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AN ANALYSIS OF LABORATORY SAFETY 
PRACTICES AMONG AGRICULTURAL EDU­
CATION TEACHERS IN NORTH CAROLINA. 
c.L. Ford, F. W.lson, North C.rolina A&T State 
Universi ty, Greensboro, NC 

Safety prevention in agricultural programs 
has become a major concern when traming high 
school students for careers in agriculture and 
food science. In North Carolina, little is known 
about the laboratory safe ly practices of agricul­
tural teachers when assessing student injuries 
and laboratory facilities. This study is designed 
to assess the perceptions of agricultural teach­
ers in North Caro lina regarding their laboratory 
safety practices. More specifically, the investiga­
tion is aimed at determining demographic char­
acteristics of teachers, nurn ber of major and 
minor accidents in agricultural programs, 
instructional time devoted to safety, safety 
equipment available for students, and safety 
practices used in laboratories. 

The sample population was comprised of 166 
agriculrural teachers randomly selected from a 
target population of 310 agricultural teachers in 
North C~rolina. A survey questionnaire was 
mailed to collect data from the sampling popu­
lation, which represented 54% of the target pop­
ulation. Seventy-five teachers completed the 
questionnaire, representing a 45% res ponse rate. 
Some major findings were: (1) 49 tt'achers (65%) 
reported that they had Iiabi.l ity insurance; (2) 53 
teachers (71%) revealed that thev were not certi­
fied in first aid and safety; (3) a majority of the 
agricultural teachers (78%) reported that they 
had less than 10 minor accidents to occur in the 
past 5 years; (4) 40 teachers (53%) indicated that 
they had no major accidents requiring attention 
from a doctor or nUTse to occur in their labora­
tories during tht pa:;t 5 years; and (5) 53 teach­
ers (71%) reveale<!. that th E'Y devoted less than 
11% of their instructional time to teaching safe­
ty. In conclusion, there is a need for in-service 
safety workshops for agricultural teachers in 
North Carolina and additional curriculum 
materials to promote safety practices in the 
workplace. 
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NICOTINE AS A FUMIGANT: EXPOSURES 
AMONG RESEARCH GREENHOUSE 
EMPLOYEES. A.M. Krake, NIOSH, Cincinnati, 
OH 

An exposure aSSessment study was conduct­
ed by NIOSH investigators in response to a 
request from the manager of a university occUw 
pational health and safety program. The request 
concerned potential exposures of greenhouse 
employees and researchers to the insecticide 
nicotine during fumlgation activities and mainw 
tenance of research plants. There were no 
reported health problems; however, there were 
concerns that employees may be reentering the 
greenhouse before nicotine air concentrations 
have decreased to a safe level. 

A newly d.v.loped NIOSH sampling and 
analytical method for nicotine in environmental 
tobacco smoke was used to collect and analyze 
personal breathing zone (PBZ) and area air 
samples inside the greenhouse. It was hypothew 

sized that during fumigation, nicotine may be 
present both as a vapor and bound or absorbed 
onto particulates generated during the fumiga­
tion process. ParticlE' counts were measured 
over the same time periods as the nicotine con-

centrations to evaJuate the correlation between 
them and assess the pOSSibility of using the 
faster and more easily obtained particle count 
data to estimate nicotine concentration prior to 
reentry by greenhouse employees. Surface wipe 
samples were coUected on commonly used 
greenhouse swfaces before and after the fumi­
gation and analyzed for nicotine content 

PBZ samples collected for gret-Mouse 
employees ranged from nondeteetable to 0.15 
mg/m3 and indicatoo that none of the employ­
ees were exposed to nicotine concentrations 
exceeding applicable occupational exposwe 
limits (0.5 mg 1m3). Area air samples collected 
for nicotine in two g reenhouse sections before, 
during, and after a 13-hour fumigation process 
indicated that nicotine concentrations peaked 
at 3.3 mg/m3 within 10 minutes of the start of 
fumigation but fell within 40 minutes and were 
less then 0.5 mg/m3 within 1 hour after fumiga­
tion began. Nicotine concentrations collected in 
a connecting hallway remained low (O.OO17~.16 
mg/m3) throughout the fumigation. The wipe 
samples results showed that some residual 
nicotine levels were almost 60 times higher 
after the fumigation. 

