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Technical Bulletin No. 732 - July 1940

Arsenic Distribution in Soils and Its

Presence in Certain Plants’

By KenvErH T. WILLIAMS, associale chomigt, and IIICHARD R. WHETSTOXE, #hder
scientifiec helper, Division of Soil Chemistry and Physies, Burcow of Plaui
Industry
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’ INTRODUGTION

Lk

¢or some years the Division of Soil Chemistry and Physics has
been interested in the oecurrence and behavior of arsenic in soils, and
numerous determinations of the quantities present in both normal
soils and those treated with arsenicals have been made.

Slater, Holmes, and Byers reported (£0)° the arsenic content of the
soil proﬁles of the erosion experiment stationg. From these data it
appears that arsenic is present in definitely determinable quantities
in all of the 11 profiles examined. These profiles include representa-
tive soil types from 4 of the great soil groups. It seemed probable
t]}%t arsenic is a normal though quite variable component of all
soils.

It seemed, therefore, of importance to make 2 cross-section exami-
nation of a large number of soils representative of a considerable
diversity of soil types in order to determine the range of arsenie
content of soils in general, and to discover if any relation could be
found between parent material, climatic conditions, or =oil properties
and the arsenic content. A considerable number of the =oils examined
were those for which detailed data are available. The circumstances
were particularly favorable for such examination because the methods
used for the selenium investigations (7,2, 4, 25) invelve the quantita-
tive 1solation of the arsenic in the filtrate from the selenium precipi-

1 Received for publicatlon Jonnary 11, 1940,
?Italle nurabets jn parentheses refer to Literature Clied, po 39,

2271707 —40——1
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tation. The determination of the arsenic in the samples was therefore
relatively easy. (See section on Methods of Examination, p. 4.)

The fact that arsenic may be absorbed by plants has been known
for about 100 years {5). It was, therefore, of interest to determine
the extent to which plants in general absorb arsenic under field con-
ditions from soils of known arsenic content and in particular whether
any plants of general occurrence possess the property of arsenic con-
centration. such as is shown by numerous plants for selenium. A
fairly large number of plant species growing on the soils analyzed
were examined for arsenic,

These considerations have an added interest since arsenicals are
used so extensively for insecticidal purposes. Because such use in
limited areas is continued over many years, it is possible that arsenic
may accumulate in quantities sufficient to produce toxic crops and
crop injury. Therefore, the soils examined include not only virgin
soils but also a number known to be affected by ndded avsenic com-
pounds. In addition to sumples examined for the specific purposes
mentioned. a few miscellaneous unalyses were made because of points
ot special interest. and the results are included in the data reported.

The term arsenic as used throughout this bulletin refers to the
element .As.  The values published by other workers have been recal-
culated to this basis for ense of comparison,

RESUME OF PREVIOUS WORK

Although this résunié of the brerature is by no means complete it
includes the more important pertinent articles in this field.

Headden (77} examined virgin soils of Kunsas and Colorade and
found that the arsenic content ranged from 1.3 to 2.5 Do poonn (parts
per mithion). The parent materinis of the soils contained from 2
to 7.5 p. p. m. of arsenic. The arsenic in the soils was found to be
shghtiy soluble.  Alfalfa and saltbush (A#iplew confertifoliv {Torr.
and Frem.) 8. Wats.) growing on these solls contained small nmounts
of arsenic. Headden ulso examined samples of the surfuce few
inches of soils from orchards that had been sprayed with arsenicals.
The total wmount of arsenic present ranged from 13 to 69 P p.om.
and the water-soluble arsenic from 0.35 t» 0.70 p. p. m. Apples from
widely separated portions of the United States were carefully pared
and cored for :tn:lll}'sis. and found to contain arsenic. The maximum
content found was L4 p. p.m.

Zuceari (6) nnalyzed 20 soils of Italy and found the arsenic
content ranged from 2 1o 60 p. p. m.  The soil sumples were collected
af various elevations on different geologicai formations and at vari-
ous depths. The soils differed in physical and chemical character.
The arsenic content was found to vary with the iren content of the
soils.

Soils from different parts of Argentina were examined for arsenic
by Reichert and Tretles (18). All except 1 of the 20 soils examined
were found to contain arsenic. the amount ranging from 1 to 92

. P
P (I}’maves {12} reports the analvsis for total and water-soluble
arsenic of 38 orchard soils, collected over the western portion of
the United States. The total arsenic ranged from 3 to 102 P p.om.
and the water-soluble arsenic varied greatly and many soils having




ARSEXNIC DISTRIBUTION IN SOILS 3

a low total arsenic content gave higher water-soluble arsenic values
than samples with high total content, For example, soils containing
5, 9, and 11 p. p. m. of arsenic had appreximately 8 p. p. m. of
water-soluble arsenic, and samples containing 102, 63, and 60 p. p. m.
total content had approximately 1 p. p. m. of water-soluble arsenic.
Greaves suggests that the kind of soil, its water-soluble salt content,
and the form in which arsenic was applied to the soil are the fac-
tors governing arsenic solubility.

The cause of unproductiveness of certain soils in the Yakima
Valley, from which old apple trees have been removed, was in-
vestigated by Vandecaveye and coworkers (23). The orchards had
been sprayed over a period of years with lead arsenate. They found
that the poor condition of young alfalfa and barley in the affected
fields correlated roughly with the readily soluble arsenic. When
the soluble arsenic was 1.8 p. p. m. or more, the growth of the al-
falfa and barley was exceedingly poor. Pot experiments indicated
that water-soluble arsenic was the cause of the poor growth and that
lead was probably not involved.

Studies were made of the arsenic in orchard soils of Oregon by
Jones and Hateh (73). The native arsenic content of orchard soils
was found te range from 3 to 14 p. p. m. in the surface 8 inches.
Orchard soils in which arsenical sprays had accumulated over a
period of years ranged in arsenic content from 18 to 441 p, p. m.
in the surface soil. ~ The soil is cultivated to a depth of about 8
inches so that there is mechanical mixing to this depth. The arsenic
content of the soils contaminated with spray decreased materially
in the next § imches. For exumple, a clay adobe that contained
441 p. p. m. in the sarface 8 inches contained bat 19 p. p. m. in
the next 8 inches. A silt foam contuined 61 p. p. m. and 7.6 p. p. m.
in the same respective depths. The average content of carefully
pared and cored apples from 10 orchards that were never sprayed
was 0.006 p. 1. m., whereas similarly treated samples from 13 sprayed
orchards cont.ined 0.03 p. p. m.

