13, show thal the welght
should be 18 7 lbs and 12 7 lbs at the beginming versus the end of the lift
The LI 18 2 & and 3 9, respectively  Hewewver, 1f rthe weight of thoe package
were made lighter by substitutiag plastic containers for glass, then the
walpht. would be reduced from 49 5 lbs to 37 lbs The L1 would then be reduced
to 1 9 at the begimming of the 11fc and 2 § at the end of the 1lift This 1s a
suhstantial reduction when repetitive lifting of a popular package 15
multiplied over time  For cxawple, 1f the deliveryman sold 200 cases of thas
product per day, the difference in weighi handled per day between the plastic
versus glass packages would be 7,400 versus 9,900 1bs, and per week 47,000
versus 49,500 lbs A difference of 12,500 lbs/weelk 15 substantial, even 1f
rhe number of cases sold were cut in half to 6,300 lbs/week, the reduction 1s
st1ll 1mpressive  Putting beverage inte plastic containers also benefits the

warehouse worker who leoads and unleoads the bevepage on the rrucks
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The 2-liter, B-pack package used during this study 1z poorly designed  The
package 1s heavy (39 lhs} and 1s awkward co handle The 1nstabilizy of the
2-liter containers in the plastie shell makes handling awkward and more
stresstul re the deliverymen The plastic shell 1s long {18 1n} and narrow
{B 1) relative to 1ts height (5 in) At the hase of each end of the shell,
there are two apeniugs (4 in wide x 1 1n high = 1 in deep) which serve as
handles  Approxaimately 25 percent (4 i1n) of the bottom half of the ?-liter
containers f1t inte the baxse of tha plastic shell The bottom of the shell
has ribbed circular rings which are concave te fib over the tops of the 2-
liter bottles when stacked on top ol each other This design helps co hold
the packages: in place during delivery from the beveéerage plant To the customer
However, the design alss makes 1t havd for the deliverymen to remove the
packages from the truck because they have to lift and pull sach package
forward This strain, which ceuld result in injury, causes repealed slress to
the werker's shoulders Figures 10 and 11 show a deliveryman removing this
package from a truck Twa options for reducing musculoskeletal stress to the
ghoulders and back are suggested for this package (see biomechanical analysis
results presented earlier) The first 1s e reduce the weight by repackaging
from 8-pack te G-pack shells Thiz change would reduce Lhe weight of the
package by approximately 10 Llbs, and alsy wmake the package more stable during
manual handling The other optiom 1s to redesign the plastic shell by making
the 2-litevr pods deeper, smoothing vibs on the underside of the shell, and
improving the handles by making them deeper and wider  This should stabilize
the contents and make 1t easier for manual handling 4lso, 1f the 8-pack
shell 1s redesigned, then 1t should be loaded In a bay ne higher than mid-

chest height to reduce stress on the shoulders and back Other packages in
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this catepory, such as the package of 1% l-liter beverage, are not handled in

enough voelume to he of concern

Category 3 beverage packages include the 1l-o0z nonreturnable {(case of 24 -
23 lbs), 12-0z cans (casc of 24 - 22 1bs), l0-oz glass (case of 24 - 30 lbs),
20-0z solft drink plastic (case of 24 - 37 lbs), 32-0z sport drink (case of 12
- 30 1lbs), B4-oz sport drink {case of 6 - 30 lbs), pre- and post-mix tanks

empty (10 1hs), GO, tanks empty {26 1bs), cups (34 lhs), lids (11 1lbs)

The beverage products handled 1n sufficient quantities 1neclude the 12-oz cans,
20—0z scit drink plastic containers, and pre— and post-mix Lanks As shown 1n
Table 11, Figures 8 and 9, the NIOSH RWL for the 1Z-oz can packages 1s 13 8
and 1% 9 lbs, given rthe constraints of the deliveryman’s posture snd Lhe
absence of handles  This worker was handling 2 cases at a time fopr this
analysis which put him at a LT of 3 2 al che beginming of the 1i1ft, and 2 & at
the end of the 1lift Bowever, when the packages are handled one at a fime,
the LT 15 reduced to I 6 and 1 4, respectively This change reduces the risk
of back Lnjury significantly Therefore, deliverynen should be enceouraged to

handle the 12-0z can packages one at a time

The other beverage packages, such as the }0-o0z glass nonreturnzhle (23 1bg),
and 15-ez glass sport drinks, empty cvlinders, cups and lids, are either light
enough not to be a priority for contrels or are not handled i1n sufficient
quanticy to cause concern  Howewver, 1f there 1s an opportunity to make the
packages lighter, for example substituting plastic LFor glaegs, then this should

be done Anather reasson for switchang te plastic¢ 1= that glass containers
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should not be stored above shoulder height (approximately 58 in [147 cn]}, as

they can fall out of their cases and shatter against the worker’s head

MATERIAL HANDLING

On average 75 percent of the beverages loaded un the trucks were sold during
the NIGSH study This figuve means that 25 percent of the load that left the
plant was carried asround from ene establishment to ancther, moved about by the
deliverymen to access other beverage packages, and brought back to the plant
on a daily hasis  Such an inefficiant system can be very costly to the
company In terms of loading and unloading at the plant, e<ira fucl for
transportation, and mueltiple handiing by the deliveryman The deliverymen say
management wants the beverages awvailsble for customers, and to "push™ new
produnts that are brought on line, such as the new line of i1ced ten drinks
iui.roduced during this study  Management says that the deliveryman may take
more than needed of a product because they want te have 1t avallable should
the need arige A more effinlent system needs to be put in place, such as a
computerized data entry system that transmits the beverapge informatrion
automatically to the plant at the completion of sach sales Lransactlen Such
a system would 1mprove the bookkeeping at the plant, result i1n hetter
planning, and reduce the amount of beverages transported and handlad for the

deliveryman, as well as the warehouse worker
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BEVERAGE MATERIAL BANDLED

&s shown 1n Table 1%, an average of 34,000 1hs (assuming each case was handled
3 times) of hevevage was handled on a daily basis by the deliverymen for
vonventional delivery in the city during this study  Accounking for the
varlability 1n material handling, a standard deviation of 10,000 pounds, cthe
amount of beverage handled ranged from as 1ittle as 24,000 lbs to as much as
44,000 1bs This 15 remarkable in that the study was done in the winter when
soft drimk beverage sales are relatively slow In the swmmer, cspecially
hefore holidays, delivery ol soft driok beverages may commonly exceed

00 cascs per day per deliveryman Therefere, the estimates of load handled
during this study may he conservative Far example, one deliveryman sald that
he sells approwimately 80,000 cases of soft drink beverage per yearx This
numher averages to approximately 1,600 cases per week (asguming the
deliverymun took two weeks off for vacation per year) If seasonal trends are
taken inte consideration, then the number of cases sold per week may range
frem 1,200 1n the winter to 2 000 i1n the summer Falleowing this reasoning,
then the estimate for the average beverage weight handled during the periocd of
this study was approximately &0 percenk af the peak work load that may be seen
1n the sunmer This means that appreximately 56,000 lhs of beverage 1s

handled, on average, by these deliverymen during the summer

BEVERAGE AND TYFE QF LOAD

As shown 1n Table 20 the number of cases delaivered per day 1s mot a good

indicator of the deliverymens' work lead The three examples shown in thais
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table show that neither the number of cases soeld, nor total weight handled dre
good 1ndicators to determine musculoskeletal stress  When determining weight
handled for deliverymen, 1t 1s i1mporbant Lo determins what beverage product

was sold end how many

With the wvariety of beversges and the types of packages rapidly expanding cach
year, 1t 18 wmportant that package designers give some thought te package
welght and size  The heavier packages, such as the 2{l-oz glass contalners,
the unwieldy 2-liter 8-pack, and the 16-oz glass returnuble, add to the stress
and strain on cthe dealiverymen  The cumulabive Crauma fTrom rapeated expesure
to the musculeskeletal system can reésult 1n costly Lnjuries to the deliverymen

