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SIIMMfll(Y 

1',x p(I'>IlI'l: In I"O!l J!, i 1\ COll)llHlll III wallY IICC lipatiolltll "l:l ling"', eo.; pcci ally in il !!: ricull lIie. /'n.:sc n!l y ntlfllcrou~ 
IIIY(.;!lI!lJO II .... arc rCL'llg ni '/cd , ;llld apprc{.: iahlc allllHlIlh L:i lll m ;{.:ur in airho fJ lI; <; pl)re:-., Thll <; il call be l:x pl:eled 

Ihal 11lycnl ox in" ;I rc 111hakd whc n wll rker" and olher ... ilrc cx po\cd to alfhorl1e "pon:!. o f lo ;<igenic fU Jlgi, 
whctl:c r IJl thc olli t.:c. OJ' 111;1 ... i1o , gr;lin dey' ltol". or h;trn . hnthennorc, n.;c.:l: Jlt dati! dcmon~lr;lI!.: l!Jilt certain 

mycotoxin ,> an: a t.: uldy 10XIC If) pnlulollary al veoli!/" nlilrerorh;tge'l and Ihal ~1)J)J l: JlI YC() (OY,iIlS, c"rct:ia lly thc 
IlI ;H:rocyclJt.: IJ"lc ho lllccenc ... , ;In: iJlI1l)1I1HlIoy'f(.:. Although l"urillcI' ~ ltldi !.:~ ' II"!.: Ilcclh:d , (Lila currenlly availahk 
.., lIggc"t Iha' p lIllll ll n;u'Y expll'> lIn; It, nl yeo toxill'" t; l)uld ha ve ddcl c ri()\1 ~ cl1l:c h (I ll health either d ircc tly or 
III COIll hi 11;11 ion wi I h 01 her col) I pOllelll " or I ha l expo" IIn.:. 

I N TJ(O I JI )(" IIO N 

' ·'Ullgi ;lfe among the pr inCipal mi c.: roorganj "m" 

Iflvnlwd in hHJdclcrioratlf)l1 <lIH I i Jl"e found in IJl;Ol Y 

... tlh 'l l rale~ ;II HI oCC UP;III1Hltd ')clt ing". OeCtlp;IlIO/l " 

il l1d / o)" workpl:,·x ... Ikll m;IY Jnvnlyc cx p{J') urc 
III rUll g l JlH.:l ud l: gl;,i Jl har vl:~ l ill g • ..;loragc ,111<1 pr()~ 

ce ... " IJl g, ... awlll lil " <lilt! wood pulp mill s, I1lIl :-. hroo!ll 
culti vat loJl , W:I " I\.: lreal mell t, ;tlld cvell ollice 
wo rkl.: r", IJhn Lri ;IJl", ;uld nl IN.! llJ)l workl: rs. In raet. 
vi nwdl y ·IILY occu patloll whi ch hrings workers n)\o 

do,,!.: a ','>ociarroJi Wi t h hiodl:l!.: ri()f:tt ioJ) proCl:\SCS 

o ffer\ tht.: j1() ·."i hillhit y PI' expo <; Ul e 10 fun gi :Ind 

t h':J r "' PI)!'C"'. 

A ~ nliJ~hl hI.: l:,Ii.PCClcd , :J vcry ]:Irgc numher or 
worke.: r<., a fe pOh:nt ial1y ,I I risk . ,,"or example, over 

5 JIlillion I l.S. gnti l1 lJ , IJldlt;r~ , l\JIl1bt:r ant! wood · 
worker,> ;;Ild hUIll work er ... ,Ire hclicved t o he ti t ri"k 

or (h.;vdo pill)!, tH':CUP,lti(IIHtI a" lhm <l :Jlld rhiniti s 
[:~ II . SiHlil:trly , work cr<., al ri "k of v" noll <" hyre r ~ 

sl:Jl;.,il iv lly pncuJl\(IHitid e ... Illvolving rUll gi indlldc 

"pproxi m;Jlt: ly 1 IIlill ioli f"anll work er'i, 1I111 \ liro oll'l 

work e r", ilnd Ill,,11 work L; r ... cOlnhim.-d I I J I. 
The pre"e ll l papcr ;:-. ;111 upd:.lcd sUlII lllary of it 

previull sly publbhed papl:r [,BI . 

