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INTRODUCTION
o~ ? Arsenic is widely distributed in nature, though usually in “trace”
: quantities (100, pp. 3-13)* According to Clarke and Washington
(22, pp. 20-21), arsenic occupics the thirty-cighth position in the
: order of abundance of the elements in the igneous rocks of the world,
i’ and its concentration tfhf;rel‘n, like that of molybdenum, rubidium,
tin, and bromine, falls within the range 1X10°% to 9X10¢ percent.
' Not only is arsenic a common constituent of rocks, minerals, coals .
* I3 . . ' o
. . soils, sediments, and waters (see table 13), but it is nearly always v
. . present in vegetation (2a, 46, 62, 64, 59, 86, 146}, particularly marine ‘
growths (18, 43, 85, 146); in the tissues of mammals, fish, and crusta~ o -_
3 ceans (12, 18, 18, 45, 46, 62, 54, 69); and in atmospheric dusts, espe- R
cialty those of industiial districts and large cities (36, 49). G
\ Inasmueh as crude sulfuric acid manufactured from pyrite and
other sulfide ores, especially by the chamber process, usually eon- . ;
tains an appreciable quantily of arsenic (I, 16, 28, 68, 88, 127, 130; oo b
D q J . y 90, CO, y 4 |
149, pp. 387-338), products made either dircctly or indirectly with i :
T such acid often contain notable emounts of this element (7, 15, 16, 39, S
R 40 57, 76, 88, 108, 109, 127, 147). The presence of arsenic in
. P it J ) 2 3 . oA
: SN superphosphate was pointed out by Davy. (28) in 1869, and subse- R
) f quently a few scattered resulis for this element in fertilizers and 4 §
’ ' Submitted for publicatian December 1940, AT |
g t The autbors ste indebled to W, L. Hill, Divislon of Fortllizer Ressarch, for maay helpful suggestions f -
during the course of this work: to H, I.. Marshall end D). 8, Reynelds, Division of Fertilizer Ressareh, for - ?
?m'lion of the supplementsry snaiytical dats; to J. A. Behricker, formerly of the Division of Soil Fertiiity Py 1
F nvestigations, for vajuable advice on the constrisction: of the phetoelsctric coloringetor; and to a nurmbor of i :
- phosphate minipg comnpanies and fertilizer manufacturers for many of the samp! i Tl
‘ _ 1 Halie numbers {n prenthicses refer to Litorature Cited, p. 3L. . . Fé :
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fertilizer materials have appoared in the literature (%a, 8, 42, 48,49, 86,
58, 59, 67, 68,73, 81, 89, 94, 104, 120, 130, 131, 151), -

Results’ are given in this publication for arsenic in 210 samples of
mineral phosphates from various deposits of the world, 16 samples of
calcined, sintered, nodulized, and defluorinated phosphates, 30
samples of commercial superphosphates, 6 samples of crude phos-
phoric acid produced by the sulfuric acid process, and 19 samples of
other phosphatic materials. The results for arsenic in natural
phosphates represent an oxtension of the studies of this Division on
the composition of phosphate rock (60, 61, 64, 66, 66, 68, 69, 80, 81,
82,97, 98, 110, 111, 118).

T METHOD OF ANALYSIS

The method used for the determination of arsenic is substantially
the one developed by Deemer and Schricker (30 for the analysis of
ut materiels, with the inclusion of certain improvements suggested
Schricker and Dawson (Z2%). Thoe method comprises the digestion
the sample with & mixture of sulfuric and nitric acids, the distillation
of the arsenic as the trichloride, essentially by Taber’s procedure
(183), and its determination by the molybdenum-blue colorimetric
od proposed by Deniges (31, 32). Deniges’ original procedure
has been modified ‘and improved by Truog and Meyer (138) and
Zinzadze (162, 168), as well as b Schricker and coworkers (30, 728).
The authors’ application of the method to the determination of
arsenic in phosp}mtcs can be convenicntly presented under the
subjects: (1) Reagents and glassware, (2) scparation of arsenic from
the sample, and (3) procedure used.

REAGENTS AND GLASSWARE

On account of the relatively large quantity of reagents required
for the determination of the smal quantities of arscnic involved
(usually less than 50 parts per million), special attention had to be
given to -the arsenic content of the reagents, Sodivm carbonsate
beta-dinitrophenol, molybdenum trioxide, and molybdenum metal
are used in such small quantities that they are not likely to introduce
significant amounts of arsenic. Hydrochlorie, nitric, and sulfurie
acids, ammonium oxalate, and potassium bromide of reagont grade,
and sedium chloride that had been purified for biological work were
very satisfactory. Cuprous chloride that meets the American Chemi-
cal Sorciety’s specifications for analytical reagent chemicals (10) is
notsuitable because of the relatively high arsenic tolersnce (50 p.p.m.).
Cuprous chloride that contains not more than 0.5 . p. m. of arsenic
can, however, be obtained from ecertain manufact,urers of labo-

In 1935, Lockemann (92, 93) Fointod out that hot, concentrated

e quantities of arsenic from Jena
ass, and he expressed the opinion that disregard of this factor has
caused serious error in many of the older determinations of arsenic.
Deckert (29) said the uantity of arsenic dissolved from the glass
d the analysis can be greatly decreased by first boiling concen-
trated sulfuric acid in the fask for at least 2 hours i also, %e stated
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that arsenic-free Jena glass is manufactured. Pyrex chemica] glass-
ware made prior to about the middle of the year 1934 contained a few

tenths of 1 percent of arsenic, but analyses of the glass manufactured -

gince that thme show less than 0.3 p. p. m. of arsenie (784, {48).}

Confirming Deckert’s results (29), the reagent blank obtained with
previously used flasks was pmcticalj the same for high-arsenic glass
ns for low-arsenic glass (table 1), It will be noted that the reagent
hlank was significantly higher with new flasks of low-arsenic glass that
had not been used previously. In the presence of fluorine-bearing
materials, however, the quantity of arsenic obtained with flasis made
of high-arsenic glass was 1.6 to 9.2 times that found with flasks of
low-arsenic glass, As phosphate rock usually contains 3 to 4 porcent
of flucrine (51, 82, 88, 118) and this element is also an important con-
gtituent of superphosphates (63, 82), as well as of certain other phos-
phatic fortilizers,® such materials should be digested in glassware that
contains little or no arsenic. Likewise, Rader and Hill (717} found
that the use of boron-containing glassware causes large errors in the
determination of boron in phosphate rocl, superphosphate, and other
fluorine-bearing materials, Furthermore, the use of bottles for the
storage of superphosphates and other materiols that contain active
fluorine compounds may also result in serious contamination of the
sample with arsenic from the glass (p. 25).