Cooper and associates {6) found that the productivity of some
soils was diminished when calcium arsenate had been used in eotton
boll weevil controf. In fact, on some soil types there was a marked
reduction in the yield of certain crops. Tllle red soils, which are
high in iron oxide, seem to be much more tolerant of additions of
caleium arsenate than gray soils. Light applications of ealcium
arsenate often stimulate the ygrowth of certain crops on Davidson
clay loam. Similar applications on the Durham soil proved toxic.

Caletum arsenate used in the dusting of cotton was found by
Reed and Sturgis (77) to have a toxic effect on succeeding crops
of irrigated rice in certain seils of southwestern Louisianx. The
rice either gave very low yields or blighted completely. The yield
and quality of the straw were not harmfully affected. but the rice
heads were empty and unfit for milling. Rice on Crowley very
fine sandy loam was serionsly affected by the application” of 350
pounds per acre of calcinm arsenate, although on Crowley silty
clay loam 150 pounds per acre was rot injurious. Less total arsenic
was found n the soils at the conclusion of the test than was present
at the beginning. Amn analysis of the rice heads and straw showed
that the loss could n « be accounted for by crop removal. It is
suggested that the arsenic was reduced to arsine,
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Thom and Raper (27) have found fungi that are common in
soils, that will produce arsenical gases from arsenic compounds,

Nitrifying, ammonifying, and nitrogen-fixing soil bacteria are said
by Greaves to be stimulated by tﬁe addition of arsenic (73).
This stimulation becomes less and less until at the end of several
weeks the bacterial action is not greater than in untreated soil, but
if proper aeration is maintained the activity never goes below that
of the untreated soil.

Gile (71) has investigated the availability of arsenic added, as
calcium arsenate, to sand and soil mixtures as measured by the
effect on the growth of millet {Setaria italica (L.) Beauv.). He
found marked variation of availability with different soils and in
genera] that unavailability increased with the iron oxide content
of the seoil collid.

METHODS OF EXAMINATION

The methods employed for the determination of arsenic in the
minute amounts found are essentially those suggested by Robinson,
Dudley, Williams, and Byers (19).

The arsenic was removed from the soil by distillation. Fifty
gramg of air-dry soil that had passed a 2-mm. mesh sieve were
placed in the distilling flask (see fig. 1}. To the contents of the
flask 100 ml. of 48-percent hydrobromic acid containing 2 to 3
ml, of bromine was added slowly and with constant shaking. After

Y
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Fieurg 1.—Apparatus employed in the distilation procedure.
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any frothing due to decomposition of carbonates had subsided
the still was connected so that the adapter was below the surface of
5 ml. of bromine water in the receiving flask. Heat was gradually
applied to gentle boiling. If suflicient bromine was not added to
the soil to give some in the distillate, the flame was removed and
more bromine was added in hydrobromic acid solution through the
thistle tube. Fifty to sixty milliliters of distillate were collecled.

The distillate was slowly added to an excess of arsenic-free nitric
acid to destroy the hydrobromic acid. This was best done by adding
5- to 10-ml. portions of the sample to the nitric acid in a casserole
and expefling most of the bromine on the steam bath before adding
the next portion. When the sample had all been added the mixture
was evaporated to dryness on the steam bath. The sides of the
casserole were washed down with distilled water and again evapo-
rated to dryness. The sample was dissoived in water and was trans-
ferred to a 100-ml. velumetric flask and mads up to volume.

A suitable aliquet was taken and the argenic estimated by a method
described by Truog and Meyer (22). Where possible an aliquot
containing 0.05 to 0.10 mg. of arsenic was taken for analysis, as the
color is more suitable for comparison at this concentration. To the
aliquet in a 50-mi. flask’2 ml. of ammonium melybdate reagent were
added *; the aliquot was made up to volume and mixed thoronghly,
Exactly 3 drops of the stanuous chloride solution* were added and
the solution was again mixed thoroughly and allowed to stand 10
minutes. The color developed was compared in a suitable col-
crimeter with the color of a standard arsenic sclution? similarly
freated and of appreximately the same color intensity. Standards
must be prepared with each set of samples, as the blue color developed
is not permanent.

TWhen selenium is determined in the distillate, the filtrate is used
for arsenic. The filirate was treated in the manner deseribed for the
distillate, except that it was necessary to neutralize (phenolphthalein
indicator) with sodium hydroxide the small amonnt of sulfuric acid
remaining after the evaporation of the excess nitric acid.

The vegetation samples were prepared for distillation by a method
used for selenium (24). The air-dried vegetation was ground in a
Wiley mill to pass a 2-mm. mesh sieve ana thoroughly mixed. Ten
grams of the sample were stirred into a mixture of 50 ml of sulfurie
acid {specific gravity 1.84) and 100 ml. of arsenic-free nitric acid (spe-
cific gravity 1.42) in a 600-ml, Pyrex beaker. The mixture was stirred
with a thermometer unti} it became homogencns. After the violence
of the reaction was spent, the mixture was warmed on the hot plate
to n temperature not to exceed 120° C. until all evolution of nitrogen
peroxide had ceased. The end of the operation was marked also by
an incipient carbenization of the mixture, which was then cooled and
transferred to the distilling flask. The beaker was rinsed with 100 ml
of hydrobromie acid containing 1 ml. of bromine, then with 30 ml. of

3 Dissnlve 25 pm, of ammonium molybdate In 200 ml. of woter heated to not more
than BO® €. Dilute 2830 ml. of arsenic and phosphorvs-free sutfuric acid to 800 mi,
After both solutlons ate cool add the molsbdiate to the acld solution, slowly with stiering.
and when cool made up to exnctly 1,000 ml. with water,

¢ Disaglve 2.5 gm. of stannous chloride (SoCLEQHY in 10¢ wil, of dilute hydrochiorle
acid (1:10). Pregerve under white mineral vl

t Weigh out 0.767 gm. of dry arsenle pentoxide and dissolve In_water. Make up to
500 ml. This selution containsg 1,0 mg. of nraenie ?er mllllliter. Workiog stancardas of
0.1 mg and 0.01 mg, per milliliter are prepared by dilntion.
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distilled water, A distillate of 50 fo 60 ml. was collected, chilled, and
filtered through an nsbestos pad in a Gooch crucible to remove the
waxy material. The filtrate was treated as described for soils.

