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UNITED 3TATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

SELENIUM OCCURRENCE IN CERTAIN SOILS IN
THE UNITED STATES WITH A DISCUSSION
OF RELATED TOPICS: THIRD REPORT!

By Horace G. Byems, principal chemist, Soil Chemisiry and Physies Research
Division, Joun T. MuLuR, ossisteni soil surveyor, Soil Sureey Division, awi
K. T. WiLLiauns, associale chemist, and H. W. Laxiw, wssistant chemist, Soil
Chemistry and Physics Research Division, Bureau of Chemistry and Soils
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INTRODUCTION

In Technical Bulletins 482 and 530 (4§, 6)* have been summarized
the results of the sclenium studies carried out in the Seil Chemistry
and Physics Research Division up to and including the calendar year
1935, The present report presents the results ohtained in 1036,
Included ir these reports as a primary object is the result of the survey
of areas the sails of which are affected by selenium to such an extent
as to produce vagetation toxic to animals. In addition to the survey
data such ivformation is included as was gained upon collateral
subjects. In the present report are presented additional data upon
selenium in water, sources of selenium in soil parent materials, rela-
tions between soil content of selenium and vegetation content, origin
of selenium concentrations, irrigation in selenium areas, forms of
selenium in the soil, changes in survey methods, and miseellnneous
data Since a fairly complete review of the liternture is included in
the previous bulletins, only such additional references are included in
this report as bear directly upon the data ns presented.

I Racatved for publication May 26, 1937,
* Italic numbers jn parentheses refer to Literature Ciled, . 72,
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During the period reported upon, M. A. McCall, ¢f the Bureau of
Plant Industry, celled attention to a reference in The Travels of
Marco Polo which is of exceptional interest. The following is the
passage as taken from the translation of Komroff (23, ch. 43, p. &).

T is & fact that when they trke that road they cannot venture zamong the moun-
tains with any beast of burden excepting those accustomed lo the country on
account of a poisonous plenk growing there, which if caten by thom has the
effect of causing the hoofs of the animals to drop off. Those of the country,
however, being aware of its dangerous quality, take care to aveid it.

This quotation taken together with various references to similar
occurrences by Stein (30, v. I, pp. 220, 260; ». 2, pp. 5303, 306) leave
but little doubt of the existence of a seleniferous area in th valleys
of the Kuniun Mountains in western China and eastern Turkestan.
Orne of these references Is as follows:

I was just gleefuliy reflecting how our ponies would revel in their alpine pasture
when Seshid Bai . . . camyr np with alarmed mien to report that five of the
animals were standing abous benumbed and refusing to touch grass or fodder.
1 at once suspected that they had eaten of the poisonous grass which infests
certain parts of the Nan Shan and about which old Marco has much fo tell in
his chapter on SBukehur, or Su-Chou. The Venetian's account had proved quite
true; for while my own ponies showed all the effects of this incbriating plant,
the local auimals had evidently beeo wary of it. . . .

The avoidance ol seleniferous vegetation by animals observed by
Franke and Potter (72) in South Dakoia in 1931 was observed in
Turkestan ab least as early as 1275 A, D.

Also, it may perhaps be worthy of note that Sprengel (29) as early
as 1839 lists lead, arsenie, copper, selenivin, and bromine as injurious
to plant growth. No data as evidencs are furnished.

METHODS OF EXAMINATION

No new methods of examination have been used, but 1t secems desir-
able to restatc the procedures employed in examining the wvarious
kinds of materials. With normal weli-decomposed soil a sample of
50 g is ground to a fineness of 2 mm and placed in an all-glass distilling
apparptus {fig, 1} and treated with 100 ec of hydrobromic acid (sp.
gr. 1.50) which containg 2 ec of bromine. 1f the soil is highly organie,
additional bromine is added until, after refluxing for a few minutes
and warming, a few droplets of bromine condense in the receiving flask:
The distillation is continued until about 50 to 60 cc of distilate is
obtained. The distillate must be bright red from bromine. The
determination of the selenium is cerried out as cdescribed below,
When only traces of seleniym are present in the soil, and it is desired
to determine guantities as smell as 1 part per 100,600,000, the oper-
ation is repeated with fresh soil samples until from 1 to 2 kg of soil
have been treated. In this case the distillate is added to each succes-
sive sample, and onily the quantity of hydrobromiec acid needed to
bring up the total to 100 cc is added. I the soil is rich in clay or
carbonates, sulphuric acid (sp. gr. 1.84) must be added in quantity
sufficient to produce a distillate of specific gravity at least as hig
as 1.4,

In case =hales, raw soils, nr pyrites (356) are to be examined, the
sareples of material, ground to pess & 100-mesh sieve, are treated with
concentrated nitric acid in excess (sp. gr. 1.42) and 50 cc of sulphuric
acid, and then warmed until evolution of nitric oxide ceases. The
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treated samples gre then digested with Irydrobromie acid and bromine
as before. If nitric acid has not been completely expelled, the dis-
tillate will be black instead of red and will no$ be readily reduced.

in the examination of vegetation the air-dry sample is ground to
pass & 2-mm sieve, and a 10-g sample is slowly added to & mixture of
50 cc of sulpburic acid (sp. gr. 1.84) and 100 ce of nitric acid (sp.
gr. 1.42) contained in # 600-cc béaker. The mixture is digested
slowly at a temperature not exceeding 120° C. until a brownish-
yellow liquid is obtained and brown fumes of oxides of nitrogen cense
to evolve. The cooled residue is transferred to a distilling flask,
and the beaker rinsed with not to exceed 30 ce of water and also with
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avee b —Apparates engloyed {n the distiilation progedure,

100 cc of hydrobromic acid containing 1 ce of bromine, and the dis-
tiflation carried out as with soil. Here again for estimation of minute
amounts the integration procedure may be used.

With water the ; cocedure followed is to evaporate the sample (2 to
4 liters}, after rendering it alkaline with sodium peroxide, to com-
plete dryness on the water bath and subjecting the residue to distil-
lation with hydrobromic scid and bromine as with other materials,
In the case of sea water, because of the large quantity of clilorides,
it is preferable to treat the sginple with 10 g of ferric chioride and
precipitate with an excess of ammonium hydroxide (27). The
ferric hydroxide precipitate contains all the selenium presen$ in the
selenite form. The filtered precipitate is treated with hiydrobromic
acid and bromine and distifled. In case selenium is present in forms
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other than selenite {(38) the salt water is evaporated, after additions
of sodium hydroxide, to incipient crystallization end treated with
an excess of nitric acid. The subsequent freatment is the same as
that used with shales.

Where free sulphur or material suspected of containing it is to be
examined, it has been found convenient to digest the material in con-
centrated sulphuric acid in an all-glass distilling apparatus (fig. 1)
and pass sall evolved gases through a bromine-hydrobromic acid
liquid layer in the receiver. When all evolution of gases, other then
sulphur trioxide, has ceased the flask is cooled. To it are added 20
percent of its volume of water, the collected distillate, and 100 cc of
the hydrobromic acid solution. The selenium is collected by distil-
lation as before.

In 2l cases the distillate of bromine and hydrobromic acid is freated
with 20 cc of water, and sulphur dioxide is passed into it in the cold
until essentially saturated; 0.25 of a gram of hydroxylamine hydro-
chloride is added, and the precipitated selenium is allowed to collect in
the bottom of the flask. The flocculation of the precipitate may be
hastened, without injury, by warming for 15 minutes on the water
bath. In routine practice it is found desirzble to allow the flask to
stand 2 to 3 days to insure compleie coagulation. The precipitate is
collected on an asbestos Gooch filter. The filtrate is available for
gquantitative determination of arsenic if desired. The precipifated
materinl is washed with alechol, If necessary, to remeove waxy material,
and redissolved in a small quantity of bromine-hydrobromic acid
{1 to 100). According to the quantity present it is reprecipitated,
refiltered, and weighed on a tared filter, or 1t is precipitated in a 25-ce
flask, after addition of & few cubie contimeters of water, and made up
to volume. The colorimetrie: urbidimetric estimation 1s made in any
convenient colorimeter by comparison with standards similarly

prepared.
RECONNAISSANCE

Tn the early part of the summer of 1936 Miller and Byers made an
inspection of several areas with the object of ascurtaining whiel of
these required detailed examination. The sclection of areas was
based upon the geologic map of the United Statles ® and various other
sources of infurmation. The plan was fo visit the areas under suspi-
cion and ecollect a oufficient number of samples of shales, - ils, and
vegetation to gain, through their examination, a general ¥ - of the
intensity of intoxication and, through observation of the sa -pog-
raphy and texture and of the probable parent material s e d, to
gain an approximatle idea of the extent of the area ac™ri <. The
major results of the observatiens made are given below,

KANSAS

In Hamilton County, Kens., the geologic map ? shows a small out-
erop of Colorado shale which may or may not be scleniferous. The
samples from this county already reported (9) showed no high toxicity.
The State geolegic map,* however, shows a few outcrops of Niobrara
shale north of the Arkansas River and near the Colorado line. One
of the spots, located in see. 3, T'. 22 8., R. 43 W, was visited, and 10

3 CITEL STATES (YEOLOGIC SURVEY, GBECLORIC MAP OF THE UXITED STATES, ioa2, Propared by O, W
Biaze and . A, Liungstedt. 1993

i FCANSAS (TEOLOGICAL SUNVEY., GEOLOGIC MAP OP KANSAS. Preparud by R, C. Moore nnd K. K.
Landes. 1436,
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samples were collected. The Smoky Hill section of the exposed
Niobrara was found to contain considerable selenium, 6 to 14 parts
per million, and the Fort Hays chalk (lower Niobrara) contained
very much less, 0.2 and 1.5 parts per million. One sample of Astra-
galus racemosus growing on soil which at the surface contained 1.5
p- p. m. was found to contain 1,220 and ons of A. mollissimus
but 3 p. p. m. Theseresults are quite in harmony with those obtained
in the similar sreas along the Smoky Hill River in Wallace, Logan,
Gove, and Trego Counties, Kans. The other small outerops were
not visited. It is apparent that a small area of scleniferous soils
exists in Hamilton County, but no further examination will be made
until opportunity offers,

BT
ALLUYIELIM

OGALLALA

K eanton

345 MOARISON

FIGURE 2~ Sketeh mwop showing location of arens of geologie material in enstern Coloeads,
EASTERN COLORADO

A very different picture was afforded by the cxamination of the
ares, of soils developed upon Niobrara and Pierve shales in the enstern
portion of Colerado along the Arkansas River and running in irregular
fashion north to the South Platte River. A sketch map of this area
is [iiven in figure 2. It must be kept in mind that even when the
geolegic maps are accurate with respect to exposure of formations, 1t
by no means follows thet the soils of the same areas are derived from
the underlying strata. Also, the surface may be covered, over wide
areas, by madterials such-as water-borne gravels, wind-blown locss,
and residual material {rom overlying strata. It does not even follow
that all soils developed fromn the Picrre shales are toxic, since the upper
part of the Pierre is relatively low in selenium (§). The lower portion
of the Niobrara, corresponding to the Fort Hays limestone, is in
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general not capable of producing foxic soils.
results obtained from s series of selected samples.
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Table 1 contains the
By no means are

all the samples examined included. The purpese of the selection is
to show the general situation which exisis.

TaBLE 1.—Selenium condent of soils and vegelalion from easlern Colorado

Field no.

Loeation

Matarin]

Seleninm in—

Soilor I\’egctu-
shaie ] tion

Bimig....
BIg2 .

BARIG.. ..
BiB143

BigH4. ...
Bif4s
BiglE

Hiame

Biaeg.. ..
BiR3e_ ___,

Bisarn._...

BIRIL_ ..
Biggrz,

BissT_LL.
Bard_ ..

BI837H ...
Big#Tr....

Blasas. .,
B ...

BIgs40. ...

| 5. SR

Prowers County on Cransda
reek.

do.
Kiowa County, 434 miles waest of
Sh‘;artdnn Lake.
(£}

[ [

L, L S,

13 T,
-

Hienemamn

Kiowe County, 1 mile west of
Chivingtan,

Jo.
Kiowa County, ¢ miles south of
junetare of State Roads 88and
ag.

o
Kinwa County, 4 mile south of
Fruswoeil,
Kiown County, 2 milss west of
gsweoll,
Bent County, 134 miles north of
Fort Lyon.

o
Tent County,

18 mile east of
Ad}ohc Lake.

O:r-m County, 2.7 niiles east of
Hoeky Ford,
Otero County, 47 miles norih-
r. of Walsenbuorg,

Puoblo Countv 1 niie west of
Pueb!o. on United States

I“uoblo County, 3 miles west of
Pucbly, on United States
Toute 50,

Crowley Couety, 2 miles north
of Ordway, on Stafe Read ¥1.

Crowley County, § miles north
ol Ordway, on State Road 71,

a0
Lbncuiﬂ County, 39 tniles north
of ’)rduny, nn State Road 71,

Lmeoln County, 8 miles northi-
west of ITugo, on United States
Rante 42

do
106 fewd from Sa

_| Wusiington County, 27 milos

gi:zrth of Limon, on State Road
. i dn
\{ur

mn County, 67 mites north
Amrm ot Btate Hond 71,

Il Pmn Cmmty, 0 milis santh
ol Colorndo Springs, on United
‘-.tr;tus Houote 85,

10
1 Puse Conutly, 24 miles south
of Colorado ‘-‘,pnngﬁ, on United
States Routo 85,

t Jeolngle formution,

Clay over Greemhorn ! lime-
stone.

Qreenhorn ! limestone. ...

Wiobrara ! silt loam, 6-8 ipches,

_| Astragzius racemosty

Plerre clay alluviam_________
A, racemozus

Wicbrara ! cilry.

Marrowies! milicveteh
Niobrarz ! shale.

CGoldenweed

Carlile ! elay, -6 inches.
Alfalfa

Wind-hiown sand, (-8 inclies |~

{(abort an Asfrogalug pnne).
Olay funtn, 12-16 inchies.. ...
Narrowloal milkveteh. ..
Alluviai eluy, 1824 inchoes,

Clny laam, 06 inches________
Silky sophorn

Yellow cancrotions (in Plerre).

T'pprer Wiehrarm | shale
Yellgw-hrown shiale (Ninbrara)

Piorre elay loam, 0-6 inches. ..

Drommoaond milkveteh

Ficrre clay toatn, 18-24 inches. |

AL TREETONIET e
Flerre clay, 84 Inehes_ . ...

AAsfragalus sp__ ...
Alluvind clay, D4 inchos.. ...

Two-granve poisnnveteh
WNarrowien! snilkvetch

Piorre clay Ioam, -6 inches. ., -

-| Two-groeve paisnnveteh. o .

Fierre clay, 06 inches

Twe-granve poisenvetcl
Adfnifa

ABuvini cluy, 04 fnches... . i

Slikysophom___________ ...
Clay lonm, i-6 fneles_ ..

Twao-groova poisonvetch ..

3

[

P, p.o.

P.p.oi,
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TanLg 1.—Seleniuvm content of sails and vegetation from castern Colorado—Contd.

Selenium in—

Labora-

tory no. Field 5o, Lacrtion Material

Setior | Vegota-
shnle tion

P. oo,

Fremont County, 20 miles wost
of Puehio, ou United Slates
Route 50,

B1g3Rs_ __ R (1] - -—

Bigsy Fremeont Cotmnty, 7 miles enst of

Florenee, on United Statos

Route 50,

DR35S __ 1 13 o Two-graave poisonveieh

Stanleys

Huterfnnn County, 33ntilessouth | Plerre shiale
of Puehly, on United Stuics
Home 85.

Huerfano County, 10 miles vast
of Waisenburg, on State Road
Le}

]I:n-ﬂunp County, 15 miles enst | Clay lain, 04 inches_ . __.
of Waisenhurg, on State Rond
HLEN

oo | Narrewleaf sniiliveleh. L L.

From the data presented in table 1 it is apparent that selenium
exists in the soils and vegetation over a wide area in eastern Colorade.
It is evident that its distribution is by ne means uniform. It SEems,
tlso, with respect to o considerable portion of the aren involved that
the toxicity is seriously modified not only by reason of the portions
of the shales which are parent materials of the soils but by residual

material from overlying strata, by outwash from the mountains, by
loessial mixing, and by methods of soil utilization, particularly irrign-
tion. Therefore it was planned to make 2 closer examination of the
arcs, the report of which appenars on page 11. No cxaminstion was
made of the shale exposures in northeastern Colorado along the
South Platte River.

NEW MEXICO

The reconnnissance was continued by inspection of certain areas
in New Mexico. The United States Geological Survey map of the
United States ® shows the existence of numerous areas of outcropping
cretaccous shales without differentiating them into the subgroups.
Among these areas there are three which for various ressons are of
particular interest. The largest lies in the northenstern portion of
the State and for the most part is in Colfax and San Miguel Counties
between Raton and Las Vegas.  Another is to the novth of Santa Fe
in the vicinity of Tierra Amaritla. This cuterop extends into south-
ern Colorado and is connected through a narrow band with a wider
area in northwestern New Mexico and southwestern Colorado be-
tween Cortez, Colo., and Shiprock, N. Mex. These arens were
scouted. A number of smaller indicated areas exist but have not
been visited. The data obtained through examination of the samples
collected arve given in part in table 2. A counsiderable number of
samples weore obtained in southwestern Colerado which are considered
elsewhere (p. 65).

P UniTEp BTaTEs GEOLOGIE BURYEY. See fooluote 3.
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Tasue 2. —Selenium content of seils and vegelation from New Mezico

Sclenjem in—

Lahora- . )
Field no. Logntion Matarial
tory ao. Soilor | Vereta-
shnle tinn
) E.pomaP pom,
Bis150.___ b S AL Raton, on Uriled Steles | Pierreshale oo _.... [ 1
Rauile 85
M, ceeMoeas ooia oiiel coo| Redelover_oooLoooe .. ————m 7
4. 5 niles soulh of Tiaton, -1 Pierre elay losm, 0-6 inches. .. 2R
. R [ -{ Figrre clay loam, 18-24 inches | IS, 1 M
veea- | 400 I T [+ SN - | Astreguius vecemoses. . Ll|._. . __ 03
BlgIsi_._ | b | 7 aeiles south of Raton, -] Bhele coneretions, 4 feat. .. . R e———
BigIS0. ... G _____ % miles south of Rubon. . _....| Picere shale in coneretionary I T
Z0Me,
BIgSl0. .. 17 _.._.-. 14 miles suwarth of Raton_______.. Nioh, aratelay loam, 0= inclies
n . . Al ‘Fwo-groove paisonvebeh. .
5. 43 ntiles sonlh af Baton.. Ninbrara ! limestone.... .
1 6 miles south of Ratcn. Graeuhorn ¢ limestone -
19 cootloo Pisrrashale__. .. _.. . _____
i 49 miles northeast Tierre clay lonm, 0-6 inclies. .
1E RN+ S Asbragadessp._ oL
oL -1 14 . ifes north of 8a Clay loamt, 0-6 incles_

tnited Bintes Routs 28

IR0 .yt oLl e caaons| AaiTagefea sp

Biswy o 2., . | 1imIlessoutlaf Torra Amarilla. | Clay loam, (-

EEYTO O . W S i [ F U B 117 My S
BiR24. i v Near Calnrulo-iNow Mexico line, | Cluy lour, 06 Inches.

o I northwest of Chama,

sl e | TATREP e o 3
. : Injles west of Walerfow -| Saudy loam, 0§ inche: .. [N I
P CllO e AlfRlR L L R 1
Foo eea) 7 miles morth of Shiprock, on | Clay lesm, 05 juches O Y I
T nited Stales Routo 66,
BISIf_ ... 3. . f... 3[R =3 V11 115 S U 150
Beagr .. 17 .. ___ % mileg sonth of Colorade-New | Deserl il lonm, 10 inches. .. | R PO,
[ Mexice horder.
PEAE:Y Lt D ry S S« [ SN Stanleya. . - 200
4 niles soutlt of Colomle-New | Deserd silt loam, 0-6 inches___ b I
blexicn horder on United
States Roulte (6.
RV £ [ P = 1511111 N P 830
i 4 niiles northwest of Shiprock. ..} 8ilty elay loam, 0-8 Inches JL1 I T
{with salt fncrustalion).
Bge4, 02 ' 6 omiles sonth of Bhiprock .| Desert clay loam, 0-f inches.. . N S
1115205....‘_. Un Ll do. I CStanleya_ Lol ceeeeo il 430

t

+ Gieglogic fermution,

Consideration of the geologic map ® in the light of the information
outlined in table 2 leads to_the following inferences: There is a very
large area in northeastern New Mexico lying on the relatively smooth
plain between Las Vegas and Raton which is seleniferous. This
area is not continuous. It is broken by exposures of formations not
belonging to the Cretaceous period which have not been shown to
be markedly seleniferous and also by exposures of cretaceous shales
which are not sufficiently seleniferous to produce soils of toxic char-
acter. It is clear, however, that much of the aren may produce
vegetation of toxie type and that a closer investigation is needed in
order to determine how extensive this aren is and to what degree the
known existence of poisonous range plants is to be ascribed to the
presence of selenium (p. 43). The area north of Santa Fe is very
rough, and the narrow valleys are fairly well wooded. The rainfall
appears to be suflicient to keep the selenium content of plants at 2
low level. These facts and the relatively smali economic 1mportance
of the possibly affected aren would seem to warrant postponement of
further study until & more convenient period. The same conclusion
was reached with respect to the study of the area lying to the north

8 UNITED STATES QIEQLOGIC SURVEY. See footnpte 3,
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and south of Shiprock. This area is large. Tt has at present a very
sparse_population both of men and animals, except along the San
Juan River where irrigation is pessible. It has already been shown,
and further confirmation is found in this bulletin, that irrigntion
reduces selenium injury to probably negligib) - amounts. No further
study of this area (fig. 3) is contempinted in the near future.

Fiivne 3. a, Mesaverde formution; b Maneos formution,  The g er produces n more selenifermig soil,
ARIZONA AND UTAH

The reconnaissance was continued through a large area of Upper
Cretaceous outcrop north of Halbrook in Arizona and one in southern
Utah. The geologic map does not show any differentiation of this
arer. There is also a yery large area of exposure of Colorado shales
extending in a generally westerly direction from the similav area in
western Colorado already reported upon (). These areas were
traversed, and sufficient samples were collected to serve as a general

iT823°——i18-—2
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index of the character and extent of the influence of the selenitm
present. A selection of the data so obtained is presented in table 3.

TaBLE 3.—Selenium conient of soils and vegelation from Arizona and Uleh

Setenion: in—

Laboro- |
¥iekd no. Laovaifon Maierial
toTy no. Boilor | Vegela-
shaile tion
i
U powmfPop. .
Bisx._...| Ba- 36 nriles north of Holbrook, Ariz. Su]mly)lomn, o4 incies fover | Frace [o.oo__
k),
Bi8Z3_._| 2R .. ) T S Atragalies S0 il famaaoos 2
4 4 bridpe at Polncen, Ariz Balt {nerustation, 0-6 inches_. - | I
L4 mafle wost of Pinon Adkali soil, 8-10iaches. ...
1 25 mijles west of Pinon... Red sandy Jogim, 8-12 inchos_ .
I PN : 7+ TR - I 7101112 T2, Sy
_| 2niles south of Tropic, Utah, Shale ____ . .. ...

| 3 miles sourth of Tropia. Carbonacaets sinic.
.| 3 miies north of Tropic. Clay loam, 0-6 inche
1 mila north of Trapie.. Selty ¢hiw, 0-finche:

1 mile wost of Esealante, Utah_ ] Samdy ciny, 0-4 inches

[N R T ORI [ 115112, 17T S
.| 5 miles wost of Escainnte.. ... .| Gray shale... .
i4 miles west of Esenlante___._ . |...-. [ 1+ S .

| 2 mites south of Prive, Uinh... | Shaly elny.. R

N s oo T AL drummendii. .
| 2 miiies eascof Stare Rond 10 {on | Clay, (-6 inches. _ ——-
rondd lo Clevelnnd).

