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The authors describe a longitudinal assessment of tervention Effectiveness

intervention effectiveness in response to an outbreak of hy-

persensitivity pneumonitis (HP) at a metalworking facil- A sentinel case of hypersensitivity pneumonitis (HP) was
ity. Thirty-five (29%) of the plant's 120 production work-  diagnosed at a university-based occupational and environmen-
ers were given a clinical diagnosis of HP during the two tal medicine clinic in fall 1997. Thirty-four additional workers
years of the investigation. Although quantitative exposure from the same factory were given a clinical diagnosis of HP
assessment tools were of limited utility, the investigators during the subsequent two years. The demographics, symptoms
successfully used qualitative observations and the patients’ of the workforce, and diagnostic strategies have been presented
return-to-work experiences to iteratively evaluate their ex- elsewheré!-?

posure control recommendations. Recommended interven-  The small non-union manufacturing facility (67,006 ft
tions included improving metalworking fluid management production area, 120 production employees) machined parts
practices, enclosing selected metalworking fluid machining from titanium and high nickel alloy. After an electrochemical-
operations, eliminating mist cooling, exhausting two addi- machining (ECM) step, parts were machined, polished, and in-
tional water-based industrial processes, increasing general spected in an open production area. Many employees worked for
dilution ventilation, and worker training. As of November more than 40 hours a week. The index case, a machinist, and the
1999, 26 months into the outbreak, 51 percent (18) of the other clinically diagnosed cases worked in this open production
employees with a clinical diagnosis of hypersensitivity pneu- area.

monitis had been able to return to work. The symptom on- Because a sentinel case of occupational iliness serves as a
set of the 35 workers who were given a clinical diagnosis of warning that exposure controls are inadequate, an industrial hy-
hypersensitivity pneumonitis during the two-year study pe- giene evaluation of the workplace was initiat®dn a previous

riod predated the implementation of the interventions. The publication, the industrial hygiene results from the first nine
collaboration of a multidisciplinary team appears to have months of this outbreak were compared to the industrial hy-
allowed for successful intervention in this setting. A spe- giene data collected at a control pl&htThis article explores

cific etiological agent(s) associated with the outbreak was an iterative approach to exposure control and disease prevention
not confirmed during the investigation. An acid fast isolate over a two-year period in the facility with the outbreak.

identified as being in theMycobacterium chelonagroup was Hypersensitivity pneumonitis (HP) is an interstitial lung dis-
detected in only one of the submitted metalworking fluid ease caused by an immune response to inhaled antigenic parti-
(MWF) sump samples. Longitudinally, there was a statis- cles. Symptoms include cough, chest tightness, dyspnea, chills,
tically significant difference in MWF sump bacteria (X?> = fever, malaise, weight loss, and progressive dyspnea. The re-
286.4, df= 17, p< .0001) and MWF sump fungi (¢ = 28.1, sponsible antigens are usually of bacterial, fungal, or animal
df =7, p < .0002). Measured oil mist air levels did not ex- protein origin. Small inorganic compounds also can induce HP
ceed the Occupational Safety and Health Administration’s when they act as haptens and bind to serum protein to create an
(OSHA's) permissible exposure limit (PEL), and in fact, did antigenic compleX®

not exceed 0.5 mg/rfi Since 1993, over 12 outbreaks of HP have been reported
in metalworking environment8-1® In these settings, it was
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postulated that the outbreaks were associated with airborne figgiene assessment of the work environment and made interven-
halation) exposure to microbially contaminated water-basédn recommendations based on their findings and the patients’
metalworking fluids (MWF). Although some of the investigareturn-to-work experiences. After the implementation of some
tors attributed the outbreaks ®seudomonas fluoresceh8 of the recommended interventions the investigators continued to
Mycobacterium chelongé®1 Acinetobacter sp.1? and collectlongitudinal data. The qualitative assessment of exposure
Mycobacterium immunogeni? a specific microbial antigen, involved the identification of potential sources and the documen-
agent, or set of agents has not been confirmed in metalworkiagjon of exposure control strategies through observations and
settings. checklists. The quantitative assessment of exposure relied on the
The researchers who evaluated the patients’ work site duriogjlection of air and source samples. These exposure assessment
this investigation were confronted with the challenge of constrategies are described below in more detail.
pleting an exposure assessment and making intervention recom-
mendations in a setting with no confirmed etiological agent(s). ... ..
Although microbially contaminated metalworking fluid was ualitative Exposure Assessment . )
considered the most likely exposure source, other microbially OVer & two-year period (fall 1997 to fall 1999), the investiga-
contaminated water-based sources were evaluated as well. 853 conducted multiple walk-through surveys of the plant. The
cause there were no specific agents to measure, criteria-bdg4gstigators used a checklist survey to evaluate each
exposure assessment had little utility. metalyvorklng mac_hme. The che.ckhst _(Append|x A) mcludeq
The approach taken by the investigators highlights the iflu€stions concerning metalworking fluid management. The in-
portance of multidisciplinary collaboration among industrial h));estlgators modified t'he check.llst from the mstr.uments initially
gienists, occupational physicians, epidemiologists, the emplo veloped by the National Institute for Occupational Safety and

and the employees in the management of occupational dise3€&!th (N|081|;|§15) and by the Organization Resource Coun-
during a cluster or sentinel health event investigati8hThis S€ors (ORCJ:® Because NIOSH and the ORC emphasize the
collaboration appears to have allowed for successful intervéfiPortance of maintaining metalworking fluids with a compre-
tion in this setting. The implementation of a Comprehensi\iéens've coolant management plan, the investigators rewewed
metalworking fluid management program and the control §P°lant management practices throughout the study period.

