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introduction

A live stock malady, that the plonsere of certain districte of
the seniearid Oreat Plaine erronsously called “"alimli disease,” has long
been a problem of considerable importance. Thie condition was believed
to have been caused by aliksli water and spote in the soils of the regien.
Probably the firet published sccount of the malady is the report of
Mm-an.l wvho deccribed ite outbresk among the horees and mules of the
cavalry troop at Fort Randall, Territory of Nebrasin, in 1856. Thie
sarly reference to the disease has soquired new interest from the fact
that the vegion surrounding 014 Fert Randall ie in the area recently
gtodied by wvarions sgencies to discover the csuse of the malady.

ALl livestock is affected by the disease. The firet mympltoms
oheerved are Sullness and o laok of vitality in the animale. Thay lose
. wolght, their coats Decome roughened, and they fall to respond to feeding
even when given wnaffeoted feed and water. The heart and liver ave
severely damaged in move sdvanced casen. Anewia is comson and appears
to be a characteristic accompaniment. The bones, especially the jolints,
are oroded and there i¢ a pronsunced dieturbance of the ealciume~phosphorous
motaboliem.” Theve are warious gradations of the disesss, from mild cases
vhere the aninnls exeept in minor degrees show no i1l effects, to very
severe oases in which there is an alteration in the growth of horas, a
sloughing-off of the hoofs, and n loss of halr from the switches of
cattle; roaghensd coats, alterations in the hoofe and loss of halr from

nunee and talls of horsest and loess of halyr in swine. After the slough-
ing-off of the hoofs in cattle and horees, the feet become so tender that
many of the unfortunate animale are seen kneeling while they grase. Thie




2

gave riee to the term, "praying dleease” by which the malady 1s known ia
some reglons.

J#ithin the past few years it has been definitely established that
the so-galled “alkali dicense® i o form of severe poiconing caused when
aninale fead on grasses, foragen, znd cereals that hgw nogorbed the
polsonous element selenium from the soil. The proposal to change the
nane of the malady to ssleniunm polisoning has not been generally accepted,
and the old term “aliknli &lceage” will nrebadly be retained to designate
this tyre of selenium poisoning, becaure L% is knoen that there are other
typee of selenium poisoning. “Alkall disease” iz recognized as a chromie
forn af selenium poleoning and is the most prevalent type found in South
Bakota and Hebraske. “S1ind Stageers,” s move agute type, e the variety
noat gommon in certain dletriets of “yoming.

"mmx- facte that have been found by investigators are that
notadle concentrations of seleniun in soile are sssocliated with certain
definite geologionl formations, and in seils derived therefrom. and that
1t 1s troublenone only in semi-arid reglons. Investigations also show
that wherever selenius ie present in soils, plants absord varying amounts
ranging from traces to thousands of parts per million of the o'wmént. It
is not definitely known how much selenium a <911 may oarry without belng
dangerons, but from investigations it appears that any soil omntaining
over one-half part per million or any ugonun containing over fouy
parte per million of selenium may be regardad as dangerous.

In Sguth Darota the seleniuvm occoure in soils that have been formed
by the weathering and disintegration of the Plerre Shale, a formation that

comes to the surface in those areas. It is known %o oarry selenium in
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ancunts that vary widely according to different geological horizons of
the strata, ranging from less than one part per million $o as high as
forty parte.

S1n Horth Dakkota the Pierre Shale M' underlies the entive
Ctate exoept in the Red River Valley; which however containe dlue clay
dorived from i%. In the sastern half of the state, the Plerve lles
imnediately below the dlacial drift, exoept in the Turtle MHountaine vhere
it ie capped by an catiier of the Fort Union formation. West of the
Hiseouri escarrment u.‘n gonerally deeply buried uader younger sedie
montary formations and comes to the surface cnly in two small areas, one
slong the Migeouri River near the South Deskots boundary and the other in
the wvalley of the Little Beaver Cresk in the southwest corner of the
States The feet that the Plerre does not form the surface soile in
Herth Dacota explains the abeence of "alikali disense” among the live
stook in the State.

In a large portion of ligrth Dpiota most of the deeper wells
penatrate or pase Shrough the Flerrve Shale formation. The thale proper
is nearly impervious to the passnge of water, dat sone wells obtain their
water from the weathered or jointed parte of the formation or from the
inbedded aguifer of sandstone and gravel.