Because nicotine is readily absorbed through 
the skin, employees may be exposed to nicotine 
when they touch g reenhouse surfaces and use 
equipment. Particle count data were not useful 
predictors of nicotine concentrations and there­
fore could not be used to determine when it is 
safe to reenter the greenhouse. 
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ASSESSMENT OF HIGH HAZARD-LOW FRE­
QUENCY ACTIVITIES CONDUCTED ON 
IOWA FARM OPERATIONS. M.L. Jones, S. 
Reynolds, C. Zwerling. Institute for Rural and 
Environmental Hea lth, Universi ty of Iowa, 
Iowa City. IA; W. Popendorf, Utah State 
University, Logan, UT 

The agricultural sector of the United States 
has seen li ttle change in injury and fatality rates 
over the last decade, and has been ranked as 
one of the most dangerous industnes in the 
United States. As part of a multiyear medical 
and envirorunental surveillance project (Iowa 
Farm FamHy Health and Hazard Survei1lance 
Project) in the state of Iowa, 12 high hazardwlow 
frequency (HH-LF) onwfann activities were 
identified and evaluated for further in-depth 
study using an iterative Delphi process. The 
evaluation process ranked HH-LF activities 
according to the following criteria: frE'queney of 
hazard, SE'verity of hazard, technical feasibility, 
economic feasibility, and research value. Two of 
the 12 HH-LF on-farm activities were chosen 
for further study: grain storage bin clean-out 
activities and power washing hog confinement 
buildings. The focus of the studil:'S was on 
noise. dust, bioaerosois. and toxic gas expo.­
sures. The monitodng protocol for the grain 
storage bin clean-out activities induded moni~ 
toring for noise; pE"rsonal and area total partku­
late and endotox in: area total b ioaeTOsols; area 
mycotoxin; and quasi-pE>rsonal exposure assess­
ment of carbon monoxide, carbon dioxid£>, tem~ 
perature, and relative humidity. The monitoring 
protocol for the power washing of hog confine­
ment buildings includE>d as~e5sing noisE'; per­
sonal and area total particulate and endotoxin; 
area total bioaerosols; area inhalable dust; area 
respirable dust; area toxic gases (ammonia, car­
bon monoxide, hydrogen sulfide, and %LEL-
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methane); and quasi-personal monitoring of 
carbon monoxide, carbon dioxide, temperature, 
and relative humidity. The results from this 
investigation clearly show that both activities 
present fann operators with elevated exposures 
to noise, dust, bioaerosols. and toxic gases. The 
resu1ts from the assessment of these two differ­
ent HHwLF on-fann activities will be presented 
and discussed, along with the contents of the 
monitoring protocols. Further, applicable con­
trol measureS to reduce noise, dust, bioaerosols, 
and toxic gas exposures will be presented. 
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EPFECT OF IN snu COMPOSTING ON MAL­
ODOROUS GASES IN SWINE CONFINE­
MENT BUILDINGS. /. A. Kangas, K. 
Louhelainen, Kuopio Reglonal In:-;titute of 
Occupational health, Kuopi o, Finland; P. Viilos, 
A. Veijanen, University of Jyvaskyla, Jyvaskyla, 
Finland 

Malodorous compounds emitted from swine 
manure are an important occupational and 
environmental factor. Ammonia and sulfur 
gases are the most occupationally hannful of 
the gases normally round in swine confinement 
buildings. More than 70 other malodorous com­
pounds have been identified in swine manure. 
Among these are volatile fatty acids, phenolsJ 

and indoles are identified as the most malodor­
ous compounds. 

In this projE'Ct seven swine farms were stud­
Ied to find out the innuence of the in situ com­
posting system to the concentration and occur­
rence of malodorous compounds compared 
with those with a slatted floor pit~system. 
Sawdust was used as a composhng material in 
these swine confinement buildings. The mea~ 
suremenlS of ambient level of malodorous gases 
were done in the fanns before the change of the 
system. Aflerwards the conditions in swine 
confinement buildings with in situ composting 
system were followed for 2 years. Ammonia 
was measured using diffusion tubes. 
Malodorous sulfur compounds were analyzed 
using laminated bags and porlable gas chro­
matograph with FP-detector. Other odor-<aus­
ing compounds were analyzed by gas chro­
matography/mass spectrometry system with 
simultaneous Sniffing. 

The most intensive and unpleasant odors 
were caused by p--cresol, (a rboxylic acids (C2-
C7), and some kt:'tones like 3-hydroxy-2-
butanone, 2,3-butanedione, and 2-butanone. In 
swine confinement buildings where the com~ 
posting system w.s funotioning properly the 
concentration of sulfur compounds and espe­
cially carboxylic acidSI ketones, and p-cresol 
was decreased effectively. The use of sawdust 
as composting material caused: elevated concenw 
trations of terpenes in ambient air. 