aerosols from metalworking machines and other water-based! N€ investigators identified other water-based industrial pro-
“point sources” were important control strategies. cesses during their Walk-thrqugh surveys of the plgnt. They doc-
umented the control strategies used to control mist from these

processes. In addition, the investigators reviewed the design,
METHODS operation, and maintenance of the ventilation systems in the

factory.
Patient Management

Employees with respiratory or systemic symptoms consulted | .
physicians in the University’s Occupational and Environmerf2u@ntitative Exposure Assessment
tal Medicine Unit. The initial cases (& 16) were diagnosed General Overview
with HP based on respiratory and systemic symptoms and alraditionally, metalworking fluid exposure has been mea-
lung biopsy consistent with HP. Subsequent HP cases diagno8gted by sampling for mineral oil mist. Although oil mist air
without a biopsy were based on a combination of symptonigYels were documented in this plant, the primary focus of the
physical findings, radiological findings, pulmonary physiologyjuantitative exposure assessment strategy was on characterizing
and response to removal from wdtk. microbial contaminants in water-based reservoirs and in the air.
When adiagnosis of hypersensitivity pneumonitis was mad-a':le investigators collected bulk Samples from fluid reservoirs

decisions regarding return to work involved the physician, tig1achine sumps and other water-based reservoirs). In
industrial hygienist, the patient, and the employer. After revie@ddition, the investigators collected area bioaerosol samples.
ing the implementation status of recommended interventior@mples were collected before and after the implementation of
physicians carefully discussed with patients the likely cons#ierventions.
quences of return to work, options (if any) of restricted work, Because of analytical cost considerations (64 separate metal-
and the process involved in seeking workers’ compensati$@rking sumps used water-based metalworking fluids), repre-
benefits if a patient was not safely able to return to work. fentative bulk samples were analyzed for bacteria, fungi, en-

patients returned to work they were re-evaluated on a reguftoxin, and mycobacteria. The bulk MWF samples’ physical
basis. characteristics (e.g., pH, tramp oil, and concentration) were

recorded when possible. In different zones of the plant, area
air samples were collected for viable bacteria, viable fungi, and
Environmental Assessment endotoxin. The zones represented the work locations of the in-
In parallel with the clinical evaluations of the HP cases, thdex patients. The sampling and analytical methods are described
investigators completed a qualitative and quantitative industrizlow.
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Bulk Samples pirable and inhalable size fraction, 0.1 to 10 micrometgra)
Bulk samples were collected in sterile containers from metai diameter.
working sumps and other water-based processes longitudinallyAirborne endotoxin levels were measured on three dif-
during the study period. Bulk sump samples were collectéerent dates. The samples were collected on polycarbonate
from the metalworking machines of index patients and select@dtO um capillary-pore membranes in three-piece polystyrene
machines representing different coolant types, zones, and re@ssettes with glass fiber backup pads. The samples were col-
chine types. Bulk MWF samples were serially diluted, inocdected for 4-5.5 hours at 2.3 Lpm. The samples were analyzed
lated onto 2 percent malt extract agar (MEA), for fungi, tryptigising the kinetic limulus assay with resistant-parallel-line esti-
soy agar (TSA), bacteria, and either Middlebrook 7H11 agaration (KLARE) method!® On three additional consecutive
or “myco agar,” for mycobacteria. All plates were incubated &lates, airborne endotoxin levels were measured using PVC fil-
25°C. ters and teflon-coated glass fiber filters. The air samples were
For aerobic bacteria and fungi, plates were checked in 5aollected for 6-8 hours at 1 cfm. The filters were aseptically
7 days. Selected colonies were then sub-cultured and purifieansferred to sterile 50 milliliter centrifuge vials and extracted
for identification and speciation. For mycobacteria, plates weuging 10 ml of pyrogen-free water. The samples were then cen-
checked twice a week. Negative results were declared only aftéiuged and the supernatant fluid was recovered and stored at
at least one month of observation. Some bulk samples wer85°C until it was assayed for endotoxin content. Different en-
stained and viewed microscopically before culture. The erélotoxin sampling methods were used during the two-year study
ployer collected additional bulk samples. Some of these saperiod because one lab was involved in the initial assessment
ples were semi-quantitatively analyzed for microbial contamphase and a second lab was involved during the longitudinal
nation with commercial hygiene contact slides (Difco Hycheclssessment phase.
Detroit, Ml). The plate count agar slides were incubated &35 Four area oil mist air samples were collected in the grinding
37°C. department, the region of the plant that had been identified with
Bulk samples representing different coolant types, zones, the Miniram as having the highest aerosol concentrations. Oil
able bacteria concentrations, and machine types were submitiggt samples were collected on preweighed polyvinyl chloride
for endotoxin analysis. These samples were assayed for end@C) filters at 3 Lpm for four hours. The samples were ana-
toxin content using a Limulus amebocyte lysate (LAL) assdyzed using gravimetric (NIOSH Method #0500) and infrared
(Kinetic-QCL, Biowhittaker Inc., Walkerville, MD). Aggregate spectroscopic analyses (NIOSH Method #5026).
bulk samples were cultured for thermophilic bacteria. These