Duplicate analyses of soil or vegetation were found to agree within
10 percent on samples containing 15 p. p. m. or less. As the arsenic
content became greater the percent of deviation became less, This
method has been shown to give good recovery of arsenic added to
solls {20). In samples of vegetation containing large amounts of
selenium the selenium must be removed before the arsenic determina-
tion is made. In some types of organic matter, notably shrimp, :
more drastic oxidation process may be required as preparation of the
sample before distillation (7).

The samples of soil and soil material were for the most part col-
lected by members of the Division of Soil Survey or by members of
the Division of Soil Chemistry and Physics. The samples were col-
lected for various purposes, bt most of them were selected for com-
plete chemical analysis and for selenium analysis. The plant
samples, except where otherwise specified, consisted of the whole
plant, except roots, and were growing in or adjacent to the soil. All
examinations were made on air-dried samples of soil or vegetation
or were calculated to air-dry basis except as noted.

The soil series and class name (soil type) are given where definitely
known. When samples were collected in areas not yet surveyed for
this informabion, or where for any other reason the series names are
unknowi, only the soil ¢luss name is given.

EXPERTMENTAL RESULTS
ARSENIC CONTENT OF SOILS AND VEGETATION

The study of the arsenic content of soils was designed to include
widely divergent soil types. The samples used were for the most part
profile samples. The great soil groups served as a general gnide in
their selection. Occasionally samples of soil parent rock were avail-
able. For the sake ot completeness the data on arsenic from United
States Department of Agriculture Technical Bualletin 552 (.24} are
inclucded with those obtained by the authors. They are indicuted by
asterisks in table 1. The data in table 1 concern snly soil relations.

TapLe l——Arienic contond of varviows woils and related materials
PODZOLIC ROILS

1

i ! Arsenie

Kinid of material ! Loenting Iﬂtu\jam}nry Popth | contenot

! T ' 'S Ag
. e —— it b

Tnehes *opom,
CHa7 5 - 1]
' (:H:DF_ b -3 . W3

Brastua sandy losm.. ... ... ..._.f Xorth Croten, M. i E—-:ﬁ?_, . ?; - ; _f
C1441 B b )

\ Cr442 10+ N

HiwIETy . i -2 !
T3R8 T =R B
FRalknskn leamvsand_ ... .. .. Kalkasks County, Mich R ChRG 5 -4 1.z
JdCam 4 -0 1
3191 m o -

i Nombers indicated by asterisks are reported in Technica) Balletin 552 (29).
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TapLe 1-—Arsenic content of various soils and refated materials—Conutinued

BROWN PODZOLIC SOILS

- R Arsenie
Kiod of material Location L“b"f;‘m“’ Lepth | content
" AS As

Tuches P op.owm.
-2 L4
2 -3 Ll
Gloucester =andy leam ... Norfolk County, Mass. ... .. __ 3 -5 1.0
15 =31 .8
R .2

Minmi =it loam....._. P :

Russel] 5ilt loam

Frederivk silt loam

Chester loam_ ... ..o s

Clinton silt leam

Muskingum silt Joam (Hthosel of
Gray-Brown Podzolic region).

Fairmeunt, Iod. oo ceeeeeceoao

Aorgan County, Ind.

Falrfild, Va

Reekville, Md

Ln Crosse, Wik .. P ———

Zanesvilie, Ohdo_ .o _

)

=Ty
P
N

54
h¢
&

._
G Lo e 3
Lt

ég umuamﬁm-—

+

L

wehBl

=T

L
=

g

Pt s ST D tatn i L ke

(£

— o
Iad—biﬁﬁm:ﬂunwlum"lﬁhb‘

RED AND YELLOW

Appliog sandy loam (yellow). ...

Norfolk fine sonly lonm (yellow).:

;
Ceell sapdy ¢lay loam fred)__..

Aeury silt Ieam (red). ...,

Kirvin fine sandy loam (red)

Nacogdoches fine samdy loam
fred).

" Elbert Conpty, Ga

PODZOLIC §

Warne County, 5. .

Statesville, N, C._..

Afanry County, Tenn

e
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Tavee 1—drsenic content of varions seils and related materialy—Continued

FRAIRIE SOILS

Cuerington loam

Marshasll silt loam.__._.____......

Shelby sfit lomy. .o __._.

Iloaston hlack clar (Rendzinag..

Buchanan County, Iowa.. ..._...

Clarinds, Towa. ... _ ..o

Bethaoy, Mo

Temple, TeX o e - :

s
e
[
)

- -
Segs
HnEd

e EESito e

—

——
LRl R Eg )

CHERNOZEM 80IL3

Flllmore silt leam (Flanosol of
Cherngzem regiond.

Hays silb Ioam oo

Palouse silt loam o _________ ;

Adams County, Nebro...._

Hays, Kans

Pullman, Wesh_ ... :

e MRS T I a1 e 30— 1Y

CIESTNTUT S0OILS

Cunyon ciny leam .- |
. +Logan County, Kaps ... PR BLELTS.
.......... [ s
Blsm_-._!
Blsad_ _ ..
Clay 1oAMm . .o va e e R« L gigigé::'l
B16183.
Smoky Hillehalk. .. ........ .. B BIEISY. ... ¢
gT{P,_ .
. N T3 R,
Phillips sandy loam (Solonetz of i
chestoul reglont, }'\[ﬂ"'"' MONE e ! g;gg:.
: 7ok, .
Durk-groy clay containing gyp- | 8 miles south of Ingomar, Mont | B21212
um.
. {reddish “ong
Yeroon fine sapdy Ioam (rededis : i3 .
chestouh (shallow . }Guthne. Ok e :gz?il_ J
: [ p——
Clasr.-___-..._...._ e waeeee B21347. __ ]
_________________________ B21348. __.
Tlcntomtlcshalu }Bighnrn, Monteoeeoeeoe e ‘521350_ . l
€. amimerme e mammm i imanas i B213sL._ .1
CIAT - v eveeeennnsraeaersness Fort Pock, 300t omocoeeevmeeees {gg;g? i
: Bl-lﬁﬁi . {
Picrre cIs.y_l_‘_-‘...-....-.-......’ Dawes County, Nebr . oooeaaas g}ﬁ% T
: Bl4665_ .
* Chamberlain, 8. Dak....._.