BIEM__. | iAo, e M e amannnan. - -| Prairie daisyo.... U RO, 25
TR%8G ___ | B ___ . zrgie?!ncrthwestof Wellington, | Szody loan, 66 inches______.. P 35 I,
tni.
BISAK. .. A0 amaaeae- AlMaln el 106G
BIsH___.. 15 miles east of Wellinglon.___.. O 705 T T Ry S HA0O
B18303_. 25 miles enst pf Wellington_ _... | Clay loam, -6 inches. ... ... I
BIs30. .| 41a et ii i mmemmm e | Astragaluzspo.. o P T, 70
15108 _.. .- _| 42 miites enst af Wellington____.. Clay, (-6 inches .. I P,
BIS30O___..[ &4x__.__ | 5 miles east of Green River....-. Shatde._ .. . _.____ .- - S (R,

The data of table 8, together with unrcported data, indicate a
seleniferous aren in northeastern Arizona. The very cursory investi-
gation does not give any definite information as to its extent and
intensity. Closer investigation does nob seem warranted at present
because of more pressing work elsewhere. Eventually this ares
may be very useful in $racing the primery sources of selenium., The
same statement in general applies to the aress about Tropic and
Escalante, Utah. Both these areas are of extremely rough topog-
raphy, and the extent of acturlly toxic soil is probably very small.

The situation to the southwest and east of Price, Utuh, 18 quite
different as respects extent of area. A broad band of soil derived
wholly or in par from the Mancos formation covers an irregular
strip of territory probably aggregating 1,000 square miles and extends
eastward to the Colorado line and continues over the area in western
Colorado already reported upon (6). There are several reasons for
deferring & closer investigation of this area to a more convenient
season. Among these are the dearth of vegetation, at Jeast in the
early summer of 1936, over the greater portion and the relatively low
concentration of selenium found in the samples examined. If is
extremely likely that a study of the selenium content of this area
may be useful in differentiating the subdivisions of the Mancos shales
and in relating these to the corresponding shales in the Great Plains
arens. Their detailed study will also contribute to a knowledge of
the sources and means of distribution of selenium. It is the writers’
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opinion that while local spots may exist in which actively toxic
vegetation grows or may grow, yet over the ares in general such
forage crops as are grown do not constitute a serious range problem.
In those portions of the area which are irrigated no evidence is at
hand to indicate probable serious injury from selenium. Closer
study of the ares might, however, materially alter these opinions.

Further data connected with the reconnaissance survey in Colorado
is presented in another portion of this bulletin (p. 64.)

SURVEY IN EASTERN COLORADO:

It having been determined, through reconnaissance, that an
extensive aren of seleniferous soils exists in eastern Colorade, a more
detailed study was undertaken. The area being so very large it was
ab once apparent that a close examination, such as that earried out in
Lyman and Gregory Counties in South Dakota (§), was impracticable
and even the less intensive examination, such as was followed in west-
ern Kansas (§), could not be followed if the whole area were to be
examined in a single scason. Only the areas indicated in figure 2
were examined. Samples were taken at intervals of approximately
3 miles, except where Jocal conditions indicated that closer examing-
tion was desirable for perticular purposes. In general a sample
representative of the surface 8 inches of soil was collected along with
8 sample of vegetation growing in the soil. In addition to these a
considerable nuniber, one or more per county, of profile samples
extending to or into the parent shales was taken. Occasionally all
the types of vegetation found growing in the immediate vicinity of a
so1} sample were collected.

A consideration of the details of the area presented in figure 2 will
show that almost the entire area from Fremont County on the west
to the Kansas border is crossed by an irrigated belt along the Arkansas
River. A considerable number of samples was taken in this area,
in many cases in such locations as to permit comparison with similar
samples adjacent to but not on the irrigated land. Also examination
of figure 2 reveals the fact that in the area represented the out-
croppmng geological formations range from those underlying the
cretaceous formations up to and ineluding formations overfning the
youngesi of the Cretaceous period.

In figure 4 1s given a generalized section of these formations, in their
sequence, and their correlation with formations elsewhere in areas
known to be seleniferous. In general figure 2 shows that the outerops
are of increasing age from northwest to southeast but that a rather
confusing irregularity of outcrops occurs in places due to various
causes, among which are intrusion of igneous material and capping
with outwash and loessial materisls. In sempling the area the effort
. was made to cross section the area in such a manner that samples
were secured outside the area of expected selenium occurrence on each
side of the belts of outcropping of Pierre and Niobrara formations.
In general the selected samples showed the results anticipated,
but the unexpected occurrence of toxic areas the soils of which are
derived from other formations somewhat distorted the orderly
oceurrence of successive belts of poisonous vegetation shown else-
where, particularly in Kansas, and in the areas about the Black Hills
(6). Intensive examinations are no longer essential, except for local
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AGE

CONVENTIONAL

SECTHING

WESTERN KANSAS

NORTHEASTERN
HEW MEXICO

EALTERN GOLORAGO

WEETERM comaa'no
NORTHWESTERN
HEW MEX|CD

QUATERNARY

LOESS

LOERS

TERTIARY

OGALLALA

OGALLALA

MONTANA GROUP

FOXHILLS

HBSENT

ABSENT

ABSENT

ABGSENT

PIERRE
SHALES

ABSENT

VERMEJG SaNDSTONE|
AND SHALE

TRWNIDAT
SANDSTONE

FIEERRE
SHALES

FIERRE
SHALES

WESAYERDE GROUP
SANDSTONE AND
SHALES

UFPER GRETACEQUS

HIDBRARA

SMORY HILL
GHALKY SHALE

APISHAPA
CHALKY SHALE

APISHAPA
CHALKY SHALE

FORT HAYS
LIMESTONE

TIMPAS
LIMESTONE

TIMPAS LIMESTOHE
AND SHALE

COLORADD GROUP

BENTON
GROUR

GAALILE SHALE

CARLILE SHALE

CARLILE SHALE

GREENHORN
LIMESTGHE

GREERHORN
LIMESTONE

GREENHORN
LIMESTOMNE

GRANEROS SHALE

GRANERDS SHALE

GRANEROS SHALE

WANCOS SHALE

DAKDTA
SANDSTONE

DAROTA
SANDSTONE

DAKOTA
SANDSTONE

DAKOTA
SANDSTONE

FURGATOIRE

FURGATCIRE

PURGATOIRE

FURGATOIRE

CHETAGEDUS 7

MORRISON

MORRISON

MODRRISON

MORRISON

UPPER JURASSIG

KAVAJD

LYKING

FiGUKE 5.—An rbandoucd farmtiouss with Stendeya in the foreground. 83 corpersec. 22, T. 23 5., R. 84 W,

Figvre d.—Genemlized pealogie relations {or the arcas examined.

Pueblo County, Colo.
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reasons, because the general relations have become sufficiently well
recognized to warrant general conclusions from less detailed data.

It became evident rather early in the course of the work that in
southeastern. Colorado, at least in the 1936 growing season, cultivated
crops outside the irrigated ares could not be secured which would
offer a fair representation of the variations within the ares. The
nafive grasses are in general so low in selenium content that veria-
tions shown by them would also fail to present the situation in proper.
perspective. In general then the plants collected were those already
known or found to be particularly prone to selenium absorption when
it is available. In the Colorado area those most frequently found are
Astrogalus racemosus, A. bisulcatus, A. pectinatus, Stanleya pinnata
(fig. 5), and Aplopappus fremontii. Numerous other plants, however,
were examined, and in the tables of data the names of these plants
employed are the common names where available, and to facilitote
comparison and identification, by the reader, with like data from
other publications, the botanical terms and common names are
brought together in the following tabulation.

Botanien! name Cumimon neme
Agropyron pseudorepens Heepgrass.
A, smathid Western wheatgrass.
Agrosiis hiematis Tiekle grass.
Albium cepa Onion,
Amaranthus blitvides__________ _ . .. _.__. Prostrate pigweed.
Ambrosia elatior (A, arlemisinefolia) . . Common ragweed.
Anthemis cotula . Dosfennel.
Aplepappus fremontii . . Goldenweed.
Aspinwdoswus. oo _____._._ . . .
Aristida longisete ... _._ .. I Red thres-own.
Artemisie frigide e Sugebrush,
Asclepias galioides - —. - .. .- Poison milkweed.
A, speciosu Milkweed.
Asparegus officinalis . Asparagus,
Asler erieoides (A, multiflores) Wreath gster,
A, fendleri . Astor.
A, Parryt . Woody aster.
Astragalus biswleatus Two-groove poisonveteh.
A. carolinienus
. Drummeond?
. flexuosus .
CgondRENS L Lo L ... ...
. Missonriensis .
. mollissimus Woolly loco.
. pectinalus e e aeeall Narrowleaf milkvetch.
A, racemosts ... ..
Bete vulgaris. __..__. _ . _. . . R, Sugar beet.
Bidens bipinnate_._. ... ... . ___. Spanish-needles.
Bouteloun curtipendula. ... _. ... ... . Bide-cats grama.
B. gracilis . e Blue grama.
Brassica sp_ . _....___.__ ... ___.... Wild mustard.
Cannabis sabiva._________ ____. .. ... Wild hemp,
Chenopudium sp Lambsquarters.
Chrysopsis villosa. . __ ... _ ... _.._.. Colden-aster.
Delphinium sp Larkspur,
Distichlis stricta. _ .. ... .. . oou_ ____. . -« «~ Desert saltgrass.
Pyssodie pappose - e -. Stinkwead.
Efymus sp Wild-rye.

Drummond milkveteh,
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Hetanieal name Common neme
Erigerom 89 o o e e Tleabane.
Euphroldg sy o e _._ Spurge.
Glycyrrhiza ij}idﬂiﬂ ___________________ - Wild licorice.
Grindelta squartase. ... Gumweed,
Gutierrezia surolhr@e .. . ___._________. Turpentineweed.
Hedeoma 8D o o e e e . Pennyroyal.
Helianthus annwns._ . ____ _ .. ____._. Sunflower,
Hilorigsamesis_ ___ ... .. __.._____ _____.. Galleta grass.
Heordewm vulgare__ . __ .o oo __. Barley.
Fra axillaris. o s Povertywecd.
Lepidinm 8p__ . o .. Peppergrass.
Lupinus argenlews . . i aieee_ .. Lupine.
Loopusillvs _ . i Dao.
Lygodesmia juneea- _____.__ _ ... ... Sheletonweed,
Malva sp_ Ll el Maiiow.
Malvastrum coseineum. ... __.. ... ....--... Scarlet mailow.
Medicago hispida. . ______ .. L. L. _._... Burr clover.
Mosalive .. ... _ ... .___._.._... Alfalfa.
Melilotus albe________.__..____ ... ......_. Sweetclover.
Mentzelin decapetalu . . .. . _...._ . Slickleaf,
Munroa squarrose..___ _ . __... . .......... .. Iralse buffalo grass.
Oreocarya SPocCaoaoo. . el
Parosele jamesii__ .. . . ... . I
Pentsfemon sp_______ . e = e iian.. Pentstemon.
Phascolus vulgaris...____ __ .. . . .. __... Garden hean.
Physalis lanceoluta_ ... _ .. e .. . ... .. Croundcherry.
Psaratea teniiffora. .. e e e ee e .. Seurf-pes.
Salsola pestifer___.____._._ ___.__.. _ __.  Russiap-thistle.
Senecio viddellés_____..___._. .. . .. Groundsel.
Senerto 8P _ L. .. . ...
Selaria dolica__ __._.__._____ .. ... . _____. Foxtail millet.
Sophora serieca__. . ____._. ___. .. .u__..__ Bilky sophora.
Sorghum vulgare caffrorwm__ . ... .. _ ... ..__ Kafir.
S. vulgare sudanense__ ... ... ___.._... Sudan grass.
Starleya pinnata and 8. bipinnata.____ . ______. Stanleva.
SHPQ TOBUSEE . . o e Sleepy grass.
Tetradymia glabrale_ . __ . . Coal-oil brush.
Townsendia grandiflora. . _ . _______ . _____.__
Trifoliem prafense_ . _________._. e emm—ao_ Red clover.
Trificum gestdvuwm____ e e Whealt.
Xanthium 89 o _ o oL _ Caocklebur.

All the plants named have been collected and analyzed, but in
some cases the data obtained do not appear in the tables because no
signifiecant smounts of selenium were found. In the Colorade area
approximately 900 samples of soils and shales and 800 samples of
vegetation were examined. In view of the fact that data have been
given in full (6) for all soils, shales, and plants examined and that
exactly the same variations are observed in Colorado, the attempt 1s
made here to present an adequate picture of the situation by means of
selected data, the total number of samples reported being about 400.
For convenience of examination and for ready reference the dats
reported in table 4 are presented by counties, and the discussion of
general relations is followed by discussion of certain special items and
data referring to them in particular, Table 4 includes only samples
not from irrigated areas, Samples from irrigated aress are reported
separately (table 5).
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TasrLE 4.—Seleniuwm conieni of soils, sholes, and wvegelation from southeaslern
Colorado
PROWERS COUNTY
Beleniutn in—
Lnboratoryy Tield B :
¥ Location Wutering i
ne. ne. Zoil or | Yepeta-
shale tion
Lp.om P B, .
Bsd00. .| 1. SEH sec 17, T. 23 8., R, 41 W___| Nipbrorn! elay loatn, 0-5inches, | S S
33 E: 4] U I | S FEU 1 11 T Astrogalus rocemners oL oo .. 20
Basdls. .. 8 . __._ Fiih feli!; :})&;réh {;E FK ct:rm.r so¢. | Nivbrora ! el ¥ lonm, U-8 inehes, 5 oo ___.
Big4d._ .| Ba_ i __. ¢ - Narrewlenl milkweteh oo d L. 2110
B1g432. .| I8 o 150 l'eul: sotgh of E{ corper ste. | Niobrara ! silt lown, §-6 inches. T
14, T. 31 8., R. 43 W.
B8535, .| 1Bn . _ b .. da Narrowlen! millkweteh._______ b ... 43
B18438. __| 21_ - _C| Enst side sec. 13, 1. 24 8., 1. 14 | Silt loam, 3-8 inches...coo oo -1 SR
Bifdss.... ) O N T SO Narrawlen! milkveteh..___...f _______ )]
Blg42. | |x.__... Eﬂqr%mlk ea{st gl‘{:euur sog. 13, 1. | Timpas! Hmestone ..o P20 R
BisH4. {24 ... SO“rnd's' sduLh of center see. 1, | AHuvial silt Joam, (-8 inghes_ . P I P
xS, R4 W,
i ot L E R I ¥ U L5 T Mreathoasler. o[ 18
BISGO. .| 31._____. "T}:" ‘gir{mr see. 14, T 23 5., | Bilk lpam, 0-8 inchcs. 1 .
BIBG! o 3la o a0 e WNarrowleal milkveteh. ________|__ PR 2,0
BIgder. o .| 3. ... 300 fwr. ??réll -%{ E h curoer sce, | Sile lown, 0-8 Inches..o. .o I I
BISOR. W ... .1 Nurrowlenl milkveten. . o.oooa]aicaals 610
Bigsy_ [ 43 ... L) rmh wosk nf.‘SF ‘cormer sue. 7, | Clay loam, -8 inches. 20710 LS | oo
22 6y
Bagss . _ L 43n oo ‘lu,..______._______-__-_.._- AR T T, S — l:!t':
f [
4
’ KIOWA COUNTY o
BISH00. ...} L. | 4 fw;it nnréh ol ‘il—‘ ancr seg. | St Jpam, 0-§ tllchm.....,.,...l [ 15 I
i 3z, T.m
53 0151) U I F SRR O ' _________________________ Nirrpwlonl milkvetet__ | ,___J..._.__. 390
Biss12. Ly ToL.ooo) B0 mdq south of NW corner see. | Bilt lowi, 0-8 inches. Lol [ T
'n I‘ HWE, R.45W. i
ERE-LTE: S I B M, e ceet MOEFOW AT il vobel L
BIBSIE. . | 10 ... t"vntnr-\n-ﬁ.a T AL RIIEW L Samdy loam, 08 inelios 2
Blgse___.| 1o ... O Narrpwlenl milkveteh Lo el i
BI8S05. ... 15 .aao al}(%jcet-t soitth nr‘({cntor see. 30, t Silt lonm, 0-8 Inches. .. .
BIBSb. ...l M5 Ll R [ T Nurrowleaf ik vereh oo L
BI8A0S. .| 2_...... 70 rnrls norih of §W corner sve. | SilL boarn, (=8 inehes. .o ees
T, 208, I 46 W,
BlaG6_. .. Moo b l( ______________ Narrowlenf mflkveteh o oL
BIgW8. .y 25 ... [) I‘( .ot north of SW corner 00, Ty loamn, (-8 inehcs. oo cuoone
!‘ 20 8., L 48 W
SR O I S S i s JO Murrowlenf milkveteho oo 140
BIETIO. .. 20, ... T l1'0(1'; gnu]lgx uf‘ccntcr se¢. ).‘i Clay luam, =8 inches. ... N
Y
BIRFII o Lf 280 L g il moeecmmeas] WOONY TOG0 i fmmae 1
BTG AL S oot Tty of Ki eorner s0C. Opalala ! elay lowm, 0-8 inctios, P T O
15, T. 1t 5., K. 40 W.
BIETE7_ .| 30 L. .. Ao - eee| Wonlly loeo. e[ 2
BIBITG - .. § 43 ... suu feeL soniit of I W corner roc, | Miobrarat sili Jown, U-8 inches. | P N S
T, 1S, 5L W.
B1erzr._ | 36 ... | _(In___ - S| BLUNIFD e s L4
BI4FBs. L. L) 0. 100 feet enst nf N W vorner sve. Clay toam, (-8 inches. .. ___... | S,
an, T, 198, R52W.
BAg7SG. .. | 40n . ___4 . _. cemenf Narpowleal milkvetehoo b ool 4 680
P2 B F: R S D, B vorls south ﬁf NE Lurnpr see. | Niobrura! ¢loy loam, 6-8inches : N
BISTES .| 4in.... R0 rods soulh of N B LOI‘IIBI' sec. | Stanleyn..__. - 144
"1‘. 188, R, 562\,
BIS7Ee. ___[ 41h._... —nn weeee| ColdenWeed - o v cvemeea PR 420
BISADT .| H0__.... &0 rods north of BW wrner sec. | Misbrara! sii logm, 0-Binehes.| 25 [eemremnn
21, T. 15 8., . 53 W,
B18§08._ ... S P S ik y] 105 ) S S 180
Bioj26. ___ _: %'Ilobrmlclny loam, -4 inches, | 20 —
Bioasl____ i r [ 23 F10 4T S AP, p
B195a2.] B0 ofs ot of RN TIET #08 H Russiun-thistle 5
BI0536. .. ' " [94] & + SR o
Bipsar__ .. 18T LT SR PI S ki)

t Geologic formation.
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TanrLe 4—Selentum conlent of soils, shales, ond vegeiation from southeasiern
Colerado—Continued

CHEYENNE COUNTY

Laoboratory
no.

Field no.

Loeatian

AXateriul

Seleni

nt in—

Soil ar
shinle

Vegeta-
tion

315490, ...

BISOI. ...
BiBwB_ ...

TSGR .

Dise2

BEs3E. .

Bsn32_ .

RSG5, ..

834, .
TSHIT.

i
|
e

i
'

Ps.. oL
5.,

15 .

nIseE. . 2
BISE49_.
Bifssd_ ..

H1shas.
Bi2sa__

Bk __

TS T

TI9Zi0. . *

;s

Bigei __
Rl
B252,
[£3 0,0 T
[E3 kR S
Bgdas.

Bisnsa. ..
Bisnat_ .

i
1L
i 36

B6u.
187 .
PidTa.

3

BikGTH. . LT
BISﬁ:-‘-t._..l F

ELR LT
BEBG. ..

BLE.LE ) S
RS0 0

TAAHK .
BB .

Bigns4 ...
Biange__ .

Tige0. .
BsTss L

HIuN
[ TR

S
Fin
15,
L]
17

iTa
2

.
Hho_. .

. di ———
' 80 rods norllt of SE corner sec.

. ..d(!,._._.......,.-,
T see, RS B :
T S 33, 1B TG Wt et

| \%wml_rsac‘zh;.'l‘m S‘, .50

E % onrner sec. 22, T. 165, K

W corner see.
e, T 1558, I, 48 W,
de..
¥ rods seuth of NE corner sec.
& T. 145, R, 48 W,
__..(Ic_.________.__....._A....,.
1,000 feet north n{ E% CUTREE 508,
1.!:; T 138, B W,
300 feet suuth of NW COFNEF 52C.
B, . 158, R. 46 ¥
. do,.....,.__._._.______
B0 rods sm.:l.h of N'W corner
2‘!d B3, R, 46 WL

p NW currier sec. 2'.’, b 15& W
W

! 200 fect soul.h of NE corner sae.
LB R, ROAT WL

!_ .i.i,"}" A, RO,

i 'BE corm.r sge, 33, T 125, K. 50
W,

-do.
! 50D Tect norih of | RE vormer ste.
! & P M5, RAW.
g

from ng, 2Tk

Ogelinia felny loam, 0-8 inches.

Russian-Lhisthe . ... . ...
L.oessial silt loom, -5 inetes

Hussizn-thistie..
Pleres elay Ioum o8 inehes_ -

Narrowleal milkveteh.,

Pierre anid  Opnilalt sundy
lonmn, (-8 inches.

Nnrrowlenf milkvelch

Piarre clay lous, G-8 inclies_ . ’

AlfaMa. oo
3ilt loatn, -8 inches

Nnerowleaf mnilkveteli_
Clay looam, 6-8 inches. ..

Norrowieaf milkveteh. ...
Silt Joum, -8 inches

Narrowlea! milkveteh
Al eeaaan
Clay logm, (-8 inches_

o1, racemnosis
Pierre clay loim, -8 fnches..

. P.pom.
5

Goidenweed oovmmmaan onn-
Piorre elay, 0-8 Juches___._.__.

sl racemosuy .. e
Pierre clay l(mm, 0-# fnehes

Narrawlon! milkveteh, .
Clay lont, G-8 inches. .
Westernt wheatgrass. ..
Narrowlen! milkvereh. . ._.

REXNT COUNTY

K :suu feet south of NN corner vee, |
i L EI S, RLOEEW, §
A
: "0(} feet nerth of £3 corner s0c,

5, M. 28, R4 W
. ..(!li.,. et e

SHPU  [1 JE t

i b rods snuth of NE corner sec.
T, E S, ROWL

.ol e

S%_E(:rne er. 10, T'. 1 5., R4

L Y

. ! .
HR 1] feot sonuth of Nl-‘ corm.rw('
] I‘J‘ 2, LW
i .iu} feeL sonLit of W mrn(.r see.
1L, L AL W
alu - .

do_ .. -,

t Crecdogle forzml Inn.

{ontey sumd, G 8 inches. . ____[

i Narrowtenf wilivetelo oo .|

Clay loum, D8 inehes.

Murrowlen! milkveteh ..

Wroath 888l .. eaeieaneeaen

Las Ankions clay loam,
incles.

L T D

Niohrars b cloy alluviuw, G-8§
inthes.

A, racemosus

Oy loam, 0-8 faeles

Narrowien! milkveleh

Wiabtrnmy telny tom, 0-8 fnches, | ’

Wraglh msler.