samples were plated on TSA at°&h Statistical Analysis
Data were analyzed using SPSS for Windows. Standard sta-
Air Samples tistical parametric (bivariate correlations, t-test, analysis of vari-

At the onset of the investigation and after each major inte'¢&) and non-parametric (chi-squay€]f Mann-Whitney U

vention, microbial samples were collected in several producti@f VU1, and Kruskal-Wallis [KW]) univariate tests were used.

areas of the plant and outdoors. The sampling locations reppta were plotted and transformed logarithmically, where ap-

sented the work locations of the index patients. An AndersBfOPriate. Significance levels were set at p0s.
N-6 sampler calibrated to 28.3 liters per minute (Lpm) was used
to collect the samples. Paired samples were collected from gsuLTS

secqnds to 2 minutes on either MEA or TSA. The study results are presented in four sections. Initial qual-
B|0§1erosol sgmples were collected Wher_1 Water_-based Meltive and guantitative exposure assessment data are summa-
alworking machines and other water-based industrial procesggsj i, the first section. The recommended interventions that
were notin operation. These samples represented backgroungdgfa roposed after the initial exposure assessment are reviewed
“quiescent” bioaerosol concentrations. Sampling was repeajgdne second section. The third section presents the qualitative
in the same locations during the normal operation of these walgfy oy antitative exposure assessment data that were collected

Pase_d machln_es” a_nd Processes. The;:e samples re_pres%@ltgld[he implementation of interventions. The clinical course of
semi-aggressive” bioaerosol concentrations. A comparison B8a ted workers is summarized in the fourth section
tween “quiescent” and “semi aggressive” bioaerosol concentra-

tions allowed for a longitudinal assessment of the impact of the

operation of potential sources on bioaerosol concentritial Exposure Assessment

tions{1%-18) The samples were cultured for viable bacteria arlditial Qualitative Assessment

fungi on TSA and MEA at 25C. Machining. The checklist survey provided the investigators
A Miniram Personal Monitor Model PDM-3 was used towith information about the plant’s coolant management pro-

characterize area aerosol concentrations in different zonesggodm. At the beginning of the study period, 64 of the

the plant during quiescent and semi-aggressive conditions. 388 metalworking machines used water-miscible metalworking

Miniram was factory-calibrated to sample particulate in the refiuids. These manual and automatic machines (lathes, milling
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machines, sawing machines, grinders) used two soluble, dahe outbreak, the investigators identified a 20,000 cfm wet dust
semisynthetic, and one synthetic MWF. The soluble and semallector as a potential reservoir for microbial contamination.
synthetic MWFs were pumped from separate 20-250 gall&ix months later they identified a water-based abrasive blast-
reservoirs through nozzles that flooded the tools, the workpiecieg process (vapor blasting) as an additional microbial source.
and the chips. The majority of the machines had sumps of Efnissions from the wet dust collector and the vapor blast were
gallons or less. The synthetic MWF was sprayed onto partsrast exhausted outside.
a mist. The soluble and semisynthetic MWF concentrates con-Ventilation. During the fall and spring, dilution ventilation
tained biocides; the synthetic did not. There had not been a majas supplied to the production area of the plant through 11
change in the production process that could be temporally assmftop heating ventilating and air-conditioning (HVAC) units.
ciated with the onset of the HP outbreak. During the heating and cooling seasons (winter and summer)
Employees’ responses to the checklist survey suggested tihatre was no dilution ventilation because the HVAC's outside air
the company’s MWF coolant management program was decéauvers were closed and outside air was not mixed with returned
tralized. Most machinists made their own coolant additions ag. The HVAC'’s cooling system had been brought back into
coolant was depleted from their machines. Although machiservice during the summer of 1997. The operation of the heating
ists added defoamers to the sumps, they did not add biocidescooling system did not appear to be temporally associated with
Some machinists used a refractometer to maintain the corréha resolution or exacerbation of employees’ symptoms.
coolant concentration. Circulating coolants were filtered with
mesh screens and, in one case, a cloth filter. Although oil skifitial Quantitative Exposure Assessment
mers were not available, machine maintenance successfully conBulk samples. Results of initial bulk sampling are presented
trolled the concentration of tramp oil in some machines. The Table I. No clear “point source” or problem sump was appar-
company’s drain, clean, and recharge program did not includet. Based on initial sump sampling, sump bacteria concentra-
a rigorous cleaning protocol with sump and circulation systetibns were not associated with machine type, date of MWF re-
flushing. In addition, more than half of the machining operationdacement, pH, MWF type, or the zone where the machine was
were not controlled with mist collection. located. Worker perception of sump tramp oil contamination was
Other water-based industrial processeslwo additional significantly associated with sump bacterial concentratioas (n
water-based industrial processes were identified as potenti] r= .467; p= .044). For seven paired samples, sump bacte-
source risks during the walk-through surveys. Three months inta concentrations measured with dipsticks were correlated with

