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TI OCCURRENCE OF T SPORES OF CLOSTRIDItTh BOTULINU1 

IN CERTAIN SOILS OF BENT ON AND LI1'N COUETIES, OREGON. 

IiTRODUCT ION. 

It has been known l'or some time that the spores 

of Clostridiuìì' botulinum are widely distributed in 

surface soils, particularly on the Pacific Coast, where 

they appear to be concentrated in certain restricted 

areas. surveys have been made of the United States as 

a whole (11), of Alaska and Canada (12), of the Hawaiian 

Islands (15), and of several foreign countries (13). 

California (10), Washington (11), Maryland (2), and 

Illinois (18) have been studied in some detail, but with 

the exception of a brief report in the first mentioned 

survey, no study has been made of the soils of Oregon. 

Certain authorities, however, have stated their belief 

that as high as 85{ of Oregon soils are contaminated with 

the spores. 

Fruits and vegetables become contaminated from the 

soil upon which they are grown, and by insufficIent 

washing and processing provide an excellent medium for 

the growth of spores and the production of toxin, even 

a minute amount of which is sufficient to cause illness 

or death. Most outbreaks of botulism can be traced to 

home-canned products which have been improperly steri- 
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lized, but a few deaths bave been caused by coniercially 

canned foods. Many outbreaks involve only a single 

case - usually that of a housewife who bas tasted the 

food without first heating it. 

The publicity attendant upon recent outbreaks has 

given people everhere a horror of this disease, and 

has resulted in drastic reconendatïons for canning 

procedures which are practically prohibitive to the 

average housewife with her limited facilities. Though 

botulism from commercially canned products is rare, this 

publicity has also bad its effect on the canning indus- 

tries of the western states. 

S.nce a number of outbreaks have occurred in Ore- 

gon in recent years, the question arises, to what extent 

are the soils of Oregon contaminated with the spores of 

Clostridiurn botulinum, and are they more prevalent in 

certain types of soil than in other types? 

It was in an attempt to ansv,er this question that 

the vork represented by the present paper was undertaken. 

A rather restricted area - Benton and Linn counties in 

the vicinities of rvallis and Albany, Oregon - bas 

been chosen for a detailed study of both field and 

garden soils. In the selection of field soils the 

official soils survey map of the United States Depart- 
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ment of Agriculture was followed in order to have rep- 

resented various types of soils, and to discover if 

possible any correlation between the presence of spores 

and certain types of soil. Soils were also obtained from 

places where botulism in fovls had been Imown to occur. 

The methods used have follov.ed closely those des- 

cribed by Lubovsky and Ìeyer (4) in their extensive 

surveys, and the wealth of information presented In their 

paper has been freely drawn upon in this work. 
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BISTORICAL 

Botulism is a disease of very low incidence, but 

it is so spectacular in its symptoms and its high mor- 

tality that it has been given a great deal of publicity 

in recent years. 

The term ?botu1ismfl (botulus - sausage) has been 

in use in Europe since the beginning of the nineteenth 

century to designate a certain type of poisoning caused 

by eating spoiled sausages. The causative organism, 

Clostridium botulinum, was discovered in 1895 by van 

Ermengeìn. He isolated the bacillus from spoiled ham 

which ad caused the death of several persons in Ger- 

many, and proved that the disease is caused by a toxin 

produced when the organism is grown under suitable 

conditions. 

Previous to 1914, when an outbreak occurred among 

students of Stanford University and gave imnetus to a 

detailed and s-stematic study of the disease (3), corn- 

paratively little had been done In America, and undoubt- 

edly a number of cases of botulism have been overlooked 

or 'iagnosed to be the all-inclusive "ptomaine 

poi soning". 

Since the publication of this monograph in 1918, 

luiowiedge of the biology and toxicology of the organism 

bas increased many-fold. Botulism is now a reportable 



disease in many states, and most of the cases have been 

proved bacteriologically or serologically. 

Outbreaks have been much more frequent west of the 

Mississippi River, and particularly so in the Pacific 

Coast states. Meyer and Geiger (14) find them to be 

localized in certain rather restricted areas in 

these regions. 

One hundred sixty-four outbreaks of botulism have 

been reported in the United States since the first 

record in 1899. These have involved 552 cases, with 

375 deaths, a mortality of 67.9g. The great majority 

of cases were caused by the eating of home-canned foods. 

The 12 outbreaks reported in Oregon have involved 30 

cases, with 24 deaths, a mortality of 8O. Table I 

gives a surmiary of the Oregon outbreaks. 

The outbreak at. Albany in 1924 is the third largest 

ori record in the United States, the only ones to exceed 

it having occurred at Dawson City, Alaska, in 1,ay, 1919, 

involving 23 cases and 12 deaths, and at Grafton, North 

Dakota, in January, 1931, where there were 13 cases, all 

, 

These figures do not include those for the years 
1928 and 1933, for which complete data were not avail- 
able. The totals quoted are therefore lower than the 
actual number of outbreaks, cases and deaths. In 1928 

there were 43 deaths from botulism, but the number of 
outbreaks and cases could not be obtained. 



TABLE I 

Outbreaks of botulisni in Oregon 

Late Place Number of cases Number of Causative - deaths food 

1. October, 1915 Llilisboro i i Home-canned corn 

2. December, 191'? Ontario i i Home-canned beans 

3. October, 1918 Klamath Falls i i Home-canned beans 

4. December, 1921 Grants Pass i i Home-canned beans 

5. February, 1924 Albany 12 12 Home-canned beans 

6. May, 1926 Foberts 3 1 Home-canned fish 

7. December, 1926 The Dalles 1 1 Home-canned corn 

8. March, 1929 The Dalles 3 1 Home-canned beets 

9. September, 1931 Eugene 2 1 Applesauce ? 

10. December, 1931 Glen Eden 2 2 Smoked fish 

11. February, 1954 Pine 2 2 Home-canned spinach 

12. April, 1934 Halfway 1 0 Home-canned beans 
30 24 

Total (12 outbreaks) 
Mortality 80 
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of which viere fatal. The food responsible for the 

Albany outbreak was string beans, grown in the garden 

of the home where the eases occurred, and canned at 

home by the cold pack method, that is, the beans were 

put Into the jars cold and heated in a water bath for 

three hours at boiling temperature. The beans were used 

as a salad without previous heating. No bad odor was 

noticed, and the only "Off" taste was a slight "woodi- 

ness" noticed by one of the victims. Mrs. G., who had 

canned the beans, bad been canning vegetables by the 

cold pack method for a nuniber of years, and on several 

occasions she bad found the contents of a can visibly 

spoiled. On each occasion, after the food bad been 

thrown out, an outbreak of "limberneck" had occurred 

among the fowls which consumed it. 