Therc <I re ma"y wa ys ill w hich rungi afrect 
hUHWIl heal lh . For exampk, fUll gi arc tile pril1cip;d 
cau se or plant di .... ca ... e and hfl ve had a rnajo)' imj1tl ct 

Oil nlilllkilld thronghollt hislu ry II I, FlIngi a lso tlr.· 
fee l hUIll<l1J health hy di "cct infl:ctjons. allergy ;IIH.I 

hypcr!.cnsiti vity, allu hy the prodUCIion of toxic mc· 
t,lholiks, i.e . mycoloxins 12kj, Mycotoxin cOlltarni · 
1Ii1lion ill ro()<istull-'" and IIUIO; III and a nimals dit.:t ~ 

has heen cxlensiydy rcvicwed d s!.: whcre [l (J , 40, 441 . 

Therefore , th is fl vc rvicw wi ll he res t ric ted lo ruhno­
nary t.:X f)OSllre. 

lkc;llIst: myco toxill!> OCClll' in complex orgitlli c 

Illatrices whic h indud '.: lll\tlcl spores and/or o!h t: r 
hyplwl clCIlICIi I S. hi lS of suh!> lr" lc, via hie (llld lI ()n~ 

viahlc ndcr()() .. g;iJ)i ~ rn <), and olh'.: .. '.: lIvirotllllcHtal 

contarnini lllh, the ovcrall rcs ul t o l" cXp0'-,lIfC may he 

l he C( IIl) hi ned dIecl o f o Il l: or llI tJrc,; 111 yco lox i ns pIllS 
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other lIlhalcd subslances or fungal or nonfungal or­

igin. Thererore. pulmonary exposure to mycotoxins 
sho uld be considered in the context or possible ex­
posure 10 potential pathogens or allergenic micro­
o rganisms. as well as to the myco toxins o r other 
chemical HgC nlS present. The net resull could in­
cl ude diminished resistance to infection and/or ad­
verse reactions o f the immune system. 

HYPERSENSITIVITY 

Although there arc Illany gaps in our knowledge 
of the cause- eITeel relationships be tween fungi and 
dinica l allergy, the re appears to be no d oubt that 
some fungi arc re lated to respiratory all ergy in a 
s.ignifica nt proportio n oratopic individuals. It is in­
teres ting that ma ny of the fu ngi reporled to oe aller­
genic in humans are also toxigenic. Some o rthe bet­
ter known toxigenic fungi which have been reported 
as l:a us(llivc agents of human alle rgies incl ude AI-
1(,rJ/oria a/ternara . several species of Aspl!rgillwi (A. 

clal'U/lts. A. J/(fI'11s. A. jillniga(lIs, A. Iliger. A. fer­

reus . and A. l'('rsic%l'), C/ado.\porium c/m/ospo­
rioides , Stacllyl)()(rys atm, and Triclu)f/zeciwn ro­
selll11 [4 1]. It is not known whether mycotoxins play 
any ro le in the development or human allergy, but 
it is l:om:ei va ble that toxins wiLhi n the spore, in the 

presenl:c or specific allergens, could playa role in 
sensit ization Lo the a llergen . 

Farmers ' lung disease (FLD) is a hypersensiti­
vity reactio n which occu rs in the lung in response 
to inhaled thermophilic actinomycelcs and certain 

fungi [10, 28]. Organic d ust toxic syndrome (ODTS) 
is a new syndrome. possibly associated with the 
presence of rungi a nd /or myco toxins. OOTS is 

thought to he dist inct rrom FLO even though its 
exact etiology is unknown [26]. ODTS has been re­

ported to be t.:ommon on da iry rarms in New York 
State when the dry uppennosl silage in concrete­

stave 'i ilos is removed arter severa l weeks to months 
of storage [26]. Tota l dust levels or > 100 mg/mJ 

and respirable dust levels of > 20 mg/mJ were rc­
parLC(l in some silos with numbe rs of microorgan­

