ORIGINAL ARTICLES AAEM

Ann Agric Environ Med 2002, 9, 49-53

SECOND INTER-LABORATORY STUDY COMPARING ENDOTOXIN ASSAY RESULTS
FROM COTTON DUST

David T.W. Chun, Victor Chev, Karen Bartleft Terry Gordofy, Robert R. JacoBsBritt-Marie
Larssofi, Daniel M. Lewig, Jyrki Liesivuorf, Olivier MicheP, Ragnar Rylandé}, Peter S.
Thorné?, Eugene M. Whit¥, Varina C. Gunt?, Helle Wiirt2*

ICotton Quality Research Station, Agricultural Research Service, U.S. Department of Agriculture, Clemson, South Carolina;
Biometrical Services, Agricultural Research Service, U.S. Department of Agriculture, Gainesville, Florida, (R8the); of
Occupational and Environmental Hygiene, University of British Columbia, Vancouver, British Columbia, C‘ﬁmmﬂtment of

Environmental Medicine, New York University School of Medicine, Tuxedo, New Y@#taduate Program in Public Health,

Eastern Virginia Medical School, Norfolk, VA;Program for Respiratory Health and Climate, Department of Occupational
Medicine, Solna, Swedefiyational Institute of Occupational Safety and Health, Morgantown, West Vir§itiapio Regional
Institute of Occupational Health, Kuopio, Finlafi@jinic of Allergies and Respiratory Disease, Saint-Pierre University Hospital,
Brussels, Belgium:®Department of Environmental Medicine, University of Gothenburg, Gothenburg, Swédelege of Public

Health, University of lowa, lowa City, lowa, USAMilacron, Inc., Cincinnati, Ohio, USA>NIOSH, Division of Applied Research
and Technology, Cincinnati, Ohio, USHENational Institute of Occupational Health, Copenhagen, Denmark

Chun DTW, Chew V, Bartlett K, Gordon T, Jacobs RR, Larsson B-M, Lewis DM,
Liesivuori J, Michel O, Rylander R, Thorne PS, White EM, Gunn VC, Wiirtz H: Second
inter-laboratory study comparing endotoxin assay results from cottonAtustAgric
Environ Med2002,9, 49-53.

Abstract: Previously, a large two-part inter-laboratory round robin endotoxin assay
study was completed. This first study showed that when cotton dust samples, which are
practically identical, are assayed for endotoxin that the intra-laboratory results had a
very small variation while intra-laboratory results of the sample had a very high
variation. In the first part of the study, each laboratory followed its own in-house assay
protocol; but in the second part of the study, when the extraction protocol was
standardized, the inter-laboratory results showed a lower variation, which suggested that
with further standardization, further reduction of differences between laboratories might
be achieved in order that results between laboratories would become more comparable.
The results stimulated interest in extending the study to include cotton dust with two
levels of endotoxin, standardization of the extraction protocol, and using the same assay
kit from the same production lot. The results of this second round robin endotoxin assay
study indicate that differences between laboratories are still high, but most of the
laboratories could discern the cotton dusts with the different levels of endotoxin.
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INTRODUCTION in the cell walls of Gram-negative bacteria [14, 16]. After
decades of research, most researches now believe that the
The connection between cotton dust and byssinosisdausal agent of byssinosis, an occupational respiratory
found in the substance called endotoxin that is produceisease caused by the long-term inhalation of cotton, flax,

Received: 6 March 2002
Accepted: 8 April 2002



50 Chun DTW, Chew V, Bartlett K, Gordon T, Jacobs RR, Larsson B-M, Lewis DM, Liesivuori J, Michel O, Rylander R, Thorne PEMVGiten VC, Wiirtz H

or hemp dust and characterized by shortness of breathble 1. Principal Participants in the Second Inter-Laboratory Endotoxin
coughing and wheezing, is endotoxin [4, 5, 6, 16]. Th@ssay Study.

cotton industry in the US is regulated by a stringent set of N L ,
regulations in the Cotton Dust Standard [1] to protect i%”nc'pal Participant/. Affliation Location