It is interesting to note that although the disease 

was narfied from its association with sausage, and the 

organism was first isolated from ham, the American out- 

breaks bave, with only a few exceptions, all been caused 

by vegetables or fruits. The European outbreaks can 

nearly all be traced to meats or fish. This difference 

may be in large part explained by the difference in food 

habits on the two continents. Europeans are accustomed 

to using home-cured hams and home-made sausages, while 

they use very few canned vegetables. In America one can 
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always obtain fresh meats, but there is an enormous con- 

sumption of both home and commercially canned vegetables. 

DISTEIBUTION OF SPOl-OES LT SOIL. 

In only three states, Illinois, California and 

Maryland, has a detailed, systematic study been made in 

search of the spores of Clostridium botulinum in the 

soil. Tanner and Dack (18) examined soil samples from 

gardens, pastures, hog lots, cornfields, etc., from near 

Urbana and from other parts of the state of Illinois. 

Ten of tue fifty-five soils studied (l8.1) were found 

to be toxic. Damon and Payabal (2) found 57 toxic sam- 

pies in a total of 62 specimens of virgin soil and soil 

from gardens and fields of Laryland, a toxicity of 

9i.9. The percentage of toxic samples was nearly 

equally divided between virgin and cultivated soils. 

The investigation of the distribution of spores of 

Ciostridium botulinum in California was undertaken by 

Meyer and Dubovsky (10). They cultured 78 virgin soils, 

principally from the Sierra Nevada or Coast Range 

ìountains, 45, or 57.6, of which were toxic; 226 

recently fertilized garden and field soils with 59, or 

26.9, toxic cultures; and 17 pasture soils, collected 

from places on which horses or cattle had died of 

ttforage poisoning", finding 14, or 82.3, toxic cul- 
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tures. Of the total of 321 samples, 118, or 36.7, 
were toxic. They concluded that Clostridium hotulinuiîi 

is a part of the natural flora of virgin mountain or 

forest soil. 
The same authors (12) were unable to find spores 

of Clostridiuni botulinum in soils from the Aleutian 

Archipelago, but they found 27 toxic cultures in a 

total of lOO samples from various rts of Canada. 

Meyer and Dubovsky (11) also investigated a series 

of soil samples from every state in the Union with the 

exception of Virginia. Virgin soils, and soils from 

fields and gardens, were included. However, in niost 

cases comparatively fev soils were examined from each 

state, and many of the garden soils were taken from 

places where botulism in fovis or man bad been 1own to 

occur. Toxic soil cultures were found in 33 of the 47 

states studied. Of the 335 samples of virgin soil 105, 

or 31.3%, were toxic. Forty-seven (23.5{), of the 274 

cultivated field soils, and 41 (l8.3) of the garden 

soils gave toxic cultures. The geographic distribution 

of these toxic samples shows that Clostridium botulinum 

is a common soil anaerobe of the western states, and is 

found less frequently In the Atlantic states, while it 
is relatively rare in the iddle lestern states, the 

Creat Plains, and the Mississippi Valley. 
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The report of the findings for Oregon in this 
survey deserves more detailed review. Four virgin 

soils were cultured and two found to be toxic. Of the 

22 soils from gardens, barnyards and swamps, 10 were 

toxic. However, 2 of these toxic soils were from a 

locality 1movn to have been the site of an outbreak of 

botulisrr in fowls. The percentage of toxic soils is 

thus found to be 45.2%. Seventeen of the soils studied 

came from Kiamath Falls, six from Marquam ill in Port- 

land, and three from Ashland. These few soils can 

hardly be considered representative of the state, but 

only of certain restricted localities. 
Stricker (16) makes the statement that "over 85% 

of the soils of' Oregon are contarriinated by the spores 

of botulinus bacilli," while Ieyer (9) thinks this is 

a conservative estimate. The latter believes that one 

"can find heat resistant spores of Clostridium botulinum 

any time and anywhere on the Pacific slope and in the 

Rocky Iountain areas." 

It is the aim of the present paper to determine 

from exact experimental evidence the prevalence of the 

spores in Oregon soils, and to shov; any possible cor- 

relation between occurrence and soil type. 
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CLOSTRIDIU1 BOTULINUM 

Clostridiurn botullnum (19) is a large, stout rod 

4-6 microns in length by 0.9 microns in width, with 

straight parallel sides and slightly rounded ends. It 
occurs singly and is sometimes found in pairs or short 

chains. It Is "Gram positive'1 and has four to eight 

pritricbate flagella. Spores are oval, wider than the 

rod, thick-walled, and are terminal or sub-terminal. 

The clostridiuni grows well on liver or nutrient agar at 

35-37 degrees C., producing alpha-prime hernolysis of 

horse blood cells, but it does not heniolyze sheep or 

human blood cells. It is a strict anaerobe. 

The organism has usually been thought to be a strict 
saprophyte, incapable of multiplying in the animal body. 