Fyom .‘mamsa- of thess gonditions, Professor G. A, Abbott
sugzented the possibility to the writer, that waters in prolonged 20m-
tant with solenftunbearing formations might be found to earry appreciable
smounts of selenium, lis sugsestions was strengthened by the statemente
of mnny farmere and veterinarisns that eattle and horses watered from
certain bracicish wells "did not do well.” The animale became thinm,
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often enenic and offered little resietance to the scourge of tudbercalosis.
e Accordingly an investigntion of the ococurrence »nd digtridution

of selenium in the ground waters of the state was undertaken dy the

writer vith Professor Abbott'e active Wln in the hopes that

information obtained might indiente whether or mot selenium presente

o hyzienie problem in this State. ‘

Having on hand o very large and reprssentative collection of
ground water samvles gathered during the vecent survey of munieipel
water supplies, attention was firet directed toward the examination
of waters used for human comsusption. Thme, most of the anslyses in-
cluded in this report have been made upon sunicipal supplies. It is
underatesd that sunicipalities aaturally try to obtalin the bdeast avalle
able mui supplies, and that these mters are not vepresentative of
the more bLrackish waters considered unfit for human use, bdut used for

- mtering umuﬂ.' A lisited mmber of these stook welle have been
exsnined, but not enough to justify general conclusions conceraing
them.
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Seleniun DMscovery and History

%o give s better understanding of the problens invelved in thie
tivuti@tlun. a brief susmary of the hietory, occurrence and properties
of selenium is included.

 %ta sy, 9. 9. Berseltus reported a ved, pulverslent substance
that collected on the floors of the lead chambers when certain eoppey
pyrites were roasted to produce sulfur dioxide in the manufacture of
sulphurie scid. During the subsegquent years, he exemined in ecome detail
the chenical propertiee of the nevw element which he nsmed "selenium® from
the Greek word signifying the moen.

Selenium fe widely distriduted on the earth's crust, but occours
usaally only in small guantities. Of the known elements, selenfiun ranks
about fiftieth in abundancs. It 12 not usually found in 1ts nntive state,
bat the selentsllurium of Hunduras finds the two siester slenente practicslly
fﬂ.-r It in invariably found replasing sulfur in orves, forming iso-
norphous compounds with lead, silver, copper and mercury. Some of these
ores are elsusthalite, PbSe; berselianite (Cu,Ag,T1),5e; neumannite,
{Ago,Pb)Ce; tiemannite, HgSey lehrbrachite, (Pb,lg)Be: onofvite, Hg(Se,t)
and eurcairite {Ag,Cu)pSe. It e found aleo in emall quantities in many
‘mutiu of pyrite and chalcopyrite. By rossting the minerals, all the
eolenium is volatilised and subsequently depomited as a mud from whieh 4t
is extraoted with potassium oyanide snd precipitated with acid.

KCH » e KCite

KCite & HCY BOE « BECL ¢ Ue

Proparties of Selenium
Ag does sulfur, selenium exists in several allotrople forms.
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i~Geleniun, the vitreous modification, diseclives in earbon disulfide.
Red Beseleonium i¢ obtained by reducing a cold solution of selenious neid
with sulphuvrous aeid. It is lese solable in oarbon disalfide than the L.
variety. By heating ved selenium with hot water, 1t 1o changed to dark
gray selenium which is insoluble in the disulfide.

Un belng heated in alr, seleniun burns with a bDluish flame, forming
white, erystalline selenium dioxide. Selenlum forme onmly one oxide and
two selde, selenious asid, quoy and seleniec acid, 32800“. Yhen meleniun
ie hoated in hydrogen, gaseous hydrogen seleaide, 8280. is formed.

Selenious meid i¢ obtained in the form of long, colorliess, needlsss
by oxidizing the element with nitric acid and by diescliviag the anhydride
forwed in water. On standing in aiy, the acld is reduced to the slement,
it 4o dlbasic and forms salte in vhich the hydrogen atoms avre replaced W
metale. The acld ealts are all solubls in water, but the neutwral sslte,
sxcept those of the alkalies, are insoluble.