and the company

ERGONCMIC IKRTERVENTIODNS

In evaluating the erpgonomic cantrols cover the intervention period, the only
one thaco detericrated was the ewternal grab handles (a missing oxternal grab
handle which was hit, bent, and breoken loese by a fork 1ilL truck) The only
safety control that deteriorated was tha back-up motion alarm svstem  The
deliverymen did not know what the audible signals meant They veceived no
training on these devices  Other problems, such ay dirt getting i1nte the
electromic eye of the motion detector 1n the rear of the truck, alse caused
problems with the aundible signal Over time, the deliverymen ignored the

signal and relied on visusl cues when backing up
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Thers were seven improvements over the intervention phase of the study,

including five ergonomic featurcs {ly 3-position drop shelf heoles., (Z) anllL-
slip strips 1nstalled on bottom ra1l and step holes, (3) pulleat step 1n rear
bavs, (4} new vellers in all bay daors and doors lubricaced, and (5) new door
straps  The two safety leatures i1ncluded 3-1in spol mirrors on right and left

door, and heated/motorized mirror on the passenger side

45 For the ergonomic lnlervenlions, the deliverymen who particilpated in the
study Jiked all of the ergenomic features, especlally the cush-in-air ride
seaty, exterior grab handles, 3-position drop shelves, anti-slip strips, the
auwtra wilide rescessed steps front and rear of wheels, and wider gtep platform,
new raollers and lubrication of hay doors The anti-slip strips were replaced
by an anti-=slap grit paint that lasted longer than the strips The strips
frequently pealed off =z& the fork lafc trucks slid palletized leads on and off
the trucks The pullout step on fthe rear bay had mixed reviews by che
deliverymen Generally, those who liked the pullout step were less than 6 ft
tall The platform allowed eagier access to the beverapge packages slored high
1in the bay for the shortery deliverymen  This featuyre reduced the
musculoskeletal stress to the sheoulders and backs  Taller deliverymen did not
like the platform as muach because 1t weant double handling of the product in
meviny 1t from the bay to the platform and from the platform te the handtruck
Another concern was that the delivervmen would sometimes forget to slide the
platform back in 1ts pocket in the bay and other deliverymen would run 1nta
1t, especially when turning arcund the corner of the truck When the platform
15 pulled out Lt extends about 2 fUL from Lhe truck bay and 1s approximately 29

1n off the growund (about knee lLowvel) Also, tha taller workers noted that the
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platform ralsed beverape packapges another 5 in frem the bottom of the bay,
causing them to reach highev to get the packapes when they choose not to use
the platform  Most of the delrverymen suggested that the platforms might be
haetter used 1n the center of the trucks sinece this 1s where the truck tends to
be higher, and Lhe pusition mignt be less problematic for people runming inio
the platform They also recommended that the openings for the platform be
enlarged Thiz improvement would allew [or feot eclearance (appreoximately 4 Ln
high and & 1n wide) to make il easier to stand on the bay fleor should a

worker not want ta pull out the platform

The safety features on the truck most liked by the deliverymen include the 5-
in spot mirrers, and the heated/meotorized mirror on the passenger side  All
deliverymen ss1d they did not like the back-up alarm system  As the drivers
understood 1t, the audible alarm was to Incrcase 1n fregquency arnd change 1n
pitch the cleser the truck came toe an object when 1t was backing up  When the
deliverymen backed the truck up, an audible sound was given, bub the change in
frequency and pilrcch were mot sasily distinguishable and caused cenfusien

They soon discounted rthe audible alarm and usced the neWw spoet mirreors on each

side of ¢he trpuck to bhack up

tne of the ergonomic contrels of the truck was to replace rollers and
lubticate the bay deoors to make the doers easier to open and close wver a
delivery day, 1t would reduce stress and strain to the worker's back and
shoulders Gcher studies have shown that when bay doors are not lubricated or
are 1n paer repalr from fork 1afe trucks hitting them, they cause

musculoslkeletal problems because they are hard fo open and close, and when
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done repeatedly over the workday can be very stressful Ag shown in Table 32,
bay door forees for the driver and passenger side decrcased an average of

20 percent from the heginning to the end of the study  Average ferces for
lafring the bay deors decreased by 17 perceul (48 6 lbs wversus &0 4 lbs), and
lowering the bay doors decreased by 24 percent (30 7 1bs versus 23 3 lbs)

The decrease 1n forces needed to ralse and lower the bay doors was significant
over the day since the doors are opened and closed 100 to 150 times

Therelore, 1t 1s wmportant Lhat deors he repairred tmmediately when damaged by
fork 1ift rrucks, and they must be lubricated on a regular basts  See flgures
and coemments presentad 1n Appendix D [or more detalls on musculoskeletal

stress during beverage handling and ergenomic conctrols

HANDTRUCKS

landtrucks ave lndispensable when delivering beverages from the truck to the
customer Beverage loads for a 2Z-wheel handtruck can range from 240 lbs (11
cases of 24-can 12-0z beverage) to over 350 lbs (6 cases of lé-ovz returnable)
Beverage loads for & porctable 4-wheel handtruck can range from 585 lbs (15 2-
liter B-packs) to over 700 1bs (12 cases lé6-oz roturnable} When loads are
pushed up hzll or up ramps, or pulled up steps, the musculeskeletal stress can
be significant  Add to this a poorly maintained handtruck and the difference
11 stress 15 amwh greater For exawmple, when loads on handtrucks with halloon
rires are pulled or pushed two problems emerge Tires can bes under-
pressurized or flat and/or not evenly pressurized Imtuitively, 1t 15 easy to
reason that mere force 1s required to push a loaded handtruck when the tires

have low pressurc Similarly, 1t¢ 15 easy Lo reason that when handtruck tires
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are unevenly pressurized the arms, back, and legs have to compensate by moving
the loAad 1n a straight line  Under-pressurized and unevenly pressurized tires
will add another 100 to 200 1bs of compressive force to the back duraing
heverage delivery It also can ereate z safoty hazard in that the beverage
laad 158 less stable and may fall off the handtruck when corners are tarned ot
stops are sadden Sonme deliverymon prefetr hard rubber tires because they do
ot have the problems asgociuted with balloon tires, and handtrucks are easier
to maneuver it the storc becawse of the smaller width at the base Bowevex,
hard rubher tires deo not mave verv well over rough terrain Gravel , sand,
grass, snow, and 1ce cause problems for these handtrucks Hapdtrucks with
balloon tires are netter suited for such terrain Based on this study, the
deliverymen should have a minimum of Uwo handtrucks, a 2-wheel handtruck and a
4-wheel handirack The delivervmen should have the optieon of hard wheels or
balioon tires for the 2-wheel handtruck, and balloon tires for the 4-wheel
handtruck  The installation of dual handtrueck helders on the back of the
truck makes this possible Malntenance of the handtrucks 1s Twportant since
they are indispensablce to the delivervmen  Lubrileating moving paris,
replacing worn parts, such as the stalr climbing gupport brackeos, and making
sute Lhe tires arc evenly and properly pressurized are ¢ritlical to reducing
the overall musculoskeletal stress during beverage delivery  Also, the slot
openings of the handtruck holders should be wide enough to easily slip the
foot of the handtruek 1n and out  During this study, ene of the retrofitted
trucks had a narrow opening in cne of the helders and Lhe deliveryman had to

force the handitruck in and vut of the opeping



OHE-YEAR FOLTOW-IP

On March &, 1%%4, NIOSH vasearchers did a one-year follow-up te this plant to
obsarve engineering changes to the delivery truck resulting from the NIOSH
soudy Because cf the ever-increasing line of products and packages (24 new
products 1ntroduced since last year to an existing line of over 200 products
and packages), this plank 1s changing over to 14 bay tracter-traller Itucks
and getting rid of the 10 bay trucks The 14 bay tracter-trallers can be used
for both city and rural convenitilonal beverage delivery — The additioual bays
ghould reduce the amount of beverage rehandling and allow for wmore preducts to

be Ioaded

The ergonemic and safety changes to the tractor Lncluded an upgrade to the
cush-n-a1r ride seat with lumbar support, external grab handlaes on all bays,
J-position drop shelwves all bays, plus additional shelves spaced above and
below the drop shelves and spaced approximately 3 feat apart, step platform on
wheel housing -- mads narrower because ol new back-up alarm bell covering the
wheel hub (back wheel), pulleut grep bar for the hay over [ront wheel of
trailer with leck-down hook te secure the step bar when olimbing, anti~slip
grit paint on all bay rails, large handtruck helder and high back rest for

