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MIST GENERATED DURING TURNING

MIROSLAV DADO — RICHARD HNILICA

ABSTRACT

Exposure by inhalation is a function of the concatian of the substance in the breathing zone aphese and is normally
presented as an average concentration over a reéer@eriod. The traditional approach to characterigworker exposure
intensity to airborne contaminants is through peloor area monitoring. Different approach is based mathematical
modeling. In this study, we aim to evaluate the emuof Advanced REACH Tool (ART) model for predicticcupational
exposure to metalworking fluid mist during turnipmpcess scenario through comparison between pratiieiposure and
actual measured data. The exposure scenario reptedeturning of cylindrical workpiece on horizontathe. There was
good agreement between the results of the ART randeheasured values.
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POROVNANIE DVOCH ODLISNYCH PRISTUPOV PRI ODHADE INHALA CNEJ EXPOZICIE KVAPALNEMU
AEROSOLU GENEROVANEMU PRI SUSTRUZENI

ABSTRAKT

Inhalachd expozicia je funkciou koncentracie latky v dgepaonecloveka a zwgajne byva vyjadrena prostrednictvom
priemernej koncentracie za refei@y cas. Tradiny pristup pri stanoveni ¥kosti inhalanej expozicie je pomocou
osobného resp. miestneho odberu. OdliSny pristuraiezeny na matematickom modelovani/die predkladanej Stidie
bolo porovna@ hodnoty hmotnostnej koncentracie kvapalného adéwoziétené na zaklade merania a predi&ho modelu
ART. Expoziny scenar reprezentoval sustruzenie cylindrickéiroloku na horizontalnom sustruhu. Vysledky Stimtikija
dobra zhodu medzi hodnotenymi pristupmi.

KPudové slovamodel, kvapalny aerosol, expozicia, sustruzenie
INTRODUCTION

Metalworking fluid mist is important chemical/bigiwal risk factor in working environment [1]. Expos to metalworking
fluids can result from inhalation of aerosols @nfrskin contact due to touching contaminated segalandling of parts and
equipment, splashing of fluids and settling of rivetaking fluids aerosols on the skin [2].

Inhalation of metalworking fluids aerosols may @usitation of the throat (e.g., sore, burningot), nose (e.g., runny
nose, congestion, and nosebleeds), and lungs ¢ewggh, wheezing, increased phlegm production,stuadtness of breath).
Metalworking fluids aerosol exposure has been aatmtwith chronic bronchitis, asthma, hypersevisjtipneumonitis, and
worsening of pre-existing respiratory problems [3].

Exposure by inhalation is a function of the concatitn of the substance in the breathing zone gihmre and is normally
presented as an average concentration over ameéepmeriod. The severity of the exposure dependa wide variety of
factors. In general, the exposure will be highethié worker is in close proximity to the machitre operation involves high
tool speeds and deep cuts, machine is not enclagedf, ventilation equipment was improperly seletter poorly
maintained[4].

In addition, high-pressure and/or excessive flipglig@ation, contamination of the fluid with tramfsy and improper fluid
selection and maintenance will tend to result ghr exposures.The traditional approach to charaicte worker exposure
intensity to airborne contaminants is through peasmr area monitoring. Different approach is basadmathematical
modeling. Mathematical modeling is increasinglydibg safety and health practicioners, but importaveats also pertain
to the use of models: the model’s assumptions neasbnably match the workplace setting, only arfievdels have been
rigorously validated, some settings may be so cermnphd variable that the only feasible approacto idirectly monitor
worker exposure levels [5]. When assessing thabiily and validity of exposure modeling tools, i important to
determine if the model accurately represented #posure conditions in question and if the modell@¢ocaccount for
additional modifying factors or variables that webléad to a closer agreement between the prediastddactual airborne
concentrations [6].
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For estimation of inhalation exposure, the follogvppreferential hierarchy should be applied to eypesiata for estimation
of exposure levels: measured data, including thentfication of key exposure determinants; appmprianalogous data,
including the quantification of key exposure detiants; modelled estimates [7].

In this study, we aim to evaluate the accuracy @¥afced REACH Tool (ART) model for predicting occupaal exposure

to metalworking fluid mist during turning processesario through comparison between predicted expoand actual

measured data.

MATERIALS AND METHODS

Simulated inhalation exposure scenario was estaalisuch that exposure could be evaluated usirsgparmonitoring and
then compared with results of ART model. The scenapresented turning of cylindrical workpiece (d&er: 30 mm and
length: 400 mm) on horizontal lathe with followipgrameters: spindle speed of 800 rpm, MWF flow céte.7 I/min. .
Synthetic fluid, mixed at 5% concentration with @ratwas applied via nozzle centered above the vieckpat a distance of
70 mm. Personal exposure to MWF mist was determgmadmetrically. Air samples were obtained usirggonal inhalable
aerosol sampler (SKC Inc., model IOM). Personal $ampas sited in breathing zone of manikin repréagroperator of
lathe. Sampler was attached to pump (A.P. Buck inodel No. L-4), which was operated at 2 I/min.. Baenpling flow rate
was calibrated before and after each sampling ex&ng field rotameter (SKC Inc., model No. 320-4A5)

Particles were collected on 25 mm diameter, MCEerlt Filters was conditioned in a temperature atative humidity-
controlled weghing room prior to taking pre-weigind again after sampling for the post-weight gra&tiia measurements
with microbalance (RADWAG, model XA 110).