TABLE |
Initial quantitative exposure data
Bulk samples—machining sumps Air samples—indoors Air samples—outdoors
Bacteria Mean: 5.4 T@fu/ml Mean: 930 cfu/rh Mean: 120 cfu/r
Range:18-1C cfu/ml Range: 354-2,048 cfufm  Range:<53-230 cfu/m
(LOD = 110 cfu/ml) (MDC= 18 cfu/n?) (MDC = 53 cfu/n?)
n=19 n= 3 paired samples £ 3 paired samples
Fungi Mean: 376 cfu/ml Mean: 394 cfufm Mean: 1412.5 cfu/rh
Range: ND-2970 cfu/ml Range: 265-530 cfdi/m  Range: 847.5-1854 cfufm
(LOD = 110 cfu/ml) (MDC= 18 CFU/n¥) (MDC = 18 CFU/n?)
n=19 n= 3 paired samples £ 3 paired samples
Taxa rank: Taxa rank: Taxa rank:
Geotrichum candidum Basidiomycetes Basidiomycetes
Fusarium Penicillium Cladosporium
Acremonium Cladosporium Penicillium
Epicoccum nigrum
Endotoxin Mean: 53,758 EU/mlI Mean: 16.625 EJ/MVA  <0.06 EU/n? TWA
Range: 72 x 10°-2.0 x 10° Range: 1.3-58.1 EU/fn (MDC = 0.05 EU/n¥)
EU/mI (MDC = 0.05 EU/n¥) n=1
(LOD = 0.05 EU/ml) n=4
n=29
Oil mist Mean: 0.09 mg/mTWA

Range: 0.05-0.18 mg/fn
(MDC = 0.02 mg/n3)
n=4
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the bacteria measurements reported by the analytical laboratoryrungi were cultured from MWF bulk samples (Table I). In
(r=.802, p=0.03). addition to the MWF sumps, fungi were cultured from wet dust
Viable bacteria grew in water and sludge from the wet dusbllector sludge (% 10° cfu/g) and the vapor blast (220 cfu/ml).
collector and the vapor blast. Concentrations in these reservoirdn April 1998 (7 months into the outbreak) an acid fast iso-
ranged from 10to 1 cfu/ml (limit of detection [LOD]= 110 late from a milling machine’s misting fluid was identified as
cfu/ml). The bacteria species identified in bulk samples frobeing in theMycobacterium chelonagroup. This centrally lo-
MWF, the wet dust collector and the vapor blast with the methodated machine used a synthetic MWF. The MWF bulk sample
described above are summarized in Table Il. Similar microbied which M. chelonaewas detected had a mycobacteria agar
species were identified in each of the three bulk sources. Simitaunt of 1§ cfu/ml and a viable bacteria concentration of 10
to what has been described in other investigati@hg? several cfu/ml. ViableM. chelonaavere not detected in any of the other
species of pseudomonas were identified in the MWF sumps.submitted metalworking sump samples to an LOD of 1 cfu/ml.

TABLE Il
Summary of bacteria species identified in MWF, wet dust collector, and vapor blast bulk samples

Dominant bacteria species MWF sumps Wet dust collector water Wet dust collector sludge Vapor blast slurry

Acinetobacter baumannii v

Acinetobacter calcoacetius 4
Acinetobacter Iwoffii v v

Aeromonas hydrophilia group % v

Alcaligenes piechaudii v

Alcaligenessp. v v v
Bacillussp: vV v

Brevundimonas diminute 4

Brevundimonas vesicularis v v
Burkholderia capacia v

Cedecea davisae
Chromobacterium violaceum
Citrobacter diversus
Comamonas acidovorans v
Comamonas testosteroni
Coryneform bacteria v v
Enterobacter amnigenus 1
Enterobacter gergoviae
Flavobacterium breve
Flavobacteriurrsp.
Micrococcussp*

Moraxella nonliquefaciens
Moraxella osloensis

Moraxellasp.