Ognlludn 1 silL Innm 08 tncies.|

Wurrowienl milkvetch

Woolly e . e e o2
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shales, and vegeletion from southeasiern

Colerado—Continucd
BENT (QUNTY—Continued
Selenium n—
L l;r;\mr:.' Field po. Locntion Muterkal :
) Snil or | Vepele-
shale Lion
B Popow Pop.
Bisrs2 .08 .. h::’ corper seq. 1, T 245, B. 52 1 Sandy ioom, 6-8 inches...o.... M PR
BiSTad. .. | Moo 0 e e e eee e Namowleal mitkveteh oove oo looaee - ]
Bigp..__} 28 1,000 Ieet south of MW corner | Silt lowm, U8 ipelsa .ol T aea
sec. 10, °T. 24 2., L. 52 W,
BIgySE___ 28 __.. ol Wookiy oo, oo aen .. .
BiB7TS .o .| 0o e "0 foor south of NW corner | Niobraral silt fourm, o-% inchos.
scc‘ 2T 215, R.52W,
o3 E g LR {1 U Y I e — Nurrowleal iilkvetch. . ...
BiS756_ . i 3cccenn- N,’{g' t:omer sec, 3, T. 21 8., B. 52 | Gray chay loam, 8-8igehes. . -
BISTST. .. ida e AL TRCERGRUAL L i aiierifammmaan 1,630
Bi8762__ . 3014 corner sec, 6, T. 24 5., R. 53 Niolicara t clay loam, 08 inches. I
W
i DE:y (i S = J: W SN « | (R — mmmemaa-] StaNiEFR. 9%
Bl8sGd.._. Wiy corner sge. G, 8., R. | Geldenweed... 40
53 W {50 fectl from no. .H)
Biggz___ M40, ___ S\\V garoer sec. 25, T, 21 8., X, Wicbraratclay lorm, 0-8inches. py-
Bis%4__ | 4ba .. i ___________________________ Galdenweed . .ooccneoaoaceoa <o 240
BI3LA. . L1 T S\\‘% eorper see, ™Y, L0 S, R Norrowlen! milkveteh . ool foooooee T
H 53 W, (50 feet fram pe. 34), |
OTERG COUNTY
BIS0Si_...0 ). _._...} 5W corner sec, 33, T.20 5., R, 5% f Clny  Jonm  ndluviuns,  G-§ Z R
YW inches.
BigoR2_ . la.__....° 0. cmemmma s cicvmm———— Poison milkweod oo emea - [ 4
BISOSG 4 Va0 feel eust af MW eorner see. | Clay loany, 0-8 inches ... - 3% PO
1 1, T 258, R.OO4W.
Biagsy_ .y 4n.. . T TR L] F3 s VA M . 2
BISSGT-. L 9. . _ 1 1,006 fact south of NW corner | Otero suody foam, -8 iuches_. [ PR
F see. 33, T. . ROBEW,
RiBORB____{ Oa.__._ fo. Nurrowleaf milkveteh o oenoon PR A, 1,688
Bifovh... ) 1T o Cliny donzn, O-8 fnches. ...
BiSST6.n .| ... .. Narrowleaf rmilkveteha |-
B1sus3_ ] oo, sa rn(i'i norih of 5\& vormer see. | Siit loam, 0-8 inches (lower
"1.. 25 5., R, 56 W. Timuns ! Hnestone}.
PBiBakY..... LT D eaee 2o Parpentineweed .. o aemeeii 1
BisgmM_ . N N“" c{urnur “sge. I‘.!, e 8., H. | Niobrara?! silt loM8 . eaeeo——. P
5 t
B85 2in - Narrewtea] miikveteh Lo Lol 2, 274
26, Benton ! clay lanin, {-8 ioches. -3 PRR——
.05, R..ab\ .
BIBKS.._..) n_ .1 _..tc o Gioldenweed. .. ... N (R 280
PIGOLO_ .. o,y oo bW corner see. 2, T Reoton ! gilt lowin, [y inthes.. A N
\t
........................ Coddenweot . oo eaaaas ig
‘\b; Lurm:r sec. 85, U MR, WL AT | Olay loant, 0-8 inches..
(. (in._. . Galdenweed _ . ... 35
| apny feet soutiy ui "N vorner ser. | S lonbe, § 8 inoties. .o on [ PR,
1 27, P58, L SE W
‘ o .- Stanleyu. .-~ cammeli e 150
i oot sounliof B corner see. | lebton ! elay lognr, -3 inehes | o8 Jemeacoos
"5 'i' 8., KW,
BYHU | SBa . D el Bussira-thistioe. oo . 1
Bigtas 16l ! 3W ‘i sow 28, T, 27 8., W R W (creezlﬂmrn‘ s fonm, O-8 k I IR
inches '
R L] b - &ln DTN ¢+ Stanieyn. .. ooaen e 250
LR 1. S % ; l~.‘z., uorner%u 36 T30 5., 58 | Thopes? clay ]oum {]—bilitht.‘i.l - 3 -
BN, CHAeweetl oo ool omaas 1o
J 16153, Clsy oy, U-§ fnehes_ ..o | b T SO,
Bidssg SUBIIRPR ve —vcer wom meciemaee-oo) L 290
BiHimA_ . Greenlorn §silt banm . . ... -
Liwoel.. | Coldenwesd ... - o 4
) . ;

1 Qeplopie ormation

17823°—38——3
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Tasue 4—Selenium conlent of soils, shales, und vegelation from southeasicrn
Colorade—Continued

CROWLEY COUNTY

Seleninm in-—-
Lﬁbg:‘nlor}' Fieli oo, Loesijon Material
) Soil or | Vegeta-
shale tion
Popom|Popom
BIE2GG.. .. | I &0 rods north of 8W corner see. | Clay loam, 0-5 fnches.____.__. L T S
22, 7. 21 5., R.6AW
L BRI B S b . Narrowleaf milkveteh ______. [ 570
BI192Rd.____ 1500 fect miarth of SW oo Clay lontr. 0-8 inghes.._______ e -1 P,
Iﬂ, 'T‘ WE., R 55,
Buozot..._.| 3a.___..|e....too_ ... .-| Golilenweerl . 60
Bl19273_.___ ! I N\V‘?‘?rnar ses 34, T. 21 8., R. | Ninbrara? clay loam..._...0.__ | 1% /I R
Hi
Biozr_ .| ta - do A recemosma ... [ 40
Biosl ... 12, e NE eorner see. 20, T. 208., R. 56 | Pierreclay. ... . {12 {eeoonoo.
Blemse Wa e d ........................... Goldenweed. ... ____|.______. 180
Bigwml_ ____ L S 80 rods morth of SE_corner sec. | Clay lanm, 0-8 inches (lerrcs 2 ..
20 I‘ 21 8., R. 57T W phnse).
B1a262___. | 17a Poison milkwoed ..o ooooil|ooooL 7
B1G2ed. ... W S\;’ ‘c‘?rner sec. 16, T. 20 3., R. | Clay loam, 0-8 inches. ______ 20 |
7 W,
Bigano, .. o S IR 3 o Silky sophora. .. ______|______.. 1
BIp3O3 |22 ____._ SE eorner see, T, T. 188, R. 57 | Puwrre cluy loom, 08 inches_ _ A R
BIM3M.___.| 228 _____[__.__ o| el reeemmowne. oo oL | 230
BAwis | L. 1 l]()ﬂfcat westol NE caraer sec. Pierre ¢lay loam, 0-8 fuches. __ -
30, T 188, R. 657 W,
Bimam...._ b1 W S A paeemosns. oo 230
DB193ca_ . | 25 .. _ 500 fu t south of E% cnrnor sec. | Clay loam, -8 inches. . ______ | 5 T
4, T. 2185, R. 48V
BLoao......| 25a_..__{__._. an. L Goldenweed ...,
B3 Ccntor see. 4, T. 20 8., R. 58 W_| Clay shale, 4-8 inche
Blgalz....| 20a.__.__|.._._ da., | A rocemosuy .. __
B1g3lz 1,000 foot north of 5 4 mrmr see. | Clay lanm, (6 inches. .. ___. .
9, T. 185, K. 58 ¥
man |27 ). A e Shaly cloy lanm, -12 inehes. .
BIO3S .| 2 o _|.___. o Tlack stele_ . .o...._
B3 Ao A, Trcemosuy_
BT | .. L TR Russian-thist

LINCOLN COUNTY

By, |

Biwas. .
Bige.o__ .

Buoes._. ..
Biga

Bikads. .. .
Big4l

Bip3y 2_ a—

Rogn. ..
B1sase.

Biaaag.____
B103s._,

BamasL .
Bt _.._

B19370...._.| Zin

Bimaco.____
Bi1ozs0_____

R} rouds porth of 8B eoroer sec,
2, T {78, R, 55W,

00 M'L south ol N'W corner sec.
o, T, 16 8., R, 56 W,

5 N h curner see.

31, I']‘ i 5., ]—L i ¥

Wy nariil of §W c'oruf.r 00
18 T. 1758, R. M W,

W corner S,

2 ,"I‘. 13 B., k.63 W.
de.

1 Geologic formation,

Piurre ¢lny loam, 0-8 inches.._|

<A, racemanus,
Bandy loam, {

Woolly leea. ...
Pierro clay loam, 08 inches.. .

Two-groove poisonvatel____ ..
Plerro elay lonin, -8 inches. .

Two-groove polsonvetel._ ..
Plerre clay lonm, 0-8 {nches___

Goldenweed
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shales, and vegelation from soultheastern

Lahoratory

Ficki oo.

Afnterinl

Selenium jn—

Sail ar
shale

Vegetu-
tion

5 luet past of N'W corner sec.
34, T. 125, R, 52 W.

Picrre eluy lonm, (-8 inches. -

-1 Narrowlen! milkveteh

Cpallzla! ciay loam, -8 inches

| Pp.

LAS ANIMAS COUNTY

Benzn
B2OZII__.__

| SR

NE corner see. 2, T, 20 8, R,
80 “

oo 3, L33 8., R.GLWL
{15 fune from no. 13).
NW corner see. 24,7, 31 5., R,
B8 1.

i o)
B rnls south of NW corner see.
16, 1.5 B, K63 W,
...._{i(}_..._...
{Center sec. 14, T326., K61 W,

8 ruds south of N t.urner soc.
did'i‘.{l 5., R. 650V

Benton ! clay loam, -8 inchies.

Qoeldenweed
Timpas ! luam, (-8 fnches.._ -,

Iussian-thistle

SilE Ioum, 0-8 inclies._ .
Narrowleal milkveteh,
Biumun ' leam, U-8 Inelies
o 1, TAE

Stanteyn_____

NMiobrarn! it loam, 0-8 inghes.

Chusztrweod]

Grecshorn!
inelies.

Stunluyu. P

FPierre gravelly clay i, OG-8
fnches.

{iofdenwemd. .

chny  lopm, ©-8

Plerre shaly ciny lonm, -8
imehes,

Two-progve pofsonveleh. oo

Pivrra clay, -8 inches

Two-groove poisonvoteh
Piorre clay Iowm, 8-8 inches___

Stanleys
Greenhern!
inches.
Goldenwesd
Creanhorn !
incles.
Twogroove poispovebch
"icrre giry, U-8 inclios

clay loam, -8

clay  low, -8

L. recemosu

HUERFANO

COUNTY

THEBLA.. ...
H1g840.
BiUsi7..

Biggis__.
Blugiy,
BiaX)
Dlosa._...
BIg§M....

B19827
Blygsz

Blugil...
Blugy_ ...

- S“’if seg, 14, T, 25 S‘, I, 67, W,

| Geodogle formmtion,

Bilt tonm, -
Cumw

hapu).
Goldenweed

Corn {eurs)
Qumweed__.
Qresnliorn ?
inghes,
CGoldenweed....

Niobmama! cley losm (A;ns-' .

Migbrurn ! silt lumil- 0-8 tuclical

{Apislingnd,
Waonly nster

Laurnssogusurbers, .. ...
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Tasre 4.—Selendumn contenl of soils,

shales,

Colorado—Continned
HUERFANO COUNTY—(ontintied

and vegelaltion from southeastern

Laboratary Field no.

Selenfusiy in—

1o Lacakion Materfal
- Seil or | Vepels-
shnia tinn
oo |Popowm.
BIgRIS_ | ¥.ees SW){ of NWl{ sec. 27, T. 25 8., | Niohrara? silt lonm, 0-8 inchas L
L. 68 W, (0 reds nerth of {Apishapa).
no. 9).
L9830 R+ T AL Tieeonta 630
BWsiy. .. S corner 3 Niobraralelay lo {4 T
I
B18838. ... . Qoblenweed oL 249
B3, Hussian-thistle. ... . 4
Biusi0. SF/ see. 40, T2 S R.G7 W | Tierre shaly cluy, 0-8 “inehes. [ 25 P
319841 . - Cokllenweer) . R
BlQS-I'i. NF‘% see. "IJ g S‘. It 60, W.| Plerre clay, &- 8 inches .
R U { 1 T {nlidenweed.
Wi ‘c:{}ru(.r see., m, T, R Alluvial elny Tonn, 0-8 inches.
s W,
Bussi.. .. ...t Qoldenweed . . . ooveieeeana oo L]
Bilugss. ... NEly see. 32 7. 28 3, R, 65 W | Mesaverde mndy I(mm 8 I 3N R
ifichs,
BIOSAS 1 180 a0 e ol Al PCERROSUA L e e ki1
PUEHLO (‘{}_EF'N'P\'
BAGATL .. f Yool . i3] rml!s enst 01! \'\\’ corngr see. | Pierre stony cliy, §-8 inehns__ [ I PO
5, T, 2 &, R.¢
Bigay2. . la. L. T > O -| Russinn-thistle. oo |iaaaaas 3
Biv%sTE ... 4 coceaa | SW corner see. ‘N.!, Py :-;.. i Very fne samdy tours, U-3 3 (.
40 W Invhes,
10579 o] Cloidenwend . (S SR %0
BI0s8T._ .. 25 5., 1. | Benton! clay lusuu. U8 inches - 3 I
Fiosss U 15 Bunfiower (hends)

Baosgs. . 1\!" mrner se.

FERLIE T I - N I(} ...........................

BIOROS. ... | 4D .oeea NE {:{Jrner sep 8, T34 8, R

BIGHH . Tha.. .. caa _do ..........................

BIOB09_ .y Woo. SE corner see. 10, T. 24 8., K.
f2W.

Blogio. .| e to.. e

BIgsi4. ... L] 1K) fem snuthueat “of NE
eorner see, 22, P 8 .62
W

IG5 .. Y S

Bunss, .. 3.6 wiles wost of United States
Rante 85, ot United Sutes
Houte 5.

B r e ... da. ... _ -

HIDGET. ... B 3. wiles wost of U mled Stirtes
Route 85, o United States
Ltoute 50 (25 fe(.t froan nin, 2381,

pigseR,_ . e 0. AU

nsgm. Adn

BLOAG, .ogn .

BIOTI0.___. 500 leat wost of E' .
7 T.228., R. l“’w

BAOTAT. .. M. ceada, .

Bz, ] 20, ... Elf verner :»ec l?. e bA, It
3 W,

DIOTS3... | 20m. |, so .

BIoTd..... Mh_...__| BEY mrner “sec. 17, T ‘2’5
63 WL (20 feet rom no, .ru)

BiUr7_ | A _____| 500 Ieet soirth of N corner seo.
16, T 238, oW,

P1OT48. .. o TT RO doo .

BIgrE3._. .. .- T,

500 l‘eet smu.h{‘u:sb of canter seg,
T, 238, B84 W,

B10it..... 39 . W curner ‘sec, 30, "B 21 8., R.
64y

BIgrer.. ... o T I d

BWTL... L J— 80 rous west of SE. coroer Sec, .!'I.i
T. 28, R.65 W,

B L3V SN N 11 mrem e cbmmo e saees

I QJealogle formution.

Nighrara i eluy Imm{ -8 (rehes)”

Rarssinme-bliisble .o L)L
Nialrarn ! eley itaum -8 inchas| L&
Goldenweed . .o |l
Ninhearn? silt oo, 0-8 inches| .4
Cralitenwend

WNiobrnra elay lowm |

b 12T+ T3 - ) S
Clrnvelly elay loam, -5 inches_ 4]
B3R 1] e TR S
Craldenweed. .. L oo . __
Shle-onts grnmi. . .
Blug grasos_ _
Qalletn grass. .. P -
Plerrg elny fonm, i
Qaldenweed L. e s
Mighrurn ! ciny lomn 98 inghes] .5
Qumwesd .. . [ S
Corn fenrs) {:r:lmted) _________________
Clrepphornt sit loain, -8 L]
inghes,
e LY S I
Niglbrara | sily loum, 08 Tnches .4
Sunfower et ecncanvacfenae
Niobrara ! wllavisl sit loum, 10
0-8 inches.

BTt O, [
Clay lmslu -5 !n(.!ms...-.,‘ .2
sAptopeppus spinlorus ...




SELENIUM OCCURRENCE IN S0ILS IN UNITED STATES

21

TABLE 4.—Selenium content of soils, shales, and wvegetation from southeasiern
Colorade—Continued

TUEBLO COUNTY—C(Continued

Laboratoryi 5.
iy Fiell no.

Loeutivn

Malerial

Selenfum in—

Soil or
shile

Vepota-
tion

BIGTE . ...

NE!sec. 20, T, 218, R 5 W__

BIS8AS__._.
B1o873.__..

BWeA._...
Blyyds

l]
SI:.M ser.
.;1.'!0 Ice_t"ﬁt;ffﬁ cf ::em.er Si, -SIL“,.
T, 20 8.,
_éﬁ‘mdﬁ norill of centar sec. ..-.':-. o
LI A

o

da. ——
h&. Lorm.l‘ ey 1, LORTY S,.

s rucemosus,
!

Greenhorn! elay loam, (-8
fnehes.
Stauleya

Ninbrara ! shnle, -8 inclies

{reenhiorn ! silt lonn, 0-8 inctes

Stanleya. .

SLony sitk lo

Stanleyn

(reephorn ! gley loatn, (-8
itiches,

Siapleya

Greetthorn! stony lonm, 0-8
Inc¢hes.

Sl.-mli!}u.

Sweptelovoer_

Plerre clay, 0-8 inehies R

Hussino-Lhisthe . __.____

Pierre colluvium, % inches.

1, TRECHIGRNE. |

Niotrure 1sm.1(mm - inches |

Galdenweed
Piorre shudy loam, 0-8 inehes__

A TRCCIROINS . ..
TFierre elay, 0-8 ine
o, recemoxus. .
Nlahrarw b shind

Limpnite voncretion .
Axtragafus (lenves) o |
(ireetthoro Usilt lonm, 08 inches

Stanleya
Morrlson! ehuy lusuy, §-8 inehey

Popom,

A

Fop.om,

EL 'ASD COUNTY

B15GI0____.
Blowsy ...

BlopGss___._

TIg0s7 .
Blegro._ .

BI0T6.. ..
BIueTs.. ...
1

Blm:‘..-‘. .
Blugd._ .

E00 fecl snulh of N7 worner see,
.il I 17 %., It 66 W

\\/ ey T O T
i5 “

Center see. 1.\,’[ 155, 166 W.v
{100 feel from ny, 5. )]
S,lf\’cnruer see.il, "I\ 14 8., R.60

5/ corncrae'u 14,7, 16 5., 1. 66

! Qeglogic formution,

Crreenliorn b stk eatn, 0-8 inches

Suanleya, ...

Pierre and Opnl
inches,

ASIBT. .. .

Pierro cluy luum -8 inchies. ..

Twu-proove peisonvieteh.

Rue groma ...

Fivrra clay loan, 0-8 inches

Twa-groova |:u['.nn\ etob, o

Bweelelover, ..

BTN BEISS . e e eem e

inVehiy, 0°8

Pierre eluy, 0-5 Inches.o.......

Garrrweed. ... -

Pieere eluy, [T

Aster

l’Iere nttuavind clu:.' lmuu 0-8
inehes.

Two-groove pojsanveteh

Nlobrara 1 st lomn, 0-8 inches

Shnle fron gaterap
Ctuldonwoed .
Gallels priss
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TasLE 4—Selenium conlent of soils, shales, und wvegelalion from seulheastern
Colorado—Continued

FREMONT COUNTY

Selenium in—

Laborstory| piotd no. Loeation Material
. Soil or | Vereta-
shale ton

1 mile morth of United Stetes | Pierre shale
Ronte 50, ont Quifey Rond.

et e eeimai e - <| Bentonite in shale
80 rodsnorth of Wnited States | travelly elny losm, 0.8 inches_
Routs 50, on Gulfey Road.
A0 oo ool T'wo-gtoove polsonvetch
.| 80 rods north of United States | Stanley
Koute 50, on Quffey Roud.
{0 feet From 1o, 5),
300 I‘eeL anst or\e{enwr seg, 21, T'. | Pierre clay, 8-16 inches,

Goldenweed
e Cora {ears)
. E-.WV sec, 22, T 18 5., R, 85 W__| Bentonitic shale..

. |- ¥
S :'ud%nuth of l'.% Cormer sec. -i, Wiobrara ! shaly siltl onm, -8
T.1e5, B08 W inghes

B9, ‘ o do. . “‘;lnnluya mmmaman
B Y i\[\g‘c{ornw set. 1":, T8 ‘3 Pierre clay lonm, o-8inches .

BiGRG. ;i -1 'I‘_ur;lsont!newe_ed
HWIgS . : Nw%wmcrsec 22,1 205, K. | Bill loam, 0-8 inches

By . - Stoanleyn

DIGoRG. . __ .y . ... I\A comer sec. 4 it '-_. , R, Pu:rre'isltlu:un -8 lnches. . ...
69V
BiGH. - i 2 - ceemen ia e eeemena| Goldenweed oL e

L (zeologic forimation.

Data obtained in this survey show that occurrence of vegetation
containing toxie quantities of selenium exists over » very wide aren
extending from township 8 south on the north io 34 south and from
range 41 west on the east to range 89 west. By no means is it to be
understood that the whole ares is injuriously affected or that the
portions adversely affected are equally so. It is estimated by John
T. Miller, as a result of field examination, that approximately 1,100
square miles of soils are developed, wholely or in large part, from Plerre
shales and about 2,000 square miles from thie Niobrara formation and
300 square miles from the Greenhorn formation. No sccurate deter-
mination of the area is possible because of the shifting materials from
and to areas of soil derived chiefly from loessial, Ogallala rubble areas,
and from subdivisions of the Benton formation, other than Greenhorn,
which are normally low in selenium content. The condition is made
more complicated by local accumulations of selenium in excess of
normel, which possibl - are the result of leaching from one area and
retention in another. In table 4 the nume assigned to soil samples is
that of the geologic formation presumed to be the parent material of
the soil, and where no such name is prefixed to the class term the
source of the soil is either obscure or was not noted. In connection
with the relation between table 4 and fizure 3, it 13 to be noted that
the term Niobrara in table 4 includes both Apishapa and Timpas
formations unless otherwise indicated. In Kansas the lower portion
of the Niobrara formation, the Fort Hays, was found to be rell:i,t.wely
low in selenium, as were also the soils derived from it (6). The same
appears to be true for the massive portions of the Timpes limestone.
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YARIATIONS IN SELENIUM CONTENT OF PLANTS

A detailed study of the data of table 4 confirms and emphasizes
certain observations previously reported {(6). There is o wide varia-
tion between the quantities of sclenium absorbed by different plants,
and even for a giver species there is no constant relation between the
quantity found in the plant as compared with that in the surface soil.
Only one or two Llusirations from many in the table need be cited.
The sample of narrowleaf milkvetch B18461 (p. 15) contains 2,070
p. p. . when growing in a soil containing bus 1 p. p. m., while B18401
{(p. 15) containg but 210 p. p. m. when growing in o soil conteining
ip.p-m, and B19355 (p. 18) has but 820 p. p. m. to 10 p. p. m. in the
soil.  Again, B19960 (p. 21), a sample of two-groove poisonvetch,
contains 590 p. p. m. of selenium when a sample of biue grama grass
growing in the same soil has but 2 p. p. m. Still again, B19254
{p. 16), a sample of western wheaigrass, contains but 1 p. p. m. of
selenium, while a sample of narrowleaf milkvetch 4 fect distant has
780 p. p. m. Such varistions are usual.