Selenic acid is obtained in solution by conduoting chlorine inte
water which contains the element of selenious acld.

e & 3005 ¢ N0 Ho5e0) 4 GHCY

T™he acld 1s dlabasic and bshaves sinmilarly to a perexide, svelving
chlorine when bolled with concentrated hydrochloric acid, being reduced to
selenloun acid. :

”mmm can be separated from all elements except arsenic by dlee
tillation with bronine in hydrobrenic acid. This e the basie of one of

the gquantitative determinations of the alement.

The Torn of the seoleniun vith which this problen is chiefly concerned
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19 the selenite. "he particular form 1o not. kmown, dut it is undoubtedly
that of selenite fon although sslenste ion may be pressat.  felenites ave
by far the more toxic of the two types.

Selenium salts are very toxic and sot polsonsusly on the body as a

vhole. They are much mere poisonocus bat they may>ba likened to arsenie

and antinony in thelr toxie effects.
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Bxzperinental
The value of thie resscrch is largely dependent on the snalytical
methods used for the determinations. Some methods of analysis used Wy
warione snaalyste are nractical vhere higher values of selenium than those
found in ground waters are concerned. Some of these are titration methode;
othsre gravimetrie or eolorimetric. mtn the former the seleniun o tie
trated with potaseium cyanide after previscus treatment with e@eold, QRMM

11 |

sodiun sulfide. 2y practical

Another titration methed is lodometrie.
gravizetrie nethod of deteraining selenium 1s to treat the selanized solu~
tlon with hyéwamine hydroghloride and concentrated hydrochleris acld. 3Bell
until the deposit becomes black, filter, wash, dry at 130°C and weigh.
uuﬂm meothod used for the determination of selenium gravimetrieally
f2 to treat o known susll amount of the material with 0.3 ml of fuming
pitric acid and then treat further with water and soncsntrated hydrechlerie
acids Sulfur dloxide ie paseed in vhen the sizture is bYrought to bolling.
Black selentwr Le filtered, washed, dried at 110°C and weighed. '*A prace
tical eolorimetrie method for deterninations of selenium is to add thiouren
to hydrochloric acld solutions of the materials to be tested and gompare
vith stondards. This method was cconsionally used as o chegk mathod in the
SUrvey. "x’ﬁoro are many more of these methods but suffice Lt Lo say that
they are not prastical for the determination of mmall quantities of selenium
found in waters.

It was decided for thie survey to use a golorimstrie methed.

15501 entzed enlphurie aeld when cooled develops a green golor changing to

biue when a fow dreps of ' aguecus solution of codeine sulphate is added
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%o it. The depth of coler showe by comparison with standapds, the guentity
of eselentum presont.

“wo nethods wope need for trsataont of tho wators to bring tham {nte
the condition wheve the eodeine sulihate gould indieate the selentum. “ﬂm
wae the method of Fown and the mnw‘ a éistillstion method. A madified
Ejeldshl dtgestion apparatus was uased to digeet the sulphuric scid ia hath
methods. Hatteries of Njeldahl fluske were comnected to one large centpal
filter flask, partially Miled «ith snter by means of glase tuding and
sunll Dulb tubes. “he suotion flssk was in turn eonnected %o o water vacowm
panpe Thus the eulfur tricside fuses glven off were absorbed in the water

in the suotion flsak preveating any from escaping into the yoom.

ixaotly 100 ml. ssaples of the waters to be tested are added to the
Kjoldahl flasiks and slowly evaporated. To the residue after evaporation
is added 10 al. of concentrated sulphuric aoid. “he 1liguid is then digested
until 1t becones colovless. It 42 cooled and two drops of §¥ codeine eule
phate solution are added to 1%« “he liquid fe then poured into matched
Nosslor taliee and diluted up to the 10 ml. mark with dehydrated concentrated
sulpharie aold. Standards are made up with seleaious scld golution (uade by
dlesolving 0.0063 gran of selenions sold in & liter of dletilled water. 1
sl. of thie solution is sguivalont $0 G.01 ag. of selenium). Dofinite
measured smounts are placed in Ljeldahl flasks eith 10 al. of consentrated
ealpmrie actd. These are treated in the sane smaner ns the samples. The

etandarde and the samples are nllowed to stand for 30 alnutes after which
reading are made Yty oomparing the depthe of the Blue colors of the samples
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vith those of the standards.

Caloulationst The number of mle. of standard x 0.01 %o 10 gives the
parte per million of selenfum.