isms in c·· cess or I O"/g or dust [22J. 
TI1I' . f) .·~ of 'polyclonal cell activa tors' as poss i-

ble agents in the pathogenesis of inflammatory dis­

eases in the lung has received increasing attention 

recen tly [48]. Polyclonal ce ll act iva to rs arc sub­
stances which stimulate cells or the immune sys tem 
by immunologicaHy non-speciJk mechanisms. In 
add ition to endotoxin o r li popolysaccha ride (LPS), 
exam ples or such substances include p lanl lectins 
such as concan avalin A, chemicals such as phorba\ 
este rs, and grai n dust ex tracts. Polycional cell acti­

vators may be especia ll y impo rtant in occupa tional 
lung disease beca use they can directly activa te large 

populations of lymphocytes and /o r macrophages. 
This may result in the ac tiva tion of much larger cell 
populations and the genera tion or greater amounts 
or innammatory mediators tha n would occur 
th rough antigenic stimu lation. 

OJenchock et a!. [24] have demonstrated that 
conid ia or A. fllmigatlls anti A. lerrl!w' aeroso lized 
in high concentrations can cause acute hypoxemia 
and ac tivat ion of the alternative pathway or com~ 

plemel1 t in ra bbits. It is not known what compo­

nenl of these fungus spores incited the reaclion. If 
the response of rabbits exposed to Aspergillus con­

idia can be considered comparable to ODTS, it is 
possible tha t some componen t or the rungal spore 
has properties similar to bacterial endotoxin and 
which , if present in suflk ic ntly high concentratio ns, 
cou ld incite O DTS. 

T OX IC VO LATILE CO MPOUN DS OF FUNGI 

Various ru ngi produce numero us volati le com­
pounds [5 , 15, 18, 19, 29, 32]. The emphasis or most 
of these studies was to identify major characteris tic 
odors, methodology was not consis tent, and . in 
most cases, no toxicity studies were undertaken. 

The relevance of these studies ror h uman health is 
uncerta in because: (I) the composition o f the vola­
tile mixture may vary with the methodology used, 
(2) relevanl l:oncentrations of runga l volatile com­

pounds in the home or workplace arc not known, 
and (3) li ttle information is available in the litera­
ture on the toxici ty of these compounds. Those run­

ga l volat ile compounds ror which toxicity data are 

available have rather high ( > 300 mg/kg) LDso val-



U6 [331. hut some a rc repo rted In he carcinogenic 

[23] . Scol'u/ariopsis hrevictlu/is and other fungi have 

heen shown to rck(lse volatile arsenic compounds 

from s ui tab le substrates [4]. Mos t of the known my­

co toxins arc nonvolati lc, but if vola~ilc agents pro­

duced by fungi can be shown to be toxic. their i111-
P,h': l on human heahh sho uld be co nside red. 

OCCURREN CE OF AF LATOXIN IN 
WORKPLACE AEROSOLS 

A lth o ugh ex tensive li te ra tu rc Iw s been devel­

oped si nt:e the discovery orthe ana to xins, relatively 

little is known of the occurrence of these substances 

in a irbo rne gn.l in or o thcr orga nic d ust. fn add ition. 

vi rtual ly nothing is known of the inhalation hazard 

to work ers and others exposed to con taminated air­
borne dust. At leas t two stud ies have provided ci r­
cumstantia l evidence for the associa tion of C~lTlcer 

in humans with inhalation of aflatox in-cOlllaminat· 

cd dust : (I ) chemica l engincers working with conta­

minated peanut dust [9]; a nd (2) biochemists work· 

ing to puri fy ~dlatuxi n s by preparative thin-laye r 

chromatography [8]. Va n N iclI wcnhllizc et al. [461 
have reported an epidemiological study of workers 

in a peanut·processing plant in Th e Netherla nds. In 

t h~ lalte r s tudy, rales o r lIlultiple kinds of cancer 
wcr~ Tllore thel1l 3 t imes those reported in thl.! 
mJlchl:d cOlllrol group. In a J'ollow·up study in the 