? handtrucks, new rollers and lubrication of deors, i1nsulated bay doors and
heaters mounted in bays teo keep preduct from freezing during the winter, and
door strips made of goft rubber coated nylon, which lasts longoo and 1s
gentler on rthe hands In the tractor cab the printer was moved from the back

of the cab to the front near the dashbeoard between the driver and passenger

96



SEAtS Moving the printer forward in the cab helpad to reduce the amount of

twieting and the awkward pestures to access the printed receipts

Safecy featwres included the 5-1n spot mirrors omn right and left side, heated
and motorized mirrors passenger side, 3-point seat belts, bay liners, traller
heatars, raiged taillight package, and reflective safety tape around the rails
of the trailer Figures 22 and 23 show the 14 bay trvailer and detall some of

the ergonomic and safety features mentioned abowve

Another aspect of safety was the concern for robbery of deliverymen

During the NIOSH research project en erponomic Inberventloens in the softdrink
boverage delivery industry, 1t was noted that the routemen collect a
substantial amount of cash from therr delivery accounts in the course of their
workday Mauy of these accounts do not have established credit histoeries, and
as 5 result pay ain cash  While some of the delivery trucks in the fleet 1n
Dayton, Chio, have safes, all of the drivers that are 1n the research study
carry cash from these transactions on their person  The routemen are
Instructed to hand over the monsy 1f robbed While robbery has not been a
major problem for routemen at the surveved plant, the petential for robbery
and possible boadily 1njury to these employees exists Suggesilons €o decrease

this potential hazard are in the Recommendation section ol this reporc

While more beverage products and packages were introduaced since last year,
somc packages were eliminated or redesigned The la-oz returnalble bhotiles
were sliminaced Thiz was the heaviest of all soft drink packages at 57 5 lhs

per case and should have significantly reduced the musculoskeletal strass for
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deliverymen  The 20-pz glass buttles have been replaced by 20-0z plascic
bottles  As merntioned earlier, rthis replacement 1s a significant reduction 1in
wotght per case Trom 42 5 1bs te 37 1bs  Because the 20-oz size 15 a popular
beverage package, the change from glass to plastic should signaficantly vaduce
straess and strain from the back aml shoulders The 3-pallen bag-in-the-box
was alse intreduced in the last vear The two maln advantages of this package
over the S5-gallon BIBE are size {appreoximately 2 1n width, height, and langth},
and weight (approwimately 32 lbs versus 53 lbs) Because of the smaller size
and welght, material handling 1s casier and stress te the hack 1s reduced

The smaller size also benefits the business owner who may have to vccasienally
change the BTB whon empty Many establishments do not have their personnel
trained or may not have the strength requirements to change the 5-gallon BIB
witheut risk of back injury  The 3-gallen BIB 1s favored over the S-gallem
BIB for these reasons Finally, NIOSI researchers saw a redesigned plastic
shell Tor the B-pack 2-11ter beverage package The new shell featurcs railsed
"towers" on the cerners and in the center te stabilize the 2-liter hotitles

Tt has a larger handhold for easier handling, and a smoother base for casier
removal (less 11ft and pull) when stacked on top of one ancther Thess
changes should significantly reduce many nf the musculoskeletal concerns

addressed during this study

QOther suggestions to decresse beverage material and preserve the health of the
deliverymen include standatdizing the beverage load so that lifting the
packages becomes easier for the beverage loadera and deliverymen
standardization of delivery leads may reduce some ol the excess haudling of

preduct, but may cause some problems when introducing new product lines, or
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addressing the changing needs of the comsumer &s seasons change, or promoting
sales of certain products Standardization of beverage leads needs to be
carefully thought cut and should 1nclude 1nput from the deliverymen and

beverage loaders

Currently, rhere are few job advancement opperrtunities for the beverage
deliveryman without going inte management  The participanis in this study had
an average of 20 years' experience 1n delivering beverage produgt, and
averaged &2 vears of age  As the deliverymen get older, the physical and
mental demands for beverage delivery do not get easier  As shown with the
haart rafe data in rhis study, as the maximum potential heart rate decreascs
and the heart rate range decresses, 50 does the melabolic capabilities of the
worker In addition, mental derands necd to be considered, such as driving a
tractor-trailer and malntaiming good reaction time 1n cengested traffic Thisg
13 not to say that as workers age they should not be allowed to deliver
beverages  lHowewer, the company needs to deal with the nature of the job
demands and develop strategles Lo capltalize on the experience, skills, and
expertise of these deliverymen One supgestlon 1s to vreate transition from
deliverymen to pre-sales work, either malntalning or lncreaslng present
salaries, and use these experienced workers te show new deliverymen how to
best work the route For this =olutien to work well, all parties nesd to be
invelved, including deliverymen, labor, manszgement, safety, medical, and
englnecring, so that the best interests of the deliverymen and the company arc

served
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The current computerized billing system used by rthe deliverymen needs
improvement A more advanced system of light-weirght, hand-held units that
perform multiple functions such as birlliong, i1nventory, and receipts are
commercially available  The lecation of the hand-held units and the printers
should also be carefully planned out Including the beverage delivetryman 1n
the decision-making process will help all concerned Aleo, customer ocrders
can more efficiently be handled with telecommunication capsbilities where

sales, orders, and luventory are transmitted back to the plant

Finally, the lessons learncd from this study should be considered fur other
plants 1nvalved In beverage delivery  Beverage handling risk factors are well
egstablished and the avallabilicy of ergonomic and safety controls used here
should reduce musculoskeletal stress and fatigue The effectiveness of these
interventlons may be evaluated threugh lowered morbidity, at prescnt, severity
ratues appear to he Increasing 1n this induscry cvery year This 1s a very
competltlve and dynaplc industiy New techneleogy, such as time-daring
products {which means more marusl rotation of products), divergence of
beverage products, and industry restructuring (downsizing), brings new
challenges and opportunities Making ergonomics an integral component of the
health and safety system will serve this industry well Investing in the
beverage deliveryman i1s money wcll spent since there will always be a need to

get the praduct delivared te the customer
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CONCLUSIORS

NIGSH researchers have concluded that several of the ergonomic and safsty
interventions used 1n this study and wmproved work practices will rTeduce
musculoskeletal stress and marbidity among deliverymen  Modifications to the
beverage delivery truck, handtrucks, beverage packages and contents, used in
combination with improved work practices will signifricantly reduce fFatipue,
the amount ol beverage handled per day, awkward postures during beverage
handling, and will i1mprove work efficiency  Recommendarticns in this report
should bhe applied to wset the matahelic and biomschanical abilities of
deliveryman and the goals of the company  Favorable reports from the
deliverymen in the study about the effectiveness of these contrals helped
convince wmanagement that all new trucks should have them instzlled Many of
the lessons learmed from this study and recemmendations hevein may be applied
to other beverage delivery companies to contrel and prevent muisculoskeleatal
disorders among deliverymen  The followlng summarizes the major [indings of

this study

The risk of a musculeskeletal i1njury during beverage delivery was 100
percent among the deliverymen in this study  Musculoskeletal hazards and
mekabolie demands were gquantified through the use of the Discomfort
Assessment Survey, heart rate moniroring, bilomechanical models, and
absarvation aof work practices Based on this mfurmation, a computer
analysis of psychophysical discomfort assessment surveys, the 35DS daca,
and worker's compensation data, 1t 18 theorized that Lhe beverage

delivervman has a high probabality of suffering a job-related
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musculoskeletal 1njury Staristically speaking, the probabilitcy of such
masculoskeleral injuries. in terms of days lost, 1s twice as high as for

those 1n general manuwfacturing jobs

The subjects 1n this study who have suffered a wusculoskeletal 1njury
while delivering beverages had done this job, on average, for 20 years and
were considered & "survivor" pepulation, with highly develeped skills in
beverage material handling Thesc volunteers may not be typical ef the
average beverage deliverymen in Fhis indusltry becsuse of their yaars on

