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Arsenic Distribution in Soils and Its 

Presence in Certain Plants 1 
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I~TRODUCTIONCl-. 
u2l 
~or some years the Division of Soil Chemistry and Physics has 

been interested in the occurrence 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 (fJO) 2 the arsenic content of the 
soil profiles of the erosion experiment stations. From these data it 
appears that arsenic is present in definitely determjnable quantities 

... in all of the 111)l'ofiles examined. These profiles include representa
It tive soil types from 4 of the great soil groups. It seemed probable 
~ that arsenic is a normal though quite variable component of all 

i
soils. 

It seemed, therefore, of im rtance to make a· cross-section exami
n!ltio~ of a la~'f~e num~er ofsoils represe!ltative of a considerab~e 
thVerslty of SOl types m order to determme the range of arsemc 
content of soils in general, and to discover if any relation could be 
found between parent material, climatic conditions. or soil properties 
and the arsenic content. A considerable number or'the soils examined 
were those. for which detailed data are available. The circumstances 
were particularly favorable for such examination because the method~ 
used for the selenium investigations (1,2,3,25) involve the quantit:1
tive isolation of the arsenic ill the filtrate from the Eelenium precipi

1 RecPi\"ed for publication January 11, 1940. 
• Italle uumbers in parentheses refer to Literature Cited, p. 19. 
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tation. The determination of the arsenic in the samples was therefore 
relatiyely easy. (See section 011 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 knowil arsenic content and in particular whether 
any plants of generid occurrence possess the property of arsenic con
f'~ntration. such as is shown by numerous J)lants for selenium. A 
fairlY large number of plant si)ecies growillg on the soils analyzed 
weI'", examined for arsenic. 

These considerations haye an added interest since arsenicals are 
used so extensiyely 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 added arsenic com
pounds. In addition to samples examined for the specific purposes A 

mentioned. it few miscellaneous analyses were made becallst' of points 
of special interest. and the results are included in the data reported. 

The term arsenic as used thronghout this bulletin reft'rs to the 
el.?ment ..::\.s. The mlues published by other workers haye been recal
culated to this basis for ease of comparison. 

RESL\IE OF PREYIOCS 'YORK 

Although t}lis n'sume of thC' ,I!teraturr is hy 110 means completr it 
includes the more important prrtinent articlrs in thi:, fkld. 

Hradden (1~) examined virgin soils of Kansas and Colorado and 
found that the arsenic <:ontrnt rang-eel from 1.;3 to 2.5 p. p. n1. (part,; 
per million). The parent materials of the soils contailled from 2 
to 7.5 p. p. m. of arsenic. The arsenic in thr soils wa;:; found to be 
slig-ht ly soluble. Alfalftt and saltbush (Atriple;i.' con/el'tifol iff (Torr. 
and Frem.) S. \Vats.) growing on these soils contained small amounts 
of arsrnic. Heaclden also examined samples of the surfacr few 
inches of soils from orchards that had bet'n sprayed ·,yith arsenicals. 
The total amount of arsenic prrsent rllllf!ed from 13 to 69 p. p. m. 
and the 'Yater-soluble arsenic from 0.:1.) t'l 0.70 p. p. m. Apples from 
widely separated portions of the l:nited States were carefully parrd 
and cored for analysis. and :found to contain arsenic. The maXlIl1Um 
content found was'V! p. p. m. 

Zuccari (2(J) analyzed 20 soils of Italy. and found the arsenic 
content ranged from 2 to 60 p. p. m. The soIl samples W('rr ('ollected 
at yarious elevations on c1iffrrent g('ological formations alld at Yari
ous depths. The soils diffrl'('d in physica'! and chemical eharacter. 
The arsenic content 'nlS found to nll'V with the iron content of the 
soils. . 

F;oils from diffrl'rnt parts of ArrfTentina were rxaminec1 for arsenic 
by Reichert and Trelles (18). AI ('xc-ept 1 of the 20 soils examinr(/ 
"~ere found to contain arsenic, the amount ranging from 1 to 22 
p. p. 	m. 

Greaves (if!) reports the analysis for total and wa!£>r-soluble 
arsenic of :~8 orchard ,:oils, collected over the 'vestern portion of 
the United StateR. The total arsenic ranged from 5 to 10-2 p. p. m. 
and the water-soluble arsenic varied ~reatly and many soih; having 
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a .low total arsenic content O"tlve higher water-soluble arsenic values 
than samples with high totai content. For example, soils containing 
5, 9, and 11 p. p. 111. of arsenic had ap~roximately 3 p. p. m. of 
water-soluble arsenic, and samples containmg 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 for.m in which arsenic v·ms applied to the soil are the fac
tors governing arsenic solubility. 

The cause of unproducti,-eness of certuin soils in the Yah.-ima 
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 }'ears 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 
tIle soluble .arsenic wns 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 Hatch (15). The native arsenic content of orchard soils 
was found to 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 8 inches. For example~ a clay adobe that contained 
HI p. p. m. in the surface 8 inches contained but 19 p. p. m. in 
the next 8 inches. A silt loam contllined 61 p. p. m. and 7.6 p. p. m. 
in the same respecti\-e depths. The average content of carefully 
pared and cored apples from 10 orchards that were never sprayed 
"-as 0.006 p. F..m., whereas similarly treated samples from 13 spra}<ed 
orchards cont.:';TIC'd 0.03 p. p. m. 

Cooper and as!'ociates (6) found that the productiYity of ~otne 
soils was diminished when c:alcilUn arsenate had been used in cotton 
boll weevil control. In fact, on some soil types there was a marked 
reduction in the yield of certain crops. The red soils, which are 
high in iron oxide, seem to be much more tolerant of additions of 
calcium arsenate than gray soils. Light applications of calcium 
arsenate often stimulate the l!rowth of certain crops on DaYl(l'lon 
clay loam. Similar applications on the Durham soil proved toxic. 

Calcium arsenate llsed in the dusting of cotton was found by 
Reed and Sturgis (17) to have a toxic effect on sncceedu'g crops 
of irrigated rice in certain soils of southwestern LouiSiana. The 
rice either gave "ery low yields or blighted completely. 111e yield 
and quality of the straw were not harmfully affected. but the rice 
beads were empty and unfit for milling. Rice on Crowley very 
fine sandy loam was seriollsly affeetecl by the application of 50 
pounds per a("re of calcium arsenate, a1tllOugh on Crowley silty 
day loam 150 pounds per acre was not injurious. Less total arsenie 
was found in :;11e soils at the conclusion of the test than was present 
at the beginning. An I\D':llysis of the rice heads and straw showed 
that the loss could n" be accounted for by crop removal. It is 
suggested that the arsenic "vas reduced to arsine. 
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Thorn and Raper (21) have found fungi that are common in 
soils, that will produce arsenical gases from arsenic compounds. 

Nitrifying, ammonifying, and nitrogen-fixins- soil bacteria are said 
by Greaves to be stimulated by the additIon of arsenic (13). 
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 propel' aeration is maintained the activity never goes below that 
of the untreated soil. 

Gile (11) has investigated the availability of arsenic added, as 
calcium tlrscnate, to sand and soil mixtures as measured by the 
effect on the growth of millet (Setaria italica (L.) Beanv.). He 
found marked variation of availability with different soils and in 
general that unavailability increased with the iron oxide content 
of the soil colloid. 

METHODS OF EXAl\UXATIOX 

The methods employed for the determination of arsenic in the 
minute amounts founc1 are essentially those suggested by Robinson, 
Dudley. Williams, and Byers (19). 