TanLe L-—Perivation of arsenic from glassvgare in the aralysis of fluorine-bearing
' - materials R

K

% Arseni: foiunt by digestion
1=

Materinl snalyzed
Low-arzenic | High-arsenic
glass | [ glass 1

| _

Mitligrams E Miltigrams
Reagents alone. .. ..... e emm e b memr R Ao he A mmASRrEaaeran, e —————— 0TS e P
Do, e N L1] 0. {048
Iteagents+0.1 g, fingrspar, . - LO1U4 532
Reagents+0.1 gav. sodiumn fluocido_. L OUO6 i . (HRR
Beagents-H gm. bhosphate 1ook 3. oo e aacmream—aa AR l L0290

L 500l Kleldahl flasks of Pyrex glass. . .
1 New flaska, not previotely used; all other digestions were made in fiasks that bed heon tsed a pumber

of tlmes, .
+ Morlda land pobhles, standard sample No. 120 of the National Bureau of Stendards, contalned 3.7
pereent of fluorine {73). i .

By careful selection of the chemicals and the use of low-arsenic

glassware, the reagent blanks were kept below 0.006 mg. of arsenic

throughout this investigation.

SEPARATION OF ARSENIC FROM THE SampLy
The authors’ recovery of arsenic from monopotassium arsenate,

alone and in the presence of phosphate rock, is shown in table 2. The

results are in good agreement with those reported by Deemer and

Schricker (30). .

1Aks0, SuErrERLY, F, F.  Privato communication, Corning (Nass Works, c‘o‘l’l“l‘ll’lg, MN.X.
¥ Por example, the materdals listad In table 17 ag Nos, 1885, 1840, 1001, 1002, 3021, 1588, and 1172 contaln
B.38, 2.63, 2.41, 1.25, 5.06, 0.83, and 2.06 percent of fuorine, respectivaly,
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" TaBLE 2.—Recovery of arsenic from mg&ogamﬁum arsenale by digestion ond dis-
: Kllation

Atrsopic from monopotassium arzennte
Matsrial or mixturs
Present Recoveted
Mittiprams | Milligrams Fercent

0. 005 0. (030 100.0
X Rii) . 106). 1}
BMonapotassium arsanate (KHsAsOw) . oo o .. ;3§§ jggfg "3.3;2
104 L1y 1617
2 el
KHA804-1 gm, phosph{tf_r_oek 1 s Toaa7 €58

1 Distlliate was made up to a volume of 100 ml., and 26-ml, aliquots were used for development of
mol_}bdenum-b]ue colot,
1 Florlda land pehble, standard sataple No, 120 of the Matioral Burean of Standards.

E

Experiments by Hoffman and Lundell (74} indicate that boron,
gormanium, mercury, rhenium, antimony, selenium, and tin, if present
m the digested sample, may follow the arsenie, completely or in part,
into the distillate. Extensive determinations of these elements m
ntineral phosphates have been made only in the case of selenium (110)
and boron (111}, Small quantitics of selenium, such as those present
in soils and phosphate rocks, do not interfere in the determination of
arsenic by the molybdenum-blue method (126}, Little or no inter-
ference by horon is indicated by the small effeet of fluoride additions
on determinations made in low-arsenic glass, in comparison with the
effeet of such additions on those made in high-avsenic zlass (iable 1),
although considerable boron is doubtless dissolved from hoth kinds of
glass in thoe presence of fluorine.

Small guantities of tin have been reported in double superphosphate
and bonemesl (42) and in phosphate rocks from Floride, Tennessee,
and Maxville, Mont. (42, 78, 106). Hill, Marshall, and Jacob state
that samples of Florida land pebble, Tennessce blue rock, and Idaho
Miosphates were tested for molybdemmm with negative results (68).

Towever, neither of these elements would be expected to interfere in

the determination of arsenic. Spectrochemical analyses by Scribner
(78) showed no antimony in one sample each of Florida land pebblo
and Tennessce brown rock; so far as the authors know, these are the
only tests that have been madoe for antimony in natural phosphates.
According to Byers and Robinson,?® small quantities of antimony do
not interfere in the determination of arsenic by distillation with
hydrobromie acid at 126° C. and subsequent analysis of the distillate
by the molybdenum-blue method.

Apparently no tests for rhenium in natural phosphates have been
made, and, so far as the authors know, only two samples of phosphate
rock Liave been examined for mercury, both with negative results (73).

- Likewise, spectrochemical analyses showed no %ermanium in Florida

-land pebble, Tennessee brown rock, and Maxville, Mont., phosphates
(78, 106). The authors’ experiments indicated little or no inter-
ference by added germanium in the determination of arsenic.

Silica interferes slightly when the quentity in the final solution
exceeds 1 mg. per milliliter (123). In &e analysis of fluorine-bearing
materials, silica may be present in the solution as a result of volatiliza-

'BYens, H. G., and Rosmison, W. 0. Private communication, Bureau of Plaut Iudustry.
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ARSENIC IN NATURAL PHOSPEHATES 5

tion in combination with fluorine during the distillation, That such
volntilization occurs only to a negligible extent, if at all, is indicated
v the fact that distillates from 1-gm. samples of phosphate rock
{3,56 percent fluorine) contained ne more than 0.1 mg. of fluorine.
Furthermore, there was no evidence of interference by the fluorine
itself. .

Phosphorus interferes quantitatively in the molyhdenum-blue test
far arsenic (123). Hoffman and Lundell (74) found that some phos-
phorus is volatilized when phosphates are heated at 200° to 220° C.
with mixtures of hydrochlorie or hydrobromic and sulfuric or perchiloric
acids in a moderate stream of dry carbon dioxide, and Reynolds (116)
reported the presence of phosphorus in certain distillates obtained by
heating phosphates with perchlorie acid at temperatures not higher
than 150°, In the determination of arsenic, the maximum tempera~
ture in the distillation mixbture is approximately 125°, and the presence
of phosphorus in the distillate has not been observed.

%0 arsenic, as distinguished from acid-soluble arsenic ebtained
by direct digestion of the sample, was determined in a few typical
pfwsphate rocks by fusing the sample with 2.2 times its weight of a
mixture of sodium carbonate (1 part) and sodium nitrate (0.1 part)
prior to the acid digestion (70, p. 209). The results showed little or no
mcrease in the recovered arsenic as a result of fusion of the sample.