B i e s e
Picrre loum (Lithosol {arid-sub
humid) of Chestmuit, Brawn
and Desert soil region). i
THerresbale. . .ooiniinnnioes
Iierreclny loam. .. ......ovuuinian

- }:\' iohrara County, Wyo_.oo..oooo [515358
i

Brozik farm, Medicine Eutte, 8
Dak. !

|
ABIBITE.. ..
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i BSBS,.___;;
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_ f:: i 3
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-?‘.].. 12

1l
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TapLe 1.—Arzenic content of verious soily und related maierinls—C ntinoned

BROWXN SCILS

, Arsenic
Kind of material ! Loestion I’““{{:‘"“ Dupth | content
B a3 As
f i friches F.p.m,
Hepvy siltboam . .o ... .. ... i BIGAIG. . - - 1
Gritty elev lonm. ... ... ... 0} . fBMEEE. . 6 —i2 ]
Stfl clayloam .. ..............HSec. 35, T. 185, R. 51 W., Kiowa |JBIO5IZ 0 12 -4 [
Clayloam. . .oocoao.oo_... Coun:}. Colo. BIgsIE .. 24 -d6 ]
BHtloam. . . ..., Big3l4 _ | an 48 ]
2pndy loam .. ... . Bi99i5 . L] 4
Grit]::)yclay togm. .. . | g:gg? 0 -4 7
Q.. .. . . P e JHEZE ... g =12 b
Silty clay loam. .. Sec 6 T 10 & ROSUW., Kiowa lnigsm U4 12z, s
Shaly elay loam .. L i Bi9a29 M -36 12
Apishapasiale .. ... ..., . JATRI0RN | 6 8 ! it
Bilt toam on Niobrara formation s See. 6 T. M8, R.5IW, Kiown ! BIdsH4. ..t 0 -8 p
Shal County, Cola, } . ‘
yEml oL 0 : , L e 5
Shale rich in g\psum._-“‘.,.,.A.:}‘\'ear Fueble, Cofo........ . l[B":Ns on H
MOUNTAIN SCILS OF NORTHEAST WASHINGTON
! ._..._,_.__i..;__ﬂ;_'-’___. _— _;,I. _
. . TIS(EY2. 08 El
Leam_____ ... .| AnstinJohoson farm, 3 miles south- :
, eastof Norzhport, Wash, {g :‘:é%} - lg:ég : l;:‘
L} . c l
Sandy lam, . ..., ... Tyombetli larm, Nurthpore area, ! g:gﬁg &lg | 3
Wash. ABressl 8351 1
— - - ,.—_.._._.___,.._’ —— e ———
SQILA OF THE PACIFIC VALLEY
cd. 010 | &
MMavwell elay ndobe . .. Wapmaren, Calll___. . .. {(‘115 s 1034 B
Clenw . 3372 t ol
L} .
! C I 8- 6! +
Yazeo very foesandy bam. .| S0 Sames Parish, Lo, L L ..{{‘10’.‘3 10-34 ¢ n
i HET02e 1588 © LY
' [C2106 o6 7
Sbarkey siity clav.. _.....__.....] Terrebonne Parish, La._. . ,.’{(‘em‘{ : 16-24 [
[ ACnns. o $8-50 3
! ;
LATERITES
{0504 - 10 4
| B85 .. M-35; 3
Columbianaelay ... _.... Costa Rb@-. _...oooo .. . 3%3'7’ Co :t g ?
i i|uss 92-364 4
il I04-12 .3
10465 - 5 2
;i;l('\l} & 5 : 4
I AT . Fit i H— 501 ]
NIpoelay.. oL Mayaguer, Po Roceeo ol o e ‘ 5 fond, ! 4
: 60 - 12 fent ]
i Yy “ 13 feet ; .3

2021709 —4)— 2
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Tanre 1—Arsenic content of various soils and reloted maieriais—Continued
RED DESERT SCILS

! . Arsenic
Kind of material Lecation PLaborslory|  peptn | content
| 0,
H 5 A3
Inches  Pop.om,
Surince mantle. . .. canos. . . 0 3 1
O e o oRs. 3-12 | 3
Coempaet claypun, pillared by Cai7.. 1074 4
lime. Mojave Desert (froin an slinvial |
Brittls hardpan, moderately - fan), Ca368 24-30 | ]
mented, i
Da i 330 336 l 4
{7 herizon. [ | Choa . . Jts-sni %
Surfact mantle. . - L T3, =21 3
Qluypun, wpper, selid. . LT T 5 9
Claypao, ceniral, m!inrcd . O3, 511 1
Qlaypan, lower, aritty | . xMojsve Degert {from granite) | WX . -4 7
Rotten rock, colored pmkish N 19 1715 A 1434 &
brown. .
Rotten rock, uncslored .. ... | . C3424 . -5 i 3
I

The datz in table 1 revea] that all the soils examined contained
arsenic. It is believed that all of these soils are free from any
added arsenic through the use of arsenical insecticides. The quantity
of argenic varies between rather wide limits. The minimum amount
found in soil waz 0.3 p. p. n. and the maximum 38 p. p. m. The
black forest mull C1437 on Brassua sandy loum. which contained
0.1 p. p. n1., is not considered a part of the soil.  Samples B16184 and
B16176 which contained 41 and 42 p. p. ni. respectively, are shales
not vet weanthered sufficiently to be called soil. About 30 percent
of the samples contain less thun 5 p. poome; about 50 percent contain
5 10 10 p. p. m,, and about 20 percent more than 10 p. p. m.