Oligellaurethralis
Pasteurella-Actinobacillusp. SF
Pseudomonas aeruginosa
Pseudomonas pseudoalcaligenes
Pseudomonas putida
Pseudomonas stutzeri
Pseudomonas cepacia
Pseudomonas pickettii
Shewanella putrefaciens
Staphylococcus epidermidis
Streptococcus salivaritis

Vibrio sp. SF v

LU < <<
Q

<<

A N N N N N A

*Gram-positive bacteria.
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M. chelonaewere not detected in vapor blast samples. Water Machining. The employer drained and recharged all of their
from the wet dust collector and four MWF bulk samples hatllWF sumps in December 1997 and implemented a compre-
evidence of acid fast bacteria on stained slides but no culturahknsive coolant management program in April 1998 (7 months
mycobacteria. into the outbreak). All MWF machines were repeatedly drained,
Air sampling. Initial air sampling data are summarized irmechanically cleaned, disinfected with machine cleaner, and re-
Table I. Airborne bacteria and endotoxin concentrations wecharged with new coolant through a centralized MWF mixing
greater indoors than outdoors. Airborne fungi concentratioasd management program. Through their new coolant monitor-
were lower indoors than outdoors. The taxa rank of fungig initiative (pH, concentration, bacteria) the employer evalu-
detected indoors was similar to the taxa rank of the fungi dated the efficacy of a monoethanolamine pH adjuster (introduced
tected outdoors. Measured oil mist levels were consistently be-April 1998), a new synthetic coolant (introduced in some ma-
low OSHAs Permissible Exposure Limit (PEL) (5 mgim chines in November 1998, 14 months into the outbreak), and the
All three water-based point sources produced an aerosol mefiectiveness of an oil skimmer.
surable with the Miniram (MDC= 0.01 mg/nd). The highest Because an acid fast isolate from tflechelonaggroup was
aerosol levels, 0.8 mgfhwere measured in the machining areaentified in a milling machine that used a mister, the employer
with the most grinding operations. The operation of metalworleliminated mist cooling in May 1998 (8 months into the out-
ing machines, the water-based dust collector, and the vapor blastak). The synthetic coolant used in these machines was dis-
was associated with an increase in bacterial levels (nearly ®ntinued and replaced with a soluble oil coolant with a flood
fold) and an increase in particulate levels (3.7-fold). When thedelivery system. Where straight oil use was possible, the com-
reservoirs were operated there was no difference in airborne fpany completely eliminated the use of water miscible coolants.
gal levels®) By April 1998 the total number of machines with water-based
Several models were developed to explore the relationsltipolant had dropped from 64 to 52. By May 1998 the number
between the presence of disease and various exposure sureatdropped to 34.
gates: sump bacterial concentration, work zone, job title, mist In April 1998 engineering controls were introduced. The
control, and a variety of calculated indices. No associations wer@mpany enclosed its eight grinding machines with shrouds
identified. and exhausted their emissions (3200 cfm) out of the plant. The
grinding machines were targeted for mist and dust control be-
cause they generated the most aerosol. The elevated generation
O%mist in grinding operations is consistent with other machining
ings?? Mist control was not implemented on the remaining

Recommended Interventions

Recommended interventions were designed to meettwo ¢
plementary goals. One goal was to remove the suspected eettt[ . .
unconfirmed microbial contaminant(s) from metalworking flui etalworking machines.

reservoirs. The second goal was to reduce the total concentra*ior? ther water-based industrial operationsThe wet dust (’tOI' .
ctor and the vapor blast were exhausted out of the plantin April

of bioaerosols in the plant. As a result, proposed interventio '
included the implementation of a comprehensive metalworkin 98 (7 months into the ou.tbreak) and August 1998 (11 months
to the outbreak), respectively.

. . . . |

fluid management program, machine enclosure with either - I . .
uid management program, machine enclosure with either ou A separate positive-pressure room with its own air-handling
yrit was identified for the polishing operations that used the

side exhaust or recirculation through appropriate mist collectors

and an increase in general dilution ventilation. Administrative SRS

controls were recommended as well. These recommended cvélﬁI dust collector. By.May 1998 employees pohshmg titanium
ere transferred to this room. Although some polishers elected

trols included worker training and a reduction in the number%‘f : | ;
. 0 wear disposable dust masks, a comprehensive respiratory pro-
overtime hours worked. fection program with fitted facepieces was not introduced in the
The investigators proposed additional interventions in re: prog P

L ... plant.
sponse to initially unsuccessful employee return-to-workmmé)- . . .
P y ploy Plant-wide administrative controls. Some employees were

tives (discussed below). These intervention proposals includeb e to reduce the number of overtime hours worked. Others

the recommendation that emission from the other water-basc ntinued to work overtime. Throughout the investigation, plant
reservoirs, the wet dust collector, and the vapor blast, be %?éna ement and the staff. from tﬁe occu ationalgand e,nF\)/iron-
hausted out of the plant. 9 P

mental medicine unit held training sessions, or “town meetings.”
Atthese meetings the general health of the workers and the status

Exposure Assessment after the Implementation of implementing controls were discussed.
of Interventions Ventilation. After the outside exhaust of the wet dust collec-
Qualitative Assessment: Post-Intervention tor, the grinding machines, and the vapor blast, the plant operated

As discussed below, the employer implemented many of theder negative pressure. The outside air dampers for the roof top
recommended interventions. In addition, they introduced addinits were manually set to be open a minimum of 20 percent at
tional exposure control strategies of their own. all times.
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24 Bacteria (CFU/ml)
1 Endotoxin (CFU/ml)

%,

Mean Concentration (log scale)

month/ year sample collected

FIGURE 1
Machining sumps: log of mean bacteria and log of mean endotoxin, September 1997-April 1999.