Ba Betalle of the Di:tillation Methodt

"hies mothod ie used for colored and highly mineralized waters where
the Horn Vethod 1 not practieal. The principle of the method is that the
geleniun is separated from all elements except arsenic by distillation with
a mineral halogen acid. Hydrobromie acid 1is recommended Yut hydrochlerie
acte ae well. In this sethod the nlﬂu met be in, or converted inte,
the hexivalent condition before dlestillation in ovder to insure ite dlstile
lation with the aaid. FEromine is used te do this in most cases.

An all Pyrex glass distillation apperatus is used decanse bronine
rescte with rudber or cork stonpere.

To exactly 100 ml. of the nample of water %o be oxanined is added
anough eodium peroxide to maive the liquid defintitely slksline. The solue
tion ie ther evaporated to drynese. The residue h' taken up in concentra-
ted hydrochloric acid and & soall amount of bromine ie added. The solution
1o plaged in the dietillation flask: To the gcondenser of the apparatus is
attached an adapter shich dipes jJust below the surface of a favw nle. of bro-
nine water in the receliving flask. Heat 1o applied %o the flask and frem
30 to 50 mle. of the distillate are eollected. Sulfur dloxide gae produced
by the sotion of an acid on a sulphite is then passed into the dlstillate
until the coler dus to bromine is completely dlesharged. The solutioen is

then placed in a Kjeldahl flask and treated as in the Horn methed.
Apparatus and Feagente
All analyses were made in Pyrex, seleniun-free glaseware. The
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colorinetric work was performed in carefully matched Hessler tubes and the
standard seleniun solution was added with EilAXel and 10 ml. pipettes sradune

ated to hundredihs and teaths, respectively. All reagents used were of

certified purity. 7The agids, eulphurie and hydraehlorie, were oxamined
aad found to be fres from selentus.
Justifieation of the Cholce of Wethode

To Juetify the cholce of methode used ia this survey, tables are
included showing the effect of interfering substances, Table A, the cheeke
on the two methods used, Table 5, and the sensitivity to known amounts of
seleniun added to matural waters, Table C.

Table A

Effecte of Interfaring Substances

Chloerides present up te 5,000 pepeme Wo tnterference
Sulfates present up to 3,000 p.pen. Eo interference
S{lieates present up to 100 p.pen. o interference
Hanzaneese present up to 20 pepents Yo interference
Phosshates prasent up to % PePelie o interference
Nitrates progent up to 200 pP.pPel. Ho interference
. Copper pragent up to 5 PeDeni. ¥o interference
iron prosent up to 2 Pepem. 'Busht interference

Ascording to Horn, iron does not interfere in this method, bdut 4t
has been digeovered im this work that iron in higher concentrations inter-
feres with the test to some extent. On waters thet are high in iren content
1t 12 sugrested that the bromine dletillation method is used bBeosuse it re-

moves all elementes that might imterfere with the codeine test.
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Joxs Union iakers
Amount of
%5 Seach 35 Golden Valley 0.0%
56 Selfield :gzn Stark 0.0
57 Parshall 3 Hountrail 0620
58 Seranton ul fowman 0.h0
g Richardton ug Staric 0.
Dann Center Hg iann 015
61 Garrison M “elLean 0430
62 Van Hook ¥h67 Mountrail o.zg
2 Feulah u52%3 Mercer 0.
Pinfedoll M529 Hountrail 0.12
Flaijedell N5 T8 Hountrail 0.10
finynes wHEh Adane 0.10
67 leeder L] Adama 0.10
68 Leith 126 Grant 0.18
69 Mott 1228 Hettinger G.09
70 n w237 Gyant 010
n Halliday Han inan 0.05
172 Alexander HE13 iegKenzie ; 0,20
R #ilton H273 ligl.enn 0.02
Hgeman oo Sewman 0.0%
g Hew ‘alem =hg9 Horton 0.8
Hawson ﬁ& “okenzie 0.15
1 Hedorn ~ #Mllings 015
78 orthgate a surce 0,10
™ Hebron 3?)3 Morton 0.15%
20 Des Lacs 72 ¥ard 010
fn rortal 38 inapice 0415
g2 4 ckcinson M Stark 0.0%
lz Henmare uahgy Haprd 0.10
8 Arnegard MH11 Hokensie 0.35
:2 Careon H582 Grant 0.07
Golwa Hﬁa: Golden Valley 0.08
87 Lehy W ielntosh 0.07
88 Dedge iann 0.50
89 abeal L Mountrail 0.05
90 Sanish Hountralil 0.03
) Henedict uz21 Helean 0. 30
Imitotn Sandatone Yatere
92 idgerwood !ﬂg; Richland 0.15
] Leeds MG17 “enson 0.10
92 Verony #hol Latoure 0.20
Clifford U236 Traill 0.0
;2 Lisbon s Aansom 0.02
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Bnicota Sandatone “atars
Amounte of