There is no uniformity in the distribution within the profiley
examined. The data in table 1 are wrranged by great soil groups,
which are determined presmn.xbl\ by dmmt:c conditi ions, especially
by temperature und precipitation. ‘There is no observable relation-
ship between climatic conditions and the arsenic content of the
representatives of these groups. Likewise there is no clearly defined
systemuatic velation between the arsenic content of the soils and the
geologieal formations from which the soils ave developed. TIn gen-
eral, sandy soils and seils of high silicon-sesquioxide ratio in humid
areas are relutively low in arsenic. Soils of the subhumid and arid
regior:s are higher in arsenic. This relationship is not sufficiently
defined to be more than a trend.

Samples of the vegetation growing on some of the soils were
secured for analysis. Only a portion of these data are presented.
The samples chosen as vepresentative of the native and cultivated
vegetation exanined nre given in table 2
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TapLe 2—The arsenic content of soils and veyelation

i1

Materind and soit depth

Laboratory
Ne,

| Arsenic &y Ag fn—

)
_I

Vogota-
tion

Cheater clay lonm, §-8 inches
Chester clay loum, 8-12 inch

Rutabagas, tops
Butabagas, roots
Parsnips, tops._.
Parsnips, rools
{arrots, tops.
Carots, roots. .
Swert corn, tasse
Sweet cora, leaves
Sweet corn, grain.
Lima beans, loaves
Lims beans, brans
Popcorn, grain ...
Hamburg porstey, leay
Hambnrg parsley, roots
Pointoes, tubers. ..
Celory, loavey |
Celery, stalks . _
Green beans, tops & . ...
Green benos, seidds apd pixds
Carrington login, 05 tnches
Carrots, tons
{arroty, roois .
Horseradish, tops
Horseradish, roots
Parsnips, tons
Parsnips, roots
Cabhnge, tops
Cabbage, Too!
Boeets, roots. _, ..
String heans, tops..
String beans, roots .. .
Eedishes. sceds opd pods
Radishes, roots.

LCorn, feaves
Caorn, stalk. ..
Tomato, vines_ ..
Tomnia, freen fruft
Rhabarh, edibie por e
Red clover, sample A tops . .
Red clover, sample Btops .. .
Red olover, samplés A and B roots.
Omilons, roo e .
Potato, tube
Apples, frit. . ..., .
Tenmerq whest, grain

Brownish-yeilow clay.
Wheat, grin ... .
Brown olay loana, (-8 inches
Barley,prain. . ___._._.... _
Brown logm, -8 inchas.
Brown siit loam, 0-i0 inches
Wheat,gratn .. ... .. ..

Falls Chureh, Va B2405%, .

Beisea. [

[ {00 T S

Duchanan County, lowa . |

lifs Connty, Kans.? .

B2WAS .,
BIHiG. ...

ove County, Kans

- I R

Omhsam Cogply, Hans ...

e

Logan County, Kans. ...

Boaes
B0, .

AR S D
Basoez 0
R2i08s. .

Boieer L)

@, o,

R

I b L G mm ek e (A LD D 0 B2 e

@,
I

:_.l\‘i

L]

-

. -

5

Lol 20 B - R R U

A oA,
LB Q2D B e v 1 Y

1 These samples wero anslyzed ag received because decmposition had sterted in Some portions of the

saraples, so that drying was not feas!ble,

No decornposed material was used for analyses,
1 For local seli analysey, see samples 6842-6647, table 1, p. 8, ¢ 4
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Tante 2.—The arsenfc content of soils and vegetation—Continued

Amsanle as As in—

Materlal and sofl depth Locatfon Laboratory
wi Vepetn-
Lel1}

Gray-brown silt leam, 0-8 inches.
Wheat, grain.

Harley, graffh....... .. Wallace County, Kans
Brown tpam, -3 Iuches
Wheat, grain
Clay loam, Nicbrora formation, (-6inches.
Side-oats gL.ma.
Astragaluy bisud
Bussian-thistle..
Q;Pi; nster Cove Connty, Kans_._._..._
Ironweed
Sunfiower...

[ SR R S )

Tulipa sp

Qritty clay lont
Bloe grama.
Russien-thlstle.
Bearlat mallow_..
Orescerye 5p..
Sunflower.
Stanieya pinnaia.

Cuoeklebur

Spurgo._ [
Turpentineweed. ..
Aplopappus fremontii.
Aziragalis peclinatuy, .. ...,
Y ellow-hrown silt loam, §-8 inc
Astragalus pectingi s, seeds ..
Aatrapalus pectinatus, vools . -
vellow-brown elay loom, 0-8 inches_ | eton County, Mont B215W0. ...
Aatragaiiua peclinatix . B25TL.__.
*aljow-brown clay, 0-8 inches. . -
clatragalus peclingtus. . ..ol ceamooa.

v
1
v
Il
1
v

AT TAATATANATA

Kiowa Coanty, Colo

1 Yor analysis of the complete profile, sea samples B19526-B10520, table 1, . 9

The arsenic content is calculated on the air-dry basis for the
samples given in table 2. The vegetable samples from Falls Church,
Va., were collected and annlyzed at once, the meisture content being
determined on another sample. By dividing the arsenic content of
the vegetables by 10 an approximate value for the fresh material
can be obtained. The air-dry residue of the edible portion of the
beets, turnips, tomatoes. rutabagas, parsnips, carrots, sweet corn,
lima beans, Hamburg parsley, potatoes, celery, and green beans was
found to average 15 percent of the fresh material. " The maximum
residue was 32 percent, for the lima beans and the minimum 5 percent
for tomatoes. The data include vegetation grown on soil of rela-
tively high arsenic content and on several soils of average content.
In no case did the arsenic content, of the vegetation exceed 10 p. p. m.
and the highest content of the vegetnbles was 1.3 p. p. m. in the
roots of the beets. 'The data obtained for the Chester and Carrington
loams are similar. Carrington soil on which they grew contained
7 p. p. m. of arsenic in the fivst 6 inches and was located a half mile
from the profile samples 10082-10087 given in table 1.

The samples of grain examined ~vere grown on soils of average
arsenic content. The amount of aicenic found in the grain wns
small, in no case exceeding 2.7 p. p. m. The examination of other
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vegetation samples also failed to reveal any marked absorption of
aATrsenic.

Samples of soil and vegetation from Mexico wers examined for
arsenic. The data are given in table 3.