Proceouite Used

Add 10 ml. of concentrated nitric acid and 30 ml. of concentrated
~ulfurie acid to the sample, preferably of sueh weight Lhat the arsenic
content 18 0.005 to 0.040 mg.,” in a 500-ml. Kjeldabl {lask of arsenie-
froe glass.  (Concentrated sulluric acid should be boiled in new flasks
for at least 1 hour before they are placed in use.) Teat the flask until
strong fuming sets in, boil the contents for 30 minutes, and then cool to
room temperature, Add 20 ml. of distilled water, and mix the con-
tents of the flask by gentle swirling, add 2 gm, of ammenium oxalale,
vinse the walls of the flask with 2 to 3 ml. of water, and boil the con-
tents for 30 minutes. Cool the flask, and dilute the contents with
25 ml. of water; if nitrous fumes are evolved add more ammonium
oxalate, and repeat the digestion. :

Add to the cold digestion mixture 30 gm. of sodium chloricde, 2 gm.
of cuprous chloride, 0.5 gm. of potassium bromide, and 25 ml. of con-
centrated hydrochloric acid, and immediately close the flask with &
rubber stopper carrying a Hopkins trap fused to a delivery tube (3 mm.
inside diameter, constricted to about 1 mm. inside diameter at the
exit). Allow the delivery tube to extend within 2 to 3 mm,. of the
bottom of a 100-ml. praduated cylinder that contains 70 ml. of dis-
tilled water and is immersed in an ice bath. Heat the Kjeldahl flask
and control the rate of distillation so that 25 ml. of distillate are
obtained in abouf 30 minutes. A resistance unit of the type used in
electrically heated Kjeldahl outfits is a very convenient souree of heat’
for the distillation.

After the distillation is completed, add 10 ml. of concentrated nitric
acid to the solution in the graduated cylinder, transfer the contents
to 8 150-ml, beaker, and evaporate on a steam bath or hot plate to a

! Althongh larper samples oan be nsed, the quantlt&of arsanie in the sptutlon at the time the melybdemam-
blue eolor is developed should fal! within these limits,
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volume of approximately 10 ml. with the occasional addition of 1 to 2
ml. of concentrated nitric acid, if necessary, to insure complete elimi-
nation of chlorine from the solution. Evaporate the colorless solution
to dryness on & steam bath, add 1 to 2 ml. of concentrated nitrie acid,

and again evaporate to dryness. Finally, add 1 ml. of a t-percent.

solution of sulfuric acid and evaporate on the steam bath to the con-
sistency of a thick sirup.

Dissolve the sirupy solution in 7 to 10 ml, of hot water, and transfer
it to a 50-ml. volumetric flask, taking eare that the total volume of
the solution is slightly below 40 ml. Add 1 drop of a saturated
aqueous solution of beta~dinitrophenol, make slightly alkaline with a
0.36 N aqueous solution of sodium carbonate, and earefully neutralize
with 1-percent sulfuric acid solution. Then add exactly 0.5 ml. of
molybdenum-blue reagent,® rinse the neck of the flask with a small
quantity of distilled water, adjust the volume of the solution' to
approximately 40 ml., and heat the flask on a steam bath for 1 hour
with oceasional swirling of the contents. Cool the solution, dilute it
with distilled water to a volume of 50 ml., and immediately compare
the color with that of similarly treated standard arsenic solutions by
means of either & visual or a photocloctric colorimeter. As pointed
out by Deemer and Schricker (30), further dilution of the solution after
the volume has been adjusted to 50 ml. is not permissible.

A photoelectric colorimeter ® is preferable to o visual instrument.
Its use not only affords greater precision hut alse eliminates the per-
sonal equation from the matching of the colors and the neeessity
for tho eontinual preparation of fresh standards. According to
Schricker and Dawson (123}, the precision of thie molybdenum-blyue
method is approximately 0.001 mg, of arsenie in 50 ml. of solution
when the color intensity is measured with & photoeclectrie colorimeter.

With samples of phosphates containing up to 100 p. p. m. of arsenie,
the difference between duplicate determinations seldom execeeded 0.5
p. p. m. and was usually less than 0.3 p. p. m. of arsenic. With larger
quantities of arsenic the differences were frequently somewhat greator.

ARSENIC IN MINERAL PHOSPIATES

Results for acid-soluble arsenic in mineral phosphates are given in
tables 8, 4, 5, 6, and 7 and are summarized in table 8. Values for
?hOSphorua pentoxide content are also given in these and later tables

or purposes of comparison. Kxcept as otherwise indicated, the
a,nal{)tlcal data in these and other tables are reported on the moisture-
- free basis (105°C.). For individual samples of all types and sources
of phosphate, the results range from 0.4 p. p. m. in a Florida soft
phosphate (No. 1091, table 3) to 188.2 p. p. m. in an Arkensas phos-
phate (No. 1712, table 5). Ths arsenic contents of the South Carolina
river rock (average 68.4 p. p. m.), Arkansas phosphate (average 61.0
¥ Heat a qaantity of melybdenum $rioxide in an ¢loctrle mufe furnneo at nbproﬂiimtel 500° C, for
hour, snil 4 va 48 gm, of the cold, jgnlted trioxide in 1 liker of hot, coneontrated sulfurie acid, sticring
frequently (solution 1}, Dissolve 4.8 gn. of the lgnited trioxide and 0.7 gm. of pure molybdenam metat
powder in 10 ml, of hot, eoncentrated sulloric eeid, stiveing froquently (selution 2, Cool the sglutions,
ond prepare the teagent selution by difuting 1900 ml, of soluton 2 46 1 liter with salution 1. -
1 Pracileally ali of the resulls for prsende given in this pubileation wore obtajued with the ald of s photo-
electric colorimeter that was copied, with slight medification, (rom an instrumnent construeted by Johit A,

Sehricker of this Batean {privete eomrzanication), The peneral principle of the colotimeter is similar to
that of thu Instrements doseribed by Zinzadze (155) and Barton and Yoa (8}, '

.

ARBENIC |y, of

p. p- m.), and Montayy plint
general, considerably high,, .4
the other extreme are [y, i, §
averages of 5.4 and 5.5 i
and Tennessee brown l‘m-lkl\ §4
phosphates, average 110wy -

TABLE 1 iopy

gy A —_ g T — gy

. LANT - o
S ] e e E
aﬁ"g’. ®|  Location af dvpnsit I P
Peroent
L1dds | Bartow oo e £
1853 ... 2 S L
£18 | Plarce. R
1617 | Brawster W e E
619 thal N o
810 | Mulberry ITEITEET
W7 | Brawstor ... B o i
790 | Mot known. e
1879 |aunns do. Ak i
1857 |awnan do A
1893 |..... do 1
1893 |..... do... . HEN
+d439 | Mulberry__.. ... o
1882 | Not known. I
622 | Nichola..... A
1876 | Bartow_ _.__ a1t
nie . e 4
77| Mot known.. - .
1500 | Benotls ... . :
1501 | Inverness. .. . L 1
1589 | Flomal City...... . Lot
vk
1001 | Bartow.. ... __ . I S g
7880 { Not known . L K
11350 | Hordes Coynly * E E:
) WAL Et g
581 | Not known .. . . re e ;
828 | Felicia .._....- - - lond
747 | Dunnellon...... . o
726 | Felela-ooaeereca e | A4
RIVE S !i1
191840 | Liverpool M........ - ] pn