B Sikxy Snrvay o, Connty ,
97 imdden 57 4 cleey 0.07
98 Heynoldse 4291 Grand Forke 0.10
7 Portland 4255 Traill 0.08
100 Fullerton u 1 cieay 0.0
10 Forman %639 Sp. “argent 0,20
102 Sheldon -;a:i‘ Hansom O.P
lug atland Ll “argent 0.45
drand Forke Aridgenan-Ruseell Grand Forks 0.20
105 Grand Forice %607 Grand Forke 0.20
106 Langdon U583 Cavalier 0.20

Alluvial Depoeit Waters

107 Jakes 1h02 DMokey 0.20
108 Valley City HoRb Jnrnes 0.10
109 Janeetown €122 fitutesan 0.35
110 Hinot MOSY “ard o.zg

m %ap MOl Hercer 0.
112 Hagen 272 Hercer 0.35
1 Stanton w503 lercer 0.10
1 Cavalier 4Ol Pembina 0.07

Lake Agnseiz "aters
11 Hinte HeL2 “alsh 020
"1 Hamil ton Harl Pembina 2,00
117 ‘ache H039 Pembina 0.2%
118 Hoople 530 Yalsh 0.08
119 “hompson Hme ~ Urend Farics 0.10
Piorre fale Vaters

120 Galio 1628 Cavalier 0.20
i tianich %626 Cavalier 020
122 Aghley u633 dglntosh 0.45
g “ales w13 Cavalier 0.15
: Peicin 352 Helson 0.07
125 Cleveland wart Stuteman 0.10
126 “ekona ol Cavalier o.ga

127 Starkweather H265 Hamgey 0,
128 Gooperstown u36 Uriggs 0.08
129 Loma laja Cavalier 0.07
130 uichigan Nelson 0.10
in Adenmg ¥175 Yalsh 0.5
132 Nock Lake 1630 Towner 0.30

*liot considered in average.
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. - T . .
. ~ Amount of
Bo. SAky. Jnreey. o, Lonnty., o0 ot
; 13 Hague M562 Fmone 0.10
b ) “raddack 557 Fmmong 0.20
13 Tewburg 183y Hattinean 0.08
136 Deake M52 ¥ alanry 0,10
137 Haselton 5959 Lmmons 0.0
1% Cavdbury H188 Fott inean 0.
1 Goodrich H276 “heridan 0.10
1 Mlasher rhgy Yorton 0.h0
p L3 | Tattle 238 Kidder 0.10
Fox Hills
12 Hettinger ¥101 Adnme 0410
3 Zeeland 1566 Melntosh 0.1%
1hk Hordnlac Mboh Yoster 6,00
(%o well (uncheced hecmmse
- v schedule) of lack of sample)
Al Pansei th 5 LT Rolette 0.2
- {No well
schedule)
1ké “mghbarn N203 ¥alean 0.1
(Fiver Water)
147 Grand Yorke City “ater Grand ¥,rice 0
148 Orafton Special Valsh 0.2
{(Paleosoie)
1h9 Voltairve ¥619 Nellenry 0.hs

{Lake Souris)
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The We Horizons

In order to give a better understanding of the various water bear-
ing formations in the State, a brief description of the various geclosie
horigone from which waters used in this survey are obtained is essential,
There are eight horigons of interest.

(1) WW includes two or more s'ages
of glasial deponite and consicts of two clasees of materiale, stony clay
or $111, deposited by the lee, and beds of silt, sand and gravel 1aid dowm
YW the waters of the melting fce of the glaciers. The &rift usually cone
sists of typleal boulder ¢lay.

(2) Alluvial Depasits are found in practically all lavger valleye
of the State. The deposits concist largely of gravel, sand and silt which
in some places reach a depth of 150 feet. These deposits are often thought
of as dleintegration products of the drift.