Ammonia remained at a same level in both 
types of swine confinement buildings. 
Concentrations of odorous compounds did not 
exceed threshold limit values but several com­
pounds exoeeded the respective threshold odor 
concentrations. 
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RESPIRABLE DUST AND CRYSTALLINE SILI­
CA (QUARTZ) EXPOSURE RESULTING FROM 
POTATO HARVESTING OPERATIONS. L./. 
Beeberet, R. Buchan. M. Beard, Colorado State 
Umversity, Fort Collins, CO; G. Kullman, 
NIOSH, Morgantown, WV 
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Occupational exposure to silica dust has his-­
larlQUy-tleen knaw(1 t l) (<Julie- chronic respirato­
rrcondili<Jns. \\\)rk.,.1\Il\I wCTk]>I.~ w.thm 
agncultura1lndU5tri.s ""lIaln remuved from 
!He a"eq tinn of ""1'" pationof h"'l1~ ""d safety. 
, .. d.til. t11l!-ld' "tifltatf.., .nd d"S .... 01 expo­
..sure of respirab le dU5t.J. « ysto\Uine !>ilica, and 
endgtqxin exposure dutlughoul the potato har­
\'~w.g ~RXjEl$S- hu been uncharacterized. A 
d.~-nptlqn or the potential occupatlOnal risks 
lnjlili; srtting WotS therefore warranted . 1he 
agricultural practices sped tic to potato harvest, 
Un! geographic region. and the soil of the San 
LuJs Vallq, are believed to contribute to an 
occupational risk. The purpose of this research 
was to identi fy the components of dust during 
the fa'll potato harvest in the San Luis Valley of 
Southern Colorado. The testing sites were locat­
ed within three counties of this valley, includ­
ing seven farming locatio~. The farm sites 
were chosen ba..:ed upon their location, variable 
soil types, and owner interest. The following 
parameters welt! measured: respirable dust, 
and. respirable silica by the 10 mm cyclonei bac­
terial endotoxin (EU 1m3 ) by the Limulus amoe­
bocyte lysate test; and scanning electron 
microscopy for particle identification purposes. 
All exposures were based on an S-hour lime­
weighted average. ExposurE! impact included 
the followmg variables: location of the fanning 
site, soH type (sand, rock. loam), individual job 
description, weather conditions (wind, rain, wet 
or dry soil during hanresting operations), 
humidity, and temperature. Results of air moni­
toring, and the identification, classification, and 
quantification of agricultural worker exposure 
to these risks have been reported with a maxi­
mum respirable silica (quartz) of 0.105 mg/m3 
identified , s lightl y exceeding the ACGIH TLV 
of 0.10 mg/m3 . This infonnation will allow 
employers to recogmze where silica dust is gen­
erated and allow for planning and control 
implementation to adequately protect workers. 
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POLLUTION PREVENTION 10 REDUCE 
WORKER EXPOSURE: ALTERNATIVES TO 
CHLORINATED CLEANING SOLVENTS. M.J. 
Ellenbecker, K.B. Thomas, Toxics Use Reduction 
Institute, University of Massachusetts Lowell, 
MA 

An importd.nt source of worker exposure to 
solvents IS parts cleaning. Such exposures typi­
cally are reduced by a combination of engineer­
ing controls, adminis trative controls, and per­
sonal protective equipment. Recent pollution 
prevention re::;earch, however, has suggested 
that a far more satisfactory approach, substitu­
tion, may be appropriate in many applications 
including parts deaning. This paper d iscusses 
the results of a specUic subs titution research 
project, and the general conclusio~ that can be 
drawn about the use of this methodology by 
industrial hygieniSts. 

This research program investigated the feasi­
bility of nonso)vent alternatives for cleaning 
metal surfaces at two parts manufacturers and 
an electroplatingjob shop. The facilities all used 
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vapor-phase degreasers employing trichloroeth­
ylene, 1,1, l-trichloroethane, methylene chloride, 
and CFC-113. At each facility a complete pollu­
tion prevention options assessment was per~ 
iom'led, consisting first of options identification 
followed by technicaL financial, and occupa­
tional/environmenta l health and safety (H&S) 
analyses. Options considered induded various 
aqueous cleaning alternatives such as pressure 
spray washers, ultrasonic systems and immer­
sion tanks, abrasive blasting, and CO2 blasting. 

Each technical evaJuation identified viable 
nonsolvent alternatives, all of which reduced 
worker/environmental exposures. The financial 
analysis results were mixed. There was clear 
financial benefit to the parts manufacturers; the 
annualized costs of the new processes were less 
than the degreasers. Here, the nonsolvent sub­
stitution clearly is preferable, since it eliminates 
worker exposure while saving money. The job 
shop cleans a variety of substrates and soils, so 
that several cleaning systems were required to 
replace the degreaser. The financial analysis 
indicated that the new systems would be some­
what more expensive, so that there was no 
financial incentive to make the substitution. 