Lhe job

The Discomfort Assessment Survey showed the key arcds where workers
experienced discomfort in decreasing order the lower back, back right
shoulder, knees, left elbow, and neck The physical demands of removing
beverages from the truck showed an asssciation between these activities

and the lecarlon of reported musculoskeletal discomfert

The NIOSH 1ifting eriteria showed that most of the beverage lifting tasks
exceeded the Recommended Weight Limit (RWL) This was based on a
combination of beverage package welight and werker poslture during beverage
handling Exposures, which were over 3 times the NIOSH BWL, or Lafting
Index (LI} oxceeding 3 0, were cowmon when beverape cases ewcesding 40 lbs

ware handled, especially upon removal from the truck

Beverage handling tacks were divided into high (beverage cases exceeading

51 lbs), medium (39 lbs te 51 1lbs), and low {38 1lbs aud less) handling
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risks  Most tasks performed were high and medium risk for low back
injuries The beverage cases with the highezt risk included lé-oz glass
returnahle, 20-oz glass nonreturnabkle, f-pack 2-liter lLettles, pre- and
past-mix tanks, and 5-gallon bag-in-the-hox Those with the least amount
of risk were the cases of 12-o0z cans

Based on heart rate results, the beverage deliveryman’s lob 15 classified

a5 physically demanding Indirect measurements of metabolism shiowed that
the energy demands may ewceed 5 keal/min for an 8-hour day during pcak
delivery periods, especirally during rthe summer, and just before holidays
Work excceding 5 keal/min {average heavt rate of approximately 120 beats

per mlinute) translates to modevate or to heavy work for most healthy

workers, and rest pericds are recommended to prevent fatigue

Erponomic evaluations of the truck bays showed that they exceeded the
normal reach limit of the workers {average reach 30 1n, truck bay depth 40
in} Extended reaches for heavy beverage cases may significantly increase
the risk for musculeskelecal injuries  The good werk practice of meving
the heverage cases Torward to the edge of the bay openings hefore lafting

will reduce some of the risk

Avoldance of injury depends on several factors (1) goad work practices,
such as parking trucks close to the entry area and not everleading the
handtrucks, (2} pre-planning to minimize handling, (3) using and
maintaining waterial bandling equipment, such as handerucks, conveyors,

and holsts, and (4) providing and using ergonomic contrels on the
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beverage trucks, such as pullout steps, step holes, external handles, and

glip-resistant surfaces

The crgonowmlc 1nterventions applied during this study were successiul in
reducing metabolic and bromechanical demands during beverage delivery In
the one~year follew-up evaluation ol ergonomic interwventions at this
plant, feedback from the deliverymen about cthe argonemic conbtrols was
relayed to plant management: and labor, and aclion was taken Tf these
ergonomic 1nterventions were to he applied to the entire heverage
delivervman work force, a decrease 1n injury and 1llness incidence and in

severity should oceur

RECOMMENDATIONS

Based on this study, recommendations should benefit most of the deliverymen
delivering soft drink beverages Such changes chould be done through

consultatilion of a tralned and experienced ergonomist

ENGINLERTEG CONTROLS

A  Ergonomie principles sheuld e applied when lsading the beverapge truck,
heavier beverapge packages should be accessible [rom knee to mid-chest
hopghe Examples include cases of 20-pz nonreturnable, 2-liter, lé-oz
returnahle, pre- and post-mi% tanks, and bag-in-the-hox  Packages that

arc lighter in weight, such as cases of li-oz cans, aml lé-oz sport drink
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fplastic vcontainers), can be stored above shouldar level, but should not
be wore than 60-1n high from the base of the bay  This height will enable
most deliverymen the leverage and strength To manually handle the cases of
heverage  For safety reasons, all glass containers should not he stored
above shoulder level Such packages are best kept at waist level and
baelow te avoild head and eye injuries from falling lLottles and broken

glass

Drop—down shelves should be used when possible to separate beverages and
reduce multiple handling  Additional shelving spaced ac least 3 feet
above and helow the adjustable drop shelves should be used as neadad,
gspeclally when new products arc lptroduced to the marketv (sce Figure 23}

Careful shelving placement will raduce multiple handling of Leverages

Tank and Bag-in-the-Box (BIB} delivery sheould be considered when applying
englueering centrols Tank cages should be kept 1 goed repair with
latches that work and are lightly lubricated Tull pre- and post-mix
Lanks =zhould be stored on the botfom of the bays, empiy fanks and boxes
for cups and lids should be stored in upper level bays Tank and BIB
deliverymen should encourage customers to purchase J-gallen BIEs becauss

they are easiler for all concernsd te handle

Development of a fleet ol "low boy" tractor-trailers with 14 bays 1s
encouraged  Approximately 20-25 more products and packages are lntroduced
to the plant each year Larger trucks with adjustable height ghelwing

will reduce nultiple handling of hevevrages Lrgonomic features which will
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farilitate beverage handling and reduce musculeoskeletal stress inelude the

following

1 External grab handlecs between all bay deors are naeded

2 Anti-slip grit should be painted on all bay rails, foot wells,
platforms, and steps {(1ncluding those for the tractor cah) Antl-slip
grit should be reapplied when worn or when reported as needed by the

deliveryman

3 Multiple height drop shelves should be 1nstalled for 2ll bays  An
invenkory of such shelves should be availlable and 1nstalled as needod
for the deliveryman  Shelves should be straight and well malntalned
Shelf lock pins should be lubmicated for easy installation and
removal Drop shelves should ke properly aligned from front te back,
aud from left to right when installed in bavs Beverage loading
operaters should check shelwes for proper aligmment before loading
beverage on Fthe truck 1f the deliveryman dectermines that shelves are
not properly aligned or that product 1s wedged between shelwves, then

vshelves should be aligned belore the ktruck leaves the plant

4 Additional foot wells or pulleut step bars with bar heoks to swvcure

the step bar sheould be i1nstalled around tire wells for easier accass

to beverages storead above the wheels
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Pullout steps (stand on platforms) should be considered on a case by
case bhases Workers who request the pullout step should be given the
oppertunlity to try them out, especirally when heavy packages are staored
in the uppey levels of bays  The prototype pullout step used 1n this
study should be modified with larger hand-held opemings to allow for
faot: clearance (4 1n X 6 1n) The pullout step should be portable so
that 1t can be moved fte any bay of the deliveryman’'s choosing Rather
than welding the step in place, lock pins similar to the drop-down

shelves could be used

A dual handtrueclk helder with high back should be 1nstalled (One 2-
wheel and one 4—wheel handtruck should be offared te each deliveryman
zo that they have motre beverage ftransportation options with the
handttrucks Slot cpenings on the handtruck holders should bc wide
enough for the handtruck faot plate to casily slide 1n and oub during

storage and use

Bay doors should be well malntained and repaired immedrately LE
damaged Bay doot rollers should be replaced when needed and
lubricated at least & times per year or more ofien as directed by the

deliveryman

Bay door straps should be well maintained and replaced when worn

Installation of adjustable height cush-n—a1t? ride seats with lumbar

support 1z recommended to reduce whole body wvibration from the read
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10 The current computerized beverage billing and printing svstem on the
trucks should he =crapped  The delaiverymen said 1t 1s slow,
meffictent, and stressful The printer 1z bulky and 1s located at
the back of the cab, which requires che worker to gef 1nto a twisted
position To dowhlead 1nformation from the hand-held compurer unit
The printar also drains the truck battery overnight when 1t 1s cold
since the printer draws current from the truck battery to keep the
printing mechanism warm A lighrt-weight, field-ruggedized, portable,
hand-held computer unit which meets the needs of the deliveryman and
company should he considered Printers should be swmaller, self-
contained, and easy Lo access when printing receipts The location of
the printer and hand-held downloading device should be aceessible on
either gi1de of the truck Possgible locations to consider are the lett
and right front bays, and adjacent te and below driver and passenger
seats The presant systoem of climbing in and out of the truck cab for
each transaction 1s inefficient and may cause problems to the worker’'s
knees due to repetitive climbing Teleceommunications devices should
be considered for the hand-held field units so that information can
automarically be transmitted back to the plant and inventory prepared