. Ry
1 Dust recovered from exil grmes of ey o0 #7 G

1 8am regeniative of Inpe oI}

3 Angl Ygixgpom\cl Dy Jagay, A103 Mo 8 of
+ Concentrated by frath Hotalten ]
¥ Congentrated by ofiing am! (aluug o
4 Standard saple muniber of tha e v

.6 p, p. . of Ag l thissaople.
r(ﬁ‘mt.ains muich alpinmn phessd-s B
¥ Containg prinelpndly slupumiti i
» Deposit enst of Peace Rt e 7
© Comraorcial materiul ax feriadid &

o Dy Soto County.
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tes the p(!rl.
Ye necessity
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ARSENIC IN NATURAL PHOSFHATES -9
o po ML), and Montana phosphate (average 47.6 p. p. m.) are, in
general, considerably higher than those of the other phosphates. At

the other extreme are Tlorida hard rock and Virginia apatite, with
avernges of 5.4 and 3.5 p. p. M., respectively. Florida land pebble
and Tennessee brown rock, the most widely used of the domestic
phosphates, average 11.9 and 14.6 p. p. m. of arsenic, respectively.

TapLE 3.—Arsenic in Florida phosphales
LAND-PEBBLE PHCAPHATE

H“ﬂ‘g‘l’“ Locatlon of deposit | Pa0s |- As . Sml&l{'le Tocatlon of deposit PyOy i As
P.p, m. Percent | P.p.m
14,5 827 [ Lake .70 134
10.5 1891 | Mot 2.5
18.2 1873 |cenna d 12.1
19.7 1884 |..-.-d 15, &
1.8 1856 |.._.. d 7.8
1212 11310 | Muolbersy.. 14.2
17.3 1851 rEow. . 8.4
12.3 LMY |-, do. ... 11. 4
16.3 + 1445 | Pambroke. 8.3
15.4 11302 | Mulberey 18,3
2. 9.8 032 |- ... da... 11068
33. 125 1850 | Mot known 3.8
2 0.8 €120 | Mulberrcy.. 129
33, 8.3 1867 | Not kpown 4.3
422 43. 56 5.4 808 | Lakeland 5.5
1875 | Bartow..—_ 33. 50 9.9
HARD-ROCK PHOSIHATE
mm | Not known. aos| 38,0 43¢ | Dunnellon.ooeeeeee 2533 1.4
1500 | Benotls._. 43, 52 6.8 1538 | Floral Clty .. o] 3570 2.8
1531 | Inrerncss. 33.52 8.7 1723 | Hernando__.. wena| 357 4.6
1580 | Floral City. 34.68 7.1 032 | Dunncllon, coenacvvenns 359 a1
BOFT PHOSPHATE
1001 | Bprbow oo oceveaaaeaunn 24,47 0.4 728 | Jutinkte. v emcencanemae .80 159
YES0 | Mot known.-...- | 2940 18. 6 1450 | Rital.. . ooieeeceoaanean| 3278 55
11350 | Hardee County 30. 32 13.3 443 | GHlchrist County...o... 3.4 L3
WABTE-POND PHOSPHATE
581 | Mot known coooueae-- 18. 18 7.1 918 | Dunuellon ceee| 2363 153
628 | Felicla_ . _..-.s . 19,88 9.5 14569 | Felicia_... 25,11 121
727 | Duancllon. - 2163 9.2 725 | Julistto. 4263t B.0
720 | Felitif. uanmmmmasnannes 23. 48 10.4 1455 | Hernando. . ..veecommvan 32,30 | - 14
RIVER-PEBBLE PHOSPHATE
11848 | Liverpool Moocevronn-- b 4.2

| Dust recovered From uxlf gases of dryers and kilns. . L

t Bampla representative of large ah{lﬂmnt.

] AnaPysls reported by Jacoh, Hill, aeshall, and Reyoolds (81, p. 300,
1 Qoneentrated by froth flotation,

+ Qoneentrated by olling and tabli

nE. : ’
1 8tyndard sampie number of the 1$atioml Puresu of Standsrds. Hoffman and Lundell (73) raported

13.6 (? p. m. of A8 jo this sample,
1 Conttatng mueh aluminumn phosphate.
¢ Contains prlnci[_»,ally aluminam phosphate,
1 Doposit east of Peaco River, near Wauehula,
w Commercial materiat as formeriy preduced.
it Do Soto County.
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TapLm 4.— Arsenic in Tennessee phosphates ) TARLE §.-—drsenic iy Akt
BROWN-ROCK PEHOSFUATE . ;!
- . A%
e
gample | Looationofdeposit | PyOg | As || PAMPE [ yomrionofdeposit | PiDs | As 1 1
No. A : No. smgf %1 Lecation ar deposie L
1 R
: Percent| P.p. m. Percent|P.p, m, v
11321 | Franklin. .. . 10.48 0.2 762 | Mount Plessent....... 3373 7.8 T
11922 | Columbia.. 6.1 008 | Wales .._...... 34.3% | 3342 LI708 IlldEAJOnl[uIIt't!{'lllllllg ‘ .
7.4 1361 | Mot known___ 34, 40 6.6 + A0 | .. do? :
7.8 008 | Mount Pleasant . 20| 3.4 | 130 i L R do? .
12.3 1863 | Not known..._._ 3. 52 1.9 H LITRS ... .do? 4
25.9 1878 ... do..._... .| 8453 5.1 ——
5.9 1869 1. _.. do.... .84 [N - -
206 1800 | Wales 349 131 1
14 wey | de.. .l 1496 7.7 —_— e,
e 1M2 | Mount Pleasant. 35. 77 10,5
142 1387 1 ot known_.__. 6. 52 14.8 il
7.2 1401 | Wales .o 36. 74 13,8 o
[}
.. s
) il
BLUE-ROCE PHOSPHATE ' - 4
I
- 11714 | Pontotos County I gpomi
: 70,90 0.6 #5786 | CGordonshurg....—.... 2.4 $¥H2 ; Cotton County. H
2016 198 g | oo 4 I
B an. 45 117, 4 L5 3 DR T S 8.4 .
30,97 3T SOUTEL e ns.1
;'_: ———— — e 1

: WHITE-RO ! 405 1 Not known . t 3

: HI CK PHOSPHATE 4 1130 | Jonns 1dana ¢ s
& 1483 | Perry Connty...o.ce.. 2641 2.7 1031 | Qodwin._. ......_....| 38.K0 4.8 T :

. 1048 | Tomsereek .. ..ol 30.20 5.2 ‘r AATTH 4
R : o PE (ST ON B ’ ) 11646 - Tiid Wjver 1 .
g PROSPRATIC LIMESTONE o ; | ioA - Proad Tedver i
’}. f | [ - . e e e e
. to g 444 | Gordopshnrg. . . 10, 16 13.9 147 ) Mount Pleasant ... . 14.04 ! 11.4 : .