The research reported. here offers lessons that 
can be extended beyond these three companies. 
These lessons, including the benefits of Ihe pol­
lution prevention approach to industrial 
hygiene, are discussed fully in the complete 
presentation. 
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EVALUATION OF CONTROl.S USED TO 
REDUCE WELDING FUME EXPOSURES. M 
WaUace, NIOSH, Cincinnati, OH 

This report summarizes the data collected 
during a major control technology study of 
welding operations conducted at seven field 
sites. The purpose of the study was to evaluate 
the effectiveness of various engineering control 
measures in reducing welding fume exposures. 
Welding parameters varied at each location; 
however, all used arc welding techmques. 
Types of arc weldmg evaluated incl uded shield­
ed metal (stick orSMAW), gas metal (GMAW 
or MIG), flux cored (FCAW), and gas tungsten 
(CTAW or TIG). Metals welded included alu­
minum, mild steel, ga lv.mized. steel, and stain­
less steel. Five s lud lE's were conducted at indus­
trial sites, whiJe two studies were conducted at 
a union training center for welders and at a 
vocational school. The majority of evaluated 
control measures were classified as ventilation 
units, including portable and fixed local 
exhaust hoods, canopy hoods, and fume extrac­
tion welding guns. At one industrial site. rather 
than using ventilated measures, fume levels 
were controlled by modifying the process that 
involved using pulsed arc weldmg techniques 
in place of conventional GMAW techniques. 
During each field stud y, industrial hygie>ne air 
samples were collected to detennine total weld­
ing fume concentrations and levels of airborne 
metals. The NIOSH anal ytical methods (or total 
particulates (0500) and elemen ts (7300) were 
followed. Additional information on total weld­
ing fume exposures was collected using real­
time aerosol instrumentation. Results indicated 
that the ventilated controls ranged from being 
completely ineffective (a canopy hood system) 
to very effective, reducing workers' fume expo­
sures by up to 83% (a fume extraction gun sys­
tem). The process modification control method 

resulted in a 24% reduction in welding fume 
exposures. Overall, however, even with con~ 
trois, exposure levels for total welding fume 
and metals such as hexavalent chromium, 
arsenic, and manganese occasionally still 
exceeded limits set by the ACGlli, NIOSH, and 
OSHA . 
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THE DEVELOPMENT OF CONTROl.S AND 
INK SUBS1ITUTES FOR REDUCING WORK­
PLACE CONCENTRATIONS OF ORGANIC 
SOLVENT VAPORS IN A VINYL SHOWER 
CURTAIN PRINTING PLANT. H.Y. 
Piltingsrud, A. Zimmer, NlOSH, Cincinnati, 
OH; A. Rourke, Druo Bureau of Workers 
Compensation, Dayton, OH 

During the summer of 1994 there were com­
plaints of noxious odors reported by football 
players at a practice field located in Cincinnati. 
During Ohio Environmental Protection Agency 
(OEPA) investigations of industries surround­
ing the field, they inspe-cted a printing facility 
located approximate-Iv one-quarter mile from 
the practice field. The facility produces vinyl 
shower curtains having screen-printed designs 
on them. Printing is carried out by means of 
movable screen pnnting units, having polyester 
screens approximately 6 x 6 feet. The printing 
units move over tables approximately 7 feet 
wide by 150 feet long. Four printing tables are 
located side-by-side in a room apprOXima tely 
SO x 200 x 12 feet high. The OEPA found that 
they were not the source of the odor in ques~ 
tion; however, they were in reg ulatory noncom­
pliance for uncontrolled volatile organic com­
pound (yOC) discharges to the environs result­
ing from their use of organic solvents in their 
p rinting process. The company was then 
required to install an air incinerator at the facili­
ty to treat discharged air. The cost of such 
equipment was very high, and the capacity of 
the incinerator they installed resulted in a 
reduction in the flow of discharged air to 
approximately one-third of prevlOus levels, 
increaSing solvent vapor concentrations within 
the workplace atmosphere to levels exceeding 
NIOSH, OSHA, and ACGIH acceptable concen­
tration levels for worker exposure. 
Consequently, workers were required to wear 
organic vapor cartridge respirators nearly full 
time. The printing company requested N IOSH 
assistance in finding methods to reduce solvent 
vapor exposures. NI0SH studies included the 
identification of the sources and relative magni~ 

tude of solve~t emissions from the printing 
process, the desig n of controls for solvent emis­
sions from the printing process, and the devel­
opment of substitute inks using nonphotochem­
ically reactive (as defined by the OEPA) sol­
vents. Controls included the enclosure of the 
movable printer units to suppress evaporation 
of solvents from the printing screen. The 
NIOSH-developed ink used lower evaporation­
rate solvents, having TLV values >100 ppm. 
Their nonpho tochemically reactive status 
allowed OEPA removal of the requirement for 
the incineration of discharged air. This allowed 
substantial increases in dilution ventilation, 
enabling a reduction in worker exposures to 
less than one-third n.V additive levels, and a 
consequential removal of requirements for res­
pirator usage. The solution was the result of a 
comprehensive review of all facets of the prob­
lem, including OEPA regulations. It also 
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