(3) 2Ihe Zort Union Fermatlion underlies practieslly all of the
Missouri Platean and has an outlier in the Turtle Nountains. It ham a
saxisun thickness of about 1300 feet. Its ohiefl constituents ave mmmerous
beds of shale, lignite coal and sandstone m- wvhigh water supplies are
obtained. Many waters from this formntion are brownish in coler duo te

the presence of organic matter.

(%) Ihe laketa Sandatons probably underliee the entire State except
for small arese in the Red River Valley. It does not come to the sarface
at any point. It 4 probably the best water-bearer of the various forme
tions in the “tate. It consiets of very poorly comented sandstone intere
bedded with thin layers of shale and cdlay. It is known to have a depth of
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more than 2000 feet in certain areas. "‘l‘n soparate flows have been rec-
ognized coming from this herison.: One is the Dakota fandstone flow itself
and the other the Lakxota Sandetone flows The firet is softer and not as
highly mineralised as the Lakota flow.

(5) Ihelanes Formation underliies the Fort Union and comes to the
surface in two areas ia the State, the firet in Morton and Sioux Counties,
and the second in Barleligh and “mmons Countiss. The formation {s chiefly
composed of gray sandstons, shale, and beds of lignite. The maximum
thickness in about 90N faet,

(6) Ihe Blaxze fhale prodabdly underlies the entire State exoept in
the Red RMver Valley, whieh, however, containe » blue clay derived from it.
It 1ies directly below the arift in the sastern part of the State, dat weet
of the Missouri escarpment 1t i usually covered with younger sedimentary
rooitss It is largely made up of thin layers of very impervious, dark Hluee
gray shale. 1t iz estimated to have a faximum depth of about 1100 feet.

(I)HWM are the lacuetrine and clayey silte
that underiie an extensive ares of the eastern portion of the “tate. Most
of the deposits are a minture of fine sand and clay. The Sheyenne, Nk
Valiey, and Pembina deltas on the western edge of the basin, however, are
chiefly composed of sand and gravel.

(8) Ine Jox Hills Sandstone Fommation i+ of 1ittle importance in
this State. It is a soft, yellow to gray sandstone which underlies the
Lance formation and comes to the surface only in the banks of the Miessouri
near fis exit from the “tate end in the bdanks of small stveans of that

rezion.
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Average Selenium Values for the MMfferent Oeologic Horisons

Horizon Fo. of Yaters Avorage in ppm. High Value Low Value
Qaaternary Brift %1 0. 228 0.80 0.02
Fort Ualon hah 0.195 0.5% 0.02
Pierre Shale 13 0.17h 0.05 0.07
Dakota Sandetone 15 0. 205 0.45 0.02
Alluvial Depoeits 8 0. 234 0.h%0 0.10
Lance 9 0Ny 0.40 0.03
Lake Agasels h 0.158 025 0.07
Fox Hille 2 0.115 0.13 0.10

Sraph of the Aversge Celenium Valuss for the
Afferent Geoloclic Horicons

Average in ppm. of Se

ALLUVIAL DEPOSITS
QUATERNARY DRIFTS

DAKOTA SANDSTONE —

FORT UNION

PIERRE SHALE

LAKE AGASSIZ

LANCE

FOX HILLS

0 0.l 0.2 0.3

AVERAGES IN PPM.OF SELENIUM




The Correlation of “elenium Comteat of Yaters
with Other Constituente |

Efforte that have been made So correlate the selenium walues with
other mineral constitueats in the walers examined in thie survey have met
with 1ittle succesa. It 18 indeed safe to say that selenium contenta of
waters cannot be tied wp with other consitusnte. It was thouglt thad the
soleniun would correlate the cauloiunm contents but the supposition was
proved incorrect.

Ppobable Seurces of the “clenium Found ia the
Different Geologic Horisons

As has been shown in this investigation and soll surveys in ether
States, there is selenium in varying quantitiss in practieally every herie
gon. It fs difficult to diacover the sxact source of the element in these
soils, but twe theories have been developed as %o its origin.

Bone hypothesis Lo that sctive veleanos, in a high vange of
mountaine, much older than the present Hoecky Mountains, but almost in
the ssme position, srupted gases and sublimates containing eelenium during
the time in which the element was deposited. This i supported by the faot
that the element im present in the lava and gases of active voluanes is
Hasail and in other parts of the earth.