f it 918 | Mount Pleasan 1122 6.9 70 ] Not known............ 19,13 2.5 AR

1 L 017 | Gordonsburg. .-. 11,08 17.3 N B —— - F
5 : 1138 | Plney River « 4
i OTHER PHOSPHATESR . —— . f
L | T . 1 Prospeet sumple,

1516 | Mountain City *___._.| 2020 2.6 81048 | Bomas.._.._...........| 3.2 &9 3 Laflerty Croek nren,
k 3 Belected malerinl,

- - e i + Bamiple frons an sdmndoned

1 Matrix, ; V Ground malerial formeely -0 L

¥ Mixture of matrix and washed phosphete saad; used for produetion of sinter for eleetrie furnacee smelt- t :M“S"“m sample.
ine. : Commieceinl material as bt £ 1

% Analysis reported by Facob, Rill, Marshall, snd Reynolds (81, p. 30). $Lamb's mine,

1 Stan&ard sample number of the Nalional Burean of Standards.  Hatinen snd Yandell 5 et ted . aBUlOW mines. TR
159 p. p. m. of A in this sample, ) 10 Analysisreporlel hy Juealy,

¥ é’onmumd by froth fiotation, : U Muuath of Whale Beanel,

1 Samnple representative of Jarge shipment. : ‘ i Brickyard Point,

i Johnson County. % Mouth of Bull Hiver, .

» Kidney plosphate, } ¥ Finorapatite coneentrale obly 1

¢ Putham County.

e ¥

. 8060V —31—3

-ty

. iy ﬁ(‘.,l‘.. . . ,,»,. . b I e IJ; --v-. ......-...n Iy .. e il . i‘.‘;:'ﬁ'*‘“i‘ﬁ'i-— . W AURNPRE LY
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2.4

24

34

-veem.} 3680 4.8
14.04 11,4

19. 13 .4

32 8.9

¢ elogtric turnaee smelis

F Tamedell (3] reported

- Par Researoh wurpoues Only” Réproduction Gt This Hom May Conslitute

ABBENIC 1IN NATURAL FHOSPHATES . 9

TapLs Bo—Arsenic in Arkansas, Kentucky, Oklahoma, South Coroling, and

Virginia phosphales
ARKANSAR PHOSFHATES

—— ——

sumple | Location of depostt § Ps0s | As || SYEPI® | Looation of depostt | Pa0s | As ‘
Pereent| B, p-. ™. o.m, t
i 1763 | Independence County.d | #1014 67,3 [N ]
VT . | U R 44,9 2.8
vipt2 .oo.dot y—a R .05 188. 2 3,6
V05 .. de b o) W4 36.7 14.6
KENTUCKY PHOSI'HATES
1235 | Wallees. __..oceoueeu.o 2518 10.3 1234 | Wallage. .. .. cevnnmunnad 20.8) 67
LT P Ui L S I < N - 12.7 \
P
ORLAHOMA PHOSPHATES v
‘!’ll B . -
11714 { Ponlotoc County.... .| 12.60 7.8 1136 | Craig County...oo.... 27. 51 9.3 o k
11242 1 Cotton County. ... .3 156 ) J o
S8OUTH CAROLINA LAND-ROCK PHOSPHATE
b405 | Not known_...........| 1647 0.2\ 2137 | Chatlestons_._.......} 78| 189 ;
¥ 1138 ] Johns Island Y. ....._. 26, 92 .5 T8 |._do L L. BLES| #1214 -
. BOUTH CAROLINA RIVER-ROCK PHOSFHATE
e e e | 1 — . :
V1S - Wrond Rived 1 . . ) LTy 8.1 INIT - DBrond-River. . . Wby 6.0
11615 Coosaw River ... BUM| 607 ,E UIR2 © Congaw River 3. R .8
hd : ————— _r._..._.u. R P e e T ——— o —.
VIROQINIA PROSPIATES WY
1138 | Plooy River........... w1] a6 1205 | Piney RWer........| 30.50 | 4.8
! Progpect samplo.
i Laﬂbpr?y Crook area,
1 gelooted matcrinl.
{ gample from an abandoned mine,
$ (round material formerly sold for direet application to the soll,
4 Mugeum samaple.
" Commaereis] matezial as formerly prodiesd. P
1 Lamb"s mine. .
1 Bulow mines. :
1 Anafysts repocted by Jacob, Hill, Marshal), and Reynolds (81, p. 30}, oo
i1 Mouth of Whele Branch, ) :
12 Brick TPoint. . !
H Mouth of Bull River, pa
1 Fluorapatite concentrate obtalned from iimenite-apatite ore by s magnetic separation precess (961, -
' . ‘. .
¥
] "“-‘E‘
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M 8ample from outerop of upper phosphate bed.
1 Sample represontative of ﬁ}rge shipment,

» Flustapatite
15 gample frorn oukerop of lower phosphate bod.