The 'arsenic was removed from the soil bv distillation. Fiftv 
grams of air-dry soil that had passed a 2-mm. mesh sieve wer"e 
placed in the distilling flask (see fig. 1.). To the contents of the 
flask 100 m!. of 4S-percent hydrobromic acid containing 2 to 3 
ml. of bromine was added slowly and with constant shaking. After 

FIGL"'RE l.-Appnratus employed in the distillation 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 sufficient 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 collected. 

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 expelling 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 w'ith distilled water and aO'ain evapo
rated to dryness. The sample was dissolved in water and was trans
ferred to a 100-ml. volumetric flask and made up to volume. 

A suitable aliquot was taken and the arsenic estimated by a method 
described by Truog and l\Ieyer (BE). 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 
aliquot in a 50-mI. fiask2 ml. of ammonium molybdate rea(!ent were 
added 3; the aliquot was maae up to volume and mixed thorOJ.l(!hly. 
Exactly 3 drops of the stannous chloride solution ~ were added~and 
the solution was again mixed thoroughly and allowed to stand 10 
minutes. The color deYeloped was compared in a suitable col
orimeter with the color of a standard arsenic solution 5 similarly 
treated and of approximately the same color intensity. Standards 
must be prepared with each set of samples, as the blue color deyeloped 
is not permanent. 

'When selenium is determined in the distillate, the filtrate is used 
for arsenic. The filtrate was heated in the manner described for the 
distillate, except that it was necessary to neutralize (phenolphthalein 
indicator) with sodium hydroxide the small amo~mt of sulfuric acid 
remaining after the evaporation of the excess nitric acid. 

The yegetation samples were prepared for distillation by a method 
used for selenium (;24-). The air-dried vegetation was ground in n, 
Wiley mill to pass a 2-mm. mesh sieve ann thoroughly mixed. Ten 
grams of the sample were stirred into a mixture of 50 m1. of sulfuric 
acid (specific gravity 1.84) and 100 m1. of arsenic-free nitric acid (spe
cific gravity 1.42) in a 600-m1. Pyrex beaker. The mixture was stirred 
"ith a thermometer until i.t became homogenous. After the violence 
of the reaction was spent, the mixture was warmed on the hot plate 
to a temperature not to exceed 1200 C. until all evolution of nitrogen 
peroxide had ceased. The end of the operation was marked also by 
an incipient carbonization of the mixture, which was then cooled and 
transferred to the distilling flask. The beaker was rinsed with 100 m!. 
of hydrobromic acid containing 1 m1. of bromine, then with 30 ml. of 

3Dissol,e 25 Jml. of ammonium molybdate in 200 ml. of water heated to not more 
tban 60' C. Dilute 280 rul. of arsenic and pbosphorus·frpe sUlfurk acid to 800 rul. 
After botb solutions are cool add the molybdnt(' to the ncill solution. slowly wltb stirring.
nnd wben cool made up to exactly 1,000 ml. with water. 

• Dissolve 2.5 gm. of stannous chloride (SnCI •. H.O) in 100 ml. of dilute hydrochloric
acid (1: 10). Preserve undpr white minerai uil, 

o Weigb out 0.767 gm. of dry arsenic pentoxide and dlasol,e In water. ~fake up to 
500 ml. This solution contains 1.0 mg. of arsenic per mlllillter. Working BtnnuardB of 
0,1 mg. and 0.01 mg. per mllllliter are prepared by dilution. 
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distilled water. A distillate of 50 to 60 ml. was collected, chilled, and 
filtered through an asbestos 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 
soils (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, a 
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 SUI'YCY or by members of 
the Division of Soil Chemistry and Physics. The samples were col
lected for various purposes, but 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 serics and class name. (soil type) are gin>n wl1Pre definitely 
known. "Then samples were collected in !lreaS not yet surveyed for 
this information. or where for any othcr reason the series names are 
unknown, only the ;.;oil class llame~i!:i given. 

EXPERnIE);,TAL nESCLTS 

ARSE~IC COXTENT OF SOILS AXO YEGETATIOX 

The study of the arsenic content of soils was designed to include 
widely divei'gent soil types. The samples lIsed were for the most part, 
profile samples. The great soil groups selTed as a general guide in 
their selection. Occasionally samples of soil parent rock were anlil
able. For the sake of completeness the data on llrsenic from lTnitecl 
States Department of Agriculture Tl'chnieal Bulletin 552 (,?O) are 
included with those obtained by the authors. Thev are indicated by 
asterisks in tnble 1. The data'in table 1 ({)IH'ern 011ly soil relations. 

TABU: l.-AI"~(,lIi(' ('olltrllt Of 1'(/rio/(,~ ,Willi alld r('/ateri m(/teri(/l,~ 

PO DZOLIC sorr,s 

LaboratoryKind or mat('ria I Location 
.\'0.1 

._------ -_._--_...., ---
Inche.• P.II. Itl. 

t 
llrassna sandy loam ............_i Xortll Groton, .\'. II .. rmC143>! 

<.'1439 •. 
('1440. 

5 
[) 
3 
I 

- 0 
·3 
-I 
- 9 

0.1 
.3 

:I 
2 

CHH 
I C 1442 

g -19 
10+ 

~.·I 
;, 

Kalknska loamy snn(L ...... . Knlkaskn ('ount;·, :-'!Ich r3187 
: C31~'\ • 

.' ('31S9 

· ~:5:::? 

[) - 2 
2 - 1\ 

" ·14 
H • .0 
~>Q -18 

1 
~5 

t'J
1 ., 
.4 

I .\'umbers indicated by asterisks arc reported in Technical nullctin 5,';2 (!1). 
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TABLE 1.-Ar.~ellic e(}1Itent of varior/s soils ana related mafer;1I18-Coutiuued 

DROWN PODZOLIO SOILS 

! Arsenic 
Kind of material Depth contentLocation Laboratory'!

No. as As 

Illche. P.p.m.
C585.-.-..I o - 2 1.4 

2 - 3 1.1
Gloucester saDdy loam. ________ __ Norfolk County, Mass____________ 	 g~:::: ::1' 3 -15 1.0 

0588•• _... Iii -30 .S 
0580..... au -10 .2I

------------------~I~_--_----------------~------~.--,----~-----
GRAY-DIWWN PODZOLIO SOILS 

\ 	 {10341.. ...:r-;) -l}~r~'-;-
.... 11 • 'It 10 1 Fal'rm UDt I d 	 10342~~_. -~ 2* 0 I 6 .. amlSl am..... _..........._. 0, D -------------- ..... 	10343...... 11J+-23H , 14 

10344.. .... 2iH-IS 9 
C3lH..... 0 - 2 4I 
j

, C3175... __ 2 - 8 5 
C3176 .... 8 -13 8 

Russell silt Ioam_ ......__..._.... Morgan COUDty, Ind.________..___ 	 C31~7••••. 13 -23 11 
C31/S..... 23 -36 11 
C3179..... 36 -55 II 
C3IBO..... 55+ 10 
OB07...... \\ -2 4 
0808__ .... 2 -u 4 

Frederick silt loam ______________ • Fairfield. Va.._..___ •_______..._.. 0809..... _ II -16 S 
CSIO...... 16 -36 21 
OSIL ••• 36 -56+ 25 
OW7IA... 0 - 2 4 