for the next delivery

Safety Fealrurcs

A Five-inch spot mirroxrs on the right and left door, five-inch spoi mirror
mountad on the right side of the hood, and heated and motorized wirrars

are recommended because they improve wisibility for the deliverymarn,
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gspeclally in the city delaiveries whete other motorized vehicles can pass

the truck on both spdes

The 3-point seat belt 1s useful for driving lemger distances, but drivers-
salesworkers seldom used them 1n the city because they do not "buckle up®
for just a few blocks Driwver input Lz recormended zo that such systems

arec used more effeetively and do not incumber the delivervman

The metion back-up alarm system used during this study was faulty and 18
not: recomuended The deliverymen did not. recelve rcralming on proper use of
this device It was not clear to elrther the deliveryman or the NIOSH
personnel riding aleng when the truck was 1n reverse A wide-angle camera
mounted on the top rear of the truck, or an audible bell located at the
rear of the Lruck te warn others thal the truck is backing up may be
better Dellveryman feedback 1s encouraged to improve back-up safety

sYs L ams

Berause delrvery may take place early 1m the morning and may continue into
the evening, and because these beverage trucks make freguent stops 1in
congestod areas, the raised taillighl package, wide-turn signal, and
reflective safely tape around the trailler are recoempended This safety
package should make the truck easier fo see by mocorilsts and pedestrians,

and reduce the porential for accirdants
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HANDTRUCKS

Twe handtrucks should be availlahle for each deliveryman one Z-wheel handtruck
and one 4-wheel handtruck Balloon tires for the 2-wheel handtruck are
optional If rough terrain is encountered or 1t snows, the 4-wheel handtruck
can be used 1t the upright position as a 2-wheel handtruck  Balloon tires
should be kept 1n good repair and properly 1nflated  Tire pressure should he
checked vn 3 quarterly basis or more ofiten 1L needad 4 pressure gaugas and
convenlently located pressure hosc {locatied next o the deliveryman's
handtruck storage avea) should be available for these warkers to use L-
shaped tire stems cheuld be aveided and straipht stems used, as they are
eacler to aceess when inflating tires All moving parts on the handtrucks
should be lubricated as needed Additional handtrucks should be available for
deliverymen to use when thelr ewn handtruck 1s heing repaired  The
ergonomically designed Z-wheel handtruck showed promise 1n reducing
biromechanical streas te one of the workers during beverage delivery
Unfortunately, this ergonomically designed handtruck was not used snough {or
1ts performance te be judged IL such handtrucks atre purchased, operaters
necd training and practice before using them on a full-time bhasis Fezedback
from the delivorymen about perfermance ts important in that slight
modifications to the unit may make the units more acceptable One coneern
abput the Egualizer was that 1t reguired wmore "foot" elearance [(from the

councerbalancing mechanism) and was less maneuverable in tight spaces
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BEVERAGL PACKAGES

Beverage packages should be redesigned seo that they weigh less than 51 lbs
Beverage handiing should he analyzed using the reviscd H10S5I lifting equation
tae 1dentifyv highly stressful tasks and te determine alternative materilal
handling optiens Such options anclude repackaging beverages in smaller
units, such as the 3-gallon Bag-in-the-Box te the 3-gallon Bag-in-the-Box,
elimination of some beverage packages, such as the 16-o0z glazs returnahlas
bortles, substitution of glass coantainers for plastic containers, such as the
20-ov7 heverages, and use of waterial assist devices, such as gravicy

conveyors, holsts, feork Ti10e fraucks, and pallet jacks

A Beverage material that 1s handled and 15 1n excess of the NIOSH Lilling
Index {LI)Y of 3 0 should be a priority feor macterial handling limitations
through engineering conlrols  Task analysis sheuld be done first where
posture (no twisting or exXcess forward hending) and locatien of the load
{swall horizontal distance between the load and body and at knuckle
height) 12 optimized Zaged on task analysie, heavy loads should be
stared in the trarler bays to capitalize on the best pesturce and location
of these loads During material handling, if che LI still exceeds 3 0,
then engineering contrels, such as heists, fork 1ift trucks, and gravity
CONVOYOrs are encouragod This approach should be used for all beverage
packages stored 1p the bays to reduce bropechanical stress to the

deliverymen
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B Plastic shells such as the 2-liter 8-pack, should be redesignad to a
lighter G-pack package or designed to batter contain the 2-liter beverages
and make handling easier The bottom of the B-pack plastcie shells should
be redesigned so that the deliveryman deoes not have te Luft and pull the
package ferward when removing 11 from the truck  The redesigned 8-pack
plastic shell obserwved during the follow-up survey appcars to be an
improvement over the shells evaluated during this study However, the new
shell should be evaluared by an ergonomist and through deliveryman

[eedback

C Lighter weighti plastic pallets should be considered insltead of heavy

wooden pallets

WORK PRACTICES

A Delavervmen sheuld park the truck as close to the delivery point as

possible to reduce manual transpaortation distance

B Deliwerymen should take the time to turn the truck around 1f large orders

are removed E£rom both sides of the truck

C Delivervmen should preplan the mest efficlent way to unlead the truck and

winlmlze treps to and from the truck without ovetrleading the handtruck



|

G

Boverage loads should pnat be double-stacked on handtrucks or pgo over the
handtruck support bar, especially when loads are transported up or down

hills, vamps, or stairs

Handtiucks and tractor trailers must be 1n good repair When 1nspecting
the truck for heverape i1nventory in tha morning, deliverymen should also
perform a walk-around of the truck and lock for prablems, such as missing
grab bars, shelving and shelving aligmnment, dented bLay doors, ete They
should i1nspect the handtrucks, as well as make sure the tires are
pressurized and 1n good repair Problems should be fixed before the truck

leaves the planL

Seasonal tvends should be kapl 1n mind for self-pacing 1n avoidance of
heat-related 1lluesses, such as heat cramps and heat exhaustion In the
summer workers should drink plenty of water, allow rest hreaks when
needed, and use alr conditioning in the cab 1f avairlable  They should
requegh air condlitioning 1n the cab [ heat styress 1s a recurrent problem
When possible, drivers should adjust routes to reduce the work load on het

days

To make the job sater and easier to perform, personal prutecilve egquipment
1s recommended  Such cquipment includes gloves, safety sheoes {light
weight), and knec pads {(for kneeling on flaors to lead vending machines or
individual merchandising units) Other 1toms to consider include a
utllity kmfe te cut shriokwrap and tape [rom palletized beverage

packages, door wedges te Keep douors cpen when bringing beverages inte
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store or storvage arveas, and a light-weight, high-strength portable ramp
vhen 4-wheel handtrucks arc used Lo transport large orders over deot

threshelds

ORGANIZATTONAL

& Coordination between beverage leoader workers, who load beverages on tThe
delivary trucks, and deliverymen sheuld be dons on a weekly basis
Problems with loads, shortage of product, and suggested modifications to
loading of the truck to 1mprove beverage handling for beth pgroups should
be documented Strategies to minimize beverage handling for both groups

of workers ghould be incorporated

B light duty jobs should be made avarlabhle for injured workers The jobs
should be designed to facilitate their return to work and te gradually
integrate them back to full-timec work  This can be done through a buddy
system ant the rouke or assignment of Tighter loads to be delivered
individually and heavier lovads with a helper  Return-to-work policies
following an 1njury should be medically wanaged by a gualilied physician
and physical therapist team who are experienced 1n cccupational medicine

and maseculoskeletal 1njury prevention

¢ Gongideration should be given to standardizing loads to reduce excess
beverage handling by the warehouse leaders and deliverymen A
standardized load may vary between deliverymen, the type of route they

have, seasonal demauds, and new products offered  &Analysis of the load
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sheets aver time should narrow down choices to the core Joad fwhat is
taken to the customers on a conslstent basis), and be expanded oui from

there

Development of career progression jobs should be considered for the
del1veryman Currently there are few johs available, other than
management, that are as albtractlve to the deliveryman  The 1ndependence,
1nteractiom with the public, outside work, and lpcentive gsalary make this
Jub very appealing On the other hand, the physical demands of the job
are among the highest 1n private industyy Tha day-to-day grind of
mamually handling betwean 25,000 to 50,000 pounds of beverages, driving a
Eruck, malntaining 4 professional and pleasant dispesition under all
citcumstances, and dealing with myriad eother ammoyances take their teoll