This seems a logical conclusion, since no cases of botu-. 

lism have ever been reported after the ingestion of 

fresh fruits or vegetables, though they are imovin to be 

heavily contaminated with viable spores. Coleman and 

Meyer (1) claim to bave produced typical symptoms of 

botulism in. animals by the injection of massive doses 

of toxin-free sflores. Similar results were obtained by 

all and Davis (7), but these authors do not agree with 

Coleman and Meyer in the latter's conclusion that the 

spores germinate and the vegetative forms multiply and 

produce toxin in the animal body. 
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The spores of Clostridium botulinum are exceed- 

ingly resistant to heat, and because of this fact they 

frequently v*thstand the temperature of ordinary 

canning methods. Veiss (22) found that the free spores 

survive a temperature of 100 degrees C. for over 5 

hours, of 105 degrees C. for 40 minutes, and of 120 

degrees C. for 6 minutes. Advantage is taken of this 

resistance to heat, as will be seen later, in the 

preparation of erwicbment cultures for the production 

of toxin. 

In suitable media, and under anaerobic conditions, 

a soluble exotoxin is produced by Clostridium botuli- 

I is this toxin which is responsible for the 

disease of botulism. "The toxin is probably the most 

deadly poison imown to man" (17); one-millionth of a 

cc. will kill a 250-gram guinea pig, and in several 

instances a mere taste has caused the death of a person. 

The rapidity of onslaught and the severity of the syrnp- 

toms are usually proportional to the quantity of the 

poison ingested. The toxin apparently attacks the 

central nervous system and affects the endings of the 

motor nerves. 

In human botulism symptoms generally appear in from 

18 to 36 hours after the ingestion of the poison. In 

about one-third of the cases described there bas been an 

initial acute gastrointestinal disturbance which bas 
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apeared somewhat earlier. owever, a persistent con- 

stipation is a characteristic effect of botulism, whether 

or not this initial gastrointestinal disturbance is 
present. The firstsyrnptoinof botulism is usually an 

ir.definite fatigue often accompanied by dizziness, and 

is soon followed by disturbances of vision, difficulty 
in swallov:ing and in talking, and a constriction of' the 
tbxoat. Jefleral muscular weakness, especially of the 

neck muscles, and an incoordination of muscular move- 

ment are striking effects. There is no disturbance of 

sensation and no pain. !entality is unimpaired, and 

the patient is usually conscious until the end. The 

temperature is generally sub-normal, and the pulse 

slot. Death usually occurs from cardiac or respiratory 
failure. If death does not occur, convalescence is 
very slov and tedious. 

There is a striking similarity between botulism in 
man and "limberneck" in fowls, and it is 1iovin that at 
least some forms of "limberneck" are caused by the 

toxin of Clostridiurn botulirnmi. The birds are inactive, 
reamining in one place with their feathers ruffled, and 

they refuse to eat. l'here is marked constipation, and 

a general picture of extreme weakness. The ings 

droop, and the beak or the side of the head rests on 

the floor of the cage. It is this last striking feature 
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which has given rise to the name "limberneck". 

In the course of this investigation letters were 

sent to the county agents of the state asking for data 

on cases of "limberneck" which bd come under their 
observation. heplies were received from twenty-one 

county agents, but only five reported the occurrence of 

"1imberneck' within their territory. This does not agree 

with the usual belief that the disease is coiîuon among 

fowls, but it is quite possible that outbreaks have 

occurred which have not been reported to the county 

agents. A number al' cases have come under the observa- 

tion of the Department of Veterinary edicine of Oregon 

State College in recent years. 

The peculiar duck sicimess among the wild fowl of 

certain western lakes presents the typical symptoms of 

botulism, and it has recently been produced experiment- 

ally by feeding the uincubated tissues of infected 

ducks (8). Clostridiuni botulinuni Type C bas been iso- 

lated from the mud of these lakes and from the tissues 

of ducks which died of the disease (C). 

Certain types of forage poisoning in horses present 

typical symptoms of botulism, though outbreaks have been 

infrequent. Clostridium botulinum may be an inhabitant 

of the intestinal tract of catl;le, but spontaneous botu- 

lism in cattle has not been proven (5). In cats, dogs, 

goats and hogs botulism has been 1movn, but it is very 
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ORIGIN OF SOIL SPECIMENS 

The 82 soils included in this experiment may be 
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divided into four series: soils from suspected areas, 

garden soils, field soils and miscellaneous soils. 

A Soils from suspected areas: Five soils were 

selected from localities throughout the state, from gar- 

dons v.hich had produced vegetables 1moi to bave caused 

botulism in either man or fowls. Two samples were from 

- 

the sites of outbreaks of human botulism (Pïne, 1934, 

and Albany, 1924), and three were from places where '1im 

berneck" of chickens had occurred, (Albany, 1931, and 

Redmond, 1933, and Gresbam, date unknown). All of these 

soils could reasonably be expected to contain spores of 

Clostridium botulinum, and were included in the experi- 

ment as a check on the technique used, and to determine 

the clinical picture presented by an animal which bad 

been injected with a 1movn toxic soil culture. The 

presence of the organism was demonstrated in all but 

one of these suspected soils, and the symptoms of the 

animals compared very favorably with those presented by 

an animal injected with the toxin from a pure culture 

of the organism. 

E. Garden soils: Twenty-four soils were chosen at 

random from gardens in Corvallis, Albany and surrounding 
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towns and farms. 

C. Field soils: Fjfty soils were taken from cult- 

ivated fields, from roadsides, and from uncultivated 

fields. The specimens represented 19 of the 42 dif- 

í'erent soil types described in Benton (20) and Linn 

(21) counties. 

D. }isce11aneous soils: Two samples were ob- 

tained from Kiamath Lake, where duck sicimess has been 

orevalent. One specimen came from a garden in Viallowa, 

Oregon. 

I all cases the upper three inches of soil were 

discarded, and the samples taken from a depth of' four 

to ten inches. The description and location of each 

soil are shovn in Table III. 
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ENhICNT OF SOIL CULTURES 

The spores of Clostridiwn botulinurn when they 

occur in soil, are not present in great numbers, so it 

is necessary to use a relatively large amount of soil, 

and to culture it in an enricbment medium particularly 

suitable for the production of toxin. Such a medium 

was prepared from fat-free beef muscle, peptone, salt 

and distilled water. 