Obester Ioam __•__................ Rocb'iJIc. Md -..-......---..... glg!~.. ·· l~ =A~ ~ 
{
~~~~·.:: I a~:r~ ~ 

I
"1036a. ' ...1 8 -20 i

CIiDton silt loam_ ................	: La ('rosse, WIs.........._.....__ .. "103114 . 2() -:12 5 
I "IO:lt\5 . 32 -14 5Ii 	 "1036IL '1 44 -/;;i 5 
l 	 I"B407..... 0 - 7 10
: "n408.... 8 -13 Hi 

MuskiDgUm silt loam (iithosol of , ZaDesville, Oblo .............._.... "B409.. ", 14 -24 10 
Gray·Brown Podzolic region). ·B41O... . 25 -16 4 

·n411.. t 47 -;2 2 
I 

-----------~.. -..~..-------------'----------'-----
RED AXD YELLOW PODZOLIC SO[LS 

....,..··1-~~--..-......-·~- -.-----~ -...---
C823.. l- 9 I 3 

. 0824 9-14 i 5Appling sandy loam (yellOw) ..... :, Elhert ('OUDty, Oa .........___.... 	C,82Ii:: 14-28 I 12

{ 

. 	 CS26, . 28-1;0+: 4 
C2tJ.I ()-12 I 1.3 

Norfolk fine saDtiy loam (yt-llnw) ; Wayne County, N. 0 0295 1~-34 6 
i ............ {0200. : :\&·BO 5 
i {'Oil;; . ()- 6 • 6 

Cecil saDdy cia;' loam (red). __ •.. : StateSVille, N. C.. ................ 	"69i8" .. &-32, 9
I',' 	 I
di?J3.:.: 3t(~ ~ C12II,. ... 2-12 4 

Maury silt loam (red) ............ ; :'o[aury COUDty. Tenn••___••• __ ••_ 	gg~.: .. ' ~~3 :~ 

C; 132 ., 4!Hjl) S 
CI3:I.... liO-OO t 7 

:~gg . It~; ~ 
Kin'iD fine sand;' loam (red) ..... Tyler, Tex..........._••••__ ...... 	:~~. __ ~1=~,:\ I 


'0082 1>1-7.5 5 
'947> I 0- 8 I 17 
'9476 .: f 8-18 21 

Naco~doebcs flne sandy loam t.....do...............__....._...... '\1477 . . 18-10; 13 
(red). I [ '94i8 ... J 49-lifl I II 

1 '9479 i Gll-i2 \ 8 

I
---------------------" 
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TAnLE 1.-I1:rSt'l1'ie eOlltt'nt of various soils mId "clated materi(/ls-Continued 
PRAIRIE SOILS 

; 

10082 •••.. 0-3 S 
10083._. __ • :-13 7 

13-22 9Carrington loam Buchanan County, Iowa._ .• ,_,__ 	 :~:::::: 2'l-43 11 
10086.•••.. 43-iO 8 
l008i .•.••. io-8-I 6 
'Bi36.• " . (l-13 11 

13-24 11 

1 
Marshall silt loam ••••• _____ ••_. __ Clarindat IOwB....__________ .. _____ 	 :~lli_ :::. 

{ 24-15 11 
·Bi39..... 4&-il 10 

0-7 i:~~~~ :::: 8-12 11 
Shelby silt loam•.•___ •__________• Bethany, Mo _________ . ________ •• 	 :~::::: 12-20 1l 

20-24 13 
'6801 ...•. 2+-18 10l 60-8-1 i 

{:=~:::: 0-3 6 
Temple, Te:t____________________ •• :::~.....• 14-20 5Houston black clay (RenrlziM,_. 24-36 6 

! ·rooo~ .. -.,~·i 3f,..50 

CHERNOZEM SOILS 

ilS0S8 0 -2 2
.• ' f 81189......• 2 - 6H 1.5 

••..1 8090.• 6*16 5'·i11mare silt 10llm (Phnosol 0' .-I.rlams County, Nebr.•••_._ _•. "1 42 -00 6 
S094·· .. •..1 60 -84

Chernozem regionl. 	 S093.•• _ -

8095•.••• 84 -96 5 
0 -10 i:::5: .::: 10 -20 6 

20 -3-1 9Hays silt loam ••• _ •••••••••.•• '_'_1' Hays, Kans._•.•.. _.••.••_•• _••••_ :::; . ::l 3:1 -Ii 9 
'68-16 .•.•__1 47 -00 8 

60 -i2 8 

l
1::lL::::l 0 -20 4 

'80iO .... I 20 -33 3 •. j 
Palouse silt loam·______ · ___·_·___ Pullman, Wash_.___________ ••••••: :~~t:.: :'.' 33 -62 6 

62 -75 4.5 
1I 1 '80i3. __ .•• 75 -84 4.6 

CHESTNUT SOILS 

, I 
Canyon c!IIY loam ................ I 	 {BI6liS .... , o -12 38 

Sbale __ ..........._. • . (LOgan County, Kans............ __ BI61i6.• _ .. 42 

9
Do._••••..••••_._............ 
 {il!tH::::'I' g - 6 II 8 

10 
-18 13-12 

Clay loam........_._••_......... ...do ....-.-.-.--••. -.- •• - •• - •••. 	 ~~~~~L:: l~ _°4 20 
BI6183... 24+1 27 

no I 41Smoky Hill chalk. ..... . • .. -- dn. ·-·--·-----·----··-··---·-l~~~~~::::: II o - IH 6 

Phillips sRnd~' loam (t;olonetz or } 87~~...... . 4 - 9 S 
chestnut region), ;\I61t6, ;\[ont··_·_·___ ·····_·· __ .. _1 8!o.... "". D -19 9 

19 -36 S . 	 I ~7~::·::·: 36 -56 9 
Dark-gray clay contnining "yp.. 6 mnes south or Ingomar, ;\[ont .. l 821212.• {) - 6 10 

Sllm. I
'6718 .... 11 - 3 3 

Vernon line sandy loam (reddl~h} h . ·6719 ..... ., 3 -10 4 
chestnut (shallow)). Gut ne, Okla .----------- ..------.1 ·6720...... 10-27 7{

1 i -6i2L __ *._1 27-58 6 
Clay•• ____ ............ . . } {BZI347.... ! () - 3 3 

Do .. _...... _... _._ ....... ' Bi"horn;\[ t B21349___.! 3 - 6 2 

Bentonitic shalt·. ___ ........ • _ • ,. on "'--'''-'--'-''--'' B21350.... 6 -18 2 

Shale..... _•• _••. _............... , B21351.... 18-30 3 

Cla}·••• _...... _............ l Fort Peck, Mont..••• _____..___... {C3!56 t ........I


57
.. ·• 12 

C3I . ~ •• , ... _ ~ .... ~ 11 
BI4661 "'1 () - 8 

8
Pierre clay......- ••••• --..... - ••.• ' Dawes County, Xebr••-----------	 ~tm~': ':1 I~ _:\1; .{ 9 

, B14665•••• ; 20 -30 9I 
8 

10Pic~olol~m-(LithOOO!'Cail,i:';ui):'I' ~~g.'ikrn;~~~l~'.~ic:fi~rn~"Biiitc:·8:'1 ~~: :::::; ~ :1~ 8 
humid) or Chestnut, Brow!! Dak. 	 i' I 
and Desert soU region). , I 

p,icrrc shale._ .................... I"iobrar" County, Wyo•• ___ .••••J{BI531.,6.... () - 6 I 28 
I lerre cillY loam...... _.........._ J 	 j BI5358__ ._, 0 - 6 ! 2:l 


, 
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TABLE 1.-Arscnic content of variOtl8 soils und "elated ma·te,.iI11.~-(' Intinued 

BROWN SOILS 

Arsenic 
}(ind of material Location Depth content'l~oorn~::YINo. as As 

-----------------------1· ··---,'----1--
!BI951O.. I Incht.! P.p.",. 


Heln-y silt loam ..•............. li 0 -6 ~ 


Gritty clay loam................. . ; BIIl51!. •. ! 1\ -12 6 

Stiff clay loam ........ , •.••••••. , Sec. 2:1. 1'. 18 5 •• R. 51 ""•• Kiowa IBI951!! ... . 12 -24 6 

Clay loam. . .............. ·.·1j County, Colo. B19513 "'\ 
 24 -36 1\ 
Silt loam.. .• ..... .•..• ........ I B 19514.. ,. 36 -48 6 
Sandy loam, ..." ••••...••..••. I I B 19515 . 48 -n 4 
Gritty clay loam.......•.•..•.. "} I{B19526 ••. 0 -6 7 
!;; Do .... '............... .j Sec. 6, 1'.19 E,., R. 51 W., Kiowa \ BI9527.... ,. 6 -12 1\ 
~i1ty clay loam..... .••.•••••.. ; County Colo BI9528.... \ 12 -24 8 
SbalyclayJoam, ........... , ' ,. • BI9529... I 24 -36 12 
ApishapashaJe ............ . 'I ' B195.'lO ... 36 -48 11 
Silt loam on Niobrara (ormalion i Sec. 6, 1'. 20 S., R. 51 W., Kiowa : BI954~ .... '\ 0 -8 10 

County, Colo. I 
Shaly soil ........... )

'}"car P cblo Col {B211H ... : -6 50 
Shale rich in I'ypsum........... "1 ., u , 0........ 	 lD2114S....1 72 7 


~IOUN1'.UN SOILS OF NOH1'HEAS1' WASHINGTON 

Loam.................."...... :I.. AustinJo~nf8rm.3m;;:outh)II{~\i~L·----tl~ lJ 

i eastol:'<orthport, Wash. BI8034., 18-36, 5 

Sandy loam.................. 1'rt>!'l?etti farm, Northport an'a, [.{R:r.t~:.:.. :t:l~ I ~
""'f 

"usn. 	 ! BI8OS.5.- •. ; 18-361 4 
_~____l__,. _____._______ 

::OILii OF 'rSE PACIFIC VALLEY 

------------:------~- ..-.'------~!- ...--:-- ..... 
6'{f"I14. . 0-10 !~ra"'"eJl cia)' adob(' . ...... Napa area, Calif .... . ... _....	: C115. ' 10-;l4 6 

: C 116. .. 3-1-72 9 
_________ '____._~. __'____ ._1________. _____ , 

ALI.UVIAL SOILS 

·--1{~11~f.-3; .. ,.- 0- 6i 
Yazoo \"cryfineSIIOd)' "'am. 	 I St. Jamp$ Parish,. Ln~ ~ ~ \, tf-. ll)-!!'-\ ~ .. 

! I CI924 .. 48-80 : '1 
I i{C2106 . . 0- 6 i i 

Sharl<ey silty cIa)·............ .; Terrebonne Parish, Ln.... .... .. ('2107 ,~ 10-24 . 9 


____________-'-I____.. __,_..._._____L~~~_·'_'__' __ ~~. 5 

f.ATERITES 

i 	 980-1 O-!O 4 
9so.:; 10- 25 . 5 
9B011 3Columbianaclay ................. : Costa men................... . 
 .9807 40- 90 1I ~4°1 r 

i 9808 92-104 A 
; £1809 104-124 .3 

0- 5, 3 
1l4(~fl 0{5- 151 

, 941l'.' /,,.. 50 1Nipcclay........._.............. ~ray,",ue7., 1'. R .••••••••• ' . 
 .... 9468 .3 
9469 12 feet! .3 

·1 5 feet 1 
J3 feet I_I~~~U 	

.3 

http:IOUN1'.UN
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TABLE 1.-A.r,~cn,ic cOlltcnt of 17UI'ialis soils a11d related· lIla·tel'ials-COutiulled 

RED DESERT SOILS 

D~pth I~~i:~~Kind at material Location LabofRtory
No. tiS AsI------------i-------------·--------- -

[llch.. i 1'. p. 111. 
surfacemantle._._ •._.... __ ...... ) ('339.1 .. _ 0-3 4 

00 .•• __ .................. _ . C3396. 3-121 3 
Compact clayp"n. pillar~d by C3397 .• 12-241 9 

Iim~. MoJa\'e Desert (from an alluvial 
Brittle hardpan. moderately ~". ftln). ('3398 24-30 • 6 