F

™
TanLk 6.—Arsenic in Idaho, Montana, Utah, and Wyoming phosphates Tay
IDAHO FPHOSPHATES
Bamplo . Location of deposit Py0 Sninple
Na. P . E ) An i No. :
t , _ * ]
Y 11607 | Bingham County, Wolverino Creek € ey | - ' f D
1 ng onoty, Wolvering Croek Canyon... ... ocoovrcnsiciccnanians 1.5 B0 . Alperia, Dyr
: 1411 | Bear Lake County, (leorgetown Canyon_ . _ - 30,20 4,7 1556 ,uﬁ.ma: 1:3‘-\..-1 [T
W 1350 | Bear Lake Cuuntg‘"‘l'm’is BECA. . 32,21 2% v 1554 . Algeria Dielel Kug
Ly | aribou County, Wells Canyo 32 10,3 : 550 ¢+ Alzerin, Bondj-Hedi
¥ 800 | Carihou © 4 Volls ¢ 1 i
i 1454 | Caribou County, Condla. - 324 15.4 ' 1547 . Bgypt, Bafign
, LR T\ - PR « T 32,26 11.8 154G 1., n&o_......
4 f 41253 |.....do 32. 36 151 1571 | Ddlorocen, Lomis (i
S 4675 |.....do 32.59 1.7 i 1672 | Morocen, Kourigha
458688 (... do. 32 54 9.8 563 | Moroeed. ..., .....d
?? 1 Ceribgu County, Digmond Guich, . .12 1. 5 162 [ Q0o L
¢ 41617 | Bear Lake County, Hot Springa.... .. - 3,85 7.8 856 | Tunisia, Kalaw-jed
H 1616 | Bear Lake Connty, Bloomington Cenyon. . 3515 1.3 ¢ 562 | Tunisia, Gatsa . .
f 1412 | Beat Lake c:.\m% &light Canyon. _........._. 35,50 2.3 H 3551 Jenenn donrn.. L
y 1613 |- Carfbou County, Upper Dreer Creek Canyon.. 35,82 25,7 ! .
e #1014 | Caribou County, sec.9, T.78, R4 E. . __ .. ___. 35.0% 4.9 — *
iy 1606 | Fort Hall Indian Rescrvatlon, SEigser. 8, T. 48, Hoa7E I 17700 34,10 16.0
s .-
;" MONTANA PHOSPHATES i : 1462 | Austris, Pracabaeny
* !) 1226 ]Fn}gh}m.r_ll -i;r".e'
% 15% | Estonia, Tallinn
"‘ | 1280 | Maxville... 24906 i3 }2.111 Frimier, St ;
! 11011 | Gatrison, 7,63 105.6 1463 § Poland. 4
e 1009 |- do.. 31.39 11060 . 1207 | U8 8 Ry s
J d19a0 | do.. 31. 62 58,7 1| 1. AL Ry
TIT | L .| 3te2 30,7 R I TR T T
41633 | Avon, Cronin and Crowley mine. .. .. I - .97 8. 2 Craan T H KL R |'J‘
i 41252 | Qarriaen, Willlam Andersen mine. ... .. 46,38 | 4.0 T i
: : IO o e, LT towmar ! sz ]
4 P i 1407 von, Crenin and Crowley wine_ - .. e e e e eivimmeas O T 9.7 i
IR e ‘ !
: e UTAKE PIIOSI'HATES | - . i
4% ——n — — a1 upmann Lot ¥
¥ E . + E TR R AL LU
p N 1@l | Uintah County, Brush Creek area. 6.4 * 15.3 Asloye bt o
% . L LR 1 I L o, 82 6. 4 el | "
T8 ... A0 e .47 13.4 i .
% 1400 | Morgan County, Weber Canyon. .. . . .. : of. 2 14,2 Dt L v
P 11631 | Uintah County, Ashiey Creck Gorge. ... .. .. e ' n.62 43,2 ol 4
P 1409 | Cache County, Logan Canyon....o......... - ... ..o ... : a1, 50 18. 0 agi i . i
1630 | Rich County, Brazer Canyon.. ........ .., . P, - anr 5.4 ' 3o it Sl *
‘% ) b 1620 | Hieh County, novth end of Crawlord Mountains . - .. ... o .. ... | 37.87 8.6 i 184 lh-mh‘ln!--! [ ;
k . I ERT ) IR T AL O
? —— . P e N .
i WYOMING PHOSIIIATES ¥ (2 | Mabaten ) -
k] - v T o ]
’h ] A5 Nuurn Il nos
o 11624 | Hot Bprings County, Bighorn River Canyon._ ... ... . ......ieeoe 17. % 7.6 1867 - b o
- 141691 | Fremont County, Willow Creek._.__...... 4,12 1Y La66 Oveny [slae 1o ﬁ
: Cokeville, mine of Cokevillo Ph 26. 80 15.8 451 e o
t 1673 | Fremont Covnty, Liltle Papo Agie 27,50 10.9 1507 ¢ poleliy et
111622 | Fremont County, Willow Creek. ... 29, 06 13.8 ' AT R G
© 848 | Cokeville, mine of Cokeville Phospbate Co .. 30.19 1.7 1306 | Walpoby b
A 1625 | Lincoln County, Beekwith Hills. ... ... 31.80 8.0 ’ Cd .
1626 | Lincoln County, Baymond Canyon. . e cmmemeumeemma——————— 33.98 4.8 T
1827 | Toton County, Talbot Creek. .- . ... I 770000 I osre 1.3 1
; o 4
1 Bample frotn outeron of deposit, - 2 | s, "'.', o
- 1 Commarcial materinl a3 formerly produced. : ' 1905 | 1 tanmdda b e g
¥ Float pbosphate. . e s I 1157 | sonth ':""'_. c
¢ Qommercial materiol, - : 1A | donlh A
s Qomposlts sample of shipments diring the petfod Sept. 23, 1934, to Jan. L, 1935, k . -
* Partially weatbored material frou old mine dump. S LY e wte -
r Proeipw& mattiple, § Flyomgnlite, b o
1 Analyais roported by Jaeob, Hill. Marshall, and Rader (87, p. 30). 1 Pluaagatiie. j;'l N
1 Bample feom dutap of old Bredley mine, 3 Al e L0
E— 1 A e leed 1
z.
¥

nmtan o B R el e 11
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Waphates

504 Ag
feent | P, o
2219 P -’1"':.
30.30 o
2 o5
200 0.4
gg: M 154
.5
i 51
28 .3
28 9a
b A 12 10, I
.85 7.8
35.18 103
. 39 9.3
is.43 27
35.95 4.5
368,10 16,8
e ———e
%%
BB
BAv 1 eapg g
¥ 62 58,7
382 3T
L7 68,2
L] 4L.0
.47 1180
B [ 7.7
Eﬁ.. T4 I 15 —3
Ay ! It 4
#q] ] 1% 2
E.80 1.2
.62 3.2
4. 50 18,10
.17 8.4
.87 g6
50 7.6
K12 1.8
5. 60 ] &
=50 10.9
&.08 13.8
% 1¢ 1.7
2 50 EX)
e 9.8
¥.08 17.3
— e
F ]
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TABLE 7—Arsenic in foreign phosphates E?;J fi .
A¥RICAN PHOSPHATES :" s
T i‘ii N4
g"\':_“lfﬂ“  Laeatlon of deposit 1Py As
-
Percent | P.op.ow,
560 | Algerla, Dyr_._... 23.39 16,3 5
1556 | Algeria, D;cbel onk 27,08 I4.1
1550 | Algeria, D]ebel Wov 20,99 7.8
550 | Algerls, Bord)-Redir. 32.34 36.7
1547 | Egypt, Bafaga. ... 27.70 92,1
S S s 4.1
1571 | Moroseo, Lonis<Crentil.... o ... L. 31,84 7.7 ' ' )
1672 | BMorogen, FOUTIgRa i - <wweeeemnmomnnnceoeeerennn 1 s 2.7 ghe B
B8 | MOYDeeh. oo imamee e e .30 16.4 et “
| O O U U 35,11 25.7 ' . ?’
856 1 Tunisle, Kalaa-Dierda. .ooceeceoonciiaeeaees . 26. 91 19.1 ;B
BE2 | Tumisla, Gafem. .o oo e ceeae e e mn e 27.55 bR ) \ %
1651 |..... do. ... P U S .0 9.6 R
‘b i
w. £
EUROPEAN PHOSPHATES &
At P
-, i
1462 | Austris, Prambeehkirehens . ... comei e e v e ] 303 15.3 S .
12% | Belglum, Tdicge, .. ... ... . i8.13 .% S g
1165 | Estonia, Tallinn.. . ... ... 25,68 B0
1240 | ¥romes, Sotamne_ . _..._. 24.66 22,0
1488 | Poland. ... ___.__._.._._. 7.5t 1 9.3
1263 | U.8. 8, R, Saratov...... 18,40 W54
1264 | U, 8, 8, 1L, Eeovlev, ... .37 42.0 )
2! V8.8 R, Vealks . ... I PR 42,2 .
Lgos 0 UL 8, 8, R, Koln Ceninsula o Jh.44 .4
L1 Soade oL, L . A 7R
INSULAN PHGSTPHATES
13
1223 | Aogaur Tsland, Falaa group. . ... 7.4
1207 ; Asswnpdion Istud, Sevelwelics group i7.3
1450 | Xstove Lsland, Seychelles group 2.4
1595 ¢ Chrisumas [edaul, Tiwlian Coean. 5.7
420 __do. . L w. )
1545 © Curagaa Fslaned 12,0
E e L 1.4
948 0. de, g s 7.6
11568 | Laile [lands, Pacific Oecan | . 7.2
1206 . Denig Island, Seychelles gronp. .o vav oan o i i L 4.5
1904 | Chrand Conactable Islaml, const of French Gulana oo 305
1222 Juan de Novs Island, Mozambigue Chanhel. e 151
1230 | Blakates Island, French Ceenndn_ ..o o..o.0 o0 ool oo 1.1
B30 1 de e R 7.8
430 | Naurn Island, Paeiflc Occan... 5.6 "
1507 ... udo. .. oLl ol 5.1 .
15646 | Ocean Tsland, Gilbert grouyp . .. 7.9 . .
L L, PR 4.7 v s
1507 | Petelia Island, Palau group_. .. 12,0 »
1501 | Rasa Island, Pacife Ocoart. ... ... L0000 I00 0L . 2.7
1308 | Walpole Island, New Caledonin greap ..o ooooeeoee oo mvemmmc e e 40,4 i
OTHER PHOSPHATES o
LY r N
-, oo
882 | Canada, Britlah Cotumbla, Crow’'s Nest Pass.... ..o comssucivmcnaciins M. 12 2.3 y !
$906 | Capada, Quebeo Provinee. o ocvooeeans . 40.30 2,2 e to
11587 | Bouth Avstralia, Kapunda. ... 0. 18 . .3 i
1158 | Soath Australin, Fort Clinten........ 33.53 20,3 ,r .
. - ‘
— L ':
1 Fluorapatlte, cruds lnmpa. -
t Fluorapatite, concentrated by froth Gotation. L
* Alumiaam ivron phosplate. fé‘ -0
+ Aluminum phosphate, L §
1 Flaorapatite. ) - ; o
. . 5 {
ko
N Lt
i
¢
&, i
] _ -