. ontact Person
workforce. Recently, other segments of agriculture and

industry and many other countries are just now awakenisgrtlett, Karen University of British Columbia/ancouver,

to the hazards of air quality safety and the possibility that School of Occupational and ~ Canada

endotoxin may also be a problem [2, 3, 10, 11, 15]. Environmental Hygiene

Currently, there are no regulations that limit the amoumtew, Victot USDA, ARS, South Atlantic ~ Gainesville,

of endotoxin in the air. However, some movement in that Area (SAA) Biometrical FL, USA

direction is being suggested [12, 13]. This makes the Services

quantification of endotoxin important not only in theChun, David T.W. USDA, ARS, CQRS Clemson, SC,

study of respiratory dysfunctions but also important for USA

imposing regulatory health standards. Gordon, Terry New York University School dfuxedo, NY,
This makes the measurement of endotoxin all the more Medicine, Nelson Institute of USA

important. A problem that exists and not widely recognized Environmental Medicine

is that often, results obtained by one laboratory on the sagagobs, Robert R.  Graduate Program in Public Norfolk, VA,

sample made by another laboratory are not comparable. Health, Eastern Virginia USA

This was established when a round robin endotoxin assay Medical School

was conducted with a large number of laboratories, botlarsson, Britt-Marie ~ Program for Respiratory HeaBiolna, Sweden

nationally and internationally [7]. When a common and Climate, Dept. of
extraction protocol was adopted, the differences in results Occupational Medicine
was reduced, suggesting that perhaps by furtheswis, Daniel M. NIOSH, Division of RespiratoMorgantown,
standardization, differences would be reduced further. A Disease Studies (DRDS) WV, USA
second round robin endotoxin assay was therefor@sivuori, Jyrki Kuopio Regional Institute of Kuopio,
conducted using the same assay procedure, including Occupational Health, Finland
using the Bio-Whittaker Kinetic-QCL assay kits from the ?CC_Upf‘“Ong' Hygiene and
same batch. The results of this study are presented here. oxicology Section
Michel, Olivier Clinic of Allergies and Brussels,
MATERIALS AND METHODS Respiratory Disease, Saint- Belgium
Pierre University Hospital
Participants in the Inter-laboratory Endotoxin Assay Rylander, Ragnar University of Gothenburg, D&uthenburg,
Study. Participants in the round robin endotoxin assay of Environmental Health  Sweden
study are listed in Table 1. Twelve laboratories werenorne, Peter S. University of lowa, College dbwa City, IA,
involved in the study. These participating laboratories were Public Health USA
familiar with assaying for endotoxin and had the necessagyite, Eugene M.&  Milacron, Inc., and NIOSH,  Cincinnati,
equipment to perform the kinetic endotoxin type of assasunn, varina C. Division of Applied Research OH, USA
as used in the Bio-Whittaker Kinetic QCL assay and Technology, respectively
(BioWhittaker, Inc., Walkersville, MD: 5Q—650U, Kinetiq—_ Wiirtz, Helle National Institute of Copenhagen,
QCL 192 Test Kit). One of the laboratories had the ability Occupational Health Denmark

to run gas chromatographic-mass spectrometry (GC-MS)
for total endotoxin (as purified Iipopolysaccharide, LPS)l_Biometrician, (retired)?Previously at University of Alabama-Birmingham,
This was a different laboratory than the one in the firﬁ”"ironme”;a' Health Sciences, Birmingham, AL, USA; provided GC-
. S results.”Previously at NIOSH, Division of Applied Research and
round robin study [7]. The results from the GC-MS assay.cnnology, Cincinnati, OH, USA.
will be presented separately and will be described as the
results from a thirteenth laboratory.
concentrations of endotoxin, low, medium and high, were
Cotton Dust. Cotton dust was collected in 1998 asbtained by carding cotton from ‘three sources of cotton’
described by Churet al. [8]. Thoroughly blended cotton which had different cotton dust and endotoxin potential
was carded and the dust collected on filters using verticahd then collecting the dust on 2 types of filters using
elutriators (VE) in the model cardroom at the Cottowertical elutriators in the model cardroom at the Cotton
Quality Research Station (CQRS) in Clemson, SC [9Quality Research Station in Clemson, SC. The source of
The dust was collected on both polyvinyl chloride (PVCg¥ottons was from the 1997 harvest year grown in the
and glass filters (Pall Gelman Sciences, Ann Arbor, MMississippi Delta region. Since better grade (whiter and
GLA-5000 Membrane, 5-um 37 mm, PVC membranéess trash) cottons tend to have lower dust content and the
filter; Type A/E Glass Fiber Filter 1-um 37 mm,dust is of lower endotoxin concentrations than those of
respectively). The dust was uniform, card generated afalver grade cottons, bales of ‘strict low middling’ (grade
vertically elutriated cotton dust. Dusts of 3 differen#l, a relatively clean grade of cotton) and bales of ‘low
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Table 2. Approximate date results from participating laboratories were Assay Protocol.Each laboratory (except Lab #12) was
received by facsimile transmission, mail, or E-mail. sent the following sample extraction and endotoxin assay

Lab ID Approx. Date  Procedure as described below:
! 27-Dec-1999  gample Extraction, dilution and analysis
2 21-Dec-1999 o
A. Samples should be extracted and analyzed within a

3 25-Oct-1999 . ;

month of receipt. The assay should be carried out on the
4 4-0ct-1999  ggme day as extraction! (LAL reagents age, even under
5 3-Feb-2000 proper storage conditions.)
6 24-Mar-2000 B. For extraction:
7 18-Apr-2000 1 Use room temperature pyrogen free water (PFW)
8 31-Mar-2000 and extract directly in the 50-ml centrifuge tubes used to
9 20-Apr-2000 Send the samples.