sallle plant. Hayes e t al. [16J demo nstrated Iha l 
morta li ty ror to ta! cancer and respiratory ca ncer in 

the anatoxin-exposed gro up of peanut·oil~prcss 

workers was higher tha n ex pec ted based o n stan ­

da rdi-zcd mortality ratio (S MR) analysis. Sorenson 
cl a l. [34J and Burg el a!. [ll have reported the pres­

ence o r allatoxins in respirable airborne co rn dusl, 

some times in concentrations or seve ral hundred 

parts pcr b illi on. A lso, Sorenson et al. [35] reported 

on the occurrenccofall(lloxi ns in a irborne respirab le 

pean ut d ust. These res ults showed that airborne 

pcanu t dust fro m con lami naiCd lots or peanuLs 

con tai ned "l' to 61 2 pph o f ana tox in HI (AFH,). If 

onc assumes a breathing ra te of 3 mJjh and a n air­

borne anatoxin concentration o f 1.0 ng/m} (100 

pph at a dust concent ration of 50 mg/m J). a worker 
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wo u!d inhale 15 ng/h and 120 I1g in an R- h work­

shirt . At presen t, there is a pauci ty or in format ion 

concern ing the risk or inhaling sLlch am o unts of af­
la toxi n, but the ex treme gcno lox ic potent ial o r afla ­
toxi n suggests that the ri sk may be real. Olsen et al. 

\2 5] did a retrospective study 01" cancer ri sk and oc­
cupa tio na l ex posure to a natox in among livestock 

feed processing workers in De nmark. Thei r study 
was based on a data linkage sys tem which allows 

linkage of persona l identity num bers ror individual 

workers, companies, em ployment hi sto ries back 

unt il 1964, and Cases o/'ca ncer reported to the Dan­

ish Cancer Registry. The a vcrage concentration of 
organic dust in these companies was ca. 100 mg/m\ 
crops imported ror feed producti o n have been high­
ly contaminated (average leve l 0 1" 140 ppb in pre­

pared cattle feed), and the estimated daily pulmo­

nary exposure was ca. 170 ng. Tile Danish 

invcstigato rs noted elevated ri sks for liver cancer 

and cancers or biliary tract in their worker popula­

tion . which illl..: rcased by 2· 1~fold signil1cance a fter 

a J()-year late ncy and they reported tha t ex posure 

to a tl atoxi ns in the imported feed is the most likely 

explanati on for their findin gs . Our estima te of a 
p,,,sible dai ly exposure to 120 ng H, by the pul ­

monary rou lr: is consiste nt with the Dani sh estimate 

a nd is conservative (a light to moderate breathing 

ra te was chosen a nd much higher dust and anat­
o xin contamination levels have been re po rted in the 

literatu re ). 

OCCURR ENC E OF MYCOTOX INS IN 
FUNGAL SPORES 

Wieklow and Sh o twell [47] studied tox igen ic 

strains of A . flaw".'! and Aspergillus parasilicus and 

reported aflatoxin levels in the hundreds of thou­

sands or ppb in the conidia or certai n of these 

strai ns. T hese sw dics sugges t the possibility or a 

substantial risk to ag ricultural workers exposed to 

dus t containing large numbers of conidia of these 

fungi. D a rke et a l. 171 re ported that the a irho rne 

dust uround combine harves ters of cereal in Eng­

land consisted predominantl y or /'ungus spores and 

hyphC1i rragments with spore concentrCllio ns as high 
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<I S :200 milli on sporcslln ·l or air. Rece ntly. C roft ct 

a l. l6J reported an outhreak or unexplained illness. 
ot:cu rring over a /J ve-yc~lJ" period. which appeared 
10 be related to the c:xtensive occurrence of S. aim 
conlamin:llion or home d ucl work and ceiling fiber­
board. The fiherboard and a ir samples colll:ctcd 
from the home contained substances which elicited 
dw rac lcri sl ic l richolhccc nc tox ici ty when injected 