Ten to fifteen grams of soil were placed in a 

sterile test tube (6x7/8 inches), mixed thoroughly with 

lo cc. of sterile physiological salt solution and heated 

in a water bath for one hour at 80 degrees C. This 

treatment with heat was to destroy all nonsporulating 

aerobes and anaerobes as well as the less resistant 

spore-bearing organisms. 

4 Beef-peiDtone medium: 
Ground lean beef ............... 500 grams 
Peptone ..... 10 grams 
IaCl..................... 10 grams 
Distilled water. . . . . . . . . . . . . . .600 grams 

Cook in Arnold sterilizer or-ha1f hour, shake 
and cook again one-half to three-fourths hour. Filter 
through gauze, then paper, and save the dry beef. To 
the filtered broth add enough water to make one liter, 
adjust pH to 9.0 and heat 10 minutes in the autoclave 
to throw down precïpitate. Filter through paper again. 

The dry meat is placed in test tubes to about i 

inch deep. About 25 cc. of the broth are added, and 
the tubes autoclaved 20 minutes at 15 1hs. pressure. 
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The heated soil samples were covered with a depth 

of about one inch of the solid meat of the enricbment 

medium and with about 15 cc. of the broth. This proced- 

ure was later modified and the soil mixed with the meat 

and 25 cc. of' broth before pasteurization. Luplicate 

cultures were made from each soil specimen. All cul- 

tures were placed in a Varney anaerobic jar and incu- 

bated for 10 days at 35 degrees C. In most cases the 

medium was blackened and much gas was produced. 

IDNTIFICATION 0F TOXIN 

In order to demonstrate the presence of' botulinus 

toxin in the enrichment culture, and therefore the 

presence of the spores of Clostridiurn botulinurn in the 

soil, the material was tested on guinea pigs. The 

supernatant fluid of the enrichment culture was re- 

moved, care being taken not to disturb the mixture of 

soil and decomposed meat below it, and centrifuged for 

i to 2 hours at high speed (1200 revolutions per mm- 

ute, centrifuge diameter 18 inches). Two cc. of' the 

clear fluid were then Injected subcutaneously along the 

median line of the abdomen of a medium sized guinea pig. 

Symptoms were recorded, and the dead pigs autopsied 

immediately. 

In the event that the pig died without showing 

symptoms or necropsy findings of any other anaerobic 
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infection, or exhibited symptoms typical of botulism 

(see page 19), the culture was considered suspicious, 

and toxin-antitoxin tests were made to identify the 

toxin. Tvo guinea pigs were used for this test: one 

was injected with 2 cc. of the same culture which had 

caused the death of the first pig; the second re- 

ceived a mixture of i cc. of this toxin and i cc. of 

polyvalent antitoxin. The toxin and antitoxin were 

mixed in a test tube 20 to 30 minutes before the time 

of injection, and were allowed to stand at room temper- 

ature until used. If the second animal injected with 

toxin alone succumbed to a typical intoxication, while 

the animal controlled with antitoxin remained healthy, 

the test was considered positive, and the presence of 

the spores of Clostridium botulinum in the soil 

demonstrated. 
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DETERMINAT ION OF "TYP ICAL SYMPTOMS" 

In order to determine the "typical symptoms" of 

botulism in guinea pigs the following experiment was 

performed: A pure culture of Clostridium botulinum, 
* 

Type B, was grovm on liver agar, then transferred 

to beef-peptone enricbrnent medium. After 10 days in-. 

cubatin anaerobically at 35 degrees C. the supernatant 

fluid was removed and centrifuged. Two cc. of this 

liquid were injected subcutaneously into a medium sized 

guinea pig. The pig died in the night (within 16 hours) 

and no symptoms were observed. A second pig was in- 

jected v'ith one-half cc. of the same culture. Symp- 

toms were first observed in 22 hours; the animal be- 

came thin and less active than normal pigs, and seemed 

* Clostridium botulinum, Type B, U.S.D.A., isolated 
by Magoon. 

** Liver agar: 
Beef liver, infusion from....500 grams 
Bacto-peptone .............. 10 grams 
NaC1 ......................... 5 grams 
IcI3PO4. ................ 1 gre.rn 

Dextrose .................... . .5gram 
Agar.. ..................... .. 15 grams 

Grind up liver, add 600 cc. water, mix thoroughly and 
leave in ice box over night. In the morning steam one 
hour, filter through gauze and then paper. Add water 
to make one liter, and add all other ingredients ex- 
cept agar and sugar. Autoclave 10 minutes to throw 
down precipitate. Filter and adjust pH to 7.0. Add 
agar, and when agar is dissolved add sugar. Tube, and 
sterilize in autoclave at 15 lbs. for 20 minutes. 
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to move with a sort of sidewise motion. He then 

became quite inert, scarcely moving when disturbed. 

There was very little muscle coordination, particularly 

of the hind legs. As death approached, paralysis be- 

came general; the animal lay sprawled out and was unable 

to move; ILimberneck!I was especially evident. Death 

occurred within 36 hours. 

An autopsy was performed, but there was little 

pathology to be observed beyond slight hyperemia and a 

distended bladder. In the subsequent autopsies of 

animals which died from toxic soil cultures certain 

findings v'ere consistently present, and may he regarded 

as typical. These hyperernia of the peritoneimi 

and viscera, frequently well marked in the lungs; a 

greatly distended bladder; and a rather soft heart, 

frequently sho.ing extensive blood clots. Dubovsky and 

eyer (4) describe the necropsy findings on guinea pigs 

which succunib to the toxin of Clostridium botulinum as 

shovin'Tmarked congestion of abdominal viscera with 

dark colored liver and spleen", but remark that "in 

very acute intoxications these lesions are absent". 