TARLE B.—dreenic content of Mexican soils and of vegetation growing on them

Arsenle ag A5 In—

Material and soll depth Location Labgratory
i Vepeta-
8oll thon
P.op.m. i P
]I:;)]a.rligrlsy clogul?agnh. (-Binehes mmemaa I F 3 A p.m
ack clay, nches. e s
Dark groyish-brown clay, 16-23 inches....| {Sonajs ranch, Irspuato......
Fine sandy loars, #3-38 inches . ..oenvene

Dark stiff elay, 28-35 inches. ...
Black stiff clay, 35-55 inchea,
Black stiff clay, 55-97 Inches ...__.____
Light-gray stiff clay, 97 inches-12 feat..
Dark-red smoocth clay, 12-18 feet_
Menura and soil from barnyard ..
Fine sandy loam, 0-8 inches___
Bweetelover. ..o iioeiiaaan -
Imimatura wheat heads and leaves._ Garrida ranch, Irapuato
Lambsquarters growiogio wheat. .. ...

Dark-gray clay gnm. 6-12 inehes. ........ .
Common mustard, Howers and leaves_.__jr1 mile north of rapuato
Deepreddish-brown clay, 0-3 inches. .
Red heavy clay, 320 inches__
Red heavy clay, 20-18 Inches
Limestone, 48+ inches. ________.
Light-gray sit loain, 12-20 inches. 40 miles porth of Tarrean. ..
Redshale. oo om oo .| 24 km. woest of Baltiflo_ ...
Light-gray silt loam, 08 inches._.......__ 1 mile west ¢f Los Reyes. ..

-

14 mile south of Irapuato. ..

Tamazunchale___ . __._....

All of the soils examined contained arsenic and the quantities
ranged from 2 to 40 p.p.m. The soils are similar to the soils of
the United States in arsenic content. The four samples of vegeta-
tion contained arsenic only to the extent of 1 p. p. m. or less.

SomLs CONTAMINATED WITH ARSENIGALS

Because of the extensive use of arsenicals in insect pest control and
weed eradication, it is of importance to know more about the fate
of the added arsenic and of its effect upon the vegetation growin
upon such soils. Considerable data are available.? Supplement:ﬁ
data were obtained from contaminated soils by the authors.

Soils that had received arsenic either through sprays or direct ap-
plications were examined. The arsenic content of a profile from an
orchard near Winchester, Va., was compared with an uncontaminated
profile of similar soil collected nearby. Soeil and alfalfa from an
orchard near Orondo, Wash., were examined for arsenic. Test plots
used in experimental work on arsenical treatment of soils at Prince-
ton and Moorestown, N. J., were examined, The arsenic content of

" BARER, FRANCIS E. REPORT ON THE EFFECT OX TRUUK CHOPS OF LEAD AISENATE IN THR
goin 1637,  [Unpublished.]

FLEMING, WALTER JE. HFFECT 0F ACID LEAD ARSENATE ON DIFFERENT PLANTS WHEN
APPLIED TO SOIL ABOUT THEIR ROUOTH FOR DESTROCTION OF [LARFAE OF THF JAPANESE
BEETLR., U. 8, Bur. Ent. and Plant Quar, Rpt, E418, 32 pp. 1937. [Mimeographed.]
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vegetation grown on the contaminated soils w.

data are given in table 4.

as determined. These

TabLE 4.—Avrgenic content of soils contaminated with arsenicals and of vegetation
growing on them

Arsenie as Ag ig--

Material and soil depth Lacation Laboratory "
No. Solt Vegatn-
tion
Popm | Popom
Sassafras sandy loats, 06 inches. ... (3830 _ ? a2 P

Common mustard, tops.
Common mustard, Toots,
Dandglion.
Wild leck .

Sour docl, tops....
Sour doek, roots.
Burdock, Ieaves. .. ..__
Bassalras sandy loam, 03 -
Sassalras sandy losm, 5-8 inehes._.
Sassalras sandy foam, 10-12 inches
Orchard grass, tops .
Ba?ns:a, falsa indigo.
Wiid carrot, tops
Wiid carrot, Toota,
i3, German, roots
Iris, German, tops.
QOrehard grass, roots.
Uneontaminated Sacgaf
0-3 inches.

i

prieaey: ds 85 sandy loam,
112 inches.
Trnder trees sprayed with arsenie, Hugers- lﬁ

town siit loam, 0-3 inches,
Uuder reessprayed with arsenic, Hagers-

town silt Joam, 3-7 inches, :
Tnder treesspraved with srsenic, Hagers-

town silt joarn, 7-15 inches.
Leaves of clover from orchard .
Stems of clover [rorm orehard .

o]

Tracontaminated Iagerstown siit joam,
47 inches.

Uncontaminated Hagerstown sift joam,
13-13 inches.

Sandy soil, 08 inches . ... _

Ve:;yif sandy soil, 0-6 inches.

Striog bean, leaves
Red beet, 1005 cnvaaaas

Cucumber, vioss and leaves,
Corm, leaves P

l

t
!

Princeton N. J. plot 764-2-3,
nurseries.

Princcton, N, T, plot 66 D-1_

Princeton, . J., plot 66 D-2.

Moorestown, N. I, plots
south of railread.

Belt orchard, Winchester,
Va.

Woods nenr Bell orehmrd,
Winchester, Va.

Orondo, Wash

rLong Islend, N. Y2, ..

BZI0. ...

B22413. ..

{522412_ L

L High arseni¢ content due to spray (ripping from sprayed trees.
¥50il contaminated with arsenic from the use of arsenical insecticide.

A comparison of the Sassafras soil profiles, one contaminated
with arsenic, samples C3853, 3854, and (3855, the other normal,
samples C3864 and (3863, shows that the added arsenic has pene-
trated but a very few inches, This same relationship is shown in &
comparison of the Hagerstown contaminated soil samples B22608,
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B22604, and B22605, and normal soil samples B22608, B22608, and
B22610.

Although the soils contained relatively large amounts of arsenic,
the plants examined confained but little in their aerial portions.
The roots, however, may huave contained considerably more {(23).
The roots of alfalfa, sample B22415, contained 83 p. p. m. The
aerizl portion of the alfalfn, sample B22414, had received drippings
when the trees weve sprayed. The arsenic content of this alfalfa
was 860 p, p. m. Animals consuming considerable quantities of hay
with this arsenic content might be expected to suffer some physio-
logical disturbances. A sample of alfalfa, sample B22607, which
had not received spray drippings, conigined 14 p. p. m. of arsenic.
The highest arsenic content of the other plants was 18 p. p. m. in
%our grass, sample 38843, and 34 p. p. m. in mustard roots, sample

3838.