2. For 37 mm diameter filters, extract with 20 ml of

10 12-0ct-1999 vy

11 1-Dec-1999 3, Place on a rotary/wrist shaker and shake at the
12 8-Jan-2000 highest possible setting for 60 minutes at room
13 14-Oct-1999 LE€Mperature.

4. After the extraction period, centrifuge at a minimum
'Dust samples were mailed to the participating laboratories on 2§f 2,000 rpm for 10 minutes.
September 1999.

C. Sample dilution

middling light spotted’ (grade 53, a grayer and higher 1. After centrifugation, dilute the supernatant for
trash content cotton) were used. To obtain an intermediatralysis.
grade of cotton, a 1:1 mixture of the strict low middling 2. Prepare 10-fold serial dilutions in borosilicate tubes
and the low middling light spotted cotton was blendedhat have been heated to render them pyrogen free.
These cottons were blended in a card room and the d@sinditioned borosilicate tubes to refer to clean or new
released during carding was ducted to a remote roanbes that had been heat-treated to render the tubes
where 30 vertical elutriators (Model GMW-4000; Generapyrogen free (heat treatment as normally conducted in
Metal Works, Cleaves, OH) were distributed in 3 rowsndividual’'s lab. For example, methods used by some labs
16, 8 and 6 per row, to collect the cotton dust (8 and 9hclude heating tubes in an oven at 200°C for 8 hours or
Each weighed dust-laden membrane was transferred tenare; or 180°C for 3 hours or more; or heating at 250°C
50-ml screw-top polypropylene conical tube (Faftonfor 30 minutes.)
2998; Becton Dickinson and Co., 2 Bridgewater Lane, 3. UsePFW for dilution preparations.
Lincoln Park, New Jersey 07035) and stored in the dark at
room temperature (~22°+1°C). Over 3,000 filter samples, D. Sample assay
each with 0.3 to 0.8-mg cotton dust with a target weight 1. Assay appropriate dilutions using LAL reagents and
of 0.5 mg dust, were collected to satisfy the current neeg&otocol provided by Bio-Whittaker.
of this test and for anticipated future endotoxin assay 2. Report results as EU/mg dust.
studies. For this study, only the cotton dust on PVC filters
and of the low and high endotoxin concentration dust wasTwelve Kinetic-QCL endotoxin assay kits were
used - from low endotoxin containing cotton, ‘A’, andpurchased by CQRS; and arrangements were made with
high endotoxin containing cotton, ‘B’, respectively. BioWhittaker that all of the kits would be from the same
A randomized complete block design with VE run/loproduction batch and would be mailed at about the same
as blocks was used. Only VE runs/lots with 13 or moréme that the dust samples were mailed to the participating
PVC filters containing 0.3 and 0.8 mg dust/filters weréaboratories. All of the dust samples, each in its own 50
used; and 13 filters from each of these lots were assigned. screw-top polypropylene conical tube, in cardboard
to the laboratories for testing. The 12 laboratories and thexes and protected by packing material, were sent to the
laboratory conducting GC-MC analysis were randomlparticipating Laboratories in September 1999 (Tab. 2)
assigned a laboratory identification number. The laboratonging FedEx Express mailing. The participating
conducting the GC-MC was Lab #12. Each laboratoraboratories were responsible for storing the samples from
was given 8 filters samples for analysis: 4 samples withe time of receipt to returning results. The results were
dust of low endotoxin concentration and 4 samples witleturned for analysis to CQRS as endotoxin units per
dust of high endotoxin concentration. The dust weighmilligram dust (EU/mg) or were converted to EU/mg by
was provided along with the dust samples. Control @onversion factors provided by the researcher or by an
blank filters were not sent unless requested by tlssumed conversion factor (such as, 10 EU = 1 ng
investigator. endotoxin).
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Table 3. Low Endotoxin Content Dust, Endotoxin ConcentrationTable 4. High Endotoxin Content Dust, Endotoxin Concentration