into mite. The toxic extracts were subsequently 

shown by lh c~c investigators to contain m<1crocyclic 

lridlOt hcccncs. Their study raised the possibi li ty 
tha t oS', lIfra was the etiologic agen t lor this ou\­
bn:ak of ill ness via its t OXIC metabolites. Sorenson 
I..! t al. [31-\ 1 incubated .':;. (/1 1'(1 on sterile rice , and thl.:I1 
aeroso lized Lh l.:!" rice by i.H.: o uslil: vihrLltion aft(;r it 

h(td hee ll ste rili zed and dried. T he d is tribution o f 

part icles (mass and number) was monitored on an 
acrad ynamic.: pa rticle sizer in te rfaced with a com~ 
pllll': r. Dust was COilCl'Lcd on prewcighcd glass-fibcr 

tilte rs and ex trac ted with 90 % aqueous methanol. 
Extra(; ts were tested in vi tro for bio logical ac tivity 

aga ins t rat a lveolar macrophagcs a nd mouse thy~ 
mocytes and fo r the prese nce of spcl.:i fk tricho thc­
te lles. M ost o f the panicles were respi rablc (the 

mass median diameter was 5 / (01). Microscopic 
:lI1a iysis of the generated dust revea led that X5% of 
the d ust r art k les we re conidia o r S. arra, and 
anot her 6% werc hypha I rra.gmcllls . T hus, > 90 r,. 
or the purticJe!'i were of fungal origin. The extracts 
stro ngly inhihited protei n synthesis .JIld thymocy te 
proli fe ra tion. Purified sa tratox in H was a lso highly 
tox ic in the same systems. Each of the individual 
fi!t ers contained sa lrato xin H (average, 9.5 ng/mg 
o f dust) and ~w traloxin G, and tri chovcrrols A and 
B we re fo und in lesse r amou nts in some, bu t not all , 
oflhe filt t:rs. These resu lts es tablish that the conidia 
of ,S·. afro contain t richotheccn c mycotoxins. The 
Inchot hccc nc mycolOxi ns arc acu tely toxic to a va­
riety or mammalia n species [45]. strongly inh ibit 
protei n, DNA, and RNA syntl1t::sis in clicaryo tic 

l:c ll s [14. 45'), and arc iJ1lI11Ul1010x ic in rats and mice 

[20. 30. 42, 43J . In addi tion, the sym ptoms or 
slachybotryoloxicosis ill humans sugges t immuno­
toxic effects [12]. The idcntification of trichothccenc 

tnYl:otox ins in a irborne respirable conidia of S. alra 

demonstra tes the poss ibi lity for pulmonary expo~ 

sure of workers and o thers to these highly toxic 

substances. They abo may help to explain the find ­
ings of previous researchers who identiHcd human 
stachybotryo toxicosis and other ill ness caused by 
exposure to mo ld y h ~I Y, contam inated dUCI work , 
and ca rpets heavily l'ontaminatt!d by S'. alra. 

EF"ECTS OF MYCOTOX INS IN THE LU NG 

Relalively lit t le information is ava ilable in the 
li tera ture pertaini ng to the effects o r speci fi c myco~ 

tox ins on the cells and tisslies of the lung, even 
though these cells would be the first to contact in­
haled mycotoxins. Some orI he work from our labo­
ratory dC<l ling with the effects o f mycotoxins o n ra t 
alveolar macrophagcs in vitro will be brie ny de­
~cribcd [1J , 14, 36, 37]. PulmonHry macrophagcs 
perrorm several important fun ctions in the lung in­

dud ing pll<lgocy l os i ~ or living a nd no nl iv ing ror­
eign particles, regulati on of T -lymphocyte pro li fe r­

atio n, provi sion or T -helpcr activity for antibody 
production. a nd product ion of med iato rs of cell ular 
immunity [2 1}. Thus, cy totoxic damage to a lveola r 

m3crophagcs cou ld lead to serious pulmonary undl 
O J' sys temic damage. 