As the deliveryman ages, the job demands do not get easiter  The nature of
this business 1s that the more successful the deliveryman i1s, the more
beverage they sell One suggestion 1s to create a pre-sale position as
the next carcer level move The pre-sale posltion would be avallable to
sxperienced deliverymen who have established rapport with customers and
know how to sell thelr productk The experienced deliverymen could
transition off the jobs by training new employees on the delivery business

and phasing them in over time

Overloading the beoverage trucks with preduct that does net get sold should
be averded  On average, 25 percent. of the product leaded on the truck 1is
not sold on a daily basis  The end of day reports should be used to

determine what 1s net moving and te avold unnecessary loading of these
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products This will reduce multiple handling by both the warehouse
loaders and deliverymen and save on fuel costs Tf a customer 1s 1n need
aof extra beverage product, then anether deliveryman can perforin cthis

Service

As mare heverage packages are introduced to the market, there may come a
time when 1t would be cost/effective to split beverage routes one for
carbonated beverages, and one for others, such as juices, teas, etc
Experimenting with routes may be beneficial and may offer another career

optrien for Lhe experienced deliveryman

When an ergonomic cr safaty control 1s installed on a beverage vehicle,
handiruck, nr at a customer’'s service which benallts the deliverymnan and
company, the contrel should be documented and become standard operating
pracedure For example, the external grab handles, adjustabhle height:
shelves, and slip-resistant grit paint for the trailer bays should be
entered 1nto the master bouk of standards by company fleet managers  This
will ensure that such controls are the standard and avallable for all

trucks used 1in the company fleet
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ROBBERIES

Suggestions for Deecreasing the Chances of Being Hobbed

1 Form ¢ task force of experienced deliverymen, safety specisliscs,
immediate supervisors, labor, and management to discuss methods lo

avuld robbery and bodily harm eof deliverymen

2 Develop an ocutlline of rhe best strategies for decreasing opportunlitles
for trobbery and avoiding bodily harm From this develop an emergency
preparedness and action plan Successful strategies should be shared
with all 1n the beverage delivery industry  Disseminatien of chis
tnfermacion can be done 1n the form of a newsletfer and shared with
route deliverymen during periadic safety and/or sales meetings The
types of interventions which could be 1ncluded for discussion or

publication during the strategy sessions include

Scheduling routes to occur during the daylight hours wherever
posstible,

Posting consplcunus gigns on the tyvuck indicating that drivers de
not caryy woere than a certain amount,

Training on conflict resolurion and nenvielent responhse to robbery
attempts, and

Working with the delivery stops to implement varlous types of

BrIgiNeEring and administrative controls to reduce the risk of
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robbery Examples of econtrols include ampreoved lighting, wark

areas openly wvisible to the public and inecreased staffing

Work more clozely with accounts to dewelop a reliable system of payment
other than cash, such as credit cards, business checks, and/or money
ordars Bevause some businesses do uot have established credit histories
development of a tracking system Lo encourage and establish a aredil

history 1z suggested

When pozsible, coordinate route schedules so that deliveries are
conducted when other deliverymen are at the same account For example,
1f a route stop lecks unsafe, and theve are no ether delivery krucks at
this account then stop at another aceount and backtraclk If this 1s not
comvenient, then delivery on another day, another time, or other

prearrangad time 1s suggested

Before entering high crime areas where some accounts are located,
schedule a stop at an account with a geod cradit history, and axchange
cash for a businsss check  Ranks amd loan 1nstitutlons are an
alternative, hut enchange must he done with care Emplovyees have heen

followed hy an assallant to thesge institutions and subsequently rebbed

Other suggestiens which may benefit the beverage delivervman include

Installation of safes on all trucks,

& credit-only transactlon system,
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Refuzal of delivery to acecounts where robheries have taken place,
and
Refusal of delivery where threat of bodily harm has occurred, or

could occur

Care must he taken as to the efficacy to these intervenltion strategles The

mmplementation of multiple 1nterventiens 18 usually Lodicaced

The first two suggestions of forming a task force, and an emargency
prepacedness plan of action should be developed as soen ag possible The
Tremaining suggestions are not based on scientific fact but should facilitate
discusslons to establish a plan of actlon  For example, carelul attention
should be given to the first item in numbex 6 above  Delaying a robher by
copening a safe or not having keys to the safe wmay irritate the robber and

result in serious bodily harm to the deliveryman
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APPENDIXY 4

BACGE TINJURIES

Fighty percent of all Americans will suffer low back pain semsebime during
rtheir lifetime 3% Over 30 mi1llion Americans currently sxpericoce low

back pain,® 13 million of these cases have rasulted 1n reduced ahility Lo

]

funetlon Over ten million cascs of back impatvment have been reported

ameng U § empleyess between the ages of 18 and 64 ® Fach year, seven million

peaple wi1ll be added to the total rumber of Americans who have suffered back

7

injuries Lost time from work has 1inereased sigmificantly over the past

30 vears, while the 1ncidence of low back pain has stayed the same @

Estimated toial costs for low back pain execeeds 16 billicen dollars apnually

(compensable and noncowmpensable) 1n the United States °

Low back 1njurics
account for cne-third of total workers’ compensation claims paid by the
Federal Govermment according to the U & Department of Labor Office of

¥ The National Council on Compensation

Workers’ Compensarion Programs
Insurance reported low hack injurles make up 25 percent of the c¢laims for
ndemnity benefits, claiws wade by workers who have lost time from work
because of job-related rmguries A 1983 Massachusetts study by the
Massachusetts Health Data Consoriium found that back preblems and back and
naeck surgery sccounted for cleose to one out of every three hospital stays paid
for through workers' compensation, with nearly 30 percent of the total

G

workers' compensation paymenls being spent on back cases current estlmates

for low back comwmpensatilon costs are approximately &, 807 dollars as the average

10

or mean casts, and 390 dellars for the median The large difference
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between the mean and median shews that cests for low back paln are net evenly
distributed, 1nstead, a few cases account for most of the costs “? The hligher
cost for the faw cases is attributed to more hospitalization, surgery,
litigation, psychological ampairment, and extended loss of time [rom work
Age, gender, and occupation are risk factors for the ceccurrence and severity
of low back 1njuries 1lder workers arc more likely tLhan yeounger workers To
have severe hack disorders ' More women than wen are likely to have

restricted-activity, bed disability, and lost work days 12

Hildecbrandt'® performed a compreshensive review of eprdemiological studies on
r1sk lactors of low hack pain Risk indicators af low back pain includec
general — heavy physical work and work postures 1n geocral, statlc work Inad
—- stalkie work postures i1n general, prolonged si1tfting, sLanding or stooplng,
reachlng and no varlation in work posture, dynamic work load -- heavy manual
handling, Llifting (heavy or fregquent, unexpecied heavy, infrequent torgue),
carrying, Lorward flexion of trunk, rotation of rrunk, pushing/pulling, work
envirvonment -— vibration, jJoli, slipping/falling, and work contenr --

monotony, rapatltive work, wotrk dissatisfaction

Individual risk factors found by Hildebrandt include age, gender, weipht, back
muscle strength (shsolute and relative), fitness, back mobility, genetic
factors, back complaints in the past, depression, anxlety, family problems,
perﬁunallty, dissatisfaction wich work or socilal status of work, tenseness and
fatigue after work, high degree of responsihility and mental concentration,

degres of physical activicy, swoking, alcohol, ceughing, aud work czperience
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CONTALNER PACKACING AND CONTAINER HANDLES