Determined by Different Laboratories. Determined by Different Laboratories.
Laboratory ID Average Endotoxin Duncan Groupiny  Laboratory ID Average Endotoxin Duncan Grouping
Concentration, LogEU/mg Concentration, LogEU/mg

6 4.394 A 1 4919 A
1 4.262 A 3 4.877 AB
3 4.151 AB 13 4.794 AB
13 4.004 BC 6 4.681 BC
2 3.780 Ch 9 4.523 CD
7 3.745 D 5 4501 CD
9 3.726 D 7 4.498 CD
4 3.673 D 11 4.399 DE
5 3.645 D 4 4.394 DE
11 3.642 D 2 4.330 DE
8 3.623 D 10 4.248 E
10 3.316 E 8 3.488 F

Mean separation within columns by Duncan’s multiple range test, 5%Mean separation within columns by Duncan’s multiple range test, 5%
level. Means with the same letter are not significantly different. level. Means with the same letter are not significantly different.

Statistical Analysis Data were analyzed using releas@ his was in keeping with the time frame observed from
6.12 or earlier releases of SAS (SAS, Statistical Analysike first inter-laboratory study [7]. As before, the time
System; SAS system for Windows version 4.0950; SAeriods to return the results did not seem unusually long
Institute Inc., Cary, NC, USA) for making meanand no significant differences in results due to delays in
comparisons. Otherwise, additional testing and datssay from aging of the samples or of the endotoxin kits
manipulation was done with Microsoft EXCEL 2000 ometween the laboratories were expected. No correction
earlier releases of EXCEL (Microsoft Corporation, USA)as taken into account; since at CQRS, cotton dust
and plotted using SigmaPlot for Windows version O0®ndotoxin content for samples did not change after 5

(SPSS, Inc., USA). years of storage in the dark at room temperature (Henry
H. Perkins, Jr., personal communiqué), these shorter
RESULTS AND DISCUSSION storage times were therefore not expected to affect results,

except as possibly due to the individual laboratory’s

The time period for results to be returned from thetorage conditions. Also, all of the results were returned

participating laboratories ranged from less than a montbng before the expiration date of the endotoxin assay kits
to just over 6 months after the samples were mailed (Tab. &hd no affects of aging would be expected.

Since total endotoxin is measured by GC-MS, the GC-

Dust from Cottons A and B MS results were expectedly high for both the low and

high endotoxin concentration dusts. The comparison

== Log Average A between laboratories did not include the GC-MS results

51 : 7 Log Average B since the results were so high as to be significantly
i different from the other results for endotoxin, as was also

I { o M i T the case in the first inter-laboratory study [7]. The average

Logio(EU/mQ) results returned from the GC-MS analyses
were 7.857 and 8.280 (s.d. = 0.111) for the low and high
endotoxin dusts, respectively. The low endotoxin dust
average had 3 missing data and was therefore made from
only a single observation. This makes comparing the GC-
3 MS results from the low and high endotoxin concentration
iy —  dusts difficult.

o L] W T
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Endotoxin, Log4o(EU/mg)
N
I

* The time for results to be returned is included here since it has value in
representing real world ‘wait’ time and should give the uninitiated a feel

Figure 1. Average assay results of cotton dust with a low and hig r how long it can take to get results back from research orientated

endotoxin concentration by the participating laboratories;dBt/mg) abor_atones that_have voluntarily contributed their time z_amd resources.
each half bar represents 2 S.E. Possibly shorter intervals can be expected from commercial laboratories.

Laboratory
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When the results from the laboratories carrying out theomparison of samples; and most of the laboratories were
limulus type assays (Fig. 1, Tab. 3) on the low endotoxable to distinguish between samples having low and high
concentration dust are compared, the results differ @®ndotoxin concentrations.
about an order of magnitude (Tab. 3), ranging from
3.316-4.394. Still, most of the laboratories have results Disclaimer
that are significantly different from one another. The

same can be said for the high endotoxin dust resul}gndor does not constitute a guarantee by the U.S. Department

(Fig. 1, Tab. 4). However, here the differences actually agricuiture and does not imply approval or recommendation
seem smaller in that with the exception of the results frog ihe product to the exclusion of others that may also be