The variation between species of plants is definite and very wide,
even within genera. This iz perhaps not surprising even though
unexplained. For the varintions within a given species in different
soils & number of explanations are at hand, all of which appear to
have application in specific instances. Among these are the variations
due to diflerences in the sulphur-selenium ratie (15) and differences
due to variation in the root systems of the plants and to the varintions
in the selenium concentration of the soil solution derived from diflerent
soil levels. This last variation is very marked and is without any
definite regularity as is shown by the variations within profiles ilus-
trated by table 8. The most eflective cause of variation in plant
content is probably to be found in differences in the forms of selentum
present in the soil. Aftention has been called () to the influence
of rainfall upon the selenium content of given. plant species but without
any definite conclusion being reached. This cause of variation is
particularly intriguing because of the very marked decrease of
selenium in plants when grown in humid soils or under irrigation.
It was noted that in Kansas the selenium content of given plant species
wits less in the more easterly portions of the seleniferous area and
became negligible as one reached areas of higher rainfall. Tt was
not possible, however, to ascribe these varintions to rainfall alone
because not only did soils and parent materials alter but there were
also differences 1 plant content of selenium dependent on the season
when the plantsamples were taken.

It seemed possible that light might be thrown upon these relations
by the investigations in eastern Colorado, where conditions were
similar to those in Kansas. In Prowers County, where samples were
collected in June, the ratio of selenium in the surface soil to the mean
content of 10 samples of parrowleaf millkvetch is as 1:549, vhile a
similar ratio for 10 samples of the same plant species collected in
Crowley and Lincoln Counties in August and September is 1:317.
The mean annual rainfall at Holly in Prowers County is given by the
United States Weather Bureau as 15.04 inches and at Puehlo as
11.86 inches. It would seem, therefore, improbable that such differ-
ences as shown by this relation could be due to rainfall, since this
relation is reversed in Kansas. Too much stress is not be be placed
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upon the ratios themselves, since the variations within each group
are wider than between the groups of plants.

A more specific illustration 1s furnished by a series of samples of
a single clump of Astragalus racemosus at 150 feet north of the Sk
corner sec. 24, T. 21 S,, R. 44 W, The plant was carefully sampled,
only one-hall of it heing taken on June 4 and the remainder left to
mature. It was agnin sampled on October 26. Unfortunately, ab
the latter date no sceds were available. The results obtained from
the expmination of the samples were as follows, in parts per million:
June 4, young seeds, 90; flowers, 90; leaflets, 60; and stems, 15; October
26; leaflets, 3; stems, 3; roots, 2. It is clear {from such and similar
data that there is wide variation in plant content and that results
obtained at one stage of growth of a plant are not directly comparable

FiGung B.-ixfragaies peclinptny growing on scluniferous soil,

with those obtuined at other periods. This may be due to the usual
degrensed relative ash content characteristic of plants with increase
in total dvy master toward maturity. This may also explain the
fact that late-season material is less toxic because it is composed of
older plants.

Variation in the selenium content of different parts of the plant
has already been noted (6). This hecomes of interest in connection
with the seasonal vurintion above noted and hecause of the recent
publication of variation of lead and arsenic in different portions of
plants by Vandecaveye and coworkers (34). Sufficient datn are not
at hand to warrant any definite conclusions. The following may be
taken as representative of the relations for two species of Astragalus
which have been examined, results being given as parts per million.
In & sample of narrowleaf milkveteh (fig. 8) from Prowers County
the seeds and pods had 1,630; flowers, 1,450; leaflets, 810; stems, 670;
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and roots, 210. In a sample of A, racemosus the relations were: Seeds
and pods, 310; flowers, 530; leaflets, 120; stems, 20, and roots, 25.
A similar relation is shown by a sample of Stanleya pinnate which
had in the seeds and flowers 340; in the leaflets, 120; in the stems, 10;
and in the roots only 5 p. p. m. Another plant of the same species
from Fremont County had 2,860 in the tops and 1,390 p. p. m. in
the roots. On the other hand, a sample of goldenweed from Bent
County showed the reversed relation of but 260 in the tops and 1,070
p. p. m.in the roots. 1t appears safe to state that in general selenium

FIGULE 7.- Binoky IHU shale {selenlfvrons) overlain by Quaternury gmvels (nonseleniferons).

is likely to be concentrated in the flowers and sceds of these plants
and is less abundant in the stems and roots. It also appears that
this may not be true of all plants or at all scusons. Work of Hurd-
Karrer on certain plents shows that selenium may be higher in
leaves than in seed (16, 17). The general observation that plants
contain less selentum in the late summer and fall is not in harmony
with Beath’s observation (4) that range poisening is more severe in the
late summer. Both observations may be accurnte, however, if, due
to change in c¢haracter of forage grasses in the surmer, or to limited
forage, poisenous plants become less offensive to stock.
17824 - 88~ —
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IRRIGATED SOILS

A very large number of anslyses of samples from eastern Celorado
are omitted from table 4 which have to do with the irrigated ares
indicated in figure 2, This is a very extensive ares and offers an
extremely ood. npportunity to deternune if the pruvious observstions
(6, 6) with respect to seleniferous irrigation aress are of general
validity.

A soil survey of this area was published in 1926 (32). In this
survey various soil series were identified and named. In the course
of the present examination John T. Miller examined these various
series with reference to their parent material, and the resulting com-
perisonn of series with parent material is given in the following
tabulation.:

Series Parent materinls
ProOWerS. e ammmmmans Loess.
Fart Lyon____________ o o. Reworked Niobrara and loess.
Ofero_______....___________________ Pleistocene deposits and loess,
Rocky Ford.. oo __ Old alluvium (largely Pleisiocene).
Minneqgur and Ordway elay._ .. ... Sandy shales (Nichrars).
Penrose. _____ . L ____________... Shaly limestone (Nicbrara).
Ordway clay loam. ... . .______ Pierre shale.
Billings. .ol Reworked Pierre shales.
Manvel_____ . ______________ ... Recent alluvinm from loess,
Las Animas and Lavwrel_______ _______ Gravel and sands (recent).
Apishepa__ L L __L___ Nighrara limestone and shale (Apishapa

and Timpas).

Many samples were secured from the different seil series and, where
possible, both normal irrigated crop samples and nonirrigated native
vegetation were secured. The comparison is not so satisfactory as
could be wished because usually the forms of vegetation particularly
prone to take up selenium were not obtainable on the irrigated areas.
Seldom was it possible to secure the same vegetative types on both
irrigated and nonirrigated soil. In table 5 is given 8 portion of the
results obtained in Prowers, Bent, and Otero Counties. They are
representative of the results secured elsewhere s well. One of the
causes of the variation in the selenium content of the soil is illustrated
by figure 7.

Tanne 5.—Selenium content of soils and vegelaiion from irrigoted areas in Colorado
PROWERS COUNTY

1
Selenium in—
Laborators| pigta no. Location Material
. Sgil or | Vegeta-
shale tien
PooowlPop .
Bigdie. .. [ SR \\;%\Ercmer seg. 33, T. 22 5., R, | Prowers ciny, 68 inches... ... i [
BIg420. ... Mo ____|_____ 3 [ T, Young whent. .o ooomoe L[ o 3
BiB424 . SW cormer see. 12, 1. 23 8, R. | Las Animms alluvial clay, -8 N P,
43W, nghes.
D842 L. . N — A e c————— Alfala____ ... PR 4
BI8g8.. | 80 rods north of 8} corner sew. | Las Animus ciay, 8-8 inches IR
25, T.228, R, 44 W. {irrigated by diteh tailing).
BIBMG. | 2a_ | e v MWarrowlenf milikveteh .o . ... 1,200
BI8450..... N corner sec. 13, T 22 8., .| Prowers saody  loam, -8 | I R
44 W, loches.
B85 2 W I L L2 F R YN R 3
Bigig2 . A2 | antfeel spuih of MW corner sec. | Lag Animes cluy lomm, -8 R I
B, T. 228, .44 W, inches
Big4e3, .. Il .. R ORI R X |- { V) I k
Bigd64..... 4 TP D GO e cmcmmemeaeeeaah Wreathaster o .ol 4
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TaBLE 5.—>Selenium conient of soils and vegelation from irrigated areas in Colorado—
Continued

PROWERS COUNTY-—Coniinued

Fleld no,

Selenivm in—

Alnderial

Soil or
shale

Yepeta-
tion

BIS4T2._ .
BIs4TE .

BISsa0. .. -
BIBISL '

BISSL .. |

BIs4RL . .

50 feed sust of N/{ cerner soe. 30,
T.225, R. ¢

5EF {ccf. ensl of 85 corner soe. 1,
.Uz 8., 43 W. (75 fect
narth of no. 35)

R

300 feet norti of W }4 u{;;ﬁé;-s-é:"
35, T. 228, R. 48 W.

ATert ILyom

Fort Lyon silt loam, 08 inches
{not irrigated).

Fart Lyon silt losm, 6-i2
iuched (not irrigated).

Fort Lyon silb lonin,
inghes {not :mg'ite(!).

Fort Lyon silt loan, 24-38
inches (not irrlgated).

Fort Lyon siit loam, 3048
inches {not {rrigated}.

Fort Lyen 5ilt loom, 48-G0
inches (not irrigated).

Asfragalus racemonts

.24

Fort Lyon silt loam, -0 inches._ -

Fort Lyon siit leam, 6-12
inches.
Fort Lyon
inches.
Fort Tvon
inghes,

-2
24-36

silt Joam,

st loam,

Fort Lyon silt loam, 4643%

inclies,

sili lsam, 48-860
inches.

A raremoans

Irowers elny loam, 6-5 inches
{irelgated, poorly dealned).

Yeoung wheat__ . ______ |

Las Animes clny lonm, e -3
inches.

Seepweet . on e caeem s

Yuune oats !

Popow,
T

T

Popom.

BENT COUNTY

Bigar2
B1B6TN.

13185?9
B2, ...

BIBTSS. ..
BITGI.. .

Big76s

Biss22, ..
BISE2A, . _.:

. do
200 teat north of L% cnrner see.

14 mile north of Prowers, sec. 34,
T. 22 5., R.4BW.

'iﬁ,!'l' 21 3., B. 4

NW corner see, 13, TV 21 5., R,
48 W,

150 feot sath or NE comer see.
20, F. 228, k.51 Y
(io...._......
8¥ corner sec. 33, k) 225 TR,
53 W

NE corner sec. 21, T 228, %
48 W

.do.
“NE eorner sec. 2, 7. 228,

48 W, (10 foct from no, 43))

Las Animas silt alloviiun, 0-8
inches.

Alaifa_.

Prowers siit ieﬂm 08 inches_ .

AlManllr
Wreath nster. ...
Prowers glay lokm, O-R inches_

Alfalln

Irowers elay loam, §-8 inchas, )

Young wheat ... .

Wrenth ustor,

Tork Lyonsilt 1oan:, 0-8 incles |

Wreabhastero .. ..

Les Anlmas clay loam, 0.8 |

inches,

Mipnegus cloy  ieom,
inches,
Minnefjua
inches,
Minnenqun
inches.
hinnefua
inghes.
Minnequa
inches.
Young ¢orn

§-17
clay innm, 12-20
ciny lonm, 20—301;
glay lenm, 30-18

clay lonm,

1
i

Epa———t
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TagLe 5.—S8elenium conteni of soils and vegelation from irrigated areas in Colorade—
Continned

BENT COUNTY--Continted

Setenium in—

I.nbol;,al.ory Fiel! no. Localion Material
no. Soil or | Vegeia-
shnle tion
Ppm|P.pm,
NE corner see., 21, ‘T, 228, Radish {leavesy ... ... ... 1
8 {20 feet, from 1 no 4.1!
NE vorper see. 21, T. 228, R. | YOUDE PEAS . vevemmmme o oe ool oonnn t
48 W, (50 feas from Do, 43 )
.| NE eorper 5ee, 21, T. 225, | -1 £ I H
48 W, (30 (ect from Tio. 43, )
OTERO COUNTY
H 1
Isevo._ _f10....... ! 1,000 feet soulh of NW cornuer | Otero sandy loam, (-5 inches, 2 I
‘;ec .13 T, 225, R.5¢W.

BER R0 N 1 T PR [ Young whent (heads) _________'. —— 4
Bisgrd___ . [ W ______ 00 leat llorth ol B8W LLOrNer sec. h-I_inr;‘equn clay lomimn, 08 A
K inches.

D ERLr SR I B R I 1 _______ Alfalin, oo I P 7
BRGS0, .. __ 1+ 50 rods enst of “’1»1 corner see. | Gravelly silt loam oo __ A IR

245, 1L, 55 Y
B8N0 .| WA e, Qumweed ... | ... 1
BIGGHN .. .| s, JE 5 o S L Alflfa - R i
DISReG. .1 22 T 1 BW torner see. 24, T, 22 8, R, | Otero clay loam, 0-8 inches_._ | - 2 P
W
e ! Young heets (bops) e Ll L .. 4
DiBOOT .. 2.0 - {\‘ouug hects Troots) . U 1
DMz, P30 5 L000 feet soulh of N corner | Minneren  clay  lowm, 0-§ L
ser, B, TS IE S5 WL inches,
JERLE T S 1 - R S o =] Young eorn, e ! s i
BIGe . d0h. LY 1,000 Teet smiih of NW corher Young beénns_o._ ..l _____. L
i s W, TOBE, ROAS W, (20
! fead froT no. 30.}
Blvola . 3o 1,000 feat sauth of NW corner | Wheat (henels) ... ... i1
H see, L4, T 248, R, ap W, {20
feel from ho, 30.) i
BIoGIG_____ 1 {11 [ 1,000 feet south of N'W corner | Wreath astaro ..o _______|. et 4
! see, 14, T 248, R.oS8 W, (15
I feet from no, 30.}
BIONIT. ... 30, ..., 1,000 feet south of W cormer { TOrKey et o eeeeeeo aeccos| ool 1
seo. 14, T 248, ROGW. (25
feet rom og, 4t}
DINME. ... B0f....f 1,000 feet south of I\W corner | Foison mijlkweed. oo 1" 3
see. 14, T, 2 5., . 60 W, |
B . k3 S 500 Teet north of SW oorner see. | Minnequs clay loutn, 0-8 2.l
3'} "I‘ 23 8., R. 38 W, inehes.
B0 3 | USSR SO+ [ T AUBIIE L ¢ s 1
Bigo2i. .| g2 .. T \U/ wrner sac. 23, 8. 23 &., R. Riockg Ford sefady lonm, 081 U5, ..
nehes.
Sugar beels (tops) eee oo ol i
BLi022. ... .-___do """"""""" mmmemsamas { Stigar beels (ra0ts) - .oooooeo o e 1
BI0024. . S feet southeast of WW eoroer | Oterg satidy loam, 0-8 inches._ . ) P
sec. 11, T, 23 B., R. &0 W,
Blooas____ 4 T Rl T T IR 2
Bt ... ) featsuuth of“’}i cormer sec. Lns Animps ciny lonm, 0-8 La .
f,T.228,R. 57 W inches.
BI0027__ .| Bdn._ ... - r1 __________________________ Bugar beets (tops}... ..} p——— 3
B19028_ . .| R4b. .. ._| 500 fect south of W14 COTIRL S2C. | 3 i (1) 2
?I?[;n? nﬁ?%}..R 5T W {10 feat Coicns 51'001.5) ! 2
BI180XG_ .| 3e...... 504 feet sourlh of W4 corner see. | Young BESDS. oo oooon... . : 2
36, T 22 8., R. AT W, (250 fect
frgm no. 31). .
Blo0a0. ...| 35, ccceen 500 feg]E scutsh ana\_?’icDrnar sec. | Roeky Fard loam, 0-8 inches.. 1% T PO
23 N .
Biwat | SAn.... | e oo YOUng corn, e eeceee oo
Bigos2_ . ..| 3...eeen \"E corner soc. 35, T. 235, R, | Gterosiltloam__ ..o o...._
BUBOR . L} Bt emnc B0 e ... Young Rtussinn-thistle -
B10034.__ __} 47.......| 80 rm‘l's sonth of NE sorner see. | Minnequa clny loamn, 4-8 in-
14 ,‘T‘ 248, R,657TW. ches,
BI18035_ ... 3fe.oaa | ... -- Barlay (heads)___ 1
B10O034_ .| 37b. ... SOmth sauil of NE cornar sue. | Polson nilkwee 3
LTV2i8, 0. 57 W, (25 foat
from 1o, an.
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TaBLE 5.—Selenium content of soils and vegelation from irrigaled areas in Colorado—
Continued

OTERO COUNTY—Continued

Selenium jin—

Lnbg;;utory Field no. Loeaiion Materinl 1
. Soil or | Vegeta-

shale tion

B18037__._| 37 80 rods south of NE corner sec. | SBugar heet ops) - .o

14, T.24 B, .47 W,

B19033._ __ B0 rods south of WE eorner sec.

i, T. 24 8., I. 57 W, (25 {eet

frgm no. 37).

BI9039._ . __ §}4 corner sec. 25, T. 24 5., R. 57 | Minneyua clay losm, (-3
1w, inches,

BIOMO__ _. do.. Whenat (heads) . ... ... ..

B19055. ... N%’}g’ .ﬁrn&l’ sec. 20, T. 23 5., | Rocky Ford elay loam. ___

56V,

Bioos6. . | 400 ... do Wild hemp
B19057 _._{ - NWL sorner see. 20, T, 23 8., | Oat (heads) ... ..
R. 56V, (20 {ect from no, 46).

Big163._ .. Apishapa clay, 0-12 jnelies. ..

Bl5164 {800 feet west of NE eotper sec. ?{?:iﬂﬁgﬁ g%g‘:* 'q'_.%* inches...
3%, T. 2 5., R. 58 W. Apishapn clay, 3643 inches.
: Apishapa chay, 48-60inches, _.
BIGS__ .| 7 i snen Paisan milkweed.
B18160.. .| 75h 800 feet west of NI eorner see. | SHky sophora_ ..
H { a5, T.;ASS., R. 50 W {4feet from
\ o, 7
BloF0. ... T i B0 feel wost of N E corner see. | Alflia
i 35, T. 2 5. K. 56 W,
BINTL_. . ¢ Wl oo _d ROO feet west of NE corner sec. }

Cmiong (lopsh
Onicns (bulbs)._.

|

r

| T ... B0 feet west of N eorner see. | Young barley (heas) ... ___
i 35, T. 23 8., R. 56 W. (50 et

[

a5, T 2B, Ik 58 W, (6 feat
[ram no. 75},
Bimvz___ .

from no. 753.
P rar B0 feet west of NF corner see. | Wild-rye
H #5, T. 23 5., L. 56 W, (75 featb
T no. 75).
B1O1Ad___ | vae ... do Western whealgrss,
BIoys_. ---} 800 fect weost of NE corner see. | Young benns.. ...
! 35, 1. 23 8., R. 5 W. (150 foet

i fromn no, ?55, s b ¢ ) |

" | fSupar heels (lops) ... ... L L)
Blm’ﬁ--'-g ' "—-"!'""d" i{Sugar beets (roots), ... L

BIOIYS, .

Examination of table 5 brings out the fact that in only two ecases is
notably toxic vegetation produced on irrigated soil. One of these is
26a 1 Prowers County, and here the soil is irrigated by water which
has already leached soil which is seleniferous, and the selenium prob-
ably is derived from the water rather than from the soil. The other
number, 37a, also in Prowers County, is a sample of Astragalus race-
mosus growing in soil imadequately irrigated and rather high in
selenium. Even so, it contains less than a corresponding sample 75
feet away which is growing in an unirrigated soil the profile of which
contains much less selenium. Two samples of wreath aster, nos. 4b
and 212 in Bent County, contain 12 and 10 p. p. m., respectively,
but these quantities are low for this plant when growing in seleniferous
sotl. None of the other samples of vegetation in the irrigated areas
contain more than 5 p. p. m., and in many cases the cuantity found.
closely approaches zero. In all cases the soil contains quantities of
selenium which in observed cases in nonirrignted areas have produced
toxic vegetation in abundance. Tn view of these results and those
previously published (5, 6) the writers feel warranted in suggesting
that irrigation provides a remedy for seleniferous soils wherever it can
be practiced, particularly if adequate underdrainage is provided.
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The explanation of the reduction in selenium content. of the vegeta-
tion grown on irrigated soils previously given (5, 6) is to be repeated
here with certain changes of emphasis. The sulphate content of the
irrigation water derrved from the Arkansas River is not exceptionally
high and is probably low as compared with that of the seil solution
and may not be expected to greatly increase the retardation of sele-
nium absorption over that in the nonirrigated arens. Data on the
salinity of the Arkansas River are given by Clarke (9, 10}, and
Collins and his coworkers (11}, The information is not detailed but
indicates a wide variation in sulphaie, both seasonally and according
to the point of sampling. Thus at Deerfield, Kans., the range was
from 65 to 201 p. p. m. at different times through the year 1906-07,
and at Pueblo from 68 to 271 p. p- m. in June 1919 and in March
1925, respectively.

Oun the other ﬁand, that scleninm is removed by leaching is indi-
cated by the contrast between trrigation and drainage waters, reported
in previous publications (5, €) as well as by the deta given in table 6.
Tt will be noted from the data in table 5 that there is abundans residual
selenium in the soils even after long irrigation. The inference to be
drawn is obviously that this residusl selenium is essentially unawvail-
able to plants. This inference is abundantly supported by the facts
reporied under Forms of Selenium in the Soil {p. 56).

Tawte O.-- Selewinm coneni of trrigetion waler and drainage walers

13
L‘;:'Eo;g. Field no. } Locatinn Iminage water Beleninm
FLA T
finn

BIRESS . . |eucceaa. Bee. 1, T. 18 5, R. 3 W., Kiowa | Red Taake_ . ___ . _._.. .. ... 0.0
County, Cola,

BIBSO. .1 . . .oa..| Seg, 3%, T, 20 8., R. 52 W., Fiown | Adohe Loks Reservoir .. ... 4
County, Colo.

BIGM0S. |- Nenar 844 corner see. 12,7, 285, R. 52 | Wellwater. ... .. ... ... 15
W., Lus Angimnas Counry, Celo. |

BIE2S . |emeemaas 1 mile west and 4 mile nerth of | Draioege diteh . ________. ! 10
Ilolly, Colo.

BIg25S. . §miles north of Tamar, Colo _________ Nee Grande Reservoir_o__. . 10

nig2se. . 6 miles south of Haswell, Colo......._| Pond water in Nipbrora soil..... 4

BIBGsL. _| 500 feet narth of S4 eorner see, 12, 1. | Water ftam depression in Nio- 1
oz 5., R. 03 W, Pueblg, Colo. brarn.

BIoAO2_ ) 27_.._... See. 3, T. 185, R.68 W, Puehle, Colo_| Drainaga ditech, ... ... 200

BIOAM.._| 2. ... O csraaaae cmmnecnssmannaa-| ITFigAtion  water suppiy of 1

T3 1080,

D202, .} 13.caeaes 500 feet southeast of NW eormer see. { Pomdin Plerre. ..o coaiaas.. .0
#3, TSN, K25 B, Colinx, M, Mex.

Baais_ Seq. 34, T, 27 N., R. 27 E., Colfax, { ““"Poison spring'*.. amn e .0
N. Mex.