A guinea pig which had been injected 10 days pre- 

viously with a mixture of toxic soil culture and poly- 

valent antitoxin was injected with 2 cc. of the same 

toxin from the pure culture of Clostridium botulinum, 



22 

but no symptoms developed. Evidently the animal had 

developed an immunity to the toxin, but no later studies 

were carried on to determine the permanence of the 

immunity. 

.4JANTITATIVE TEST FOR T PRESCE OF SPORES IN 
GO1TAMINATED SOILS 

Dubovsky and Meyer (4) found that to insure the 

production of sufficient toxin it was necessary to use 

a soil sample of at least 10 granis. To determine in 

how small a quantity the presence of spores could be 

demonstrated, the following test was undertaken: 

S 1, a soil which had previously been shown to be 

toxic was cultured according to the methods already 

described, using four samples of 10 grams, 5 grams, 1 

gram and 0.5 gram each. The toxins from these cultures 

viere tested on medium sized guinea pias, and all cul- 

tures were found to be toxic. Each animal inoculated 

developed tyica1 symptoms of botulism within 16 to 20 

hours, and autopsy findings in each case viere character- 

istic of that dIsease. The results of this test show 

that as little as 0.5 gram of soil contained viable 

spores. 

TAE II 

quantitative Test for the presence of spores in con- 
taminated soils. 

10 grams 5 grams 1 gram 0.5 gram 

Si + + + 
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STERILIZATION OF MATERLUS 

All glassware and apparatus used were sterilized 

for one hour at 17-18 pounds steam pressure. After 

each use, whether for animal inoculation or culture 
transfer, the work table was washed with a 5 solution 
of lysol. 



TABLE III 
Location and toxicity of soils 

1umber Kind of Location 
sample sample Soil type Toxicity 

Fies A 
S i Garden Albany, human botulism outbreak, 1924 + 
S 2 PIne Valley, human botulism outbreak, 1934 + 
S 3 u 

Redmond, limberneck outbreak, 1933 + 
S 4 U 

Albany, limberneck outbreak, 1931 + 
S 5 

" 
Gresham, limberneck outbreak, ? - 

Series B 
G B i t, T.11 S.,R.5 W., NE,SEk, Sec. 20 Cove clay - 
G B 2 t, T.1l S.,R.5 V., NW,SE, Sec. 20 Olympic clay - 
G B 3 f, 

t' 

T.l1 S.,h.5 pi., NW,SW, Sec. 21 Camas gravelly loam - G B 4 T.l1 S.,R.5W., Sec. 27 Cove clay - 
G B 5 

t, T.11 S.,R.5 W., NW-TE, Sec. 27 Camas gravelly loam - 
G B 6 

t, 

147 N. 11th st., Crva1lIs Amity silty clay 
loam - 

G B 7 
t, 1000 Monroe st. Corvallis " " " 

G B 8 't 

T. 11 S.,R.5 Sec. 27 Camas gravelly loam - G B 9 
t, 

T. li S.,R.5 W.,SW,SE Sec. 21 Cove clay - 
G B 10 

" 
T. 11 S.,R.5 W.,NE±,SE, Sec. 27 Cove clay - 

G B 
G 

11 
12 ' 

T. 11 S.,R.5 W.,SEW Sec. 21 Cove clay - 
B T. 12 S.,R.5 W.,SENE, Sec. 4 Canton silty clay 

loam - 



Series B 
cont inueci 
c L i arden T.13 S.,R.4 VI., SE*,SE, Sec. 8 Willamette silty clay loam + 
J L 2 " T.12 S.,R.4 W., SE,NW, dec. 20 illamette silty clay loam - 
G L 3 ' 

t, 

T.11 S.,R.4 W., I'1W-4,SE-L, Sec. 36 AmIty silt loam - 
G L 4 T.12 S.,R.4 V/., NE,SV4, Sec. 8 Cheballs silty clay loam - 
G L 5 t, T.15 S.,R.4 W., NE,NE, Sec. '7 AmIty silt loam - 
G L 6 " T.12 S.,R.4 W., SEJ..,NE!., Sec. 12 Amit7 silt loam - 
G L '7 

', T.l3 S.,R.4 W., NEI,SEI, Sec. 15 Willamette silty clay loam - 
G 
G 

L 
L 

S 
9 

" 

' 

T.13 S.,R.4 1(4., SW,SE, Sec. 10 AmIty silt loam - 
" 

T.13 S.,R.4 W., SW,SV, Sec. i Amity silt loam - 
G L 10 

' 

T.13 S.,R.4 W., NE,NE-, Sec. 12 Amity silt loam 
G L 1] T.l3 .,R.4 W., NE,NEt, Sec. 11 Amity silt loam - 

L 12 t? T.12 S.,R.3 ilr. Nw.,Svt, Sec. '7 Dayton silt loam + 

Series C. 
F B i Field T.12 S.,R.5 W., Sec. ö Willamette silty clay loam - 
F B 2 " T.11 S.,R.5 W., SE1,Wi, Sec. 25 Chehalis silty clay loam - 
F B 3 

n T.11 S.,R.4 Vi'., NE.,SVI, Sec. 30 Newber fine sandy loam - 
F B 4 

" T.1l S.,R.5 W., Sec. 25 71llamette silty clay loam - 
L:i 5 

" 
T.l2 Se,R.5 W., Sec. ô5 \aato silty clay loam - 

F 
F 

B 
B 

6 
7 

T.12 
T.12 

.,R.5 
S.,R.5 

\1, 
Y., 

SE,11W, 
S"i4,I1W, 

Sec. 3 Wapato silty clay loam - 
' 

Sec. 3 Chehalis silt loam - 
F B 8 

I, 

T.12 S.,R.5 W., Sec. 3 Wapato silty clay loam - 
F B 9 T.12 S.,R,5 Y , 1?W-,SWk, Sec. 3 illamette silty clay loam - 
F B 10 " T.12 S.,R.5 ',. ., SE,NW, Sec. 9 Amity silty clay loam - 
F B 11 T.12 S.,F.5 V , w1,:Nw-, Sec. 10 Melbourne clay loam - 
F B 12 OSC campus T.11 S.,R.5 V ., S%V,SEt, Sec. 34 Willarnette silty clay loam - 
F 
F 