F. E. Baker, of the Bu»eaun of Entomology and Plant Quarantine,’
grew a variety of vegetables in soil confaining 1,000, 1,500, and
2,000 pounds of lead arsenate per acre in the upper 3 inches of soil
(approximately 200. 300, and 400 p. p. m. of arsenic). Although
most of the vegetables inciuded in the experiments did not absorb
significant guantities of arseniec. lettuce grown on these soils was
found to contain (on a fresh-weight basis) 1.9, 21, and 2.3 p. p. m.
of arsenie, respectively; tummips contained 0.6, 1.2, and 1.1, and
radishes 1.8, 1.8, and 2.1 p. p. m., respectively. Where the lead
arsenate was mized with the top 3 inches the early growth of the
vegetables was definitely retarded, but after the roots had pene-
trated below the zone of arsenic contamination, the plants appeared
to develop normally. Lima beans did not grow and string beans
had to be replanted to get a uniform stand.  With respect to vield,
however, only the onion was markedly and consistently below
normal. In the following vear, when the quantities of lead arsenate
in the same plots were about doubled and mixed to a depth of
& inches, the beans did not grow at zll, and only a few other crops
were able to produce approximately normal yields. The quantities
of arsenic zbsorbed by nearly all the vegetables, however, were still
negligible, although {on a fresh-weight basis) the radishes were
found to contain 2.1, 3.0, and 3.2 p. p. m. and the onions 2.9, 4.6, and
6.5 p. p- m. of arsenie, respectively,

Soils of lawns and goif grounds are frequently treated with
arsenicals to control grub injury of grass (70, 76}, Experimental
plots used in the study of grub control by this means were sampled
and the arsenic determined in both the soil and grass. The zoil
samples were taken to a depth of 3 inches. The data are given in
table 3.

The soils treated with different amounts of lead arsenate and
arsenic pentoxide contained from 130 to 550 p. p. n. of argenic. One
grass sample contained £ p. p. m. aial the others 2 p. p. m. or less
of arsenic.

T See footncte G, p. 13,
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TarLE 5.—dArsenic content of soils freated rwith tarious arsenicals and of the
latwon grass growing on them!®

Lnb&g’;tor} Arsenic a3 As in—
1 Treatment given, 1,000 square feet plots
Soil | Gross Bail Cirass
. ik P.pwm | P pm
Care0 | CIB0T | 24 pounds arsenic pantexide in 3 applientions 183536, . 210 2
378! | Cds08 | 12 pounds arsenic pentoxide {0 4 applicatlons 1935-36 [E] t
C3809 160 <.5
180 L&
140 1
C3me | Cy8i5 (. ... O v 140 4
CIih 3 | 5 pounts arsenic pentoxide in 3 applicatipns 1936, 130 L
(3783 | C381¢ | 40 pounds lead nrsenats in 4 applicationz 1933 .. 530 T
C3764 | C3811 | 40 pounds lead nrsenate in | application 1936_ ... __. S00 2
Ca77l | €816 | @ peunds arsenic pentoxide in 8 applications 1934-37. 210 2
3787 | C38i4 | Cheek pIDt.. L i e aaiaae 13 <. 8
C3v68 e nn. Check plat. nitrogen applied e . 120 e
[ 1 - . 12!-.__..___-

! Samples collected in April 1838,

Millet was grown in sand and sand-soll mixtures to determine
the effect of soil on the absorption of arsenic. The plants were
grovn in 1l-gallon glazed earthenware pots, which hold about 4.500
gm. of sand. Kirvin, a reddish soil, was used with pure swhite
sand. The data on yield and the arsenic content of plants are
given in table 6. The data show that the soil. even in relntively
smail amounts. inhibits the absorption of arsenic. The toxicity of
a given amount of arsenic is reduced by increasing amounts of soil.

TAnLE G.—Arxenic content of millel grown on sapd and RKirvin seil mirtures
confuminated with ealciam araenate

I Weight Atzenic
I.aha\l_-gtorr - of Calture medfum ns Asio
R miller * millet
i
. Gm., N N Fop.om,
BIIRZ 5.20 . Sand only 0.01 gm. arsenic pentoxide. ... . e aree as 1%
BEXRS 3.33 ¢ Sand only 0.02 gin, arzenic pentoxide e em e o]
B2TR 9.57 | Sand+Kirvin soll sufliclent to give 25 gm, colloid 0,02 gr, arsanic
' _pentogide 0 T S . 12
Ba6s 6. 18 Sand+Kirvin soil mfficient to give 25 gm, colloid 0.04 gm, arsenic
© o peatexide .. . e P : 21
BeXT6G 1,20  Sand+Kirvin s¢il suficient to glve 25 gm. colloid 0.08 gm. arseniz
Copenmoxide L L L e e e iaie i iiin s aae- ]
BINAY . fi. 57 i Sand-+-Kirvin soil sufejent te glve 50 g, cotieid 5.84 gm, nrsenic
H .oopentoxide ... .. ... L. Lo, PP 4 11
2766 381 Zund-+Kirvie seil sufficient to giva 50 gm, olloil 0.0% gm. arsenie *
pentoxide .. ... Cat et rdmmmcmaermmmamem e aian n

1 The plants for this experiment were grown by P. L. Gile.

ARSENIC IN MARINE ALGAE

Chapman g.i) analyzed a large number of shellfish and crusta-
ceans from the coastal waters of the British Isles. The arsenic
content ranged from a minimum of 2.3 p. p. m. in an oyster sample
to a maximum of 132 p. p. m. in one sample of prawns. The sex
water from which his samples were taken contained arsenic in con-
centrations ranging from 0.13 to 0.796 p. p. m. Coulson, Remington,
and Lynch (7) found that shrimp grown in certain localities con-
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tain relatively large quantities of arsenic. They found as high as
130 F p. m. of arsenie in the edible portion of shrimp, and they
concluded that there was a seasonal variation within a Focality and
that there were large variations from locality to locality. This sug-
gests a variation in the arsenic content of mariné plant life and pre-
ponderance cf certain plants in certain localities.