BIB256. __ .| Farmington, N, Mex_ . ____._.._.. Irrigation water___._.. __.. ... . i

BIS2SS.__ 4 miles oorthwest of Shiprock, N, Mex. | SanJunn Riveroo..... ....... . 00

18260, _, Shiproek, N, Mex. . ... __...._ . .| lrrigatdon water .o oL oLl .0

BIBEST. | vemmeann| 33 miles south of Coriez, Calo. ..... .| Drinage fram Irrigation area.... 40

10550, | e LuScmDukkMIgmtur}' Whaterfow! Refupge, | Reservoir 9 . ... ... ... 1

. Dalk,

BASG | Crescent Lake Wildlife Refuge, Gar- { Glmlet Lake . _.____. . ___..._ .0
den County, Nebr.

BaopM. s .| Wesr Laramie, W¥0o o oorimariae.. Bamfarth Like_ . ____._.. J 1

f

Included in the analyses given in table 6 are several which require
specinl comment. It will he noted that the water of the Adobe Lake
Reservoir, B1865%, contains more selenium than is ordinarily found
in surface waters even in seleniferous areas. The writers were in-
formed that no new supply of water had been brought into this
reservoir for several years. If this be the case the present sample



http:NenrSHcornersec.12,T.28S.,R.52

SELENTUM OCCURRENCE IN S0TLS IN UNITED STATES 31

not only represents a considerable concentration of soluble material
but also the supply from leaching of nearby territory, which is fairly
high in selenium. {(See also nos. B18734-B18756 in Bent County and
nos. B18776, B18777, and B19526 in Kiowa County, table 4). The
same statement applies to sample B18255 and semple B18259, except
that no local information was obteined. The drainage ditch waters
in seleniferous areas are uniformly high, as compared with irrigation
waters. A notable illustration is found in the contrast hetween nos.
B19803 and B19804 and in nos. B18256 and B18258, which practically
represent the concentration of selenium in the San Juan River above
Farmington after it had received the early spring drainage of the
irrigation area from Farmington to and beyond Shiprock. (See also
section on the Colorado River Basin.)

SURVEY IN NEW MEXICO

As mentioned previously, the reconnaissance survey in New Mexico
showed the presence of at least three aress with more or less toxic
conditions. The indications from various sources are that there
are more than three. One of these, hetween Ruton and Las Vegas,
was examined somewhat more closely. The season was so far ad-
vanced before the work in Colorado could be completed that work in
New Mexico did not begin until September 15, and due to cold
weather was stopped about October 25.  As a consequence, samples
of Astragalus were hard to find, and those found, as well &s the other
plants sent in, should be expected to be lower in sclenium content
than they would be earlier in the seuson. Also the plants actually
examined are less well marked as absorbers of selenium. The exami-
nation made was limited to Colfax and Mora Cournties and small
portions of San Miguel County north and northeast of Las Vegas nnd
to a small area in Harding (%mmty. In Colfax County the Pierre
shale giving rise to soils is largely confined to the area lying between
the Raton-Las Vegas Rosd (United States Route 85} and the moun-
tainous aren to the morthwest. Over a considerable belt near the
mountains the Pierre is deeply covered by rubble, so that in general
the soils are not seleniferous. In places the Plerre is covered by
igneous outcrops. To the south and east of the Plerre are cuterops of
Niobrara, but in general they are so covered by igneous material
that only a small area of sml wholly developed {rom Niobrara is
found. This ares lies to the cast of Maxwell, In Mors County the
selentferous area is confined for the most part to an ares of Niobrara
soils lying south of Ocate Creek in the vicinity of Nolan and Levy.
This area is conncected. by a narrow band with the similar area in
Colfax County near French and Maxwell.

Tn both Colfax and Mors Counties areas of soil exist which are de-
rived wholly or in part from the Greenhorn formation. These are
usually less seleniferous than soils derived from the lower Pieire and
upper Niobrare formations but are not to be ignored in any study of
seleniferous soils. In general, in this area, the Greenhorn exposures
lie to the south and east of the Niobrara. In Mora Ceunty two greas
of Greenhorn soils are found; one of these is southwest of Wagon
Mound and the other east of Springer. This formation also appearsin
the northwestern portion of Harding County in the vicinity of Abbott
and Mills. TIn San Miguel County an area of Greenhorn and related
shales appears north and northeast of Las Vegasand extends as faras the
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Cebolla. Creek. 'There is also an area of exposed Greenhorn in the
northwestern portion of Harding County adjoining a simiiar area in

the flats to the east and south of Abbott.

Altogether it is estimated

that upward of 600 square miles of soil are fo be found m these four
counties which are capable of producing vegetation which may be

toxic to nnimals by reason of selenium content.

The data in table 7

represent 114 samples from a total of about 300 examined.

Tanue 7.—Selenium content of sails and vegelation from New Alexico
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TapLE T.—Selenium content of soils and vegelatton from New Mezico—Continued
COLFAX COUNTY—Continued
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TasLe 7.—Seclenium contenl of soils and vegetation from New Mezrico—Continued
SAN MIGUEL COUNTY
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{ienlogic formation.

Examination ol the dutn of table 7 reveals the fact that exceedingly
toxic vegetation exists over the area reported upon. In general the
quantities found are not so high as appear in other areas where the
same plant species were obtained.  The quantities are low perhaps by
reason of the late period of erowth when collected. Tt is to be notid
that in the samples from San Aiguel County no toxic plants are re-
ported. None of these are good absorbers of selenium.  Nevertheless
the soil analyses show the presence of small quantities ol selenium
sufficient to preduce toxic vegetation under faverable conditions,
and snmple no. BI8166 (table 2) is {rom this arca. The sample
probably is Astragalus earofinianus and had 1,110 p. p. m. of selenium.

Of speeial interest in this series of samples are samples B20253 in
Collax County and B20409 in Mora County (table 7). The former
snmple is o plant of high abserptive enpacity which has not previously
been reported. The talter is the most highly selenized turpentine-
weed which the writers have exnmined.  Also of special Interest are
the numercus samples of soil derived from the Greenhorn fermation
which contain muaterial guantities of selenium and give rise to toxic
vegetation (p. 41.)

S0IL PROFILES

The selenium content of n number of soll vrofiles was reported
(5, pp. 19, 38), and [rom the data it appeared. that no uniformity of
distribution of selenium within the profile can be anticipated in ad-
vance of examination. An additional group of profiies have also been
reported (£). These also show no uniformity of distribution of the
selenium. In view of the statements by Beath, Eppson, and Gilbert
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(4) concerning selenium accumulation in subsoils, it seems desirable
to present the analyses of a number of profiles from various parts of
eastern Colorade and to restute what appear to be the causes of varia-
tion in soil and plant content of selenium. The results are shown In

table 8.

selecled prafiles from eastern Colorado
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TARLE 8.—Selenivm content of silected profiles from ecnstern Colorado—Continned
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TABLE 8.—Seleninm content of selected profiles from eastern Colerado— Continued
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A study of the data of these 20 profiles, especially if considered in
conjunction with those previously reported (3, 6), will make clear that
any uniform variation with depth does not extst. It is true thatin some
mstances there is evidenee of some eoncentration at a point below the
surfnce followed by a decrease at a Jower level.  An exumiple is profile
4. There 13 no particular depth at which this apparent concentration
oceurs nor s it always followed by ulower value at inereased depths.
In other profiles there is a very definite uniformity of concentration
of the selenium throughout the profile.  Examiples are profiles 7 and 9.
In still other cases there is in general o progressive decrease from the
surface downward-—examples are profiles 3 and 13--or a progressive
tnerease from the surface downward-—an example is profile 15, In
some instances there is no uniformity of relative content; examples
are profiles 2 and 18, Profile 18 shows intense selenization, and the
lowest three samples are essentinlly shale Jayers.

It would seem probable that a satisfactory explanation of these
seemingly erratic variations is found in the following considerations.
As will be shown (p. 56) there may be present in a given soil one or
more of four different selenium compounds. Two of these are ex-
tremely insoluble and essentially immobile. These are the pyritic
form and the basic ferricselenite. Two are fairly soluble, the sclenate
and the organic selenium compounds or the decomposition preducts
derived from the latter forms. Undoubtedly this residual soluble
selenium is distributed through the soil profile, as are other soluble
salts. Undoubtedly also, however, the chief cuuse of variation in the
soll is the veriation of selenium content of the shale which is the parent
material of the soil. This variation is so wide and the mixing of soil
material by colluvial and loessinl movements is so extensive that no
untformity of selenfum content cither in respeet to depth or surface
distribution is to be expected. Certainly none is found.
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THE GREENHORN FORMATION

In previous publications from this Bureau (5, #) the study of the
distribution of selenium was first confined to soils presumably derived
from Pierre shales, although it was early learned, as a result of the
examination of certain portions of the Niobrara formation (5}, that
this formation was likely to be parent material of soils even more toxie
than those from the Pierre. This suspicion was amply confirmed by
the results of the examination of Niobrara-derived soils in South
Diakota, Wyoming, and particularly in Kansas (6). During the
progress of this work sporadic instances ol toxic samples of vegetation
growing on soils from other formations were obiained, and slso
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samples of shales and soils were examined which contained quantities
of selenium which seemed potentially dungerous. Beath {1) also
obtained evidence of toxic possibilities in other geologic formations.
In general it appeared that the post-Cretaceous materials were rela-
tively low in selenium, although in some instances quite significant
quantities were found (6). Also in general it appeared that the lower
portion of the Niobrara formution, the Fort Hays (6), is essentially
nonseleniferous so far as its effect on soils is concerned.  As a rule,
also, only mederate quantities of selenium were found in the various
portions of the Benton shales (fig. 3), though occasional samples pre-
sumably of Greenhorn were fairly rich. .Dum:g the current investi-
gations an unusual opportunity was found by John T. Miller for the
sbudy of this relation. His description 1s as follows:

During the course of the survey & eomplete geologie section extending from the
Dakota sundstone through the Benton formations to the Thimpas (Fort Hays;
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limestone was ohserved along the Pueblo-Beulul road in Pucblo County.  This
gcetion was messured and sampled in detail,

A deseription of the geologie column is given in figure 8.

Whaere these Farmations are exposed af other lpcations the topographic retations
arc very simitar to those deseribed in figure 8. The Timpus timestone and Carlile
sandstone combine to form a barren ¢lHF 40 to 60 feet high,  This is underlain by a
long steep slope where a shallow soil has developed from the dark-pray Carlile
shale,  This sail has a faiv grass cover amnd gonwe piuon pine except in the steeper
gullics.  Near the Carlile-Greenhorn eontact the slope usually merges inta a

FIGURE & --A eut in the Greenborn formation sbowing a bentositie seam o the plternating shale and
liegifane ahiove amd low it

nearly level terraee.  Here Lhe soil is ehicfly develgped from the ealeareous Green-
horn shale.  This terrace is grassy and has some characteristic seleniferous vegeta-
tion. The lower Greenhorn forms a short gleep slope or, in many plaeces, o clifl,
The soil is shallow and I8 a stony silt luan.  On this soil $he vegelation consists of
juniper and pinon pine with o seattering groweh in places of Astragelus and
Stanleyn.  The lang steep slopes from the Greenhorn to the Dakota sandstone
suppord & “nir grass cover.

Figure & s a view of the cxposure described.  The materials col-
lected rom the exposure wre deseribed in [Lrure 8, amd {he analyses of
them are given ia table 9.
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TapLe 9.—Selentum conteni of samples from e Greenhorn ezposure in Puebly

Couniy, Cola., sec. 18, T.
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The data in table 9 reveal that selenium is present in all the
sections of the Greenhorn formation at this point.  [tis slso somewhat
more abundant, on the average, below rather than above the largest
bentonite stratum. This observation has significance when con-
sidered in connection with the section dealing with the origin of
selenium. Comparison of the quantities of selenium with those
reported in the lower Pierre shales and in the upper Niobrara in
previous bulletins {5, 6} will show that there is relatively less in the
Greenhorn.  Indeed it is about the.ssme shown, by unpublished

FioURE 10.—Stamlegu pinaaty growing on Cresnbusn furmntion (snmple Bi9731, Laide 8).

data, by the upper partions of the Pierre formation in South Dakota
s by the upper portions of the Mancos shales in western Colorado.
That these quantitics, small as they are, may result in soils capable
of producing toxic vegetation is clear from the data of table 9. It is
true that the plants represented are not intensely toxie, as compared
with the same plants elsewhere, yet they are capable of cnusing serious
trouble (fig. 10}). There are muany indications of losses presumably
due to seleniferous vegetation growing on soils developed from the
Greenhorn formation. A disturbing factor in table 8, of which
something will be sald in the genersl discussion, is the occurrence of
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measurable quantities of selenium in the Carlile, above the Greenhorn,
and in the Graneros immedintely beneath it. Up to the present there
is no proof of the occurrence of toxic vegetation from soils definitely
derived from the Carlile or Graneros, but these data clearly indicate
the possibility of such cccurrence,

THE MORRISON FORMATION

The results of the examination of three samples of Morrison lime-
stone and shale from near Laramie, Wyo., have been reported (6,
P- 72) in which selenium was present only to the extent of 0.1 p. p. m.,
while & poisonvetch nearby contained 1,350 p. p. m. and cattle losses
were reported on pastures consisting in major part of soils presumably
derived from Morrison shale. It was there stated that so large o
quantity of selenium in the poisonvetch might be due to residual
overlying shale or to spottiness in the Morrison formation. Beath
and his coworkers (4) report a sample of Morrison shale with 1.3
p. p. m. of selenium. The matter is of considerable importance
because the Morrison is the earliest of the Cretaceous formations,
and if soils derived from it are seleniferous then it would appear that
the whole Cretaceous period must be examined in detail in order to
secure adequate data on selenium distribution in soils.

The geologic map” indicates an outcrop of approximately 100 square
miles of Morrison in southwestern Bent County, Colo., and in the
agljoining portions of Las Animas and Otero Counties. TIn this area
the Morrison consists almost wholly of varicolored reddish to gray clay
shale. The soils developed upon it are mostly gray to reddish silt
Isams, Due to culfivation, subscquent sbandonment, and over-
grazing the present vegetative cover is scanty. In this aren early
settlers reported toxic conditions, as usual assigned to certain water
supplies. In his field work Miller found defnite cases of alkali
disease and the report of the death of 10 cattle from acute poisoning,
and of many losses in periods of short pasturage. He also found
many samples of narrowleaf milkvetch and goldenweed. The water
of one of the wells was examined and found fo contain 0.015 p. p. m.
of selenium. 1f1is not probable that water of this type would accouns
for the losses reported. Therefore, the area was cxamined in some
detail, and the results obtained are given in table 10. Included in
this table are four samples from T. 27 8., R. 53 W. in Bent County
adjoining Las Animas County,

TabLe 10.—Sclenium content of soils and vegetation related to the Morrison formation

Selenjum in—
tI“::t;,D;:' Field no. Laocalion Muterisl
. Soil or | Vege-
shale | tation
Popom | Popow.
BiHas.. ... 0. 00 feet nockh of S eornersee. 12, | Morrison | elay loaoy -8 inehes. L1 S
.28 8,, 1t. 63 W, ]
BIH6..... .. bt R SRR« [ SR Goldenwent ... .. ... ... ... il
Bledor_.. .. 20b......| 500 feek north of B4 corner see, | Nurrowlewl miflkveteh . j._.o.oo 2,40
12, T.28 8., IL. 53 W. {(80rods '
fram. ng. 20) f r :
BX0#5. ... WA sec. 11, T 28 5., R, 53 W_| Morrfson | st loarn, 0-3 inches. I R
B20028_____ R s 1 T Russinn-thistle.._.__ ... _ . ... L

I Qeologle formation.

TUNITED STATES OQEOLOGICAL SURVEY, CEOLOGI MAP OF COLORALG. Preparad ity W, §. Burbank,
F. 8. Lovering, E. N. Qoddard, E. B. Eckel. and (¢ W, Stose. 1035,
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TanLe 10.—Selenium confent of soils and vegetatinn related to the Morrison
Sormation—Continued

Seienium in—
Lahora-

tory no, Fieli oo. Locution Materiai

S0l or | Vepe-
shale | istion

P.
300 feet east of N'W corner sec, 2, | Morrison! silt loam, 0-8 inches.
T. 285, R. 53 W,

-} Gioldenweed .. !
of N1 pornerses, | Morrison 'sait!nmn. -2 inches.”
2,'1‘ 288 R. 533 W.
Merrowloa! milieveteh L
Lykins! $ilt lonm, 0-8 mches
(beinw the Mﬂrrisun}
“Cagean. . -
Norrison ! it lrmm, -8 inches.
Narrowlenf milkveteh [ P
Morrison ! clay, -8 :nchcs___h_

Turpentineweed . _.__
Morrisen ! silt loam, § 8 inches.

“Cane' ..

Morrisen | §ilt Joam, O-Sinchcs., s |

Narrowleaf milkveleh ... ..j...-
Morrison ! silt loam, O Smches_‘

Narrowleal milkveteh ___E__ -
Morekson 1 elay, -8 inehos...

J
Blgsor. . (T Goldenweed..
B1od1o__ b MMorrison? elny imm 08 mthes

Hiepnr oo ) Guldenweed

1 Gieolowic formation.

It appears from the data of table 10, and from field observation,
that in the aves examined there are at least five townships which have
soils capable of producing toxic vegetation. It also appears that, asin
other formations which give rise to seleniferous soils, the dlstubutmn
is sporadie. It would seem clearly evident that the injury te animals
reported from this area is dus primarily te the seleniferous vegeta-
tion.  The fact that in this area the seleniferous narrowleaf milkveteh
appenrs is of interest in connection with the points brought out in a
discussion of the plant associations on seleniferous soils. Since it is
clearly evident that Morrison-derived soils may be seleniferous and
sinee, as indleated In figure 3, the Purgatoire formation lies above it,
both formations must be examined more fully. The outerops of
Purgatoire shown on the geclogic map ® in Las Animas County have
not been examined nor, indeed, have the Morrison formations them-
selves been adeguately examined.

THE SAN ISABEL NATIONAL FOREST

At various points on the eastern slope of the Rockies the geologic
map of Colorado? shows small outerops of Pierre and Niobrara
shales. They usually appear as narrow bands upon the map, Their
mvestigation has been deferred in general until the lurger areas of
soils presumably derived from these and similar sources shell have
been examined. One of these became of particular interest, It les
in Tps. 25 and 26 S, R. 68 W., in Huerfano County. The forest
supervisor at Pueblo, Fritz J. Poch, related to John T. Miiler that
woody aster had been reported from this general Jocation. Since

¢ United States Qeological Survey. See loolnole 7,
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woody aster is a very sertous range poison plant in Wyoming but had
not been found by the authors in South Dakota, Nebraska, and
Kansas, nor in the other portions of Colorado so far examined.
Miller located the area referred to which was on the outerop of Nio-
brara and consisted topographically of a narrow valley at an eleva-
tion of 8,100 fect. The greater portion of the outerop is covered by
s0il derived from colluvial materials from various formations. An
ares of about 320 acres of soil formed a small gulch and appeared to
be derived from Apishapa shale (upper Niobrara). In this were grow-
ing ntmerous plants of woody aster, Astragalus racemosus, and lambs-
quarters and scanty vegetation of other kinds (fig. 11)., ‘The Jocal
ranger stated that i September 1931 a herder drove 200 sheep into
this guleh in the evening and in the morning 197 were dead.  1n 1032

Figvre 11 —Wonly uster on Nichruea svil, San Lsabel Notionnl Forest, Huerfano County. Caolo

71 out of 157 sheep died overnight in the same gulch.  These wore
reported as actual counts. The samples collecied were analyzed,
and the results obtained are given in table 11,

TanLe 11,-—Selenivm content of sofls and regelation from San Fsabel Nalinwnd
Forest, iTuerfane Cownty, Colo,

: i : . Felenivng
- Fied ¢ i i
II;'::I\T o PI:;M ; Location : Material !
; : Soilur Vel -
i : i ? shale Lin
f , :
i ; . AN pom Mopota
H s ! 4. . PEWL of NW L osse 87, T, 25 8., | Nivhrarn ? sill [oam alluviue, : b I
i PN B o D=5 inches. -
[ERTE 1 T U N ' L oo Wooly nster . e 1, 7
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t Giealogiv forinntlyn,
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The data of table 11, taken in conjunction with the added infor-
mation (3), have some peints of special interest. They demonstrate
in very definite {ashion the validity of the finding that selenium is the
primary cause of many instances of range losses, They form the
most convincing single piece of field data connecting cause and effect
and, considering the evidence of the forest ranger, of the lethal char-
acter that seleniferous vegefation may assume. It is also worth
noting that this particular point is the first forested area, even though
but sparsely forested, in which toxie selenium conditions have been
found to exist. It is perhaps, also, the area of highest rainfall where
such conditions have been met. The mean annual rainfsll is sup-
posed {o be about 21 inches.

AN OLD SALT WELL

A second example of exceptional conditions is found in an aren in
El Paso County, Colo. Numerous cases of “alkali disease” were
reported from a district within a large ranch, and the souree of the
trouble was supposed to be a spring on what is known as the Parker
Ranch in and about sec. 23, T. 17 5., R. 66 W., and possibly alse an
old sult well located about 1) miles distant in the same pasture in
section 25, This ares also was examined and was a nearly level ares
the soil of which is developed for the most part from the lower Plerre
and upper Niobrara shales. The spring in question was in the bank
of o temporary stream and the well in o second drainage line. Samples
of water were taken from both spring and well and a salt incrustation
from the well, 2 sample of soil from near the well, and a sample of mud
from the spring.  Also, 4 series of samples of vegetation was collected
from the vieimty. The vegetation cover over the pasture is fair to
sparse, and the area immedintely about the salt well consists of about
40 acres of exposed Pierre shale. The results of the examination of
these samples are given in table 12. A view of the salt well is given
in figure 12, and an example of chronie (mild) selenitm poisoning is
shown in figure 13,

Taeie 12—Relenfum conlent of samples from and about ¢ sall well in Kl Paso
County, Coln,
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FiGuRe U.—4 chronle cuse of il selenium poksnaing.
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The dats in table 12 form s strong contrast with those given in
table 11. In the former all available vegetation has a very high selen-
ium content, The effect upon animals, as reported, is violently toxic
and immediately lethal. In the reports received concerning the
Parker Ranch the effects are those of the chronic type represented by
the alkali disease. All the vegetation contains selenium, Eut inonly a
relatively small portion is the quantity sufficiently high for e single
feeding to produce immediate death. Chronic troub%e would have
been expected had the analyses alone been known.

A second feature of the data should benoted. The selenium present
in the water of the salf well is not abnormal for waters draining from a
seleniferous ares, but that from the spring is very unusual. Indeed
among the several hundred samples of water examined, this is exceeded
only by that found in water from drainage ditches from seleniferous
irrigated areas and in only two instances by these (5, 6). Until this
sample was found, the writers were inclined to believe that in all cases
where water is presumed to be the cause of serious selenium poisoning
(alkell disease) the presumption is in error. They are not so sure now.
If it be assumed that a lethal dose of soluble selenium salt is 2 mg per
animal pound, it would require but 2,000 mg to kill & 1,000-pound steer.
This water would furnish in 20 galions approximately 80 mg or one
twenty-fifth of a lethal dose. Such & quantity if consumed daily would
most certainly produce physiologieal disturbances, and if added to that
furnished by consumption of such vegetation as is reported in tuble 12
would be a reul frctor in the toxie relationships invelved. Even so,
this water would scarcely be consumed in large quantity since its
total solids amount to 6,500 p. p. m., and animals would refrain from
it were any better available. The writers expect to continue the search
to see if any reaily lethal waters of this type exist.