mentect. I.Do . __ . ____ ... __ . . • ('3.11J9 _ 30-361 4Chorizon_ ........ _ • . . . C3400.. 30-56 . :I 

0- 2 ! 3

Surfac<) muntlc. 1 !C3419C1aypun. upper. solid. .. . ('3420 2- 5 9 
ClayplUl, central, pillared .. ('3421 .. iHI 11 
C1aypan, lower. (!ritty .. Mojuve Desert (from granite) ('342'2. 11-14 7 
Rotten rock. colored pinkish ('3123 14-34 6 

brown. I 
Rotten rock, uncolored ..... '''1 I C3124 44-50 3 

-~--~----------

Till' data ill table 1 reveal that all the soils examined contained 
arsenic. It is beliewd that all of thest' soil~ are freE' trom allY 
added arsenic through the use of arsenical insecticides. The quantity 
of nr:;enic varies between rather wide limits. The minimum amuunt 
found in soil was 0.3 p. p. Ill, and the maximum 38 p, p, m. The 
black forest mull C1437 011 BrassLla sandy loam. which contained 
0.1 p. p. m" is not considereu a part of the soil. Samples B1618-l: and 
BIG176 which contained 41 and -t~ p, p, nl., respectively, nre shales 
not yet weathered slIfficil'ntly to be called. soil. .\.bout 30 percent 
of tIlE'. samples contain less than:) p. p. m.: about 50 percent contain 
5 to 10 p. p. m., and about 20 percent more than 10 p. p. m. 

There is no uniiol'lllity ill the distribution within the profiles 
exalll1ned. The data in tabIl' 1 are arranged by great soil groups, 
which are d£'t('rmined l)l'esllmnbIy by climatic conllitiolls, eSl)eciaIly 
by temperature and precipitation. There is no obserYllblp relation
ship between climatic conditions and the ursenic content of the 
representatiws of these gronps. Likewise. tl1(>re is no clparly d('fineu 
systel1latic relation betwepn the arsenic content of the soils and the 
geological formations from which the soils are developed. In gen
eral, san'ely soils and soils of high sili('on-sesql1ioxide ratio in humid 
areas are relatiYcly low in arsellic. Soils of the subhumid and ul'id 
I'e~iOJs are highet" ill arsenic. This relationship is not sufficiently 
derined to be more than a trend. 

Samples of the vew·tat ion growing on some of the soils were 
seeUl'ed for analysis, Only a portion of these data are presented. 
The samples chosen as representative of the native and cultivated 
vegetation examined are given in tabIp 2. 



11 ARSENIC DISTRIBUTION IN SOILS 

TABLF. 2.-The a'rscnic cOl/tent of soils and 1-'Cgetation 

IArsenic as .4.s in-

Material lind soil depth Location Lab~~.tol·YI---~----

Chester clay loam, 0-8 inches ............ j
Chester clay loalll, 8-12 inches..... , ..... . 
Beets, tops.. ..........._.............. "'1
Beets, roots ...................__ ......... 

l~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~::I 
Peanuts, tops.••____...._. __• __ ._••__ •••.1 

Peanuts, nuts .•.. __ .......... __ •__ .......j

Rutahagas, tops .........____............. j 


gF£m~:~~~~:~:~~~~~~~~L:1 F". Cboreb. V._ ----
Sweet corn, tassel5.. .............__ ...... i 

Sweet corn, JOO\·cs...__ ...................( 

S~'l'Ct corn, grain .......... __............. 

L!ma heans, ICln'CS ......__ ._...__ .....1 

Luna heans, beaIlS........_. __........ .. 

Popcorn, grain .._... ___......... [

Hamburg parsi~y, lem·cs...... __ ........ . 

Hamburg parsley, roots .... ____......... . 

Potatoes. tubers.. .. ....... ____...... 

Celcry,leaYcs . . .• ____.... __ ... . 

Celery, stalks. .. ............. I 

Oreen heans. tops ..........__ .......... 

Oreen beans, seeds and pods ............ . 

Carrington 108m, 0-8 inches ......._...... . 

Carrots, tops . . ............. 

Cllrrots, roots.. . .................. . 

Horseradish, tOllS.................... . 

Horseradish. roots ....................... . 

Parsnips, tops ........................ . 

Parsnips, roots ....................... . 

Cabhage, tops ........................ . 

Cahbage, roots......................... . 

Beets, roots ...... ~ ...................... . 

String henns. tops....................... . 

String beans. roots .... ~ ............. 

Radisbes, sCl'ds and pons........... .. 

Radishes. roots............... ....... .. 


!~~t~t~·~~:~~~~~~~~~~~~m~t~~~i~~: 

Tomato. green rrult. .................... . 

Rhubarb. edible portion ............... .. 

Rell clover, sample A tops~... ....... ~ 

Red clover, sllmple B tops .. . .... . 

Red clover, samples A and B roots. ...• 

Onions, root... .. 

Potato, tuber.... ... ................ 

ADDles, fruit.. "'" .................... ~ 

Tenmarqwbeat.grain .. __ ............... 


Do..................._............... 

Do................................... 


Blackhull kafir, grain. ................... 


Buchanan County, Iowa I .• 

lIis County. Kans.'. . 

I Soil 

P.p.m.
B24965.... a 

B24!l66,. .• 5 

B24953............. . 


B249i5:::: :::::::::: 

B249SC:: :::::::::: 

~~:::::::~::: 

B249vO.::: .::::::::: 

D24962 . 

D24!l63•. 


:B2400t ......... . 

1124967............ .. 


D24!l68. 

B2·1934. 

13Z1935 

B2.1930 '\' 
D2493i. 

"1 
D24939. ·:1

·'1
i124910 
B2~!Hl 

B2~9-\2 

B24!H3 

BZ4!i4.1 
ll24!H5 

lD24(1.11l .
B2:,oo2 ......... 1 

nZii064 ........ , 

nZiiOOIl 

B2f.()f,1 


~!g~,i:~·~~·inches::~:::::::=::::::: }oo\'c County, Kans ..... {!~1i~..... :.:~~ 

Yellow·hrown SlIt loam, 0-8Inche5....... DZH20.... 7 

Wheat, In'Illn .... . . .............. {B23-I21 .............. 

Brownish·~eilow clay... . ............. }Oraham County, Kans...... ~23-149 _.. 10 

Wheat,gram •..• .. . .............. 823-1.10 ............ . 

BrownclByloam, o-S inches.............. ) jB23-U2. 8,

Barley,grain.............. .............. B23-113...1 

Brown loam, 6-Sinches........ .......... Logan County Kans BZHJ4.... 5 

Barley,grain............................ ' , ........ B23-1I5... "'5'" 

BroV'Il silt loam, 0-10 inches ..............I BZl399 ... 

Wheat, grain ..................... __...... B23400.. 


Vegeta·
tlon 

P. p. 711. 

0._ 
1.3 
1 

.7 


o 
1 

.1 

.3 

.3 

.8 


o 
.2 

.4 

.S 

.1 


o 
..! 

o 
.4 

.1 

.1 

.3 

.2 

.1 

.6 

.2 

.4 


..· .. ·i·· 
.1 


o 
.4 


o 
.2 

.1 


2 

.1 

.2 


1.5 

.3 

.5 


2 

.3 


10 

.3 


<.1
.2 


<.1 
1 

5 

.3 

.2


<.1 
.1 

.2 

.3 

.3 

.2 


2.7 

.1 


.2 


• t 

"0" 

~. ii' 

.1 


1 These samples were analyzed as received because dewmp05lt1on had slB.rted 1n some portions or the 
samples. so that drying was not reasible. No decomposed mater.lal was used rvr analyses . 

• For local soil analyses, see snmples 6842-6G4i, table 1, p. 8. 

http:823-1.10
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TA.BLE 2.-Tlw ar8enio r:olltfmt of 80ils and vcgcta·tioll-Continued 

Barley, grain........ ..................... WaUace County, Kans...... B23400.... .......... .1 


Arsenic as As In-

Material and soli depth Locntlon Laboratoryi---.--- 
NOa 

Soli Vegeta·
tlon 

Gray·brown slit loam, G-Slnehes ......... 1 
Wheat, grain...... ....................... 

jB23407.... p. p. mS .:".~:.~'. 
B23408.... .......... 0 

Brown loam, o-a Inches.................. B23410.... 4 .......... 

Wheat, grain............................. B234I.1.... .......... .1 

Clllyloam,Nlobrnratormation,lHllncbes. BI6702.... 36 ........ .. 

Side-oats gJ:uma.......................... BI6703.... ... ...... 2 

.A8traga/U.!I buu/catm................... BI6704.......=...... 2 

Russlan·thistle........................... BI6705.... .......... 1 


t~r.r~~~~~.~.~~==========:====:======: Gove County, Kans .......__ ~1~~~=:== =========: ~ 

Ironweed................................. BI6iOS.... .......... 1 

Sunllower................................ Blfl70Sa._. .......... 2 


~~i;.ee:P.-::::::=:::=:::::::==:=:==:::::: ~lmg:==: ======:::: ~ 
Gritty clay loam, IHl inches ............. BI9526.... 7 ......... . 

Bluograma............... .............. BI053!.... .......... <I 

Russiall.thistle...........................1 BI9532.... .......... <I 

Scarlet mallow .......................... I BI95.'13.... .......... I 