Quantitative Assessment: Post-Intervention samples. In November 1999, with the exception of the wet dust
Bulk samples. A statistically significant difference was collector sludge, thermophilic bacteria were not detected in bulk
found in MWF sump bacteria between October 1997 and Apsamples.
1999 (¥ = 2864, df = 17, p< .0001) (Figure 1). During this  Air samples. Over the study period there was not a statis-
time period there was not a statistically significant differendécally significant change in the concentration of airborne fungi
in sump endotoxin levels. Over the study period, as reporteddnbacteria measured during “semi-aggressive” conditions. Nor
other settings, sump bacteria concentrations, and sump endges there a statistically significant change in the absolute or
toxin concentrations were correlated=r0.609, p< .01)@® percent difference in airborne bacteria or fungi over time when
There was a dramatic decrease in sump bacteria concentraéisievels measured during quiescent conditions were compared
between April 1998 and June 1998. Although the log of the air levels measured during semi-aggressive conditions. There
mean concentration of sump bacteria increased between Ju#s no relationship between the concentration of culturable bac-
1998 and October 1998, the log of the mean concentration tefia in point sources (i.e., reservoirs) and either the absolute or
mained at least two orders of magnitude below the log of tipercent increase in airborne bacteria levels when air levels mea-
initial mean sump bacteria concentration. sured during quiescent conditions were compared to air levels
Between October 1997 and November 1998 there was a steasured during semi-aggressive conditiéh¥®) Data from
tistically significant difference in MWF sump fungi over timeselected zones are summarized in Table IIl.
(X% =281, df = 7, p < .0002). By November 1998 the mean After the introduction of interventions, aerosol concentra-
concentration of fungi in sumps had declined to 135.5 cfu/rtibns measured in production areas with the Miniram ranged
(SD = 365). After January 1998, fungi were rarely detected ifiom 0.01-0.235 mg/M(MDC = 0.01 mg/ni). Over time there
the MWF sumps. was a statistically significant decline in aerosol levels mea-
In November 1998 (14 months into the outbreak) and Noversdred during semi-aggressive conditions” (% 119, df =
ber 1999 (26 months into the outbreakjycobacterium gor- 4, p < .018). However, when samples measured during semi-
donaewas detected in bulk samples of water from the wategggressive conditions were compared to samples measured dur-
based dust collector and vapor blast slurry. Acid fast bacilli froing quiescent conditions, there was not a statistically significant
the M. chelonaegroup were not detected in any of the submitassociation between the proportional increase in airborne aerosol
ted post-intervention MWF, dust collector, or vapor blast bullevels and the proportional increase of airborne bacterial levels.
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After the introduction of interventions, airborne endotoxin The industrial hygiene evaluation was done in parallel with
concentrations in production areas of the plant ranged frahe clinical evaluation/medical management of the company’s
0.98-2.92 EU/. There was a higher level of airborneemployees. Patients served as the primary source of information
endotoxin in production areas versus non-production argastifying return to work or continued removal, complementing
(Mann-Whitney U comparisos- 5.0, p= .004). The airborne the measurement of exposures and the development of additional
endotoxin concentration in a non-machining production ar@atervention strategies. Communication was an essential part
was not statistically different than the airborne endotoxin coof this iterative model of intervention. Prompt feedback when
centration in machining production areas. Similarly, the airborsgmptoms worsened led to searches for objective (physiological)
levels of bacteria, fungi, and particulate measured during serdata to confirm the suspicion of worsening disease.
aggressive conditions in non-machining production areas wereln the absence of such supporting evidence, patients returned
not statistically different than their airborne levels measured ia the workplace under three conditions. First, they understood
machining production areas. that although individual tests might provide false negative re-

sults, they would be re-evaluated on a regular basis. Second,
Clinical Experience of HP Cases their healthcare providers served as their advocates in discus-

Workers who were diagnosed with hypersensitivity pne&—ions with the insurers and employer. Third, they unde_rstood
monitis were removed from the plant with their concurrencg.]at the team managing the outpreak had the full confidence
Those who recovered over weeks to months were initially o?—f plant m.a.nag.emz'ent. Tovvp .meetmgs rgduced fear and encour-
fered a return to work as the team documented that envir ed participation in the clinical evaluation, even when this led
mental conditions improved. In January 1998 (4 months in timately to job loss. This communication also allowed some

the outbreak) several workers returned with prompt recurren 8fk‘;fﬁrf° rert]e?‘m dJObS’ as“ ]:chey COkUId Ee rellcltablig assessed. ov(;ar
of their symptoms and a decline in their lung function. As gidime- ough "advocacy” for workers has often been perceive

cussed above, additional interventions were implemented aq%fractious, in an outbreak of this magnitude only parallel clear
in June 1998 (9 months into the outbreak) another attemptsctzl"iltemer,]t.s of.ad.vocacy for health and fundamental adhe.rence
return to work was successful for some but not for others. F%)r scientific pnnmples,_ toge_ther with modern risk communica-
the group that unsuccessfully returned to work in June 19§80 approaches, provided ill employees the certainty that their

the clinical response was more subtle. Further interventions wé @'Cal needs would not be superseded by economic or political

implemented and after August 1998 more individuals were aﬁg(XS'O?SNW'thOlg thigggo;vlledge or |nf1[uEnce. | ith
to return to work. As of November 1999, 26 months into the S of November ' percent of the employees with a

outbreak, 51 percent of the employees with a clinical diagngl-!n!ca: diagnosis O]; |;|hP h:g been atbhletto ;eturndt? Workl.(The
sis of hypersensitivity pneumonitis had successfully returned%nlca response ot the cases that returned 1o work was

work. A detailed discussion of the employees’ return to Wc)r%rogressively more subtle as additional interventions were im-
expe.rience will appear elsewhere plemented. The symptom onset of all of the clinical HP cases