B 
B 

13 
14 

Field T.12 
T.12 

S.,Ii.5 ., SE1,1WÁ, See. 11 Willamette silty clay loam - 
.,h.5 ., NE,SW*, Sec. il Dayton silty clay loam - 

F E 15 
" T.12 S.,R.5 ., Sec. li Willamette silty clay loam + 

F B 16 T.12 S.,h.5 ., SE,SE, Sec. 11 Newberg fine sandy loam 



eries C 

continued 
F B 17 Field T.12 
F818 " T.12 
FB19 T.12 
F820 T.12 
F821 " T.12 
F822 " T.12 
F823 " T.12 

FL1 T.12 
F.L 2 " T.12 
FL3 " T.11 
FL4 " T.12 
FL5 " T.12 
FL6 " T.12 
FL? " 1,11 
FL8 " T.l1 
FL9 " T.11 
FL1O T.l1 
FL11 " T.11 
FL12 T.l1 
FL1 T.11 
F L 14 

" T.l1 
FL15 " T.11 
FL16 ' T.11 
F L 17 

" T.1l 
FL18 T.l1 
FL19 T.11 
F L 20 " T.11 
FL2I " T.11 
FL22 ' T.1l 
FL23 " T.12 

S., R.5 Y., 
S., R.4 W., 
S., R.5 W., 

:: ::; 
:: ::: 

S.,R.5 Vi., 
u 

S.,R.5 VI., 
S.,R.5 V., 
S.,h.4 W., 
SI,R.4 
S.,R.4 Si., 
S.,R.4 W., 

S.,R.4 Vs., 

S.,R.4 W., 
.-z 

S.,R.4 W., 

S.,R.4 V1., 
S.,R.4 V.., 
S.,R.4 'L., 

t. t. QL :1. 

4 
MY1 1 i1W L 
Jt,i 4 

SEk,±, 
SE , NE k 
SW 
sv, , NE k' 
Sk,NEk, 
11t' 1 vit k 

4JI.L..J 4 
NW 

k' 
SW I,SE k' 
NE,NE, 
SW i.,NVf!, 
NE,SW±, 
SW 

1,NE 
, 

SW 4,NE , 

NE ,NW , 
c1t I j. 

L'4L.* 

4 4 
i -L 

4 4 
SE ,SW*, 
SV SE 

k' 
SE SEJ, 

4, 

NW ,SVt , 

NW ,SE ½ 
4, 

L :.t' j 

I 
i4J_ 

ITW 

Sec. 2 Amity s11t clay loam - 

Sec. 12 Newberg loam + 
Sec. 2 Chehalls silty clay loam 
Sec. 4 Canton silty clay 1oan - 

Sec. 4 Olympic clay - 

Sec. 4 Amity silty clay loani - 

Sec. b Melbourne silty clay loam - 

Sec. 2 Chehalis silt loam - 

Sec. i Camas gravelly loam - 

Sec. 36 Newber sandy loam - 

Sec. 1 Chehalis loam - 

Sec. 6 Chehalis silty clay loam - 

See. 6 Chehalis silty clay loam - 

Sec. 28 Salem clay loam - 
Sec. 22 Amity silt loam - 

Sec. 22 Wapato silty clay - 
Sec. 15 AmitT silt loam - 
Sec. 15 Dayton silt loam - 

Sec. 11 Vìillaìnette silt loam - 

Sec. 36 Nevberg fine sandy loam - 
Sec. 3]. Chebalis silt loam - 

Sec. 31 Camas gravelly loam - 

Sec. 31 Chehalis loam - 
Sec. 32 Chehalis silty clay loam - 

Sec. 33 Willamette silt loám - 

Sec. 33 Dayton silt loam + 
Sec. 34 Dayton silt loam + 
sec. 32 Vapato silty clay - 

Sec. 22 Amity silt loam - 

Sec. 3 Salem clay loam 



Series C 

continued 
F L 24 Field T.12 S.,R.4 W., NE*,SW, Sec. 3 Amity silt loam - 
F L 25 " T.12 S.,R.4 W., NEJL,NEA, Sec. 16 Villarnette silty clay loam - 
F L 26 T.11 S.,R.4 W., SW,NE, Sec. 34 Salem clay loam - 
F L 27 T.l2 S.,R.4 W., SEk,IlW., Sec. 16 Amity silt loam - 

Eeries L) 

Y 1 Lake mud Kiamath Lake, neir Link River 
W 2 Lake mud Kiamath Lake, near Link River 
Ì' 3 Garden Wallowa 



DISCUSSION 

TOXIC SOIL SAMPlES 

The results shown in Table III will be discussed 

according to the series represented. 

series A. Suspected soils: 

S 1. This specimen originated in the garden of the 

farm near Albany where the beans were grown which had 

caused the death of 12 people in 1924. The first guinea 

pig inoculated with this culture showed marked symptoms 

in 20 hours, with wealmess, "limberneck" and general 

paralysis typical of botulism. The animal grew steadily 

worse and died within 25 hours. Autopsy showed the vis-. 

cera hyperernic and somewhat congested, the liver dark 

colored, the bladder distended. The second animal inocu- 

lated from the same toxin died within 24 hours, and symp- 

toms were not observed. The pig given the mixture of 

toxin and antitixin remained healthy. 

S 2. This sample was obtained from the garden in 

?jne Valley, on the soil of which had been grown the spia- 

ach responsible for the death of two persons in February, 

1934. The first guinea pi inoculated showed the creep- 

Ing paralysis typical of botulism. Autopsy showed little 

pathology; the lungs wereslightly hyperemic, and there 

were blood clots on the heart. The second animal injected 

also developed tyoical symptoms, but an autopsy was not 

performed. The pig controlled with antitoxin remained 



29 

healthy. 