Fig. 1. Photograph of experimental setup

The ART exposure model is a free web-based todhferestimation of inhalation exposure at the wiag@. ART combines
a mechanistic model and a facility to update thameges with the user’'s own data. This integratiéiinformation is done
using Bayesian statistics. The mechanistic modeh&ed on a conceptual framework that adopts asoeceptor approach.

Figure 2 shows a flow diagram of the ART mechaaistbdel, indicating the various modifying factoteray the source-

receptor pathway. The model allows for the caldofaof total exposure from multiple activities withan 8-h work day and
accounts for periods of non-exposure.
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Fig. 2.  Flow diagram of the ART model [6]

RESULTS

The results of personal sampling are summariz&dbie 1. Time for every grab sample was 10 minatestotal sampling
time was 120 minutes. The mass concentration of Mgt ranged from 2 to 18.5 mginThe time-weighted average
(TWA) massconcentration of MWF mist for a 8-hour workday i8 ing/nf.

Tab.1 Results of personal sampling

N:g:?glreof Difference between pre- and post-weightn (mg) Masi E:rcl)qrg/:%r;tratlon
1 0.18 9
2 0.37 18.5
3 0.11 5.5
4 0.13 6.5
5 0.15 7.5
6 0.16 8
7 0.07 35
8 0.04 2
9 0.04 2
10 0.04 2
11 0.31 15.5
12 0.18 9

A summary of input variables and associated exgosaiculation for ART model is provided in TableART model
overestimated metalworking fluid mist mass congitn in turning scenario by a factor 1.37.
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Tab. 2 ART model inputs and exposure estimate

Scenario details
Number of activities 1
Total duration 480 min.
Nonexposure period 80 min.
Emission source Near field
Operational conditions
Substance product type liquid
Temperature of liquid room temperature
Liquid weight fraction main component
Viscosity low
Activity emission potential
Activity class application of liquid in low speed process
Containment level open process
Surface contamination
Process fully enclosed? no
Effective housekeeping practices in place? no
General housekeeping practices in place? yes
Dispersion
Work area indoors
Room size 100 n?
Ventilation rate no restriction on general ventilation characterssti
Predicted exposure level
95th percentile full-shift exposure 2.6 mg/m3
95% confidence interval 0.25 mg/m3 to 70 mg/m3

DISCUSSION AND CONCLUSION

MWEF mist is present in the atmospheres of occupatienvironments as a result of numerous factdres@& factors include
high-speed dynamic forces involved in machiningrapens, the chemical composition of fresh fluidsd contaminants that
enter fluids from extrinsic machinery sources Binployee exposure to MWF mist generated during maui operations
is affected by many variables. The type of MWF beilsed, the presence or absence of additives tweeadisting, the type
of machining operations being performed, and thewarhof general and local exhaust ventilation emypgdbat the facility all
affect the amount of MWF mist generated and relbas® the employee’s breathing zone. Various ssididicate some of
the important factors that influence mist generatiacluding tool spindle speed, size and locatibthe workpiece, speed,
feed rate, and depth of cut, pressure of the apfilied, and the proximity of the tool to the p§i. Gunter and Sutherland
[10] performed statistically designed experimentslétermine the machining conditions that haventbet significant effect
on cutting fluid mist formation during a turningemation. The effects of spindle speed, nozzle diamworkpiece diameter,
fluid concentration and sampling location on maesacentration were investigated in experiment. Al-tigae aerosol
monitor was used to measure MWF mist mass condimtsacorresponding to the thoracic and respirédletions. Results
of this study showed that spindle speed is the sigsificant variable affecting mass concentratidmang and Chung [11]
found out that the rotational speed of the workpiand the fluid flow rate have great influence lo@ derosol diffusion rate
in turning operation. Sun et al. [12] developed amgerimentally validated a model for cutting fluidst formation that
describes the interaction of the fluid with theatotg cylindrical workpiece during a turning opésat In machining
operations performed with soluble oils, Piaciteflial. [13] measured 242 total aerosol mass corat@nis ranging from
0.07 to 2.41 mg/fmwith a geometric mean of 0.34 mgd/end a geometric standard deviation of 2.08. Simpcal. [14]
took 75 total inhalable particulate measurementsrevivater-mixed MWFs were used. Concentrations ¢draem <0.01 to
1.82 mg/m with a geometric mean of 0.07 md@/and a geometric standard deviation of 3.32. Oppsure results based on
measurement was similar to the range of conceotratreported in studies mentioned above. The pesfemethod to
estimate inhalation exposure is measurement ofah&xposure concentrations in the breathing zonevarker at the
workplace.In this study we estimated inhalation exposure ll@gemetalworking fluid mist by applying two diffent
methods: mathematical modeling and personal mangofhere was good agreement between the results éfRfiemodel
and experimental values. However, the modifyingdiecapplied to ART model could be refined furtheptoduce a more
accurate prediction.
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