A cross-sectional survey completed in November 19£;gcognized during these two years of the outbreak investigation

identified two possible HP cases who did not attend the cIin‘?_éedatEd. the_ i_mplement_ation of the ApriI/May 1998_interven-
and who reported symptom onset in July and August of 1398. tions. This clinical experience may point to the effectiveness of

The symptom onset of the HP cases recognized during these implemented interventions for a percentage of the plant’s
ngrkforce. Conversely, the responsible etiological agent(s) may

years of the outbreak investigation predated the implementatlh declined or di df lated 1o th ol
of the April/May 1998 interventions. ave declined or disappeared for reasons unrelated to the contro
strategies described in this article.

The quantitative evaluation of the effectiveness of the pro-

DISCUSSION posed interventions was challenging because a specifical etio-

After a cluster of hypersensitivity pneumonitis cases was rdogical agent(s) associated with the outbreak was not confirmed
ognized at an occupational medicine clinic, the investigatodsiring the study periot> However, as discussed in a classic
initiated an industrial hygiene investigation at the patients’ megpidemiology text and a recent artiéf€;2”) the history of pub-
alworking facility. The majority of the proposed interventiondic health has shown that industrial hygienists do not need to
were designed to reduce employees’ inhalation exposure to thlerstand causal mechanisms completely to introduce preven-
bioaerosols associated with machining with water-based MWiBn measures. In the absence of quantitative data, a qualitative
and the operation of the vapor blast and wet dust collector. Pessessment of potential exposures has value.
posed interventions were focused on improvement in coolantimprovementin sump managementwas documented through
management practices and the reduction of aerosol emisdiba qualitative review of sump management practices. The
from identified water-based point sources. Because the intelnecklist survey was a useful evaluation tool. Coolant man-
ventions were implemented concurrently, it was not possibleagement checklists have helped other employers improve their
evaluate quantitatively the effectiveness of each interventionMWWF management programs. The statistically significant dif-
isolation. ference in viable sump bacteria and fungi indicated a change in
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sump management practices as well. The most dramatic decleeausé/. chelonaéhas been identified as a suspected etiolog-
in measurable sump bacteria was recorded after the emploigait agent after other outbreak investigatiéhs? Additionally,
had first introduced a comprehensive sump management piee acid fast isolate identified in this investigation may belong
gram that included the use of a pH adjuster. Although there wiasa new taxonlM. immunogenurrthat has been proposed after
a statistically significant difference in sump bacteria over thbe genetic analysis of isolates from other outbré&k&:3%)
study period, the increase in bacteria after the initial dramatic The implementation of selected mist control strategies was
decline may have been because the concentration of the pH@ocumented with qualitative exposure assessment tools.
justerwastoo low or its use permitted the growth of other specidithough bioaerosol exposure data were collected before and
of bacterig?® after interventions had been initiated, the investigators were not
Although a decline in viable sump bacteria fronf16 1  able to document a statistically significant reduction in airborne
is consistent with the goals outlined in the ORC's original guid4able bacteria or fungi exposure levels during semi-aggressive
ance documerit® the adoption of a universally recommendedonditions. Given the variability in machining, wet dust collec-
bacteria concentration in MWF remains controversial. Fromtimn, and vapor blast conditions, the longitudinal collection of
health perspective, the species of bacteria that grow in metaieaerosol data had little utility. However, the initial bioaerosol
working sumps may be as important as the total concentratismmples did document an association between airborne bacte-
of viable bacteria. As a result, the routine monitoring of sumpg and the operation of metalworking machines, the wet dust
without bacteria speciation may have limited utility. In additioncollector, and the vapor blast. This documentation reinforced
the random use of biocides to keep bacteria below an arbitraime recommendation to control aerosol emission from all water-
concentration should be discouraged. Although biocide use nfzased point sources.
be appropriate under certain circumstances, it is important to The lack of an association between the absolute or percent dif-
note that biocides may kill off one species of bacteria and leé&tence of airborne bacteria during quiescent and semi-
to the preferential growth of a species with more pathogerdggressive sampling conditions and the source strength of bac-
properties?® The concentration and type of bacteria specigsria in identified point sources raises important questions about
found in the MWF sumps of small machine shops remain intlhe process of aerosolization and bioaerosol sampling strategies.
portant research questions. In addition to the reservoirs’ bacteria or fungi concentration,
The machine operators’ perception of tramp oil was the ontlie measured concentration of airborne bacteria or fungi may
variable that was significantly associated with the concentratibe related to additional factors. These factors may include the
of gram-negative bacteriain the sumps. Sump management peerosol generation characteristics of a specific machining pro-
tices that include tramp oil reduction through machine mainteess; the design of the machines’ enclosures; the distance of the
nance and oil skimming are important control stratefi#ghe bioaerosol sampler from the machines; the numbers of machines
association between tramp oil reduction and microbial levetperating at a given time; the bioaerosol contribution of neigh-
has been cited in other studi€. OSHAs Standard Advisory boring water-based industrial processes and the room’s temper-
Committee (SAC) has proposed a comprehensive MWF starture and relative humidit§®3? Given the field nature of this
dard that includes a systemic approach to sump managétflentnvestigation, it was not possible to control for all of these vari-
OSHA's MWF Best Practices manual recommends this approaables. Because a specific etiological agent(s) remains unidenti-
as well® The investigators’ experience with managing the rdied for hypersensitivity pneumonitis, quiescent/semi aggressive
sponse to this outbreak underscores the importance of a systbrnaerosol sampling in the setting of an outbreak investigation is
approach to exposure assessment and control. of questionable practical utility. In fact, without further discus-
Similar microbial species were identified in the MWF sumpsion of the explicit hypotheses in such sampling, these authors
the wet dust collector, and the vapor blast. Microbial contamavould not recommend dynamic sampling comparisons.
inants from one of the water reservoirs may have become en-Airborne particulate levels increased with the operation of
trained into one of the other water reservoirs, increasing theetalworking machines, the wet dust collector, and the va-
potential for microbial amplification and distribution. Consepor blast. The variability between background/machining ratios
quently, the control of emission from all water-based poimheasured with the Miniram and similar measurements char-
sources appears to have been essential. acterized with microbial sampling may be due to differences
An acid fast isolate from one of the milling machines wam particle size distributiof®® During this investigation the
identified as being in th. chelonaegroup. This milling ma- Miniram was used to measure aerosol levels in different zones
chine applied a synthetic coolant with a mister. Although viablef the plant when all machines were either operating or shut off.
M. chelonaewas not identified in any of the other submittedn future investigations, this approach could be used to target
samples, it may have grown in one or more of the sumps fraspecific machines and operations that generate the most total
which a sample was not collected. Alternatively, the analytaerosof®”)
cal methods used by some of the labs may not have had theCompared to data reported elsewhere, airborne endotoxin
specificity to detect this organism. The presence of an acid fashcentrations were consistently I&#3% However, the air
isolate from theM. chelonaegroup may have been significantlevels of endotoxin were higher in production areas than
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non-production areas. Airborne endotoxin, bacteria, fungi, asdccessfully returned to work. The symptom onset of the clinical
particulate levels did not differ in machining versus nonHP cases recognized during the two-year study period predated
machining zones of the production areas of the plant. These tfee implementation of the majority of the interventions described
sults suggest plant-wide air mixing and offer an explanation fbere. This clinical experience may point to the effectiveness of
why there was not an association between symptomatic work#rs interventions for a percentage of the plant’s affected work-
and work in any given zone of the plant. force and for the prevention of new cases in the unaffected work-