S 3. This soil was taken from a garden in Redmond, 

where an outbreak of "limberneckt had occurred anion 

fowls in September, 1933. Both guinea pigs inoculated 

showed typical symptoms of botulism and died v1ithin 27 

hours. Autopsy in both cases showed marked hyperemia of 

the viscera. The animal injected with toxin and anti- 

toxin showed no symptoms. 

S 4. This soil came from a garden in Albany. 

Vegetables grovin on this soil were responsible for an 

outbreak of limberneckU j 1931. The first guinea pig 

inoculated showed typical botulism in every respect; 

symptoms were noticed in 20 hours, and death occurred in 

26 hours. Autopsy findings included hyperemia, distended 

bladder and dark colored spleen. The second animal in- 

jected died in the night and no symptoms were observed. 

A sedond sample of this same soil was cultured, and it 

also proved toxic. The first pig showed typical symptoms 

of botulism and died within 44 hours. Autopsy findings 

were also typical of botulism - a greatly distended 

bladder, hyperemia throughout the viscera, and a soft 

heart. The animal controlled with antitoxin remained 

normal. 

S 5. The only non-toxic soil in this series came 
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from a garden near Greshain, vhere an outbreak of 

ttlimbernecku was reported to have occurred. However, 

the history of this outbreak is unl2lown, and it is 
entirely possible that it was not botulism. 

Suirilnary of suspected soils: Five soils, with 4, 

80' toxic. If we discount the soil of unknown history, 
there is a toxicity of 100%. 

Series B. Garden soils: 
G L 2. 1ihis soil was from the garden of a farm in 

Linn Couhty, southeast of Corvallis. Both guinea pigs 

injected developed typical symptoms of botulism. Autop- 

sy findings of the first pig showed only a slight hyper- 

ernia, but those of the second were characteristic of 

botulism, including marked hyperemia and a distended 

bladder. The pig controlled with antitoxin did not 

become ill. 
G L 4. This soil came from a garden in the town 

of Tangent, in Lnn County. The first pig inoculated 

sied in the night, and no symptoms were observed. 

Autopsy findings were not typical of botulism, for there 

was evidence of much gas in the intestines, and the 

stomach wall was ruotured. The second pig inoculated, 

however, developed tyDical symptoms of botulism, and the 

autopsy findings were also characteristic of that dis-' 

ease. The pig given both toxin and antitoxin remained 

normal. 
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In subsequent tests several guinea pigs died quite 

suddenly, and when the autopsy was performed each pre- 

sented a picture very similar to the one given by the 

first pig inoculated with G L 4. The stomach was rup- 

tured or dissolved, and the intestines were very bloated 

and ga7fi1led. Apparently the culture inoculated con- 

tained some gas-forming anaerobic bacterium which in- 

fected the stomach and intestines. This is not surpris- 

ing, since the fluid inoculated was not a pure toxin, 

but a mixture of broth and whatever minute soil particles 

and bacteriál growth products remained in suspension 

after the centrifugalization. Indeed, the surprising 

thing is that so few animals developed symptoms other 

than botulism when soil Is imown to contain so many 

different organisms. 

G L 11. This soil was taken from a garden at 

Shedd, Linn County. The first animal inoculated showed 

typical symptoms of botulism and showed the character- 

istic autopsy findings. ihe second pig also showed the 

typical wealmess and paralysis of botulism, but developed 

a gasping and wheezing which were not found in other 

cases. This may have been due to some secondary infec- 

tion. An autopsy showed the hyperemia and distended 

bladder so characteristic of botulism cases. 
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None of the other garden soils gave positive 

tests. It will be noticed that all of the toxic garden 

soils were from Linn County, but they were from widely 

separated localities. 
Surimary of garden soils : 24 soils, with 3 (12.SZ) 

toxic cultures. 
Series C. Field soils. 
F B 18. This sample v;as taken from a cultivated 

field south of CQrvallis, in Benton County. Both guinea 

pigs inoculated soon developed marked symptoms and showed 

the typical paralysis. The first was not autopsied, but 

the second shoved marked hyperemia throughout the vis- 

cera and peritoneuni, a distended bladder, and a soft 

heart with large blood clots. No symptoms were developed 

by the pig given antitoxin. 
F L 19. This was a cultivated field soil from Linn 

County, southwest of Albany and east of Corvallis. l3oth 

animals injected developed typical symptoms of botulism. 

Autopsies showed very little pathology beyond a distended 

bladder in the first pig, and a rather large blood clot 

in the pleural cavity of the second. The pig injected 

with antitoxin remained normal. 

F L 20. This soil was taken from a cultivated field 

southwest of Albany, and one-fourth mile east of F L 19. 

B0th pigs developed typical symptoms, and autopsy find- 
ings in each case were typical of botulism. The animal 



$3 
given antitoxin did not develop symptoms. 

F B 15. ihis soil came from a cultivated field 
south of Corvallis. in Benton County, and less than one 

mile southeast of F B 18. The first guinea pig inocu- 
lated developed typical symptoms of botulism and died 
within 40 hours. An autopsy showed the extensive hyper- 
ernia characteristic of botulism, but the stomach was 

ruptured. ihe second pig died in 40 hours, and no symp- 

toms v'ere observed. Autopsy of this animal also showed 

a ruptured stomach and bloated intestines. The pig 
given antitoxin remaIned normal as did also a pig inocu- 
lated with the culture of a second sample of the same 

soil specimen. This soil is classed as a orobable posi- 
tive, since the first pig shoved both symptoms and autop- 
sy findings characteristic of botulism, and since the 
antitoxin controlled ig did not. The ruttred stomach 

and bloated intestines indicate another infection, that 
of a gas-forming anaerobe, which In the case of the 
second pig r'ay have worked its effect before the symp- 

toms of botulism became noticeable. That the second 

sample of this soll did not prove toxic is not surpris- 
ing. If the toxin were not strong enough for its effect 
to become noticeable before that of the gas-producing 

anaerobe, it is to be expected that the number of spores 

in the soil is very small - too few for them to be found 

in every sample cultured. 
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F F 19. ThIs sample was taken from an uncultivated 

field in Eenton County, south of Corvallis and within 

one mile northwest of F E 18. The first pig inoculated 

developed typical symptoms of botulism with marked lack 

of coordination and creeping paralysis. Autopsy findings 

were also t-oical. The second pig did not develop synip- 

toms, although it received the same sized dose of the 

same culture as the first. The control pig given anti- 

toxin also remained healthy. The symptoms of the first 

animal were so marked and so typical that this soil was 

considered probably toxic; however, it is not included 

with the definitely positive cultures. 