i
-
e s
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TABLE 8. —Summary of results for arsenic in mineral phosphates

DOMESTIO PHOSPRATES. . _ ..o eem oo oon - o= o

Arasnie
Type ot sgurce of phosphate -esn“aml,?iﬁf;
Range Average
Number P.p.m. F.p.m.
Florida land pebble....._. e 31 3.6 21.2 s 119
Florlda river pebble____..._ .. . S P, 21.2
Florida haed vock . a L& Bl 5.4
Florida solt_. ... ] 4~ 188 7.5
Florida weste pond . ...... 8 53 121 9.0
Bouth Caroling land rock.. . 4 9.2- 375 I L
Boath Carolina civer tock,.. 4 66.8- 85,1 8.4
Fluorapatite Irom Virginia.. 2 4,3 8.6 5.6
Tentoessee BIOWN FOCK . oo ool o ca o mm e 205 5.1~ 56.1 14.6
R 1L S 7 . 8917 20,4
Teutessaa white TocK - . o ek § 4.8 2.7 10.6
Tepnessee phosphatie limostope..._... 5 6.9- 2.5 14.6
Other Teanesseo phosphates b . oo cvcccscmcmee e 2 4.6 89 8.8
Kentoeky oo e 3 6.9 127 9.9
TRHDBIY, v svmmassmm e mmdm s mt e mmmn Amm e m mm e —— 3 H, 6135, 2 8.0
Oklaboma, - - 3 15.6- 10,3 17.8
Idaha...ocooeee- [, . . 14 4,5~ 257 12.8
Montana. . ———- 9 12.3-100.0 47.6
Utah, . ..covoon 8 8.4~ 43.2 17.8
Wyomlng. e aaan 0 7.6- 18.8 121
FOREIGN PHOSPHATES
13 T 0367 174
2 2828 % 8.3
#10 TH5L8 25.1
121 A 1782 16.3
2 A48 2.3

F Kidney phosphate from Boma arid phosphiate rock from Monotain City.

1 Including a sanuple of floorapatite ltom Guebee Provines.

¥ Imeluding 2 satnples of Quorapatite from Union of Soviet Boclalist Republics.

1 Including a sample of alurninom phosphate from Grand Connctablo Tsland and a sample of aluminum
fron phosuhate frota Traite Islands,

" Aside from the results on 18 samples of domestic phosphate rocks
previously reported from this Division (88, 81), very few {igures for
arsenic in mineral phosphates appear in the literature. Thus, the
arsenic content of 9 samples of Florida phosphate rock, presumably
land pebble, snalyzed by Longfield-Smith (94) ranged from a trace
to 29 p. p. m,, which is in good agreement with the range of resulis
for Florida land pebble given in table 8, Likewise, the figures shown
in tables 3 and 4 for the National Bureau of Standards standard sam-
ples No, 120 (Florida land pebble) and 56a (Tennessee brown rock},
respectively, agree closel&with the results reported thereon by Hoff-
man and Lundell (?’3{. ansfield (86, p. 212) states that no arsenic
was found in o sample of phosphate rock from Driggs, Idaho, o in
8 composite sample representing 12 individual samples of high-grade
Eho}aﬁ hte rock from: different parts of the Idaho filt)eld. As reported

illiams (146), Fairchild found 13 p. p. m. of srsenic in a sample
of low-grade phosphatic shale from a prospect hole just north of the
mouth of Seymour Canyon, Suinmit County, Utah, and & sample of
oolitic phosphate from an outcrop on the edge of Provo Valley, due
north of Midway, Wasatch County, contained less than 6.6 p. p. m.
of arsenic. -

The spectrochemicsl results (65 to 326 d;p p. m.) of Goldschmidt
and Peters (49) for arsenic in Angaur Island phosphate are very much
higher then the suthors’ figure (7.4 p. p. m.) on such material (table
7). Also the spectrochemicél results (300 and 1,000 p. p. m. of arsenic)

e
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9 23§ 14,4
2~ 8.0 8.8
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of Noddack end Noddack (104) on specimens of fluorapatite from St.
Gotthard and Zinnwald, respect.ivel?r, and those (up to 2,200 p. p. m.}
of Haberlandt (46) on fluorapatite from Jumilla, Spain, ave far higher
than the authors’ results (4.3 to 28.2 p. p. m.) on fluorapatite irom
Quebec (table 7), Virginia (table 5), and the Union of Soviet Socialist
Republics (table 7). On the other hand, the chemieal results (0.6
to 2.3 p. p. ., average 1.6 p, p. n, of arsenic) of Gileva and Melentiev
(48) on 11 samples of Auorapatite from various Jocelitics in the Kola
PPeninsula, Union of Soviet Socialist Republies, are lower than the
authors’ figure (7.6 p. p. m.) on 2 samples from this region (table 7).