~~~~~~~~.-:::::==::=::====::::===::=::: ~l~~:=:: :::=:::::: ~:
Stanltua pinnata......................... Kiowa County, Colo ........ BI95.17.... .......... <I 

Cocklebur................................ BI\l.5.'13.... .......... <1 

Spurge.................................... BI9539.... .......... <1 

'l'urpentineweed......................... B1954L... .......... <1 

A pl0p"WU3!remrmtiL................... BI95U.... .......... 1 

A.traoaIU.!l1l<clinatu8. ......... ........... B 19543.... .......... 1 

YeUow.browlI silt loam. (}-II inches.•••••. } 11B21519.... 5 .......... 

ABtragalu"pe<linat"8, sceds.. ......... B21520 .......... 1 

A.tragalus pectinatuB, roots .............. I B21523 ........" <I 

Yellow·brown clay loam. (}-II inches... Iretoll County, Mont.. ••• __ i B21570.... 5 ......... . 

•·htragaillB pedillatU.!l................... B21571.... .......... 1 

Yellow·brown clay, !J-Slnehcs............ I Tl21596.... S ....... .. 

• -lstragalu3 prdinatu3. .......... ........ _ . ; B2159i.... .......... <1 


3 .Io'or analysIs of the complete profile. see samples B1952f1-ll 19530, table I, p_ 9 

The !m:;enie content. is calculfi;ted on the air-dry basis for thl' 
snmples giv('n in table 2. The vegetable samples from Fans CIllU:ch, 
Va., were. collected and analyzed at once, the moisture content bemg 
determined on anothel- sample. By dividing the arsenic content of 
the Tegetablps by 10 an approximate value for the fresh IDuterilli 
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 llYe1'llge 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 wgetation grown on soil of relit· 
tiwly high arsenic content and on several soils of average content. 
In 1)0 case did the arsenic content of the vegetation exceed 10 p. p. m. 
and the highest content of the vegetn.bles was 1.3 p. p. m. in the 
roots of the beets. The data obtained for the Chester and CaITin~ton 
loams are similar. Carrington soil on which they grew contamed 
7 p. p. m. of arsenic in the first 6 inches and waS located a haH mile 
from the profile samples 10082-10087 given in table 1. 