DRAINAGE WATERS OF THE COLORADO RIVER BASIN

As reported previously (6) in the course of the study of the irrigation
districts in Montrose, Delta, and Mesa Counties, the selenium con-
tent of the Uncompahgre, Gunnison, and Colorado Rivers was deter-
mined at points before they had received any druinage of irrigation
waters from areas of seleniferous soil, They were then found to con-
tain no selenium, or at best quantities less than 1 part per billion of
water. After receiving irrigation drainage ail had a measurable selen-
ium content. Indeed the Colorado, despite its tributaries, had still
3 parts per billion at Topock, Arin. {36). It was also found that at
the time sampled the Green River and the Dolores contsined only
truces of selenium and the San Jusn at Bluff, Utah, had 6 parts per
billion. The latter stream had opportunity, however, befors reaching
Bluff to receive irrigation drainage from the large Irrigation tracts
between Durango and Cortez in Colorado and Farmington and Ship-
rock in INew Mexico. Tt scemed desirable therefore to examine this
question more fully and not only because of its relation toirrigation
but because of its relation to the question of selenlum in sea water.

Partly through the efforts of the writers but chiefly through the
coeperation of the Quality of Water Division of the United States
Geological Survey and the personal interest of C. 8. Howard of that
Division, samples of water were secured {rom all the important tribu-
taries of the Colorado below its confluence with the Eagle River in
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Colorado. The date obtained while still somewhat fragmentary are suf-
ficient to present areasonably clear picture of the movement of selenium
in the main drainage systems of this area. They aregiven in table 13.

TapLe 13.—Selenium content of water from the Colorade River Basin

Laburs-

)

Sireamm i Loration Date Ty af sgmple | Selenigm
i
i

Partaper
bittion
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{ Giramd Function, Colo “S\e]i;‘rt‘j!-g};c:'jlg%sﬁﬁ )
May 3-31, 1936, .0 ..
June 1-30, w6, . b .
July 1-31, 9.
. Aug. 1-31, 1836 .
: Sept. 1-30, 1930,
i Dolores River Ciseo, Tlah. ooueaa [ 1935 o0 .
_F {reen Hiver CGreen River, Utnhio_o | 1685 ... . ..d
BI620S.... | Xevaje River 2 | Edith, Coln. .. --| June 30, 10 :
.. | Banduan River__.| Rosa, N, Mex June 30, 1036
. . Preoss Bpring d
Biall, Utaby, |
e,

En e D R R e e 3 LD R ED

== pGunnpizon River...

BNHAG....

Looote 0 L] Shiproek, . Biex. . May-Junal,

RN ’ Parig liiver . Taws Forry, Arte .. ] Apr. B, 1006,
#1809, ... | Little Colorndo | Grand Fails, Aciz . _| Mar. 18, 1038, . .
Hiver.
BISH6R. .. 1 Willinms River, . | Planet, Arkn__..... .| Mbar. 28, 1436, ._l_,,_
BUeR | Sedt River s . | [oosevelt Dam, Arin . 00, 193G ol e
LU Gile River, ... ... Cooiftdee Dan, Ariz, ¢ 5, J. [J—

IR |1 oo Gitespie Dany, Arie | Nov. 14, 1936

4 Celorado River. .. Yums, Ariz Yoy, 18, 16___ ..

H'"SP‘O’OQD

Al 2D

1 e, 1 n sandy shollow helow irrigated nrea.
7 Tributary of Sun Juan River. + Tritutary of the Qila Hiver.

The striking feature of the datn of table 13 is the freedom of the
streams from sclenium at points above the influx of irrigation drainage
from soils derived from Mancos shales and its presence in the Colo-
raco, Gunnison, and San Juan Rivers at points below such drainage,
Tt is not necessarily true that all the selenium leached out of theselenif-
erous soils remains dissolved. At least selenium in quantities as
high as 1 p. p. m. has been found in the silt deposited i the water
sgmples. It is probable, therefore, that the alluvial deposits of
strcams may, in certain instances, be seleniferous to some degree.
This observetion Is of importance in connection with the presence of
selenium in Nevada.

It is of interest to note the extraordinarily high selenium content of
the San Juan River below Shiprock. This is probably an evanescent
condition brought about by the fact that the early irrigation on the
arens sbove the sampling point had been started but a few days before.
Naturally the sample was taken in a quiet baylet and without any
thought that this might be receiving a special contribution.

Perhaps the most important point in $he study of these waters is the
demonstration of the presence of selenium in the Colorado River at
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Yums snd the presumption that considerable guantities of selenium
are being carried into the Gulf of California. Tt 1s fair to assume that,
if such is the case, similar behavior is to be expected of other streams
draming seleniferous areas. No other basins have as yet been
examined.

SELENIUM AND OCEAN WATER

Since selenium is being brought into the sen by rivers it was to
have been expected that 16 could be found in ocean waters. Indeed
Strock (31) has reported 3 und 4 parts per billion of selenium in the
waters of the North Sea off Helgoland. On the other hand the
presence of selenium has been demonstrated in the deep-sen deposits
of the Bering Sea and Arctic Ocean (87). 1t stemed of interest there-
fore to determine how nnich selenium remains dissolved in sea water.
For this purpose sea water was secured from the Atlantic Ocean off
Ocean City, Md., and through the kindness of T. G. Thompson, of
the oceanographic laboratortes of the University of Washington, s
“profile” of water from the Pacific Ocean st lat. 46°39° and long.
147°47" was obtained. This profile consisted of samples taken at the
surface and at 25, 100, 1,000, and 2,000 m. A similar profile of water
from Puget Sound, off Point No Point, was furnished at depths of
0, 10, 23, 50, 100, and 190 m, These samples were examined with
extreme care using the method employed by Strock (87). Since no
selenium was found in any of these samples by adding ferric ehloride
and ammonia and examination of the resulting precipitate, this pro-
cedure was supplemented by examination of the Sltrate. The filtrate
wes treated with sodium peroxide and evaporated to about 300 cc
and then treated with an excess of nitric acid and warmed on the
steam bath until chlorine evolution censed. The residue was treated
with sulphurie acid and heated until free from nitric aeid. The usual
procedure for determination of selenium was then carried out.

No selenium was found in any sample of ccean water. It was
demonstrated that the Strock procedure is adequate to recover quan-
titatively 0.01 mg of selenium, as sodium selenite, from 4 liters of
distilled water—this corvesponds to 2.5 parts per billion—and quali-
tative detection as low as 0.25 part per billion. " The supplemental
procedure is evidence tha$ no selenium is present in forms other than
selenite, at least in quantities in excess of 1 part per billion, In the
sample from Puget Sound a quantity of selenium was detected of the
order of magnitude of 0.25 part per billion. The absence of selenium
from sea water perhaps finds explanation in the facts presented in the
section dealing with the forms of selenium in the soil.

SELENIUM IN GERMAN WATERS

Since no measurable amount of selenium was detected in the water
from either the Atlantic or Pacific Oceans, and it was reported by
Strock (31) as present in the North Sea, it seemed possible that »
selenium source might exist in the rivers flowing into the Bight of
Helgoland. To obtain some light upon this question, and because
the Elbe rises in a cretaceous area, and both it aud the Weser flow
through highly industrialized areas using coal for fuel, which may be a
source of selenium, a series of water samples was obtained from
Germany through the kindly cooperation of J. J. Meily, the American
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consul at Hamburg, and the courtesy of the Deutsche Seewarte. The
location of the samples is shown in figure 14. Two of them are from
the Elbe, one above, the other below, Hamburg; one from the Weser
below Bremen; one from the bay below the mouth of the Weser and
Elbe; and two from the North Sea. These samples wera very care-
fully examined for selenium, using 5-liter samples for testing in each
case. The résulis are given in table 14,

HIEDERLAKDE

Frauke 14.— Loeation, tndicated by X, rom which snmples of German wuters were obtaibed.

The data given in table 14 are of exceptional interest. The presence
of sclenium 1n the Elbe is definitely shown, small as is the quantity
found, and contrasts with its nbsence from the Weser, The influence
of Hamburg and Bremen on the selenium content of the rivers is not
detectable within current limits of accuracy. Equally elear is the
gbsence of selenium from North Sea water within the limit stated.
That none was found was surprising both by reason of its presence in

TanLe 14.—Selentum conlent of waler from the North Sea and the Elbe and Weser

ivers

Lnb:;lr.;lllun J'ggl.d Locustion Material Seleninm

Parls per

biltian

B1o212. ... L | Elbe River, near Geesthacht .o o . Fresh water_. ..., 1
B16213. 2 | Elbe River, near Brunsh .- . 1
Blg214.... 31 61° N.and 8° E., Narth Sen.__.... 0
BigA5, .. A p 537317 N, and 8°14° E., North Sea. 1]
BU216... .. 5 | 53°43.8° N. 817 E,, at Hohhenstee 0
B1O217_ ... G | Lawer Weser, near Elsileth.... . ... 1}

the Elbe and its presence reported by Streck (31). It is true that
Strock does not locate exactly the source of his sample, and in view
of the writers’ data on sulphuric acid it may be that his sample was
contaminated from a local source. It seems clear from the data in
tables 13 and 14 that selenium is not present in ocean waters to an
amount in excess of 1 part per billion. This raises the question of
the fate of that carried into it by rivers or received from other sources,
for example, rains and winds. A tentative answer is found in the
sections of this report dealing with the forms of selenium in the soil
and the origin of seleniferous sotls.
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SELENIUM IN HAWAN

Dauring the course of the work C. A. Browne of this Bureau called
sttention to the existence of “selenio-sulphur” in Hawaii. The sug-
gestion resulted in an investigation, the results of whicl have been
published in part (8). They are here recapitulated, with additional
date. A sample of voleanic sulphur on lava from the island of Huwaii
was sent by T. A. Jagger and another was furnished by E. 8. Shepherd
of the Geophysical Laboratory of the Carnegie Institution. A sample
of gas collected from the Kilaues Crater in 1817 was also made avail-
asble by E. 8. Shepherd. Through cooperation with the Hawaill
Agricultural Experiment Station, the Soil Conservation Service, and
the Soil Survey Division, & considerable number of profiles of soils
from various islands were made available. There were also made
available a few samples of vegsetation growing upon areas presumably
conteining selenium. Unfertunately, sunultaneous collection of soil
and vegetation was not effected. In addition to the sulphur samples
from Hawaii, M. Perret furnished, through E. 3. Shepherd, a sample
of sulphur containing selenium from Montserratin the Leewnrd Islands
of the West Indies. Thisisincluded with the Hawniian data for reasons
which will appear. Attention is slso directed to the demonstration of
selenium in the voleanic emanations from the Valley of Ten Thousand
Smokes {39). The results of the examination of the samples are given
in table 15. Names given for various soil series have not yet been
correlated, so it Is possible that some of the numes may inter be re-
vised to correspond with previously established series names.

Tasue 15.—=Seleniuwm contenl of soils? and other materinle from Hawait

ISLAND OF HAWAIL

Lahoratory| . . . iSeIcni-
o, Fiold no, Eocution . Meterind ' amm

P,
LA
Filnrea . aomeoe._ o LptLave amd suiphur..
Volennic sulphur..
.} Montsersat, West Indies. R [, I
niwi Ln:lt} c!n) ]mun “O-0inelies.
Erniwiklisiliy clny!mm D=4 igpehes .
Haiwikisilty ehry tonin, 14-36 inches.
Kabwikistlty clay loam, 2698 inchs
Ruiwikisiliy clay fonm, 28-38 inclies.
Fubwikistliy elny lonm, 38-50 inchos.
Hilostlly clay lonn, {)-chhu.a_ .
ilo silty cley loan, 0-10 inclies
1 mile north of Papaikau, Eie- 1Mo siity elay lown, 122 inehes
vation, 1,100 fcet; rainfmil, 200 [{ Hilosiity clay lonm, 25 25 inchws.
Inches. {Lilosiliy elny lonwm, 25-35 Inches.
ilostity ¢lny lunm, 355 Inches,
Nilosilty eloy tonme, H-67 inches.
l]:tm ﬁuo m}:.'}onm, {l}—i‘lar}mclz;:q -
- i Fno g )6 dom, O=10 inchies ..
. 0. !Emk’;sjo“ Mid W m;:iea I{?m Puu Huo silt Jonm, 10-22 inches .
aw ’ml‘i" Ot | VAUOH 1B e silt Yonm, 22-28 inchos L.
and rainfatl not gives. Puu liue silt lonin, 28-10 inehes ...
. Hapw! siley elay Immt -1 inchwes L.
Ll e senwand frosn Upele ||Iawisilly olay fonm, 1207 fnches _
afrport junction. Elewstinn [{1uwisilty clay lonn, 17 27 Inches
nipd mainfall nod given, liwisiliy ciuy !umn. Bl inches. .
lrjhw. i im; }c!n.v ]olnm H-—milllt.lh(“‘-
. nmskus henvy losn, -8 dnches
. et };*?;mlnucnst!(;i,‘}h;!t;"i‘r“;!" Ptatnnken bosvy font, 525 Inehes
CL6s. .o 50 . fultl“:}.‘fﬂ%t:!u.hm el TR Y Thunnkan heavy lons, U5-32 inches ..
GlUl&l--._I Hitaomskun hienvy lons, 4210 {nehas _ 1

t 8odl marmnes uzed i this telle are tentative, stnee the sofl strvey of the 'Perritory 15 now i pirogress nod
L classifteaLion b2 ineamplete,
I Milligram in Gl cc.

{Gns 011 1T U .

3.1 ruiles wast hy nortliwoest of
Tiskulau, Elevption, 20
feat; ainfull, 158 inches.

L}
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EngE ThCA L deds ERgn Ga
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TarLE 15.—S8elenium conient of soils and other malerials from Hawaii—Continued
ISLAND OF HAWAIT--Continite

Labgzﬂtrzr}' Field no. Lowtion Materiaj S"::?:l’i'
’ i
.f ) 3 Fopan.
(‘!351__-_.. LALEEEY Ciealn siliy elay Tonm, 6-0 inches._____ a5
. . Okuln silty elay lonm, 913 inchos | 4
1.1 mites infand from Kukui- || Okals sty cluy donni, 13-20 incles. 2
tmele. Elevation, 1,300 feet; 1 Oknla silty ciay losny, 20-30 inches, i
raindnil, 120 inehes., Okaln silly ciay lunm. 30-Hr inches. L%
Ohaln silty clay loam, 86-42 inchos | 3
o Okals silty elay lonm, 47-50 inches. 3
{rals cley loam, G-434 inches. . . 5
Okaln cln¥ Jonmt, $1i~17 inches. . . 8
1335 gtu;n t’:ny {nam, 1725 inelies 4
s, G128 il : P Rala ¢lny loamn, 25-32 inches | . £
Craar slgray h:é::h'“.i';,lgm?t(‘;“gﬁnlli-' n;!‘ff Oknln elay loam, 32-40inches .. .. . 2
1335 Giorzs [y TR !h‘iﬂgl‘cet'minfai] g 1§ Kaula cliy lonm, O-4 inches o 3
€130 HIIM . inchus. - ' T P Ranin clny lomin, 4-4 fnehes 3
Ci340_ .. _| Gi01ST. i Wanla elay loam, 9-14 inelips i
Ci1341 HI0128. . Kouln clny tonm, 14-24 inclws. 3
Ci342. 61129 . Kautrln clay Ionm, 24-32 Inches 2.5
Clids S| S0 L. Hauin elay lonmn, 32-46 inches, . 3
E“!SN Glgll-i . Rn%min}c}c{.;ny;enm G-2inches.. 2
11325 GI0LLs et : R oholtieie ¢lay lonm, 2.6 inches. 1
Clax G108 14 i k:{;‘sf‘.l\rh Cl}gli:':mtm??'icvsr?:[léir: Kaholniele clny loam, 6-12 inches.. .. 4
1. . GIONT . ) 6 Cat: rotnfnll, 190 inches. | | Kobokilele clay term, I’—If‘ fieches.. . 3
13n atoie ! ' L 1| Kabhainiels elay lonm, 16-32 inches 48
Cigaz L HILIY ; Eoholalels viny Ionm 32-36 inchoes 4
ISLANTT OF MAUT
' ' '
BATET 9I0H Sanfagtt ey ed giny, 0-Oinehes.. . . 7
Bamss | fﬁ"? . ]W,'. i?,.‘r’.?m“., ﬁoﬁ;f’mx: ge(i (,:ﬂ)' g—?ﬂmmiu . lg
BHTRG . QiR . . " ed clay, =80 invhes . P !
5700 _ finll, W fnches. é,t:\u ttimi ‘;.mi 30 44 inches - S
. f . ; ity clny loan, G-7 inchogs P S
. i ?"icg narth in'nnrii:mst of Silly elay loabi, 7-15 inches P il
abaitn,  Elevaton, 2,550 A N .
feet; rainfai), 400 inclyes SBilly elny lo:im, 15-32inehos . 4
s, Silty clﬂyilo':m 2"? Oinehes. . 2
Hoe 3 Hoeddisi siley elny lown, -7 inciies. . 14
A ?:s?-?ttn? }"Eiger’l’i:::r“'{,!’iy\f’:ﬁtE" Hadldish ity elay Jortn, T-18 inches. . 1%
850 fevt: ;-ui:ﬁ;\iia'n{‘k:lm?::’ Redddish sihy clay Ioam, 19-31 invhes. i
i * t * | iteddish silty elay lonm, 314 inches_. 14
. ;io.{}(iish i :ty c{:: ¥ :oum. 07 inehes.. . 1) 5
. . . ieckilish stity ciny lonm, 7-0 inehes. .. 2
o AE":;I‘O‘; 'Inr:;:;f‘iE"rtl’l‘!;-‘é\fm{éﬁ' Reklish silly eluy lomn, 13-95 inclies. 1
¢ T LA Fi:l."!‘min?rlll!:;nlmow + | itesdelish Mllyc!nylnnlu.?.’:—:l inelies, i
o HoP 68 ' #- H Reddisi silty cloy loam, 4i-6 Inches. i
unl H.'Mog ! ({Efr‘ld;sh silty (,!n)'ilumn, t‘:ﬂ+ 1
T e L . sornir A ay loatn, 0-°tm. u.-s_... . H
Bava . L W ' "E;in;'hm ' ' M (‘lu}' iunm.'.-‘-ESmt-hes .- . .8
BATM . wila [ I o Clay tourt, 28-50 inchies. . . ¥
1
IRLAND OF MOLOKAL
DaTLe I . Red sty ciny, 0-3 {nches.. E !
T . USSR WL, 21°8NY N, 1 Red siliy clny, 3-13 {nehes. - 2.5
HITI4 . I .. it Eievation, 500 feet; rinfufl, [$ Hod stity elay, 13-35 inches. . o 3
iRt N 3l rinedes. Rk silly eluy, 36-t0inches. . | - 1
TG P i Hed stlLy eluy, 4660 fnches. . | ... | 1
ISLAND OF QALY
[ - _.!
BITMB. . . | A=D1, . Snil profile, tep section . 9
FLING . A2 JWahinws  Ernsion  Experl- [[Soil profile, mildie seetion . . P
Baost o | A-%. . i ment  Hwlion, Elevation Suiipronh. botlon section © . . e
BIT966, . | - unknown: anmual rpinfall, (1806t profile, top section .. ... I 2
BITWT. 2. 1 presuesmbly abogt S0 knehes. {186l profle, middbe seetion i i
Blrugy.. .13 i Soil proftie, hotiom seetion - i 1%
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TaBLE 15.—Selenium content of soils and other maleriuls from Hewaii—Continued
ISLAND OF KAUAL

 Seleni-

Laboratery Ficld no. elen

Lacation Minterial

[ oo,
La

| rmveur s W, 2001245 N,
Elevution, 54 feet; rinfall,
104 inches,

Red clay, 416 inches,
Red clay, 16-33 inches__
Ted clay, 33-50 inches -
. ]l'éetli]clgy, 2(} I‘uet’ i A
I = 17H vens alihikai silty elay, 06 inches_.._
b? miles south of Kalihiwai. JlKnIih ik 571ty clay, 1230 inehes 21
" i, S . Kulihikaisilty cla¥, 20-54 inches_ . ]
Kainamany silt loam, 0-5 inclics
Kainamanu silt, Joarn, 5-8 inches
Kainaman silt loam, 8-15 inches
Kuinamanu silt loam, 15-9 ineh
Kainamanu silt loamn, 2040 inel
Knmuweina gravoelly lonm, D-1 inech
{dend vegowatinn and soil).

A2 miles sotthwest of Kilohunn [ Eumuwein gravelly loam, 1-3 jnehes
L] Teokout, Rninfall, iginches. | [Kumoweis gravelly Joam, 3-0 inchee. |
EKnmuwein gravelly lonm, §-15 inchos, .
Komuwein gravelly loan, 15-11 fnehes
{E[nnnm‘pl\. (R inches... ..

.lliulll:mrls ubove  Whaimen
Coanyon. Hainfall, 106inches.

Hanapepr, 8-14 inches._.
Hanapepe, 14-32 inchas __
i Hutlajiepe, 32-424- inches, ..

Nainfall, 25-30 inches,

e BE RS

:}0.75 mile worth of ITinapepe,

|
i
|

A number of comments may be made upon the data of table 15.
It would appear that selenium is a component of voleanic gaseous
emanations m Hawail. From other sources, not quoted, it appears
that this is always the case. Whether or not there is wide variation
in relative quantity in different eruptions and between different vol-
canic sources cannot be determined from available data. The differ-
ence between the qunntities found in the Hawniian and Montserrat
samples is not conclusive. Methods sufficiently delicate are not
available for such determinations, could satisfactory samples be
secured, yet the resulting data might prove of considerable interest in
connection with geologic correlation studies.

Since the Hawaiian Islands present wide variations in raiafall, it is
possible to conneet the rainfall with the quantity of selenium found in
the soil profiles. The resulis of this comparison were wholly unex-
pected.  In the areas previously examined the lower the mean annual
rainfall the greater, in general, 1s the soil selenium, where the soils are
of comparable character. In the Hawailian soils the reverse is most
decidedly the case. The relation of the rainfall to the selenium con-
tent is particularly clearly defined in the samples from the island of
Maut. These were all tuken on the sante hillside and from clevations
ranging from 2,550 to 450 feet.  The two soils from the higher eleva-
tions have the following mean contents: At 2,500 feet, 12 p. p. m.; at
2,550 feet, 9.7. The estimated annual rainfall is upwards of 100
inches. The profiles at 1,950 and 1,250 feet have a mean content of
15 and 1.4 p. p. m., respectively,  The rainfall ut these points is un-
known to the writers, but certainly the saniples at 1,250 feet have the
Iewer rainfall.  The samples taken at 450 feet are under an annual
rainfall of but 20 inches, an< the mean selenium content of this profile
is but 1.4 p. p. m. These profiles, as well as the one from the island of
Molokai and the profile listed first from the island of Iauai, have been
carcfully examined with respect to texture and the chemical compo-
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sition of both soils and colloids (74). All are highly weathered soils
and eontain much free iron oxide. _

It appears from their analyses that those soils developed under high
rainfaﬁ are more laterized than those develeped under lower rainfall.
1t s not difficult to imagine that these soils obtain their selenium not
from parent Iava but through rainfall. Lavas so far exsmined comn-
tain very hittle selenium. The greater the rainfall, then, the greater
should be the quantity of selentum available to the soil. The data
of the table in general are in accord with these assumptions. The
question, of course, arises as to why selenium remains In these soils
since it 15 certain from evidence collected elsewhere that percolating
waters, whether from rain or trrigation, tend to decrease the selenium

e

Ficune 15.-A pineapple piantation on the island of Muui. {Photograph by C. E. Kellogg).

content of soils, Itishelieved thatasatisfactory answer to this question
is found in the data submitted on the forms of selenium in the soil.
Anticipating the discussion of this topic, attention is called to the
fact that the selenium present in voleanic emanations should, at least
for the most part, be present as selenium dioxide or ns salts of selenious
aeid,

No data for vegetation are given in table 15. Some 20 samples
have been examined, but unfortunately most of these were unidentified
with respect to location or name or had been sterilized by steam at
the plant quarsntine station in Hawaii. In no case, however, was any
sample found to coniain in excess of 3 p. p. m. of selenium and that
only in one sample. Included smong the samples were several
legumes, including koa haloe {(Lewcaena glauca). This plant is re-
ported as responsible for the loss of hair of horses and mules in the
Bermudas and in Hawaii. Tt also is found in Puerto Rico. In no
case has it been found to contain significant quantities of selenium.
It is not certain that any of the Hawalian types of vegetation (fig. 15)
examined are efficient absorbers of selenium. It seems, however,




SELENIUM OCCURRENCE IN SOILS IN UNITED STATES 55

probable that in Hawaii no seriously toxic forms of vegetation are
present even on soils which contain quantities of selenium which in
the soils of Colorado, Wyoming, Kansas, Nebraska, and South Dakota
would produce mtensely poisonous lants. This conclusion is based
not only upon the results obtmnedp from the somples examined but
also upon the character of the soils.