Lab #8, the laboratories are all within the same order gfiitable.
magnitude, the results ranging from 4.248-4.919. Still,
enough interlaboratory differences exist that results REFERENCES
between laboratories of the same dust sample are
significantly different, but, with the exception of Lab #8, 1. Anonymous: Occupational exposure to cotton dust, final mandatory
all of the laboratories were able to discern between tlaecupational safety and health standaFesleral Registed978,43(122)
; ; ; i 7350-27463.
high al’.ld ||0W endOftOﬁl(lnl (;)oncen'gratlorr: duztls (Flg.' 1y 2. Attwood P, Brouwer R, Ruigewaard P, Versloot P, De Wit R,
Interestingly, r_no_st of the la O_rator'es S O_We OWer INtryeederik D, Boleij JSM: A study of the relationship between airborne
laboratory variation for the high endotoxin samples thagntaminants and environmental factors in Dutch swine confinement
for the low endotoxin concentration samples (Fig. 1). A|§1Ji|0|ingS-A|r|1q Ind Hyg Assoc 11987,48(;3) 71‘45-751-h | - |
; : ; i _ it 3. Burrell R, Ye, SH: Toxic risks from inhalation of bacteria
in the flrth rourr:d rObll?' study, mtr_a Iaborffitory vlanatlo_nhs',andotoxmBritJ Ind Med1990 47 688-601.
are Sma_ So that ranking comparisons of samples Withiny "castellan RM: Endotoxin as an etiologic agent of byssinosis:
laboratories are well grounded. Inter-laboratory results ag@dence from experimental and epidemiological studies involving
still not directly comparable for all laboratories. This igiuman exposure to cotton dubt: Fischer JJ, Domelsmith LN (Eds):
important, since some people engaged with endotoxin a ton and Microorganismsl45-158. USDA, ARS, ARS-138, October
thell’ consgquences are unaware of such 'nter'laboratorys. Castellan RM, Olenchock SA, Hankinson JL, Millner PD, Cocke
dlscrepanCIeS. JB, Bragg CK, Perkins HH Jr, Jacobs RR: Acute bronchoconstriction
The results from the first inter-laboratory studyinduced by cotton dust: dose-related responses to endotoxin and other

i it ; st factorsAnn Int Med1984,101(2)157-163.
indicated that the variation between laboratories ng 6. Castellan RM, Olenchock SA, Kinsley KB, Hankinson JL: Inhaled

reduced by following a common extraction protoColengotoxin and decreased spirometric values: An exposure-response
Extrapolation of this observation was that furtherelation for cotton dush Engl J Medl987,317, 605-610.

reduction in variation might be further achieved by haviniﬂ?- Chun DT, Endotoxin Assay Committee: A Quick Summary Of

; ; e Highlights Of Parts 1 And 2 Of The First Round Robin Endotoxin
the different laboratories adopt the same assay protoc Lcay Study And A Brief Preview Of The Next Rouit, Dugger P,

In this StUdy’ each Iaborgtory US@O_' the Same ass@ixhter, DA (Ed. Coord.)1999 Proc. Beltwide Cotton Conferences
protocol, the same endotoxin assay kit and the kits wepgando, FL, Vol. 1, 3-7 January 1999132-138. National Cotton

all from the same production batch. Still the resultSouncil of America, Memphis, TN 1999.

between laboratories were different enough to be 8. Chun DTW, Harrison RE, Chew V: Second collection of card-
istically diff . . f Its f enerated, vertically elutriated dust for comparison endotoxin askays.
statistically different so again comparisons of results froly; scij999,3 177-182.

the same samples made by different laboratories must b&. chun DTW, Perkins HH Jr: The model card room as a research
considered carefully. Since intra-laboratory differencegol.In: Fischer JJ, Domelsmith LN (Eds}otton and Microorganisms

; 7-137. USDA, ARS, ARS-138, October 1997.
al‘?]. Smt;?ll"’ b some Iarsa Of. CO?]"ImOI"I'ﬁlhty Shgmd 10. Dennekamp M, Demers PA, Bartlett K, Davies HW, Teschke K:
achievable between laboratories that will some day maEﬁdotoxin exposure among softwood lumber mill workers in the

direct comparisons between laboratories possible. Sincenadian province of British Columbiann Agric Environ MedL999,
so many common approaches have already been adopfed41146.

; ; 1. Dutkiewicz J: Bacteria and fungi in organic dust as potential
reasons for the differences between laboratories shouldhtétg-lth hazardAnn Agric Environ Med997.4, 11-16,

examined further. Perhaps an apprenticeship-raining;, Heaith Council of the Neatherlandtch Expert Committee on
program, use of identical equipment, etc. may lead tacupational Standards (DECOS). EndotoxiRgswijk: Health Council
results that are more common between differemnf the Netherlands, 1998; publication no. 1998/03WGD.
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laboratories assaying identical samples. for endotoxinsAnn Agric Environ Med 997, 4, 17-19.
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