The samples of grain examined ,'ere grown on soils of average 
arsenic content. The amount of IllJenic found in the grllin was 
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 
arsenic. 

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

TABLE S.-Arsenic content of Mea:ican soils ana of vegetation growing on them 

Arsenic 88 As In-
Laboratory \---,--- :Materlal and soli depth Location No. Vegeta·Soil 

l
tlon 

P .. p. m.! P.p. m. 
Dark·gray clay loam, 0-8 inches •••••••••. } {B20887__•• 40 ......... . 

Black claY, 0-10 Inches................... Sona'a ranch Ir p t B20896.... 
 j".
DarkgraY!sh.brownclay,IO-23inches.... J ,a un 0 ...... B20897.... i :.::.:::::IFine sandy loam, 23-28mches ............1 B20898.... 9 .......... 

Dark stifI clay, 28-35 inChes..............,] .... 7 I...·····..
B20899
Black stiff clay, 35-55 inches.............. ' B20900.... II I........ .. 
Black stifI clay, 55-97 Inches.............. B?090L... 9 .......... 
Light·graystifIciay,97inches-l2feet..... r.i mile south of Irapuato .... B20002.... 2 \ • 
Dark·red smooth clay, 12-18 reeL....... B20003.... 5 I::.::::::: 
Manure and soil from barnyard.......... B20904.... 3 1.......... 
Fine sandy loam, 0-8 inches. __ ......_.... B20005.... 10 '.. __.... .. 
Sweetclo"er.............................. j jB20007.............. , <I 
Immature whe.at hea~s ~nd Jea"es........ Garrida ranch. Irapuato..... B209IL ... __....... '. 1 
Lambsquarters growmgm.wheat.... ____ B20912...... __ ._ .... : 1 
Dark·grayclayloam.6-121Dches....__••. B20927.... 11 ,... __..... 
Common mustard, flowers and leaves__ •. 1 mile north of Irapuato...oo B20928.... ...... __ .., 1 
Deep reddish·brown clay, 0-3 inches..... B20973.... 26 :........ .. 
Red heavy clay, 3-20 inches .............. } {B20974____ 36 ......... .IRedheavyclay,20-!8inches............. Tamazunchale.............. B20975.... 38 .......... ,
Limestone, 48+ inches..........__....__ . B20976 ..•1 .1 ' __. .. .. . 
Light·gray slit loam, 12-20 inches____ ..... 40 miles north of Torreon.... B2080I"'_ 30 
Red shale.• ____.. __ .... __...__...•__ ..... 24 km. west of Saltillo....... , B20855.... 1 4 
Light·gray silt loam. 0-6 inches........... 1 mile west or Los Reyes .•. ~ B20958.... ! 2 

I I 

.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 a1'senic only to the extent of 1 p. p. m. or less. 

SOILS CONTA}UNATED WITH ARSENICALS 

Because of the extensive use of arsenicals in insect pest control and 
weed eradication, it is of importance to kno·w more about the fato 
of the added arsenic and of its effect upon the vegetation growing 
upon such soils. Considerable data are available.6 Supplemental 
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. Soil 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 

~ BAKER. FnA~!CIS E. REPORT Oli THFl E~'FECT Oli TRUCK CROPS OF' I,EAD ARRElfATE IN THP. 
SOIL. 1937. [Unpublished.] 

FLElII1W, 'VALTER E. EFFEcr OF ACID LEAD ARSENATE ON DIFFERENT PLANTS WHEN 
APPLIED TO SOIL AJlOUT THEIR ROOTS FOR DESTRUCTION OF I••\RVAE OF THE .TAPANEBII 
BEETLlil. U. S. Bur. Ent. and Plant Quar. Rpt. EUS, 32 pp. 1937. [Mimeographed.] 



14 TECHNICAL BULLETIN 732, U. S. DEPT. OF AGRICULTURE 

vegetation grown on the contaminated soils was determined. These 
data are given in table 4. . 

TABLE 4.-.arsellic cOt/teut Of soils oolltaminatedwith arsenicals and Of vegetation 
grou;ing on them 

Arsenic as As In--
Material and soff depth Location Laboratory

No. V~getaSoU tion 

P.p.m. P.p.m.Sassafras sandy loam. lHl inches. _______ ._ 03839_ .. __ 92 
Oommon mustartl, tops. ___ •• _.......... .1 03837_....__.. ____.._
Oommon mustard, roots ____ ._......._____ 03838__ ...___ ..____ ._ <I 

Dandelfon__________ ._____ _______________ _ 03441L_.•___________ _ 34 
Wild leek ____.. _____ . _____________ ....__ ._ Prinreton N.r. p!ot76A-2-3, 03841. __________. __ _ 7 
Buckhorn plantain ____ . ______________ .___ nurseries. C3842. ________ . __ .._ 

16 
8 

Sour grass ____ . ---. --- __ ._ .•. _____________ 03843___________ ._._ 
Light·green succulent weed _____..__ .. _.. ' C3844_____ . ________ _ 18 

~~~%ri"iiigii gr-8Ss-__:::~~:::: ~ :::::::~:::::I g=~:::-: :::::::::: 
<1 
12 
IMilk",eed, tops_·_· ____ ·_=_· ____________ .1 Princeton, X. r., plot 66 D-L 03847_._ •• "_'____ '_1 1

sassalrassandyloam,lHllOches_·______ ·_l 103848.--.- laoRhododendronleaves________ .._________ . C3849_____ _____.. 2 
Sour dock, tops __ ------------..---- .. ---.IJPrinccton. N. r.. plot 66 D--2_ 0385(L. _________ ._._ I 

~~~~~~ie~~~:::::::::::::::::::::::~::! g~k-::: ::::::~ ::: <I 
Sassafras sandy loam. (}-3 inches_______ .. ' C3853....__ 270 _____...._
SassafrllSsandy loam. &-8 inches___ .. _____ . 03854_____ 4 ______ . __ _ 
Sassafras sandy loam. 1(}-12 inches_••_____ 03865._____ 7 ______ .. __ 
Orchard grass. tOJls.- --------..---_. __ .. 03856____ . ________ •• 2
Bay,tisia, false in igo_._. ____________ •__ ._ 03867___ . _________ •. I 

~h~ ~~~: :~k:::~~:~::~::::::::::::: Moorestown. N. r., plots g~::::: :::::::::: <~Iris, German, roots__________________ •__ .. south of railroad. 03860_ ____ __________ 10 
Iris. German. tops ___________________ ••. _ 0386L ____ . _______ ._ <I 
Orchard grass. roots. ___________..________ C3863 ________ •._.... <I 
Uncontaminated Sassafras sandy loam. 03864...__ •______ ._. ____ ._._ .. 

0-3 inches. , • ______ •• 10 .•._......
Uncontaminated Sassafras sandy loam. ' om_ __ __ 4 ____ • ____ _ 

10-12 inches. l 

Under trees sprayed with arsenic. Hagers- ' ~2260.1" 60 
town silt loam. 0-3 inches. )

Underueessprayed with arsenic, Hagers- B22604 ___ . 12 
town silt loam. 3-7 inches. 

Under trees sprayed with arsenic. Hagers- Bell orchard, Winchester, B22605___ . U 
town silt loam. 7-15 inches. Va.