That these soils are not likely to produce seleniferous vegetation is
also shown by two experiments congucted by Gile.? Millet is a. more
than fair absorber of selenium when grown on seleniferous soils, yet
when grown on the soil from Oahu (B17948, table 15) no measurable
quantity of selenjum was found in 7.7g of green plants. When grown
on the soil from Kauai (B3717, table 15) it contained but 1 p. p. m.

- SELENIUM IN PUERTO RICO

During the course of the soil survey of Puerto Rico a series of sam-
ples of soill derived from Cretaceous formations was furnished us
by R. C. Roberts of the Soil Survey Division and also a series collected

J. Q. Carrero of the Agrlcult.um{Experiment Station at Mayaguez.
he results are given in table 16,

TABLE 16.—Seclenium conient of soils and vegelation from Puerfo Rico

§ Stlenivm in—
Lahorn- Fiekd

tory ne, no. Toatien MMaterisl

Snilor | Vopge-
shale | tation

.| pam.

bella Poniente district. Boil, 1-12 inchis

Baii, 12-25 inphe;

Soil, 0-7 inehes_

I.. Fajardo inrm, Maricao 4 .‘_-ml 7-16 inghes

Soil, 16-2¥ inches__

JSmI 0-G inches. ...

Sml 6-15 inches..__

Suil, 15-37 inghes

Mucara silly clay loam, 0-11

inches.

Parcnt shole ab 4 foek, .o
Hedionda { Lonchocarpuy fadi-

Hy‘omw)

adimndilla { Lexcaenn glnwea) |,

Pigeonnea (stalks) -

Pizvonpen (seeds and pods)_ .

Yunes ¢lay, 08 inelies. .. ...

Parcnt rock at 2 feet

Guaynabo fillralien plant. ESC{D'D!)}. dules (Side rhembi-
olin}.

tHediondilla_____

Zoil, 1-12 inchrs
Hacienda Hleroidiln, Pornee Isa- ||Seil, 12-24 inches

Puertn Itico Experiment Sta-
tiom foarm, Moyagnez,

1 ke southwest of Dolores

2 km south of Cobno Ieje
|Eediondlilla. ... |-
San Cermin clay, 0-4 inehes.
) I Reddish-brown ¢lay, 56 Inches
D195 ... rQuanicn quarry Parent limestone. . ___________
Ble0G_____ Zarearilla { Lepiogluitis portori-
cenRIey).
R1G507 Meros sand, 06 [nches {eal-
carcoust.
Seuthwest of Centrsl Aguirme. . |{Meros sand, 6-20 Inelies (eal-
CAreons).
[Zarzarin ({seeds and pods) ..
Fajordosilty cloy, L2-28inches.
Yuneselny, 0-6 [nehes ...
Yunes elsy, 6-9 inches
Yunes clay, 8-30 inphe
Yunes cluy, 0-4 inghes._.
Fajurdo ares JlYum"s clay, 4-18 inches .
Yunes elay, 11-28 inchey R

San Juna area

'BUiII?--

¥ Sludies on the relution between s0il composition and selenium absorption by pinnts.  Unpublished
data.
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The data of table 16 are very much worth reperting despite their
generally negative character. The soils samples exanined are all of
crefaceous origin, and some of them are from cretaceous shales. The
geological relations are somewhsat uncertain. The absence of selenium
from the few plants examined indicates that no selenium problem
probably exists in the island, even though the red soils about Mayaguez
contain apprecigble quantities of seleniuvm and the Yunes clay, particu-
larly in the Fajardo ares, would under favorable conditions produce

toxic plants.
FORMS OF SELENIUM IN THE SOIL

In the previcus bulletins (5, 6) of this division dealing directly with
the distribution of selenium in the soil only incidental attention has
been directed to the actual forms of its existence in the soil.  Suffcient
date have now been accumulated to render a discussion of this topie
possible and probably useful as an explanation of a part of the seem-
ingly erratic character of the relation between the selenium content
of soils and of vegetation growing upon them. A sample of erude -
sulphur from Colorado is reported (5, table 9) as containing &350
P- p. m. of selenium, and in this bulletin are reported samples of crude
sulphur containing 1,400, 2,200, and 5 p. p. m. of selenium. In this
laboratory several samples of soils have been examined which had
received the spray residues of the insecticide known as Selocide. In
all such cases measurable quantities of selenium have been found.
This spray material, being a mixed selenide-sulphide, when acted upon
by air and moisture may be expected to produce elemental selenium,
In view of these facts it is to be expected that under certain condi-
tions soils may contain free selenium. No effort has as yet been made
to demonstrate its actual presence in any soil. If present, however,
it is to be expected that it would follow the general behavior of
sulphur and uvitimetely be converted to selenium compounds related
to selenious acid or selenites. TIn the absence of air and moisture it
may be expected to behave as does sulphur and uitimately be con-
verted to the selenium analogs of the sulphides.

In the examination of several hundred samples of sulphide ores for
selenium in this laboratory no case has been found in which selenium
is wholly absent (35). It follows therefore that soils containing
pyrites wiil necessarily contain selenium. In the shales and like for.
mations in which selenium oceurs pyritic nodules are often found,
and severnl of these have been examined for selenium. The soils of
the semiarid areas are usually very immature and have not undergone
extensive weathering. Tt is reasonable to assume therefore that such
soils may have s portion of their selenium content in the form of
insoluble selenides.  Such oceurrence is relatively unimportant, except
for its bearing upon the problenm of the sources of selenium, for in pyrites
certainly selenium is not available eitheras a plant food or poison. It
is possible that this statement while true in general may ot appl
to cases where the sulphide is in a form analogous to marcasite, whic
weathers rapidly and may release selenium in water-soluble form.

In the course of examination of hundreds of samples of shale, of
which only & small portion has been reported, analyses of separate
limonitic concretions or of limonitic pseudomorphs frequen tly showed
& selenium content greater than that of the immediately adjacent
strata. For example, an iron oxide concretion in the Niobrara shale
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had a selenium content of 48 p. p. m., while the adjacent shale had
but 3. Again the concretionary material of sample no. B18344
(table 1) from Pueblo County, Colo., has a selenium content of 156
p. p- m., while adjacent samples of material in the same profile (table
§, profile 17) showed a maximum quantity of 12 p. p. m. It was
therefore assumed that in such cases the high result in the concretion
represented residual selenium from weathered pyrites. This assump-
tion, even if correct, does not establish the chemical form in which
the gelenium remains in the coneretions or in the soil itself.

The solution of the preblem is not an easy one, since the guantity
of selenium present in soils is extremely smail. Indeed, the maximum
quantity of selenium found as a result of the examination of several
thousand soil samples is 82 p. p. m. or 0.008 percent. The normal
quantity found in soils which are considered ‘‘seleniferous’ is much
less, and in most eases is only from 1 to 6 p. p. m. or 0.0001 to 0.0006
percent. :

Approximately 100 samples of soil were extracted with water. The
procedure was to add to 60 g of the sail 600 cc of water, shake over-
night in a mechanical shaker, and filter off 500 cc of the liquid by
aid of a Pasteur-Chamberland filter. The selenium content of the
water extract from the samples used ranged {from less than 0.1 to 38
p. p. m. of soil sample. In about 80 percent of the extracts no sele-
nium in excess of 0.1 p. p. m. ecould be detected when subjected to
the usual process of examination. One of these, a sample of raw
shaly soil found in Gove County, Kans., was selected for eareful
examination. It contained 22 p. p. m. of selentum. This sample was
orange in color and contained 57 percent of calcium carbonate, 4.4
percent of iron oxide, and but 0.2 percent of organic matter. It also
contained 0.6 percent of water-soluble matter, mostly caleium sul-
phate, with traces of chlorides and bicarbonates. Extraction of this
material with water, as deseribed, brought into solution only 0.2
p. p. m. of selenium, or spproximately 1 percent of that present.
When treated with a quantity of hydrochlorie acid, just insufficient
to dissolve the limestone present, no incrensed removal of selenium
was effected. The residual material was freed from chloride by
repented washing and then refluxed for 5 hours with a 10-percent
solution of potassium suilpbite. The filiered extract contained 0.4
p. p. m. of selenium or about 2 percent of the original content. This
treatment may be considered as effecting removal of any selenium
present in the elemental form (22). It should also remove any
“‘exchangeable anions” by double decompaosition.

The result obtained seems to indicute that the {vee element is
essentially absent and also that the compound present is exceedingly
insoluble in water, Tlhis latter indication is cmphasized by the fact
that refluxing the sample with 10-percent sodium sulphate and then
with 10-percent disedium phosphate likewise removed practically no
selenium. On the other hand, refluxing the residue with 6 normal
sulphurie acid effected the solution of all but 0.7 p. p. m. of the
selenium, or approximately 95 percent of that originally present. The
sulphuric acid treatment was sufficiently drastic to dissolve all iron
oxide present and leave a grayish-white residue. It thercfore seems
probable that the selenium in this material is associated with iron
oxide in a very insoluble form.
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To determine whether soils containing iron oxide render selenium
insoluble, solutions containing 1.2 mg of selenium as sodium selenite
in 600 cc were shaken overnight with 60 g of Cecil sandy clay loam
(11 percent of iron oxide} (7) and Nipe clay (70.6 percent of iron
oxide). In neither case was a quantity of selentum in excess of 0.01
mg found in 500 cc of the filtered liquid. On the contrary, when the
experiment was repeated, using 1 mg of selenium as sodium selenate,
0.6 mg of selenium was recovered from 500 cc of the filtered liquid.
Ferric hydroxide gave similar results under like treatment. Further
evidence of the saume relation is indicated by the fact that the selenium
in the 6 normal sulphuric acid extract of the soil sample is completely
reduced to elementary seleninm by sulphur dioxide. This reaction
does not occur with selenates (38).

In order to determine the form of ferric selenite probably present in
the soils, an attempt wes made to synthesize & compound having the
required properties by reaction between ferric chloride and selenites.
This reaction has been studied by Berzelius and many others (24,
v. 10, pp. 938-940), and the insoluble material has been shown to be
of wariable composition according to the conditions of precipitation
but approximates the composition of the neutral salt Fe.(SeO3)s.
Unpublished data show that this salt is, however, not sufficiently
insoluble in water to account for the remarkable persistence of selenium
in ferruginous humid soils. Ferric chloride and sudium selentte were
mixed in varying ratios and in differing, but alwuys great, dilutions.
In all cases 2 precipitate was formed though, in the more dilute mix-
tures, recourse was had to salting out with sodium chloride m order to

effect cosgulation. The precipitated material was then analyzed,
and the iron-selenium ratios were determined. The concentrations
emploved and the resulting ratios are given in table 17.

Tanuk 17.—Produeis of reaction between dilute solulinny of sodinm selenite and of
sedinm selenalc with ferric chioride?
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The data show that when extremely dilute solutions of selenites
react with ferric chloride & very insoluble precipitate is formed and
that it approximates the composition of basic ferric selenite,
Fe,{OH),Se0,, though the relation of iron to seleniutu is nob constant.
Corresponding reactions take place between selenates and ferric
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chloride, but the product is by no means so insoluble in water (experi-
ments 9 and 10, table 17). Experiment 8 in the table is of special
interest, since it indicates incomplete precipitation of selenium when
the reaction mixture is sufficiently acid. ‘This is quite in accord with
observations previously reported on a profile developing under acid
conditions (35).

The gencral conelusion from availuble datn seems warranted: that
soill may contsin selenium in the form of exceedingly insoluble basic
ferric selenites.

As already mentioned, about 20 percent of the soils examined for
water-soluble selentum gave appreciable quantities.  When this quan-
tity exceeds 0.1 p. p. m. of the soil it may be safely assumed that
some form ether than basic ferric selenite is present.

Treatment of the aqueous extracts with barium cldoride is, in
general, effective for essentially complete removal of selenium from
solution. In ali soils examined in this manner the aqucous solution
contnined much soluble sulphate, chicfly caleium sulphate, with or
without accompanying chilorides. These solutions when made 5 to &
normal with sulphuric acid gave no precipitate of selenium with sul-
phur dioxide, but when made strongly acid with hydrobromic acid
the seleniuwm was completely precipitated. Synthetic mixtures of
selenates and sulphates behave similarly in all respeets. Selenite
and sulphate mixtures ure also essentialiy freed from sclenium by
treatment with barium chloride, but in 6 normal sulphuric acid the
selenium is precipitated by treatment with sulphur dioxide.

These observations indicate that soils containing water-soluble
selenium may have it present in the form of selenates, and in the
samples examnined as ealeium selennte. Also, the soils examined
which showed the presence of water-soluble seleninum were gray or
dark dray and were therefore not highly ferruginous, at least with
free iron oxide or hydroxide. These considerations incicate that the
presence of selenates in humid soils is very unlikely.

The study of the selenium content of organic matter (2, 26) has
brought cut a number of important facts. It has been shown that
in seeds the greater portion, at least, of the selenium content is
present in the protein portion of the seeds and is ordinarily insoluble
in waler, nonvolafile with steam, and insoluble in ether. ‘These com-
pounds hydralyze through decay or otherwise as do other proteins,
and the selenium-bearing products are water-soluble. These appear
to be amino acids containing selenium (13). On the other hand, the
green portions of the plants contain a selenium cempound which is
water-snluble, steam-volatile, and somewhat soluble in ether. In one
sampie studied in this laboratory, which contained 2,460 p. p. m. of
selenium, digestion with hot waler removed 2,400 p. p. m. This
water extract contained a seleniferous compound, or compounds,
which is not_precipitated by lead acetate but is nearly completely
precipitated by mercuric chloride. From this precipitate no pure
substance has as yet been isolated. It appears probable that one or
more seleniferous amino aclds are preseni. From these and other
facts it appears that when seleniferous plants decay in the soil the
soluble organic selenium compounds, present or produced by decay,
are to be found in the soil until and if they are removed by leaching
or conversion to inorganic compounds. A part of this organic selenium
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may be volatilized, as is indicated by the exceedingly noxious odors
from decaying plants which have a high sclenium content.

These volatile compounds appear from their odor to be related at
least to one synthesized by Phillips ' by heating lignin with selenium.
This material is nearly pure methyl hydroselenide, CH;SeH, which
has a boiling point of 155° C. and a selenium content of 81.5 percent.
In view of these facts it would appear that Beath (4) is justified in
his view that certain perennials, through their decay, “promote’”
the selenization of other plants by concentrating the selenium in
nvailable form in the surface soils.

Summarizing the ideas and facts of the immediately preceding
paragraphs, it appears that selenium may be present in soils in three
forms which become available to plants only by slow processes of
hydrolytic action. These are freo sclenium, pyritic selenium, and
basic ferric selenites. The last seems to be the more common. It
may also be present in forms immediately available to plants as
selenates, and as more or less evanescent organic compounds prob-
ably of the general order of amino acids. These last forms seem to
be those which are subject to eluviation and to the removal of which,
by pereolating water, 18 to be ascribed the low content of selenium
in plants grown in irrigated and humid seils even when selenium is
fairly nbundant in the soils.

ORIGIN OF SELENIUM IN S0iLS

In connection with the work on the presence of selenium in the soils
of Hawail (8), there was developed an hypothesis concerning the pri-
mary source of selenium in the soils of the United States. This
hypothesis should be reconsidered in the light of the data in this
bulletin.

Since it is shown that selenium is present in relatively considerable
quantities in the soils of Hawail and is not present in adequate quan-
titics in the soil purent material to account for its presence in the soils,
and since it is further known that the wvolcanic emanations contain
selenium, it is a logical deduction that these soils derive their selenium
by ubsorption from materials carried down by rain, This deduction is
strengthened by the fact that in general the selenium content of the
Hawaiian soils is greater in areas of greater rainfall (table 15), and
also by the fact thut these soils are hnghly ferruginous (74), and the
further faet that sclenious acid and selenites are made very insoluble
in ferruginous soils (p. 58).

16 would scem to fellow that, if this process is going on in Hawaii,
then the distribution of selenium in soils is world wide, provided only
the condilions in a particular case are such as to enable the soil to
retain any selenium 1t may have received from the effect of rain upon
the world-wide distribution of voleanic dust. This assumption seems
to be borne out by the fact that no true seils or shales have as yet
been exemined in which the presence of selenium hus not heen demon-
struted.  If suel oceur they may be expected to be only extremely
sandy and exceptionally lenched soils.

The questions then are: Why are the soils of certain areas sufficiently
seleniferous to produce toxic vegetation, while in other soils in the

NdUsuRuhlisde dutn.  Orafly communicated to tha senfor nnthor by Max Phillips, Rurean of Chemlistry
1541 GlIs.
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same aress less selenium is found? Why is it that some soils produce
more toxic vegetation than others containing as much or more selenium
per unit of soil material? It is thought that the answers to these
questions are to be reached through the following considerations.

Tt is a tenet of geology that the shales of the Greab Plains areas and
the corresponding shales on the western side of the Roackies are the
result of deposition in water of muterial derived largely at least from
voleanie and similar disturbances and by erosion Irom the Rocky
Mountains when scas impinged more closely upon them than at the
present, time. It is believed also that the voleanic setivity in thess.
areas was particularly violent during the Cretaceous period nnel that
immediately following it. It thercfore seems highly probable that
the shales of this period derive their selenium from volcanie material
brought down by rain into the Cretaceous seas. If this be correct,
then apparently those formations in which selenium is most sbundunt
were deposited contemporancously with periods ol high voleanie
activity,

Support is given to this hypothesis by the fact that the upper portion
of the INicbrara formation and the lower portion of the Pierre forma-
tion which are particularly rich in selenium are characterized by
numerous strata of bentonite. Bentonite is presumed to be derived
from voleanic ash or similur material (8). 1t may be presumed there-
fore that deposits of such material should be preceded, accompsanied,
and followed by material absorbed from volcanic gases and dust,
formed by cooling of moderately volatile material. 1t may be inter-
polated at this pomt that bentonite itself if pure need not be expected
to contain more than traces of selenium, since clays ol high silica-
aluming molecular ratios have no chemical properties which will
permit strong adsorption of acid ions. 1f, however, it is limontilic,
selenium may be present in relatively fairly large quantities. Through
the courtesy of L. Y. Stevenson of the United States Geolegienl
Survey a sample of bentonite [rom New Jersey was made available. It
contained 1 p. p. m. of selentum. The facts reperted in this huiletin
with reference to the extreme insolubility of ferric selenites (p. 58)
and the absence of selenium from sea water (p. 49) also are in harmony
with the views expressed above, since any selenium carried into the
sea would be deposited with the embryonic shales. That it is so
deposited is shown by its presence in the sea-bottom deposits (37},

The present report in the section dealing with the Greenhorn for-
mation (p. 38) calls attention to the existence in the Greenhorn in the
areq studicd of a bentonite seam, and the selenium data given in table
9 check very nicely with the sssumptions muade above. 1t is to he
romarked, also, that the special examination made of the Greenhorn
was made largely bocause of the presence in it of this scam of bentonite.

The eoncentration of selenium in certaib shales by the processes
outlined being granted, a part of the cause of varintions in soils is
already elear. With variations in the character of the selenium in
the shales and in the rainfall, varintions in the quantities of hydrolyzed
material and the oxtent of its removal would inevitably occur.  Mixing
of seleniferous materinl with that less or more seleniferous must oceur
as the result of transloention of material by wind and water. These
alterations would be further affected by the effeets of vegetation upon
soil content. In those nreas where no effective pereolation by water
occurred any soluble selenium produced by weathering would remain
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within the soil profile. Where percolation is excessive, soluble
selenium js removed as fast as formed. The result of such conditions
ought to be that serious selenization of plants ought to occur only in
arid and semiarid arens. This appears to be the ease. The fate of
selenium carried out of a given area is not wholly clear, The result
when carried to the sea has been discussed. In case it is cnrried but
f short distance and deposited as a result of eva poration of the water,
it would seem possible that the resuls might be cither loeal concen-
tration, as appears to be the ease in some of the salt incrustations
reported from the Montrose and Grand Junction areas in Colora da,
or its dispersal in minute quantities in what would otherwise be loss
seleniferous areas. The result of the former process might easily be
locally toxic areas. There are indieations that such areas exist, and
may account for the sporadic cases of seleniferous vegetution in areas
vsually mot toxic. Such cases have beetn reported in several areas
(8, 6). 1t remains true that so [ar as soils are concerned, severely
toxic conditions have not been found except in arid and semiaricl areas.

PLANT ASSOCIATIONS ON SELENIFEROUS SOILS

In the course of the work reported in this and previous bulletins,
observations were made with reference to the plant associations exist-
ing in the areas known to be seleniferous.  As g result, a considerable
quintity of duta has been accumulated and prepared for publication
(25}. 1t appears to he necessary here to present only an ghstract
of this report.

TFor purposes of illustration tweo closely adjncent spots in Kiows,
County, C'olo., were selected. One of these is an ares in which the
soil is developed over Apishapa (upper Niobrara) shale.  This nrew Is
seleniferous, as shown by the analyses given in table 18, It is located
80 rods north of the southwest corner of sec, 6, T. 19 8, R, 51 W\,
The other area is of soil developed ovoer the Ogallala formation (a
slightly consolidated sandstone of Tertiary age). This aren is as ree
froin selenium ag is to be expected of any portion. of the general
region. It islocated near the center of sec. 23, T. 188, R, 51 W. and
thercfore approximately 54 miles from the seleniferous arog. Both
areas arc topographically similar and are smooth and uniform. At
each point a plot 100 feet square was sclected, and the kinds of vege-
tation were studied and sampled. At each point & profile of the soil
was taken. All the samples were examined for sclenium, The results
are given in table 18,

The seleniferous aren (table 18) was part of & virgin area which
apparently has never heen overgrazed. The total cover was esti-
mated at 50 percent. It consisted chiefly of blue grama grass (20
percent}, turpentineweed (10 percent), spurge (3 percent), and miscel-
laneous plants (17 pereent). This miscellaneous vegetation ineluded
12 goldenweed plants, 10 stanleya, and 1 narrowleaf milkveteh. The-
nonseleniferous area was a portion of a virgin area but had apparently
been overgrazed. It was selected for this reasen, because the over-
grazing provided opportunity for the development of a variety of
plants. The total cover was about 75 percent and consisted chiefly
of buffalo grass and grama grasses (50 percent}, Russian-thistle (15
percent), and miscellaneous vegetation (10 percent),
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TapLy 18.—Selenium content of soil profiles and vegelalivn from ¢ nonselenifcrous
and a scleniferous aren
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The data of table 18 show the general presence of but 0.2 p. p. m, of
selenium in the nonseleniferous area with no plant on it with more than
2 p. p. m, of selenium and even in that amount in but one plant. In
the seleniferous area, with tenfold to twentyfold the quantity of
selenium in the soil profile, the selenium in the plants ranges from 1
to 4,000 p. p. m. This is an excellent example of the range of absorp-
tion by different plants. It is to be noted that no sample of golden-
weed or of narrowleaf milkvetch was found on the nonseleniferous
area. This observation is in harmony with numerous others of the
same genersl order.