Gontalner packaging and Lhelr handles are very imporitant to the deliveryman in
making 1t easy to grasp, laft, carry, and position soft drink packages
Unfortunately, many of the packages are designed with poor material handling
specifications, such as narrow handle clearance, pre-formed grips, and sharp
edges As a result, beverage material handling i1s less than optimal The

follewing culllines what 1s known about container packaging and handles

Sefc drink beverage products are sold 1n the {ollowing breakdown of beverage
contalfiers cans (92 percent), plastic bettles (30 1 percent), and glass

(17 9 percent) accounting for respectively, 53 3, 32 @, and 20 5 billion of

the total '* Secondary packagling ccnsists of placing the beverage contalners
it paperboard or plastie, or leaving them leoose  Tu 1980, 36 5 percent of
cans were sold in paperboard, 56 7 percent in plastic, and 6 8 percent were
loose PET (plastic hottles} were packaged as 6 percent paperboard, 84

percent plastic, and 10 percent loose Returnable glass was 95 percent

paperboard and b5 percent leesc

Improving Lhe operater/contailner coupling by providing handles has been a
conslstently recommended practice Handles can increasge the maximum force

exerted on the container and reduce task energy expenditure '

Lrury, Law,
and Pawenski studied move than 2000 different box-handling tasks including
beer and soft drink distribution, paper products manufacturing, and food

distribution Despite the evideuce in faver of handle usage, omly 2 6 percent

of the containers contained handles *'
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Boy hamdllyng Ls a task consisting of five stages  pregrasp, plehup,
move,/carry, put down, and adjust Factors, such as handle pesition and handle
angle, have a large effect on body angles, physiclogical measuras, and

12

peychologieal measures In studying 2,000 industvial tasks, the most

commenly used hand postitions were one hand at the upper front corner of the

box and the other hand at the lower rear corner -’

Since one of the many task
factors that has been linked to back injuries 15 the amount of twisting ol tha
upper torse relative to the hips, Drury, Law, and Pawenskir also cataleged the
amount of twisting which accurred during the 2,000 box handling tasks 17 The
obgerved putteru shows a considerable amounl. of twisting being performed,
usually to the right, at the start of the task, almest ne twidting during the
task, and considerable twisting favering the left at the end of the task U

Fewer than 20 percent of lifts are free from twisting at the start of the

task

Drury and Deeb studied two-handed dymamic lifting tasks to determine best

18 There were nine possible nand positions

Lhandle positioms and handle angles
defined on each side of the cantainer Positions 1 to 3 were al the top of
the box, M to & were at the middle of the bhox, and 7 to 9 were at the bottom
of the box Positions 1, 4, and 7 were closest te tho worker's body
Kormally, the hand accommeodates to handle angles both by deviating the wrist

and by allowing slippsage between fthe hand and handle '

Howewver, Drury and
Deab allowed the handles to pivot i1nm order to find the best handle angle which
caused rthe wrist to malntaln a neutral angle Handle pesitions at cthe front

of the box required optimum angles that were nearly wvertical, while positiouns

along the bottom required more horizuntal angles The heLght at which the box
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was held above the [loor had a large effect on handle angle, so thal no single

angle was optimum at all heights 2

In static holding tasks, angles of 70
degrees to the horizontal are recomnended '®  |lowsever, 1n the dynamic lifting
tazk, & biemechanical analysis of the 1ifting resulted 1n the following

recommendal.Llons  have hendles 1n positions & and 8 with angles of G0 and 50

degrees, respectively, to the horizontal *F

The most common placement of handles 1n industry Ls 1n the 2/2 position, 1 e ,
located near the top of the box at the center With handles in this positiom,
Irury and Deeb recommended thaie che optimum augle, which would give neutral
wrist and slippage angles | averaged over all stages of the 1life, 1s

83 degrees 1®

Subjects’ heart rates, rated perceived exertion {(RPE), ard
body-part discomforc werc also measured to determinc whether the biomechanical
recommendal.lans were supported by the physiclegical and psychephysical
Tesponses Tn a floor to wailst lifting task, the symmetrical handle position
2/2 showed minimuwn discomfort an angle of 70 degrees showed much less
discomfort severity for all hody regions as compared to 35 degrees ¥ The
shape of a cutour handle (cutouts were 25 mm [l in] wide and 100 mm [4 1n]
long with 25 wm [1 in} diameter rounded ends) in a cardboard box was varied a
straight handle accommedated the hand shape better a curved handle showed no
18

signifivant differencaes when compared to a straight handle

FUSH YERSUS PULL

Cart or handtruck pushing and pulling are common dynamic tasks in the beverage
delivery process In these tasks, a worker must exerlk enough force to push or

pull the cart, but must also be ready to regain his balance 1n case the cart
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moves unexpectedly  The potential instability of a moving cart often causes

the worker to adopt awkward postures, resultlng 1n over-exertion injuries =t

Chaffin ec al (1983) tested for maximal isometric pesition in vnc—handed and
two-handed push and pull rLasks at three different handle heights 22
Previously, Ayoub and McDaniel had found Lhat eptimal handle heights for
pushing and pulling tasks should be hetwsen 91 (3% &4 1n) and 114 cm (44 5 1n)
above the fleoor,?* Martin and Chaffin recommended maximum push/pull handle
heights of between 50 {19 5 1n) and 50 cm (35 1 in) ¥ In the Chaffin et al
(1983) study, the maximum push/pull strengths were set to the strength level
which the subjects themselwves considered they exerted greatest push/pull
strengkhs The results showed that wean push strength (372 N) was
signilieantly greatcer than mean pull sLrength (267 N) 22 When pushing, the
subjects would incline the torso more than when pulling, thus using the body
welght more effectively to assist in counteracting the push loree on the

23 Also demonstrated was the fact chat using two hands as opposed to

hands
one hand to perform the task signilicantly inereased both push and pull
strengths Two-handed push strength was 42 percent grcater Than one-handed,
while pull strength was 25 pearcent greater ** The height of the handle also
significancly allected push/pull strengths when heilphts of the handle from the
fleor were €8 (26 5-1in), 109 (42 5-1n), and 134 cm (71 8-1m) A similar trand
developed 1n both pushing and pulling strengths greatesl sLrengihs occurred
at the lowest handle heaghc, followed by the medium, then highest height
Strengths at the lowest handle height were significantly greater chan at the

highast handle height Howewer, through a biemechanical analysuls, Chaffin, et

al , determined that the body posture required by the lower handle created the
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largest mean L5/51 spinal compression (3600 N) vhich 1s greater than the NIGSH

Actionr Limit {al.} for spinal compression 22

Lee et al (19%1) investigated the effects of dynamre handtruck
pushing/pulling tasks on lower back stress resulting from both personal and
task factors, including pushing and pulling force, cart moving speeds, and
subject body weirght ** Results indicated that at all handle heights, pulling
resulted 1n a significantly greater compressive foree on the L5/51 dise than
pushing for all subjects Handle heights of 109 O cm (42 5 1n) and 1532 0 cm
(59 3 1}y reduced lower-back loading for pushing and pulling, respectively
Regulis also showed that the compressive Torce cn the T.3/51 dizge increased
with increasing cart speed (1 § km/h (1 1 mile/hour) ve 3 6 kms/h (2 2

y 2l

mile/hour) Finally, peak compressive forces were most affected by subject

weight and height **

WHOLE-RODY VIBRATION

Beverage deliverymen are subject to whole-body vibration £rom the delivery
rruck Beverage delivery routes can vary from 40 km {25 miles} to over 124 km
{200 mirles) Oftenn the truck czbs are net woell Losulated from the reoad, but
the sedls are insulated te absorb road shock As a result, mach of this
vibhration 1s Cransmitted to the driver The folluowing 15 a brial cverview of

wvhole~body vihratien

Whole-body vibration i1s harmful to the spinal system with the most fregquently

reported effects being low back pain, early degeneration of the lumbar spine,
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26 Gruber?’ tested the hypothesis that certain

and herniated lumbar dise
physical disorders develop with undue frequency amonpg interstate truck drivers
and that some of this excess morbidivy 1s due in part to the whele-body
vibration factor of their job  Vibration, majer structural resonances
occurring in the 1 to 20 Hertz {(Hz) frequency reglon, is Lransmitfcd te the
body as a whole, mainly in the vertical direction, through 1ts =supporting
sutlface as a result of direct contact with a vibrating structurea Maxzimum
biodynamic strain 18 assoclaced with trunk resonances geeurring st ahout 5 Hz
A typleal worker way be expeosed to over 40,000 hours of occupatienal vibration
vver a 30-year period ## Biodynamic strain, microtrauma, and