Leaves of clover from orchard _________ .. _ B22606 .... _____ • _ . 12Stems of clover from orchard. _______ .. ___ B22606.... ____ •___ .. 2Leaves and stems of alfalfa___ . _____ •___ .. B22607 _________ .. _.• 14 
2 

Uncontaminated Hagerstown silt loam. ) IB22608--.. 7 

Roots of alfalfa. ________ ._... _____________ B22607 _... ________ . 

0-3 inches. 
Uncontaminated Hagerstown silt loam'l Woods near Bell orchard. B226O\l __ ._ 6 

4--7 inches. Winchester, Va. 
U~~~~h~~ Hagerstown silt loam. I B226lo.... 13 

Sandy soil. lHl inches ___ • __ •____ .._. _____ !} {B22412. ___ 240 

Yu~~~~:.~~!~_~~.i~~~~==:========:=::j Orondo. WllSh _______...... _ ~~m:=:: ______ ~~~. 1800 
83~"!{~:c:;.Siea~~::::::=:::=:==::::===::!i} {~~~~=::: :==::::::: 10Red beet, tops. __ ._._._..... __ •_____.._._ Longlsland N Y I 0156.,....___..__ .... 

Cucumber. vines and leaves_.._____..___ •· ,J.. . ..------. 01564_.... ___ • ____ .. 10 
12Corn.leaves_______.._........______ ....__ \ 01565____ • _____.. _.. 
 5 

! High arsenic content due to spray dripping from sprayed trees. 

I Soil contaminated with arsewc [rom the use of arsenical Insecticide. 


A comparison of the Sassafras soil profiles, one contaminated 
with arsenic, samples C3853, C3854, and C3855, the other normal, 
samples C3864 and C3865, shows that the added arsenic has pene
trated but a very few inches. This same relationship is shown in a, 
comparison of the Hagerstown contaminated soil samples B22603, 
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E22604, and B22605, and normal soil samples B22608, B22609, and 
B2261O. 

Although the soils contained relatively large amounts of arsenic, 
the plants examined contained but little in their aerial portions. 
The roots, however, may have contained considerably more (13J). 
The roots of alfalfa, sample B22415, contained 83 J? p. m. The 
aerial portion of the alfalfa, sample B22414. had receIved drippings 
when the trees were sprayed. The arsenic' content of this alfnlfn 
waS 860 p. p. m. Animals consuming considerable quantities of hay 
with this arsenic content might be expected to suffer some physio
logical distu.rbances. A sample of alfalfa, sample B22607, which 
had not received spray drippings, contained 14 p. p. m. of arsenic. 
1"he highest arsenic content of the other plants was 18 p. p. m. in 
sour grass, sample C3843: and 34 p. p. m. in mustard roots, sample 
C383S. 

F. E. Bnker, of the Bu'.'ean of Entomology and Plant Quarantine,' 
grew a variety of vegetables in soil containing 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 included in the experiments did not absorb 
significant quantities of arsenic, lettuce grown on these soils was 
found to contain (on a fresh-weight basis) 1.9. 2.1, and 2.3 p. p. m. 
of arsenic, respectively; turnips contained 0.6, 1.2, and 1.1, and 
radishes 1.8, 1.8. and 2.1 p. p. m., respectively. 1Yhere the lead 
arsenate was mixed 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. 'Vith respect to yield, 
however, only the onion was markedly and consistently below 
normal. In the following year, when the quantities of lead arsenate 
in the same plots were about doubled and mixed to a depth of 
6 inches, the beans did not grow at all, and only a few other crops 
were able to produce approximately normal yields. The quantities 
of arsenic absorbed by nearly all the vegetables, howe\'er, were f;till 
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.D, 4.6. and 
6.5 p. p. m. of arsenic, respectively. ' 

Soils of lawns and golf grounds are frequently treated with 
arsenicals to control grub injury of grass (10, Ifl). 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 soil 
samples were taken to tl depth of 3 inches. The data are gi,en in 
table 5. 

The soils treated with different amounts of lead arsenate and 
arsenic pentoxide contained from 130 to 550 p. p. '.n. of arsenic. One 
grass sample contained 4 p. p. m. altd the others 2 p. p. lll. or less 
of arsenic. 

<See footnote 6. p. 13. 
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TABLE 5.-Arsellic content of .~oils treated "citk t·uriO/l.~ arsellical/t und. of the 
lato/f. gras8 grozoillg on them, 1 

---------,--------------------------_._'----------,-----------
Laboratory Arsenic as As in-No. 

Treatment gh·en. 1.000 square reet plots 

Soil Grass i;oil Grass 

P.p.m. P.p.m.
03760 03S07 24 pounds arsenic pentaxide in 3 applications 1935-36•....••••..•.. 210 2 

03761 03808 12 pounds nrsenic pentoxide In 4 applications 1935-36............. . ISO 1 

03762 C3809 .• , Oodo............... __ •••••••••••.••• __ •• , •..••."" ............. . 160 <.5 

03in 03817 I? pounds arsenic pentoxide in 6 applications 1934-37............ .. ISO .5 

03765 03812 5 pounds arsenic pentoxide in 4 applications 1936.................. HO 1 

03769 03815 ..... do ... ,....................................................... .. 140 4 

03'/66 03813 5 pounds arsenic pentoxide In 3 applications 1936,. ............... . 130 1 

03763 C3810 40 pounds lead arsenate In 4 applil;stions 193.'1.. ................. .. 5SO 2 

03764 03SII 40 pounds lead arsenate in I application 1936...................... 500 2 

03i7I 210 2 

C3767 g~l~ ~r~~~o'r.enic ~~t~~~de.i~ ~.ap~I!~~I~:~.I~~:'~:::: :::: :::: :::: 13 <.s 
03768 ........ Check plot, nitrogen applied ..................................... . 12 
03iiO ............do ............................................................. 12 

I Samples collected in April 1938. 

:Mil1et was grown in sand and sand-soil mixtures to determine 
the effect of soil on the absorption of arsenic. The plants were 
grov;n in I-gallon glazed earthenware pots, which hold about 4.500 
gm. of sand. Kin-in, a reddish soil, waS used with pure white 
sand. The data on yield and the arsenic content of plants are 
given in table 6. The data show that the soil, even in relatn-elv 
small amounts, inhibits the absorption of arsenic. The toxicity of 
a given amount of arsenic is reduced by increasing amounts of ·soil. 

TABLE 6.-:ll-'~('IIir' ('OIlI(>lIt Of millet f/J'O,rn Oil I<a//(l (l1ld KilTin .qoil /IIi.rffl"(>,~ 
coutf/lllinotell fritll. ('nlC'illn~ ur~cllate~ 

_..._,"-- , ......_-_._. --------,--
Laboratory' Wei~ht ' I

.\1'l\enic 
Culture medium as As In 

Ko. i mfIlet ' millet 
---------------------,--

Om. P.p. m. 
B2'2762 ; 5.20 : Sand only 0,01 gm. B1'l\enic pentoxide ., ....... , ................ .. 13 
132'27fi3 ' 3.33 I Sand only 0.02 gm. arsenic pento,ide ".,.. '.. .. : ..., 
B2'2764 ! 9.5i , Sand+Kirvin soil sufficient to give 25 gm. colloid 0.02 gm. arsenic I 

12 
BZ.?765 6. 18 • s'::J~;!~i;i sohmitricierit 'iogh'e '25 in;. Colloid ·O.<H gut.'arsenic I 

' pentoxlde. .. ., . .. .. ...... , .. ....,.. .. ... 21 
B2'2766 1.29 ' Sand+Kirvin soil sufficient to give 25 gm. colloid 0.08 gm. arsenic I 
B'2'.!ifl7 6.57 \ S'::~;!~i;i .oii·sumcierii 'to 'give 'ro'i,I;: rolioi'd ·O.OtOOgm·:arsenie I 

, pentoxide ... ,. .•. '...... ..... .• ... . .'.. . IJ 
B2'2768 3.51 Sund+Kirvin soil sufficient to gh'e SO gm, colloid O.OR ~m. ursenie ' 

pento:dde ....... .. ...... _..__ ....____._ ..... _.. ' 2i 


--.---,-~-- ..... --------------------
I The plants ror this experiment were grown by P. L. Gile. 