At that period this vhole ares was coversd by an immense coa and
the lsva shich nay have protraded into and upon the preseat soil materiale
undoubtedly contained selenfun. These materisls may have been transported
enstward by tides and deposited in thelr present location, or the element

in o gaseous or voleanie ash state may have been conveyed by winde and

brought down by rainfall into the sea where soluble iron compounds would




reast with it to form iasoluble iron salte. These would be deposited at
" the bottom aleong with other sedinmentary materiale. The latter theory is
strenzthened Wy the faet that ferrie hydroxide abeorbs and precipitation
mm—maxm.mm.

19,nother theory 1s that the moumtaine mentioned above were made
up of seleniunm containing materisle. The materials were depoeited in the
~ botton of the sea and transported eastward by tides to their precent loca-
tion. Hither theory may be partislly or whelly correct dut the theory
that the seleniun was transported by winds ond deposited e supported Wy
the fact that the shale formations which carry high seleniums alse contain
bentonite which is thought to be derived from wvoleanic ash.

Seleniun compounds both organic and inorgenie, at any rate, ave
present in the geological formations. mmummmm
into the move eoluble state by westhering and oxidation. In this condition
the compounds have more eaaily been disssclved in the ground waters and
abeorbed by the plants of the selenium endenic reglons. lhi.a-lln!n
has beon borne out by the fact that corn grown on Plerre Shale, in which
there has been very 1ittle or no oxidation or weathering due to its ine
perviousnees, contains very littls selenium in contrast to Plerre clay
mxoummmmnmummmamunu
hghly selenifercas soile of Puerto Hice and Hawall that do not preduce
toxie vegltation.




Physiological Effects of Selenium

A brief dlecuselon of the toxic effects of selenium in man and
lever aninale i# included to shor that there 1s a potential hasard in bee
ing contimunlly exposed to the element. It is doudtful, however, if the
lov concentrations of selenium found in the waters imvestisated in this
survey would cause any eerious physiclogies] effects.

The experimental work of a nunber of investigators on the effects
on antmals of ingested compounds of selentum was shownUthat solubdle
seleniun compounds are toxie producing both chronle and acute physiologieal
effects. The toxie effects are in divect proportion to the amount of the
element consumed. The acute effects may be summarized as consisting prie
narily of eellular destruction and later pathalogieal chanses throughout
the organism. The ingestion of small amounts of selenium over a long
period of tine resulte in pathological changes in the liver and kidneye and
abnorasl functional weskneases.

“in condusting experimental work on the setion of emall smounts
of selenium salte on animals, it was concluded that the texie salts are
cunalative in their effects though mach of the selenium is detarxified in
sonc animnle.

21n » flela study of the effscts of seleniun on humane in the
selenilun endenic regions of South Dakota and NHebraska, the investigatore
econcluded that the excertion level of selenium in man is a falrly reliadle
index of the avallability of the element., It was dlscovered on analysing
urine specimene frem 100 subjecte that the concentrations of selenium
varied from 0.02 to 0.198 mgs per 100 nl. Thie affords definite proof




23.

of the sbsorption of the slement by humane who come in direct contast with
1t. A large percentage of the subjects shoved gastric or intestinal dye-
functions, which, as well as the fow casss of liver (hepatie) dysfunctions,
wore probably a result of contimasl selenium ingestion. |

21 another fleld study, bed teeth, a yellowish coloration of the
gkin, okin evuptions, chronic arthritis, diseased maile of fingers and
toes, and protrated gastro-intestinel distrubances were noted. Host of

these may be directly attributed to the contimual selenium ingestion of

the subjecte.
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The eignificance of selenlum as it i related to the “"alkald
disense™ le diecusued.

Amnlytical methods for the determination of gelenium are reviewed
and satiefactory methode are deserided.

The seleniun contents of wvarioue ground waters of the “tate acerde
ing to the Geologlie NHorizons are glven.

“he various Geologic Vorizons of North Dakota are brisfly discussed
and the average selenium results for the horizons shown.

There is no direct correlation of the selenium content with w
other element in the waters.

The prouvable sources of the selenium are discuseed.
A orief regsune of the physiologieal effects of selenium is insluded.

A bibliiography of the literature is appended.
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