S ho rt ~ tefln cytotoxicity was stud ied by the chro­
mium release assay, inhibitio n of protein and RNA 
synthesis was studied by monitoring th~ incorpora~ 

tion of e H]~lcucine and [-i H ]-urid:ne. respectively, 
and phagocy tosis was studied with the usc o f 51Cr_ 
labeled sheep erythrocy tes opsonized with specific 
antibody . T -2 toxin. pa tulin, and pcnidllic acid 
were shown to cause dose- and time-dependent 
chro mium re lea se, in hibitio n o f protein and RNA 
synthesis, a nd inhibi tio n or phagocytosi s [1 3, 14, 
:l!" 37J. 1'-2 toxin also inhibited the ahility or 

macrophages lo respond to activat ion stim uli , c.g. 
Iympho kines produced in response to endo toxin 
[14] . In this cxperim cn l.l ymph ocy tcs were cultured 

in the presence of LPS obtained rrom Escherichia 

culi; superna tan t fluid s from these cultu res were 
used to ac ti va te a lveola r macrophages. Incorpo ra­

tion of radio labeled glucos<lmine was used as the in~ 
diea tor of macrophage activation . Richard ct al. 

[27] exposed Wistar ma lc weanling rats to ae rosob 

I. 



or killed A . ./iJ///lga/us spores a lo ne or to killed A. 

jlll1 l1/~arlls spores containing 1000 o r 5000 ppm 
"FBI, The a nimals we re exposed fo r 2 h/day and 
5 days/week for 4 consecutivc wcc.:ks and necropsy 
was performed on a portion or the animals in each 
group at 3 weeks and I year post·exposurc. Hepa tic 
les ions were on ly o bserved in ra t:) exposed to 1000 

or 5000 ppm AFB I and only one neoplasm was ob· 
served. No lung lesi ons were observed I year after 
exposure to aflalox in~rrce spores o r ;n unexposed 

animals. Lung lesions or varying severity were oh· 
served in S or the X ra ts exposed to I DOD ppm A FBI . 
and were more marked in rats ex posed to the higher 
level of aAatoxin . The authors es timate that the ani· 

rna IS exposed to 5000 ppm AFB\ received a tota l 
exposure or 0.006 mg/kg. Thi s is well below the re­
po rted LD ," o f 6.0 mg/kg (i .p .) for AFB, in the 
male ra t [3]. Th t: a uthors belif!Ye that the genera l re­
sponse of the c..:xposed anima ls appeared to be that 

or a compromised hosl. 

FUTU R E RESEA RC H NEE DS 

At the prescllt time, litt le info rmation is availa­
bit.: on thc concentration of airho rne mycotoxins in 
the h011le or wo rkr,\acc. Al though fungi are known 
to pl l. ducc a variety of volat i le subst<l IlCCS, vi rtually 
aJ! of the known mycotoxins are nonvolatile. There-
1'01'1":. pulmonary exposure Lo the mycotoxins wo uld 
need to occur by inhalation of spores alld/o r sma ll 
~ l1bstratc particles contain ing the tox ins. There is a 
need fo r add it iona l info rmati on on the airborne 
con<.:cntrations of selected mycolOxins in speci fic 
workplace settings. such as grain elevators , silos, 

a nd gJ'<\ in processing operat ions whenever there is 
:ca son to believe ccntami nal ion by tox igenic fu ngi 

ma y he a problem . 
A limited num ber of studies exist to show that 

fungal spores can contain significanl or even very 

high levels o f certain mycotoxins slich as anatoxin 
or satralOxin H . Additional studies a rc needed to 
dc termine whe the r c.:x posure [0 fu ngus spores may 

con:sli tute a significant health risk by virtue of their 

mycotoxins as well as by their a bili ty to stimula te 
adverse immunologic response. O nl y a very limi ted 
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amount of informati on is available in the lite rature 
relating to inhalat ion to xicity of the mycotoxi ns. 
Further inhalation studies arc needed to provide in­
formatio n as to the ri sk associated with exposure to 
these compounds. Very little is known of the ability 

or tissues of the lung to metabolize myco toxins and 
to elaborate metabolites which may have m odified 
toxicity to lung ti ssues, o r may be more or less easi­
ly transported (lut of the lung to other ti ssues. Fur­

ther informa tion is needed regarding the loxiCity of 
mycotoxins for the various cells and tissues of the 
lun g. 
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