ARSENIC IN MARINE ALGAE 

Chapman (-n 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 sea 
water from which his samples were taken contained arsenic in con
centrations ranging from 0.13 to 0.76 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 p. p. m. of arsenic in the edible portion of shrimp, and they: 
concluded that there was a seasonal variation within a locality ana 
that there were large variations from locality to locality. This sug~ 
gests a variation in the arsenic content of marine plant life and pre~ 
ponderance of 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 
l7niversity 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. 

TARLE 7.-Arsellic content of (lif[enmt marine alga.e fl"o/ll PI/get SOl/lid, ·W(181J. 

Laboratory l-\rsenicAlga
~o. , us As

-------1---------------------------------------------'-----

GE~TERAL 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 quantity 
of arsenic found varied from a fract.ion of a 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 existence of plants capable of high concentra
tion of arsenic, such as have been found for selenium (3). 

Soils contaminated with arsenicals contained many times as much 
arsenic in the surface few inches as did the untreated normal soils. 
The maximum quantity found was 550 p. p. m. 

Vegetables grown on highly contaminated soils may contain ap
preciably more arsenic than those grown on soils with only naturally 
occurring arse~c. For example, by calculating t~e vah~es gil'en in 
table 2 for turnIps and radishes to the fresh materIal baSIS and com
paring with the values obtained by Baker d it is found that the 
turnips and radishes grown on uncontaminated soils contained 0.07 
p. p. m. and 0.05 p. p. m., whereas those grown on the contaminated 
soils contained 1.2 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 

'Sei! footnote 6, II. 13. 
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producing toxic foodstuffs, It serious reduction in yield may result. 
Contamination of soils with arsenicals certainly redu('es the growth 
of some plants. It has be<.'n reported that cotton, cow peas, wheat, 
barley, outs, corn, soybeans, and sorghum were so flfl'ectetl (rJ). 
Alfalfa and barll'Y arc also seriously afl"ecrecl (2.f). A serious re
duction in the yield of rice has beell noted (17). Fleming U lists mllny 
plants that are either killed or han' theit, ~rowth seriously rdanled 
by arsenic-contaminated soils, Ueduction III the yield dOl'S not al
ways follow when the soil is contaminatNl, since many kinds of plants 
are not apparently affected, ~\.n increase (If G4 percent in the growth 
of rye on Cecil snndy loam to which7iiO pounds per acre of cakium 
arsenate had b('('n added and It {i-pereent in('rease ",11('11 as ll1uc-h as 
G,OOO pounds per ncre had been added has been reported (fj), 

The dill"el'('nces in beha,'ior of nrseniC'als with variolls soils is of 
eonsidernble interest and importance, Field obsel'mtions and con
irol\ed experiments ha,'e brought, out ('el-tain IWl'tinent facts, 

It has he(11l ObSetTed tlHlt relatively small npplil'ations of caleiulIl 
ars(>nale to the acid sandy soils of the. coastal plains will ,-(>ry seri· 
cusly rcclw'e the yield of certain crops (0), This is not the case. with 
the hea,'y clay soils in Louisiana, Here I:elatin' ly large applica' 
tions seem to ]ul\-e no effect on such crops (Ii"), Dln-idson and CedI 
soils, high in n'hctiw iron. IH'e,-ented rl'latlYely large applic'ations of 
l'akiulll arsenate from being harmful (0), The examination of 
Ol'cgon on'hard soils showed that pradically no arsenic from ap
proxill1atply 20 years of spraying had Iwnetrated twlow the R-ineh 
depth to which the soil wns cultinLtNl and mechanically mixed (]i;) , 
The authors made a. simi Inr ohsl'rYatiol1 in (wo ('as!t'rl1 soi Is (t ablp 
+), It.is pl'obabl(" howe,'er, that al'senic ,,'ottld be I(lached down 
through an acid sandy soil. 

Quantitatin' l'xpel'iments 'Yl're made on the growth of millet, in 
soil-sand mixturl's, to which ,-arious amounts of C'akium al'S(lnatl' 
w(lre added (/1), TIl(' quantity of arsenic 1H'l'('S;;lU',\' to produl'e half 
injury was determinerl for a() ditl'crent soils, ~rarked variations ill 
n'duetion of growth were noted and in gl'IJ('ral the reclu('tion h(l(,:lIl1e 
less as the iron oxide inert'llsed in tIll' soil ('ol\oid, Reduction ill 
gl'Owth is a function of the kind of soil, tIll' amount of arsenic pr(ls(lnt, 
and tlte kind of plaut. ..All thl'('(' Illllst be taken into ::;tl'iet account.!" 

SC\I;\IAHY 

.A method for determining arsenic in l';oils and vegetation is de
l't'ribc'd, Al'st'nic is ~epaI"al('d from interfering l'lenw;lts by distilla
tion with hydl'Obromic atid and c1l'tcl'miIlPd ('olorinl(ltrieally by tIll' 
Il1olybd(lnulIl blue method, 

P'i'ofile ~ampl('s a:-; wpll as slIrfaee soils aIOlH' frolll ,-ariou» grl'at 
Roil gt'OUps Wl're exalllilwd, '1'11(>>;(' soils, l'I~I)rI':-;pntHtin' of \\'id!'ly 
sl'paratptl areaS, all eOIlt.ained ar;"l'nie in (Il1alltiti('s nll'yillg from 0,:3 
t () Iwa rly -W p, p, Ill. 

., ~ .." foolnnt!' ll, /" l:l, 
10 ~lIh:-:pjIlJtlJlt. to 111\ l'luhmis:.:inn or tilt" mUJlus('!'lpt of this ft'llort two urtil,t":i hnn. 

UPPf'HI'(It! {R,!}) thnl r(lIHII·t tl1(1 ("f>sull':; or slndh~H IIpnn tllt~ pfl'f'(·t of lIt1dfl d I'hipillIU Ilrst"lwtf' 
UPOfl ,'rop prod'H't ion In p,lrtniu f"ou"ttul plains ~oll~~ Thf'~j' t'1'{mrls It f" to hnrll1uny wi (h 
tilt' nhon' dIS('lI1'isi.)u Hod in P:tr"lil t ll1nr PJuphn.... lzp thp Inflth.'Ut'" o( -soil ('!mr:u'IPt' upon 
crOll g"ll\\'tli ll~ aIT'·I'tl'.1 tn ,"O",·"It, nlillitioll 
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Soils 	from Mexico were examined aild their arsenic content wasfound to be similar to that of soils of the United Sbltes.The arsenic content of widely varied vegetation growing on diversesoils was determined. Maximum values were about 10 p. p. m. lmdernormal 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 contentof soils and climatic conditions or geological formations on whichthe soils were developed.
Soils contaminated with arsenic may, in some cases, produce vegetation of higher arsenic content than that found on any natural soil.However, in general it appears that plant growth is limited by thepresence of arsenic in soils before injurious quantities are absorbed.A few marine algae samples were exnmined ancI the al':;enic contentwas fotmd to range from 1 to 12 p. p. m. 
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