iniraluminal S1ontra-abdoming]l pressure fluctuaciens that are known to he
produced by truck vibrations have been postulated as being at least partially
responsible for the develapment of certain musculeskeletal, digestive, and
cireulatory diserders among interstate truck drivers with more than 15 years
of service The combined effcets of lorced body posture, cargo handling, and
lwpropet eating habits, along with whele-body wvibration, camnnaot be ruled out
in considering contributory facters for sueh bruck driver disorders as spine

defaormitics, sprains and stralns, appendleitis, stomach troublaes, and

hemerrhatds 7

The effccts of whole-body wibration have been studied 1n several jobs,

ineluding crane operators,-® personal motor vehicles ®% and forklift

uperators R

The 1ncldence of permanent work dizabilities due to back disorders in crane

nperators exposed to vibration was compared with a comtrol group by Bongers et
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al (1%88) This study concluded that crane opatalors with mere than
five vears of exposure have almost three times the risk of 1ncurring a
disability due to intervertebral disgc as a control group, and the risk

increases to five i1n eranc operators with ten vears of experience **

A cage conttol study ol the epidemiclogy of acute hernmiated lumbar 1nvortehral
dise 1n the New Haven, Comnecticul, area was conductad 3% This study compared
the charsacteristics of persens whe had acute herniated lunbar intervertebral
disc with characteristics of two contrel groups of persons who were not known
to have hermiated lumbar disc It wae found that the driving of motor
vehicles was assoelated with an increased risk for developing the disease I
was estimated that men who spend half or more of their time on therr joh
driving a moetor vehicle are about three times as likely to develop an acute

herntated lumbar disc as those whe do not hold such jabs

Brendstrup and Biering-Sorensen studied the effect of forklift truck driving

' The ocecupation of forklift truck driving submits

on low back trouble
workers to five conditiens which can be assumed to increase the risk [or
contracting low bacl trouble including assuming a static, sedantavy position
while driving, twisting the trunk Lu relation to the pelvis, stooping, bending
the trunk in deep sideways positions, and vibrating the whole-body

Brendstrup and Sorensen used the responses to a4 queztlonnalre concerning low
tack trouble of 240 male lorklaift truck drivees whe drove at least four hours
daily as compared to two refercnce groups skilled workers and unskilled

workers Farklift truck drivers had a statistically higher ocecurrence of low

hack trouble (&3 percent} as compared te the control group of skilled working
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wen (47 percent), however, mo statistical difference occurred when compared teo
unskilled workers (52 percent) The forklift truck drivers had a
significantly higher rate (22 percent) ol absence from work due to low back
trouble than both control greoups (7 and 9 percent) It was concluded that

forklifc driving can be a contribubiog cause of low back trouble
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APPENDIX B {ueslicmmalre used 1n K105H Study to
Determine Past Work Experience and Medical History

Data Sheet —- Employee Job Description
The Natienal Institute for Occupational Safety and Health

Study at Pepsi-Cela"™ Facility, Dayton, Chio

SUBJECT Inh

IAST NAME

FTRST NAME

S0CTAT. SECURTTY NUMEER

SUBJECT ID

TACE HETGHT FORWARD REACH WEIGHT

MAKTMUM HAND GRIF S5TRENGTLI LEFT HAND
RIGHT HAND

WORK HISTORY

When did you begin working with Pepsi—Cola™?

Monih YLAR
When dad you begin delivering beverages
for Pepsi-Cola™?
Month TEAR
Since working for Pepsi-Cola" has thas
been vour only jobY (yos] {ne)
Have you been contimicusly petrforming this
job since you started (any olher jobs)? {ves) {(no}
D1d you deliver beverages for any other
company ur at ancther Pepsi-Cola™ facility? fyes} (ned

List any other previous work experience
you have done 1 the last five years
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COMPANY AND LOCATIGN

WORK ACTIVITIES

" WHEN STARTED (MONTH, YEAR)

ROW LONG AT JOBR

COMPANY AND LOCATION

(MONTHS , YEARS)

WORK ACTIVITTES

WHEN STARTED {MONTH, YEAR)

ROW 1LONG AT JOE

COMPANY AND LOGATION

(MONTHS , YEARS)

WORK ACTTVTTTES

WHEN STARTED  (MONTH, YEAR)

HOW LONG AT JOB

COMPANY AND LOCATION

(MONTHS , YEARS)

WORK ACTIVITIES

WHEN STARTED  (MONTH, YEAR)

"HOW LONG AT JOB

139
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Po you have, or did you ever have, any musculoskelersl digserders while
performing your job? If ves, please explain

Did you ever have vime off as s result of 2 musculoskeletal imjury? T1f ves,
how long?
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ATPENDIY © Figures showing the Different DAS Screens Shown on the Computer

Localion ol
Dhscomfort Sereen
{Body Fipures}

Lhscomiarl Scares
Screen
{Body Figures

Hight

Location ol
Discomfert Screen Hand
Kelecied?
{Raght Hand)

Liscomfon Scores
ScTeen
{Rizght Hand)

Locauon af
Buiscomfort Screen
(Left Hand)

Discomiort Scores
Screens
{L2ft Hand)

Dascomfon
Descriptors Screen

!

Final Screen

Flowchart of the seguence of screens displayed in DAS
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Hylogen tr the Bisssnfert dypessammt Systen

Please, toke Yhe Ittatihnl pou and teash
cha ITMET S8x ¢t bagln,

Welcome Screen

Plasse, wntar pour BOCIM CECORLTY
MAEER by Comabing the ssrzespinding
sunbers 1n the Box ta the FLPRL.

O0-00-00d

Social Secunty Number Screen
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EIE e -EE

HTHLTY

L]

(=)

Social Security Number Confirmaton Screcn

LPeacomfosT ASSASIMANT buStwn

Mama
dddrenin

Talephidnes
Mrthdatar

1N Musber)

Hanrmn
MEERA Bl DN

1263 SNaBoucll B
K L]

LB

NI-677- 32
#-1y-33

User Informaton Confirmation Screen
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RGHT LEFT RIGHT

FRONT BACK Q

Ceicamfosr dZ.ensmant ot

Salect all The Bady
Mayts sFfesred by
Couchisg ThE Bady
part wikh the pom

Tive selvatid bady
part will ks
highl {ghred.

Ef waai wish Ta
cmcel & anlected

sart, reswlsct
the buiy port.

Whea Finyphed,
toich e POE bax
2 Low.

=)

Locanon of Discomfort Screen (Body Figures)

Crhegmdart Rnsegrment

Upster

] Wersc
ineginable
i

L]

| o ]

Far #ach ared an
discenfare:

1 Selsar che area
ar yelaced bax by
towghing iF with
e pon,

2 Mexr, select your
laval wf
tizewniert in the
scale.

3. [f you with ta
Haase the 3sere,
FEpaay vhe §rens
have,

Weas Fanished, teuih
thet BHOHE bax b8 law.

(&=

o R |

Discomfort Scores Screen (Body Figures)

Lak
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Far the bady garr hightlighesd In cha
Figury, sel¢er The wardic) raat best
dasoribe pour preblin,

Orain R scaaning Fain
Decxrmming ) tusisneus

O aching O serning

7 seiFfmeny O tinsling
RIGHT LEFT PIGHT [ Swebling TlLeas oF Calar
& e siness O enher

Mbem pan Fimizh, rowel Phe bax
Labeivd BHIVE Malww.

Ce=)

Discomfort Descriptors Screen

=) IR

Thand Yimlt

four isfarmariea has heen sarsred 1ovs
the databass.

Tanak pou For pazrticapatiny.

To uonaluda this ssepisn, plonse resad the bax
Labdlnd HE lew.

Finail Sereen
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AFPPENDIX D Selected Pictures of Activities and
Assoclated Risk Factors for Musculoskeletal Injuries
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