Some of the other field soils produced toxic cul- 

tures, though several of them caused the animal to die 

from a different anaerobic infection, showing no symptoms 

at all like those of botulism. 

Summary of field soils: Fifty samples, with 

3 (5), or C (10%) toxic cultures. 

benes D. Miscellaneous soils. 

The two samples of Kiamath Lake mud as well as the 

garden soil from Vallowa were negative. It is not sur- 

prising that in an area as large as Kiamath Lake two 

samples taken fairly close together should not be found 

to contain viable spores. 

Of the total of 82 soils used in this experiment, 

10 (12.2%) were found toxic. Including the 2 soils 



regarded as probably toxic, there were 12 (14.6) 35 

positive cultures. Considering only the soils picked at 

random from Beflt0fl and Linn Counties, (and these are 

obviously the only ones to consider in such a survey), 

we find that 3 (12.5%) of the garden soils, and 3 (6%) 

al' the field soils were contaminated, a total of 6 (8.1%). 

Even if te soils regarded as probably positive are in- 

cluded, making l2.5 of the garden soils and lOE' of the 

field soils contaminated, the total of lO.8 is still far 

below that predicted for Oregon by other investigators. 

It would seem, therefore, that asfar as garden and field 

soils are concerned the spores of Clostridiuri botulinum 

are present hut do not abound in soils of this region of 

Benton and Linn Counties. It appears also that the7 are 

fairly equally distributed between garden and field 

soils. Table III summarizes these results. 

The results of the quantitative test for soares in 

contaminated soil as shown in able II indicate that 

viable spores may be demonstrated in as little as 0.5 

grani of soil. The number of spores in the soil must 

therefore be relatively large. Two samples of another 

contaminated soil, S 4, both gave positive cultures. 

These soils, however, may have been particularly heavily 

contaminated, and further tests are necessary before a 

definite statement can be made. 



TABLE Iv 

Percentage of Contaminated Soils 

Number of Number 1umber Total % samples definitely doubtfully definitely definitely and positive positive positive doubtfully positive 

Garden 
soils 24 3 12.5% l2,5 

Field 
soils 50 3 2 6.0% iO.01 

74 2 8.1% 10.8% 

(j: 

C) 



These results, as well as the 

least 8O'' of the suspected soils ( 

one sample of doubtful origin) the 

hotulinum were demonstrated, would 

methods employed were adequate for 

ism if it viere present. 

GEOGRAPHIC DISTRIETJ] ION 

3? 
fact that in at 

or lOO if we eliminate 

spores of Clostridium 

indicate that the 

recovering the organ- 

The results of this work to a certain extent bear 

out the findings of eyer and Jeiger that the spores of 

Clostridium botulinum are concentrated in certain areas. 

Samples F L 19 and F L 20, toxic field soils, were taken 

from adjoining sections within one-fourth mile of each 

other. F B 15 and F B 18, listed as probably toxic 

soils, vere each within onemile of F E 17, a definitely 

positive specimen. Since there were no other toxic or 

probably toxic cultures among field soils, the spores 

would seem to be concentrated in tvo districts, one in 

Linn County, the other in Benton County. The three toxic 

garden soils, however, vere widely separated, though all 

occurred in Limi County. 

The garden soils of Linn County seem to be more 

frequently contaminated than those of Benton County, 

while the proportion of toxic field soils is probably 

greater in Eenton County. However, of the total samples, 

the greater proportion of toxic cultures was found in 



Linn County. These results are summarized in 

TABLE IV. 

TOXICI'TY AND SOIL TYPE 

There is apparently no correlation between toxicity 

and soil type. Dayton silt loam yielded three toxic 

specimens, two of which were in adjoining quarters; two 

toxic specimens were Vlllamette silty clay loam. ITO 

other type of soil was represented more than once in 

the positive cultures. Of the 8 toxic and probably 

toxic soils, 4 were heavy, impervious soils, poorly 

drained and aerated, while 4 were light, porous soils, 

veli drained and aerated. fleither type of soil seems 

to be more favorable for the presence of the spores 

of Ciostridium botulinum than the other. 



Eenton County 

Jarden soils 
Field soils 

Linn County 

Garden soils 
Field soils 

TABLE V 

iercentage of Contaminated Soils by Counties 

Number of Lumber Number Total 
samples definitely doubtfully definitely definitely and 

Positive positive positive doubtfully positive 

12 0 0 0 0 
23 1 2 4.3% l3' 

35 1 2 2.8% 8.6% 

12 3 25.0/ 25.0% 
- 7.4« 7.4% 

39 5 12.8/ 12.8% 
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SUMMARY 

1. The spores of Clostridium hotulinum may be 

found in the soils of Benton and Linn Counties, Oregon, 

but they do not seem very widely distributed. 

2. The presence of spores was demonstrated in l2.6 

of the garden soils and in 6 of the field soils, with 

4' additional doubtful positives. 

3. Spores seem more prevalent in garden soils in 

Linn County, and in field soils in Benton County, but 

of the total toxic samples the greater proportion 

occurred in Linn County. 

4. I field soils the spores seem to be localized 

in certain areas, but the toxic garden soils were widely 

distributed. 

5. The presence of spores was demonstrated in lO0 

of soils vhere botulism had been iaiown positively to 

occur . 

6. The presence of spores was demonstrated in as 

little as 0.5 gram of contaminated soil. 

7. There is apjrently no correlation between the 

occurrence of spores and soil type. 
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