Five samples of marine algae were secured through the kindness
of T. (G. Thompson, director of the oceanographic laboratory of the
University of Washington. The arsenic contents of these algae are
given in table 7.

There is a marked variation in the arsenic content of the different
algae. Other plants may contain even more than these few that
were examined. Certainly this should be a fertile field for biologists
interested in marine life.

TavLE T—arsenic content of different marine alpae from Pupet Sound, Wagh.

Laboratory ATsenic
Xo. Alga y B5 As

P.p .
B26I7. | Prerggophera caiifornioa R } » 12
B2GIB_._.. Maerceystin pyrifera. . I E]
BY6S ... Aporum fimbaduym? . __ 4
B20820_. ...} Rhodemin periuss _ __ . ... _.. R . 1
BNG2_ . .. Casteria castata_ ... _. e e e e e e e ememsmmvamsmmareesma—ma} 1

GENERAL DISCUSSION

Arsenic was found in all of the soil samples examined. The
samples were widely distributed geographically and were chosen to
represent the great soil groups. Data on such soils led to the con-
clusion that arsenic is a common constituent of soils. The guantity
of arsenic found varied from a fraction of 2 part per million to about
40 p. p. m. in the normal soils.

The maximum arsenic content of the vegetation examined from
the untreated soils was 10 p. p. m., based on air-dry weight. Although
no extensive examination of plant species was made, no indications
have been found of the existencs of plants capable of high concentra-
tion of arsenie, such as have been found for selenium (32).

Soils contaminated with arsenicals contained many times as much
arsenic in the surface few inches as did the untreated normal soils.
The maximum gquantity found was 530 p. p. m.

Vegetablies grown on highly contaminated soils may contain ap-
preciably more arsepic than those grown on soils with only naturally
cecurring srsenic. For example, by calculating the values given in
table 2 for turnips and radishes fo the fresh material basis and com-
paring with the values obtained by Baker® it is found that the
turnips and radishes grown on uncontaminated soils contained 0.07
p- p- m. and 0.03 p. p. m., whereas those grown on the contaminated
soif; contained 12 p. p. m. and 2.1 p. p. m., respectively.

Large quantities of arsenicals should not be added to soils used
for the cultivation of food crops. In addition to the possibility of

' Bee foatnate G, p. 13.
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producing toxic foodstuffs, a serious reduction in yield may result.
Contamination of soils with arsenicals cectainly reduces the growth
of some plants. It bas been reported that cotton, cowpeas, whent,
barley, oats, corn, soybeans, amd sorghum were so affected (6).
Alfalfa and barley ave also seriously affected (25). A serious re-
duction in the yield of rice has been noted (7). Fleming? lists many
plants that are either killed or have their growth seriously retarded
by arsenic-contaminated secils. Reduelion in the yield dovs not al-
ways follow when the soil is contaminated, since wany kinds of plants
are not apparently affected.  An increase uf 64 percent in the growth
of rye on Cecil sandy lonm to which 750 pounds per acre of caleinm
arsenate had been added and a G-percent increase when as much as
6,000 pounds per acre had been added has been reported {5).

The differences in behavior of arsenieals with various soils is of
considerable interest and importance. Field observations and con-
trolled experiments have brought out certain pertinent facts,

It has been observed that relatively small upplications of caleium
arsenate to the acid sandy soils of the coastal plains will very seri-
cusly reduce the yield of certain erops (6). This is not the case with
the heavy clay soills in Louisiana. Here velatively large applien-
tions seem to have no effeet on such erops (/7). Duvidson and Cecil
suils, high in reactive fron. prevented relatively large applications of
caletum arsenate from being harmful (6). The examination of
Oregon orchard soils showed that practically ne arsenic from ap-
proXimately 20 vears of spraying had penetrated below the 8-inch
depth o which the soil was cultivated and mechanically mixed (79).
The authors made a similar observation in two eastern soils {iuble
4}, It s probable, however, that arsenic would be leached down
through an acid sundy soil.

Quantitutive experiments were made on the growth of millet, in
soil-sand mixtures, to which varions amounts of ecalcium arsenate
were added (/7). The quantity of arsente necessary to produce half
injury was determined for 36 different soils. Marked variations in
reduction of growth were noted and in general the reduction beeame
less as the ron oxide increased in the soil colloid.  Reduction in
growth 1s a function of the kind of seil, the amount of arsenic present,
and the kind of plant. Adl three must be taken into strict account.™

SUMMARY

A method for determining nrsenic in soils and vegetation is de-
seribed.  Arsenie 1s separated from interfering elements by distilla-
tion with hydrebroniic acid and delermined colorimetrieally by the
molybdenum blue method,

Profile samples as well as surface soils alone from varicus groat
soil groups were examined.  These sotls, representative of widely
separated areas, all contained wrsenie in quantities varying from 0.3
{o nearly 40 p. p. n

Mo footnole Gopo 08

H Rubsiajuent io I{w anbarbeiog of ihe mpneseript of this repoet (we acticlos Jeve
apprerred (8, 81 that report the reselts of giadies s the offeet of lided saletitm drsenpie
pnn crep produetion nocertibn cosatiel plidos s, Tless eeports are i Bartiony wilih
the sboave dbsenssion and in parthenles ciophasdze the fstloenen of sell clinrmeer wpen
erof growth ns afeetid by arsonbe gebdition
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Soils from Mexico were examined and their arsenic content was
found to be similar to that of soils of the United States,

The arsenic content of widely varied vegetation growing on diverse
soils was determined. Maximum values were about, 10 P- p- m. under
normal conditions. Many samples contained less than 0.1 p. p- m.
Some plants contain more than others growing on the same soil.
Also, as a rule, roots contain more than tops of plants.

No clearly defined relationship was found between arsenic content
of soils and climatic conditions or geological formations on which
the soils were developed.

Soils contaminated with arsenic may, in some cases, produce vege-
tation of higher arsenic content than that found on any natural soil.
However, in general it appears that plant growth is limited by the
presence of arsenic in soils before injurious quantities are absorbed.

A few marine algae semples were examined and the arsenic content
was found to range from 1t to 12 p. p. m.
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