Although the HVAC system represented a potential souréerce. The collaboration between industrial hygienists, occupa-
for bioaerosol amplification and dissemination, it was not cotional physicians, the employer, and the employees, allowed for
sidered the most important source associated with this outbrealk.iterative approach to exposure assessment, the implementa-
Assessment of HVAC systems during outbreak investigatiotisn of control strategies, and patient management.
remains important, however.
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APPENDIX A: METALWORKING MACHINE SURVEY—OPERATOR CHECKLIST* DATE: _

Machine Brass Tag Number
Machine Type: Grinder Lathe Milling Broach Other

Machine Type: NC (numerically controlled)  CNC (Computer Numerically Controlled)  Manual _____

Metal(s) Machined:
MWF Type: Product Name
MWF Type: Product Category: Straight  Soluble___ Synthetic____ Semi-synthetic______
Is anything added to the MWF? Yes No

If yes, name of additive(s)
Is machine completely enclosed? Yes No

If no, does machine have splash guards? Yes No
How is the MWF introduced? Flood Coolant______ Pressurized Coolant____ Other
Sump location: Side Beneath

Local Exhaust Ventilation? Yes No
If yes, describe:
MWEF filtration? Yes No

If yes, describe:
Do you monitor the MWFs in any way? (pH? refractometer? Biosticks?)_ Yes No
If yes, describe:
Frequency of adding additional MWE
Frequency of completely replacing MWE
Why is MWF replaced?

Who replaces MWF? Machine operator Maintenance department Other
Is sump flushed out before MWFs are replaced? Yes No
Is circulation system flushed out before MWFs are replaced?_Yes No
Does tramp oil contaminate the MWF? Yes No
If yes, describe:
Is machine shut down when not in use? Yes No
Does the MWF smell?  Yes No
If yes, when?

Other observations:
*Adapted from the ORC'#etal Removal Fluids: A Guide to Their Management and Corffir®97)(16)