In a reconnaissance carried out in the spring of 1933, occurrence of
two-groove poisonvetch nnd Astragalus racemosus was noted in an
area in Wyoming not suspected of being seleniferous, and yet selenium
was found 1o considerable quuntities in both soil and plants. In the
examination of the areas in Kansas reported in Teehnical Bulletin 530,
it was observed that not only were the plants growing upon the soils
developed from Pierre and Niobrara shales much more seleniferous
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then those upon adjacent soils but that there appeared abrupt changes
in plant associsutions and degree of vegetative cover and that certsin
plants, notably the two-groove poisonveteh and the narrowlesf milk-
vetch, appeared to be confined to the seleniferous area. In the course
of the reconnaissance survey made in the spring of 1936 (p. 4), it was
noted that frequently it was possible to recognize seleniferous soil
types as readily by the appearance of certain species of plants as by
the study of the geologic maps or the observation of soil types, This
was notably the case with the two vetches above mentioned and A
racemosus and with Stanleya pinnate. A notable example of this
relationship appeared in an ares in the vicinity of Wolcott, Eagle
County, Colo., where 4. racemosus was found growing on & smail
exposure of Niobrara shale and the plant contained 2,820 p. p. m. of
selenium. Neither A. racemosus nor selenium-bearing  soil were
observed within many miles of this spot either east or west along
United States Route 40 8.  Coincident with the appearance of these
plants there was frequently observable the disappearance or decrease
m sbundance of certain other plants, notably prairie grasses and
particularly buffalo grass.

It 1s not to he asserted with too great emphasis that these varia-
tions are due wholly to sclenium. It nevertheless appears to he the
case that plants may be grouped with reference to their relation to
selenium absorption. In the first groups are plants which absorb
selenium only in small quantities when growing on seieniferous soil
and which have but a very limited tolerance of selepiun. In conse
quence they either do not appear on seleniferous soils or have but poor
growth. Included in this group are grasses in general and buffalo
grass and gramu grass in particular.  In the second group are plants
which grow fairly well on seleniferous soils, though not without
injury ™ (1§, 16) and are able to absorb moderate to Iarge quentities of
selenium. Among such plants are the common cerenls and & number
of native plants, such as wreath aster, blue aster, turpentineweed,
sunflower, and others. The third group includes plants which absorb
selenium readily and which grow abundantly on selenifercus soils.
It might be inferred that selenium plays some role in their physiolog-
ical activities. The study of the various areas leads the authors to
include in this group Astragalus racemosus, A. pectinatus, A. bisuleatus,
A, carolinianus, A. grayii, and perhaps others, but, by no means all of
the Astragaius; also, Stanleye pinnaete, S. bipinnata, Aploppapus
fremontir, Aster purryi and probably others. In almost eVery sres
where these plants are found growing on seleniferous soil they are
absent or very rare on adjacent nonseleniferous soil. Sinee analyses
of these plants have always shown the presence of selenium and they
appear to grow vigorously even when of very high selenium content,
it seems probable that selenium may be of some importance in their
physiological processes. This probability has as Yet nrot been sub-
jected to rigid experimental proof,

I Unpublished data in the Burenu of Chemistry snd Soils.




SELENTUM OCCURREXNCE 1IN BHOILS IN UXNITED STATES 65
MISCELLANEOUS DATA

During the progress of the work reported above, numerous samples
were examined for special rensons which were not a part of the survey
as planned. Bome of these have a general bearing upon the problem
or have a particular interest of their own. Those considered worthy
of special mention are discussed very briefly,

Two samples of water were furnished by C. 8. Beofield of the
Division of Western Irrigation Agriculture, Burean of Plant Industry.
One of these was from a deep well of the artesian type near Stitlwater,
Nev. Examination of this water showed no sofonium, at least in
excess of 0.1 part per billion. The other was well 13 [rom the New-
land Field Station at Fallon, Nev. This sample contained 560 parts
per billion. This somewhat unexpectedly high result led to the
examination of the Irrigation water from the farm. This contained
no selenium. The water from a drain contained 4 parts per hillion.
Among the 25 samples of water from & series of shallow wells on the
farm was a second sample from well 15, This sample contained 500
parts per billion of seleninin,  Of the remuaining 24 wells, 8 showed
no selenium and the remainder quantities ranging from 1 to 60 parts
per billion. This range of selenium councentration in the subsurface
water over se limited an ares and its appurent absence from the deep
well indieated a very spotty distribution in the soil.  Consequently a
number of soil samples were secured through coonperation with
Scofield and his coworkers. Examination of these samples showed o
range from & mere trace to 1 part per million of selenium. The
significance of these observations js in the demonstration that selenif-
erous spots may be found in the aress of alluvinl Pliocene deposits
shown on the geologic map * as occurring over a large portion of
Nevada and particularly in the Carson and Humbeldt Sinks.  From
this area come many reports of range poisoning, and it deserves fuller
investigation.

A topie of perhaps more geolegical and botanical significance than
of soil importance is the existence of & seleniferous area in Montezuma
County mn southwestern Colorndo between Mesa Verde and the
vicinity of Cortez. One phase of geological interest attaches to the
fect that this ares lics between the Iarger Cretaceous aren in north-
western New Mexico and is, with interruptions of high mountains,
connected through a similar area in Dolores and San Miguel Counties
with the extensive area in Montrose, Delts, and Mesn Counties
reported upon (£). A series of samples was collected in this area
beginning with the top of the Mesa Verde itsell. The location of
thg?e and the results obtained from their examination are given in
table 19,

1 Onited States Geclogic Survey.  Ses fontnote 3.
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Tavuk 19.—Selenivm content of samples from Montezuma Counly {n southwestern
Colorado
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of Mesn Verde Natipnal Park b
Fairview. g
iR YR slp Rapine ... ... . .00
BigIsn . 13 niles fran entrnnce to Mesk Verde | Lipnite in Mesaverde 1
Nuational Park. i
Bamst 12 iniles froin entranee to Mesa Verde | Dark shale interbedded wish
~ationnd Park. sanelsenne.
BIRI32, . 10 miles from ehirance to Mesg Verde | Ligaite in Mesnverde.. . ... ...
National Park. b
BRI, ) ¢ .| ¥ miles from enivance to Mess Verde | Thin-hadded oy simie. ... ...
Notionn] Park.
HISIS . R e oo eed Blwle with offorescent safrs L
B18i8a. . miles from entrance 10 Mesu Verde | Shale with gypsum. ... ...
Motional Park. i
RISIS6.. 1 12..... .. 2 iniles from entoance 1o Mesn Vorde | Shaly olay, -4 inches_ . ... S
Mational Park, on Dat ot base of .
Alega.
THISIRTY | N R ] .. ..y JAstregafus racemosus . .
BISISS.. | 15 i 2 tmiles west of Aesa Verde Nationsd | Silt lonm, 6-5 inches ... .

Park entranve, on United Stotes b
Roule 160, ;
RS0, | i3x .. de oL - Rdmeslome. . L. L
RERESLI I B T R s . __I AMoumtain pentsternon_. . .
Biniat, | i &ty aniles gnuih of Cortez, on Voited | Effloreseent silt loam, 0-6 inches |
I Sintes Moute A56.

B2 | 1A L. T milos soath of Cortez, on Unhied

Senles Renle 895, i
BISMOT 545 L E e Maneos tdosert elay, -1 ineles.
BIRiB4. | o . e Lo L oL ATunenst desert el v 26-21 inchios,
[EET LI 3 wmibng yourh of Cortes, on Unliod | Maencos T desert 5o, 06 Inchies_
! ! Brates REpate 68,
BIStH, . R ! e -

' Maneos ! desart clty, 31 inches . .

wemiea..- | Stanlevn

L tieolopie formation.

The botanical interest attaching to this series of observations lies
in the fact that neither Stanleya nor Astragalus racemosus was found
either on the Mesaverde formation or elsewhere except where the
seleniferous portion of the Mancos (which apparently roughly cor-
relates with the Pierre shales) also appears as the probable soil parent
material, There are a number of other points of scientific interest
which attach to this and contiguous seleniferous areas which are well
worthy of study,

In the course of these investigations numerous blank tests have
been made on the sulphuric acid employed as a reagent in the analyses.
No selenium has been found in any of these tests. This is perhaps
not surprising when the sulphuric acid Is made by the contact process
and especially if made from secondary sulphur in which the absence
of selenium has been repeatedly demonstrated. If, however, sulphuric
acid is made from pyrites or from voleanie sulphur, in both of which
selenium is apparently always present, it would appear possible that
selenium in measurable quantities could find its way into the final
product. The opportunity was therefore welcomed to test n scries
of samples from a sulphuric aecid plant in Baltimore which uses
Spanish,* Portuguese, or Cuban pyrites as n source of sulphur
dioxide. The samples examined and the quantities of selenium found
are given in table 20,
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TasLy 20.—Seleniwm content of malerinls used in and producis of o sulphuric
acid plent

Labo-

ratory 0o, Mnterind . Seleniinm

'
Ny : v Labw-
Materi! i Selenivin . ratory no. .

: Popm, Popoar.
B0, . Spapish  pyrites, vomen- , 45 B200I3 .. Acid from jead clinmber 2., 1
trated. i . B0 [ Aukd [room lend chnmber 5. . .2
B20i0....¢ Portuguese pyrites. - ... W3 3 Booa. . | Acid from dend ehnmber 4 .
B0t Cuban pyrites. . .. . . . 15 0 32016, | Compositenf56° B, shipping L5
Baop0da __| Cloders from Spanish con- | g o sedd,
cenlrates. o B200zi. 0 Dust frown Cottrell precipk- 5
Fluedust . __......_.. .. 11 ttor,
-y Mud from Cilover tower, 240 1 Beed24.... Bun-off from water synrhher. 17
Maud from lead chamber { 5,020 1 BEGZ2._L Mupd fromn mist Cottrell i 17,000
.+ Muod {ram lead ehuwinber 2 3,500 PIOCEss, i
Wtae from Tend chwmber 3 M Contagtocid_ . __.._._____.. " g
Acid from Tead chamber ¢ i

These data have wn speeinl signpificance in that they indicate the
effectiveness of the final removal of selenium before the actual oxida-
tion of the sulphur ioxide and suggest that the presence of seleniumn
may be an important consideration in the poisoning of catalysts.
The manufacturers have caleulated that the total selenium present
in 1 day’s consumption of ore amounts to 30.4 pournls and that the
above analyses sccount for 26.5 pounds.

Two series of samples were examined to test the influence of a
comumercigl insecticide which utilizes a water-soluble sclenio-sulphide
containing approximately 8 percent of selenium. Oune of these series
consisted of grapevine cuttings and soil from a vineyard where the
inseeticide hud been used for a period of 2 or more years. The grapes
contained 10 p. p. m, of selenium, and the soil beneath the vines to
a depth of 4 inches contained 5 p. p. m. In the same vineyard a
sample of grapes from vines not sprayed in 1936 but sprayed pre-
viously had but 6.2 p. p. m., the vine cuttings a trace, and the surface
soil (0~4 inches) 2 p. p. m. Inaportion of the vineyard never sprayed,
the grapes contained no selenium and the vine cuttings a barely
detectable trace and the seoil bus 0.2 p. p. m. A second series of
samples was from Michigan where the insecticide was used as a spray
on roses. A saumple of the rose leaves contained 17¢ p. p. m. of
selentum, but when the insecticide was used in the soll in quantities
corresponding to 2.5, 5, and 10 p. p. m. of selenium the quantities
found in the rose leaves was only 2 p. p. m. as a maximun, It is
probable that the larger quantitics of selenium reported above were
due to spray residues and not to transfer of selenium from the soil to
the grapes and rose leaves. The data given are not to be interpreted
as conunent either favorable or unfavorsble to the use of the insec-
ticide. No opinion, becnuse of insuflicient data, Is expressed upon
this point. Since 1t seems certain that the selenio-sulphide used
liberates the selenium as the clement when It reacts with the soil,
the results point to very small absorption of elemental selenium by
the plants.

Twomey and Twomey {33) showed that selenium in the form of
sodium selenite when fed to ducks produced physiological symptoms
similar to those shown by the destructive western duck sickness re-
ported and described by Kalmbach and Gunderson {(20). As a resuit
the Bureau of Biological Survey, through J. E. Shillinger, made avail-
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able a series of samples of water and of soil from areas in which duck
sickness was known to prevail. The examination of these samples
revealed the presence in a sample of water from Lacreek Migratory
Waterfowl Refuge in South Dakota of not to exceed 1 part per biilion
of selenium in the water and a maximum quantity in four soi samples
of 0.6 p. p. m. In a sample of water from Bamlorth Lake, Wyo.,
there was less than 1 part per billion, and in the salt crust from the
Iake shore there was 0.6 p. p.m. A sample of water from near Juckson,
Wyo., showed evidence of selenium in a sample of 150 ¢ce volume, Tn
the area of the Crescent Lake Wildlife Refuge in Nebraska, in a sample
from Gimlet Lake, the water likewise showed a quantity of less than
1 part per billion, and five samples of salt crusts from adjacent lakes
liad & maximum quantity of 0.3 p. p. m. Unfortunately no vegeta~
tion representative of the actual food eaten by ducks or of their crop
contents or tissues was made available for examination. The matter
is of interest becruse the available data indicate no probability that
the disease in question is due to selenium in the water.

In connection with ohservations reported by Hurd-Karrer and Poos
(19) on the toxic effeets of selenium-bearing plants on aphids, it scems
desirable to report the following facts: Accompanying a large sample
of narrowleaf milkvetch from near Adobe Lake, Colo., were a consider-
able number of flies (possibly, though not certainly, Pseudotephritis).
These were caught and examined for selenium. They contained 20
p. p. m, live-fly weight. They were living and apparently thriving
on the plant, which contained approximately 1,800 p. p. m. ol selenium,
From Colfax County, N. Mex., o sample of fly iarvae, presumably
corresponding to the flies above mentioned, which infested the roots
of an Astragalus racemosus plant, were examined. They had o sele-
nium content of 7.5 p. p. m. They were inhabiting roots which con-
tained 180 p. p. m, A second sample of the same larvae from Bent
County, Colo., had a selenium content of 10 p. p. m., while infesting
roots confaining 420 p. p. m.  These results are reported without prej-
udice as indicating that these particular organisms have or have not
developed an immunity against selenium. The whole question of the
selenium-insect relation deserves luller study.

RECAPITULATION

An attempt is here made to give a résumé of the general statements
which appear to be warranted by the data presented in this scries of
bulletins, and by Slater and others (27), supplemented by data from
other sources and by unpublished data in the files of this Bureau.

The distribution of selenium in soils appears to be genaeral,  No true
soils containing colleids in any significant quantity have been found in
which the presence of selenium eannot be demonstrated. The amounts
found range from fractional parts per million to quantities which
exceed 80 p. p. m. The source of the selenium is believed to be the
residual selenium derived from the soil parent material, supploementoed
by that derived by direct absorption from the air by rain.  The pres-
ence of seleniuni in normal air has not yet been demonstrated, but its
presence in voleanic emanations has been shown, 1t has been shown
that absorption of selenjum by soils from precipitation is the chief
apparent source of selenium in certain seils (Hawaiian). It has been
demonstrated that selenium may exist in soils as the element; as a
substituent in sulphide minerals, particularly pyrites; as selenite, par-




SELEXIUM OCCURRENCE IN ZS0ILS IN UNITED STATES 69

ticularly basic ferric selenite; as selenate, particularly as calcium sele-
nate; and as organic selenium compounds of undemonstrated composi-
tion. Of these forms apparently those most available to the soil
golution are the organic and selenate forms,

1t seems very probable that the concentration of selenivm in sedi.
mentery geological formationsis due to absorption of voleanic selenium
and its deposition along with the other shale materials. When, due
to the subsequent geologic changes, these shusles become parent
material for soils, the selenium remains in the soil partly in “‘available”
and partly in “unavailable’” forms in semihumid or arid areas. In
humid areas the leaching of the soils removes “available” selenium.
‘Whether these assumptions are correct in detail or not, it remains
true that up to the present the solls so for found to contain cousider-
able gquantities of selenium are those derived from the shales and
limestones of the Cretaceous period. This is especially the case
with those formations known as the Plerre, Niobrara, and Green-
horn, and Morrison, and the corresponding formutions locally named
otherwise. It also appears that these formations contain notable
quantities of bentonite, which is believed to be derived from voleanic
ash. It is probable therefore that sclemium accumulations may be
found in other geological formations in ether geological periods.

The leaching of the soils and other materials containing selenium
has resulted in the removal of selenium, as has been demonstrated in
the studies reporied of the Colorado River and its tributaries. Since
also the demonstration of the presence of seleniun in occan water
has not heen possible, it would appear to follow that selentum is being
deposited in sea-bottom deposits. Its presence In sea-bottom deposits
in the Bering Sea has been shown. It would seem to follow also
that the leaching of selenium from selenilerous soils ray result in
local concentrations in areas not otherwise eaceptionally seleniferous.
Some evidence of the existence of such local areas is already awvailable.

The distribution of selenium within the soil profile is extremely
variable, and definite general statements ore net possible concerning
these varintions. It seems thet the distribution depends upon 2o
number of factors, among which may be listed the maturity of the
soil, the texture of the soil, the parent mnterials, the rainfall, and,
perhaps most important, the chemical composition and quantily of
the colloid in the soil.

When plants grow upon seleniferous sotl they scemingly absorb
selenium to some degrec in all cases, though under many circum-
stances the quantity so absorbed is vanishingly small. TUnder
favorable conditions the quantity absorbed becomes relatively large,
and in a few instances quantities approaching 1 percent of the air-dry
weight of the plant have been found. For a given plant species the
quantity found by analysis appears to depend upon a number of
varinbles. These include at least the following: The quantity and
character of the selenium in the soil {(/6) and its distribution in the
soil; the portion of the plant examined, whether seed, blossom,
lenves, stem, or root; the stage of mnaturity of the plant, and season-
able variations which might be attributed to rainfall {6). It is nlso
certain thnt variations in selenium absorption are brought about by
variation of available sulphur, as is shown by the work of Furd-
Karrer (18). Varintions in other relations not now evident also may
produce effects. After four summers devoted to extensive field
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observations in several States, it is helieved that certain plants
suffer relatively little, if at all, and show a very high tolerance to the
presence of selenium. The variation in tolerance to the presence of
seleniumn would seem at least a ressonable assumption to explain
in part the varfation in plant associations upon soils of similar type
which show an increase in relative quantities of tolerant plants in
seleniferous areas.

When animals consume seleniferous vegetation definite physio-
logical disturbances are produced which are recognized as symptoms
of definife diseases or as causes of immediate death. Whether the
violence of the effects are directly proportional to selenium content
has not been determined. It scems unlikely that the effects are
directly proportional to the selenium content, since the green vege-
tation contains & selenium compound, or compounds, which is water-
soluble and the seleniferous protein of seeds (wheat) is not.

Areas of soil which produce vegetation more or less virulently
toxic have been definifely determined to exist in nine States. The
totel ares affected aggregates several thousand squars miles. The
data af hard indicate the probable existence of numerous other
areas, some of them small and others of considerable extent.

The damage of various kinds cansed by the existence of seleniferous
solls may never be known and cannot as yet be estimated. While
the Influence upon crop yields is not evident, there is a specific injury
to domestic animals. That the injury may to some degree extend
to human beings is shown in a recent publication of the United
States Public Health Service (28).

The seriousness of the situation is somewhat relieved by o number
of ameliorating influences. Among these the following appear
cefinitely determined by observation or experiment: In all the sele-
niferous areas so far examined there is no uniform density of concen-
tration of selentum and consequently no uniformity in the degree of
mjury to plants or in their selenium content. Tn no area does it ap-
pear that all kinds of vegetation growing upon it are seriously toxic;
that is, there is a very strongly selective power manifested by plants.
In nearly sll the areas seriously affected the density of population of
hoth men and snimals is relatively low. In the case of animals there
is n clearly indicated tendency to avoid seleniferous vegetation. Toa
considerable degree plants likely to be strongly seleniferous are not
normal forage or food crops. There are some exceptions to this
statement.

Added to these naturally ameliorating conditions it is found that the
absorption of selenium in serious quantity does not occur in properly
irrigated areas even when these sre seleniferous. Decrease in density
of animal population, or increase of available forage, tend automatic-
ally to decrease injury by giving free pasturage. In smaller areas
absorption of selenium may %e decreased by use of proper adjustment
of the soil solution by use of soluble sulphates and possibly by other
methods. To perhaps a smailer degree injury may be decreased by
eradication of plants capable of high selenium absorption. Where
economiically practiceble, nonfood crops may possibly be substituted
for those now produced,

As this brief résumé indicates, the relstion of selenium to the soil
and its products bristles with unsolved problems despite what may
properly be considered as a rapid development of the subject,
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SUMMARY

There is reported in the preceding pages an observation by Marco
Polo of what appears to have been cases of selenium poisoning.

A brief résumé of the methods used for examination of soils and
vegetation for selenium is given.

There are reported the results of a reconnaissance survey of parts
of Kansas, Colorado, New Mexico, Arizona, and Utah which estab-
lish the existence of seleniferous areas in these States.

A more detailed examination of eastern Colorado revesls the exist-
ence of a soil area of upwards of 3,000 square miles which is capable
of producing vegetation toxic to animals. A similar though less
extensive area is shown to exist in northeastern New Mexico.

Additional evidence is presented indicating wide differences in the
selenium content of different parts of the same plant and between
different plants on the same soil. Also there is indicated a seasonal
variation in the selenium content of plants. .

Data are given which show that irrigation is a remedial measurs
for seleniferous soils and that irrigation drainage waters remove soluble
selenium from soils which contain it.

The selenium content of 20 soil profiles is reported, and the evidence
shows no constant relation in the distribution of the selenium within
the soil profile,

It is shown by the examination of a geologic section through the
Greenhorn formation that selenium is present in all parts of it, at
the location examined, and soils developed upon it produce toxic
vegetation,

An examination of an area of outeropping Morrison formation in
southeastern Colorado revealed the presence of seleniferous soils and
vegetation, and in this area cases of alkali disease were observed.

A seleniferous area of small extent but of intensely toxic degree 1s
reported 1o a part of the San Isabel National Forest in Colorado.
Also, o spring of toxic type in El Paso County, Colo., was investigated,
and the examination of water, soil, and adjucent vegetation indicates
the primary source of injury to be the toxic vegetation.

n extension of the examination of the selenium content of the
Colorade River and its tributaries is reported, and it is shown that
relatively large quantities of selenium are being discharged into the
Gulf of California and that the chief sources of this selenium arc
irrigated seleniferous soils. No selenium could be found in the
samples of sea water from the Pacific Ocean, Puget Sound, Atlantic
Ocean, and the North Sea. Selenium was found in the water of the
Elbe River but not in the Weser River.

A study is reported of the distribution of selenium in a large number
of soil profiles from Haweil and a smaller number from Puerto Rico.
A study is also reported of the forms of selenium present in the soil,
and evidence is cited that the more important of these are basic ferrio
selenite, calcium selenate, and organic compounds derived from
decayed vegetation. On the basis of these and related data an hypo-
thetical explanation of the sources of selenium sccumulations in the
soil is offered. The chief souree is assumed to be volcanic emanations,

A summary is presented of observations of the plant associations
found in seleniferous areas, from which it is inferred that the relative
quantities of plant species and perhaps also the presence of certain
species are influenced by the selenium present in soils.
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Seversl miscellaneous items are reported, among which are some
indicating possible scleniferous spots in areas otherwise nontoxic.

There 1s included a recapitulation, which offers a general outline
of the facts established by, and of certain inferences which may be
drawn from, availsble data.
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