... ~ARSENIC-BEARING CONSTITUENTS

The data in tables 3 to 7 reveal no uniform relationship between
arsenic and phosphoric- oxide in the different types and sources of
phosphate. }fn some instances the trend is toward a decrease in
arsenic with increasing phosphoric oxide (Algeria, Curagao Island,
Florida soft and land pebble, Montana (Garrison), South Caroling,
and T'ennessee white rock). In others, the trend seems to be toward
an increase in arsenic with increasing phosphoric oxide (Moroeco,
Tennessoe blue rock, and Union of Soviet gocin]ist. Republics), whereas
in others there is no trend in either direction. Indications of the
probable associations of arsenic with the other constituents of phos-
phate rock-can bo obtained from the available data on soils, mincrals,
ale,

Willinms and Whetstone {746) recently reported analyses of numer-
ous samples of soils from localities throughont the United Siates,
which, so far s known, had nevor been artificially contaminated with
arsenie. The results showed no uniformity of distribution of arsenic
in the soil profile, no observable relation betweon climatie conditions
and arsenic content of soil groups, and no clearly defined, systematic
relation between arscnic content and the goological formations {from
which the soils were developed.  In gencral, however, sandy soils and
humid-area soils having Ligh silica-sesquioxide ratios were relatively
low in arsenic, whereas soils of subhumid and arid regions tended to
ba higher in arsenic.

In a study of 20 samples of Italian soils taken from different depths
in different geological formations, Zueciri (155) found that seils high
in arsenic werc also high in iron. Likewise, the investigation by
Grimmett and coworkers of the arsenical muds, soils, and waters of
the Waiotapu Valley, New Zealand, indicates s definite association of
argenic with iron in this area (64, §3). Goldschmidt and Peters (49)
point out that freshly precipitated ferric hydroxide removes arsenic
from aqueous solutions by adsorption. Thoy express the opinion that
the arsenic in clayey sediments is likely present as the result of its
adsorption by the hydrated ferrie oxide in such sediments, and they

resent evidence to show that the arsenic is assoeiated with the

ydrated ferric oxide, as well as with the iron sulfide, in sedimentary
rocks. Also, adsorption of arsenious acid by hydrous sluminum oxide
has been demonstrated by Yoe (750).

The association of arsenic with sulfur in sulfide ores, especially the
iron sulfides, has long been known and has been the subject of numer-
ous investigations, Dunn and Bloxam (36) attribute the arsenic (50

to 400 p. p. m.) in the atmospheric dusts of English industrial cities
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to its presence in the pyrite that ocours in the coal burned in these
cities. In this connection, Abel's report (2a) of 424.1 p. p. m. of
arsenic in a sample of ground coal brasses (pyrite separated from
cogl) from an unstated course is of interest. On the other hand,
Goldschmidt and Poters (49) conclude that the arsenie in coal was
derived primarily from the vegetable matter from which the coal
originated. The widespread occurrence of arsemic in vegetation
(2a, 46, 62, b4, 58, 86, 146), espocially marine growths (18, 43, 85,
146), lends support to this conclusion. Small quantities of arsenic
are commonly present in animal tissues (12, 13, 18, 45, 46, 62, 54,
§9), and marine crustaceans and mollusks are exceptionally high in
this element, In e study of the slimes of certain lagoons and their
tributaries on the Baltic coast of Germany, Goy and Rudolph (50)
found the arseni¢ content parallels the content of organic matter;
they believe that bacteria are active in removing arsenic from the
water and concentrating it in the slime, ,

In view of the foregoing, some relationship may be expected to
exist hetween the arsenic content of phosphate rock and the quantities
of iron, sulfide sulfur, organic carbon, or nitrogen present. The
available data (table 0), however, do not point te a regular connection
between the graenic content and any of these constituents. Also,

other data (not shown in table 9) indicate no relation between the -

grsenie and either the aluminum or the total Ry0y.  On the other hand,
results for arsenic in the mechanical separates of & Wyoming pyritifer-
ous, highly carbonaceous phosphate rock (table 10), as well as those
for arsenic in the separates of an Idaho pyrite-free, highly carbonaccous
rock, follow, in.general, the results for total iron and organic carbon
but not pyrite; arsenic, like the iron and organic carbon, shows marked
accumulation in the “clay’” fraction. Although the results indicate a
better correlation of arsenic with total iron than with organic carbon,
they do not permit one to decide whether the arsenic is associnted with
the iron or organic matter or both. The results on the Florida land-
gebble (No. 947) and Tennessee brown-rock (No. 908) phosphates,

oth of which are low in organic carbon (0.2% and 0.11 pereent, re-
spectively) and are free from or very low in pyrite, show no correla-
tion between arsenic and total iron in the mechanical fractions. In
all the samples, the results indicate considerable loss of arsenic ocea-
gioned by suspension of the material in water incident to mechanical
separation into fractions.

TapLt 8.—Comparative resulls for arsenie, orglaﬂic carbon, nitrogen, pyrilic sulfur,

. and iron in phosphote rock
Els!?o].:lu Type o’r soirres of phosphatel glrmhoun“ [f Asg N Fudy Fey0p?
' Percent | Pop, . p. . |- Percent
1280 1 Montena, Maxvllle ... ... ... méc.r;‘ pl‘;.ns F 3) b X E.c%'g' Pcr::mt
1009 | Montsns, Garrison # L 164.0 80 Nt 2.1
1010 ...ded ... % 182 50 | Nt .58
262 ... - R - dLD ] .0 110
948 | Wyoming, Cokevillas ... ____, . 347 1.7 1, 100 R 87
1283 | Jdaho, Condn. ... .o .l 0] 2.80 15,1 i‘) v L4
978 |..... dod __. . 233 17.7 , D00 N .87
450 ) . . ded . ... . 2.29 15.4 . 910 R B0
1412 | Idahe, Slight Canyon . .88 9.3 5‘; [d) U]
8550 | Idako, Paria Caonyond.____. . 02 2. § 4, .0 97
104% { Tenuesaco kidney phosphate .. . ..... 146 8.9 2,000 1.51 L
552 | Tunisia, GATeR. . et eevemcsaccmmmmninal B0 ne 0 N .53
See footnotes at end of table.
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TapLs 9—Comparative resulls for arsenic, organic carbon, nitrogen, pyritic sulfur,
and fron pko&pkate rocb*—Cuntmued

h";};i"" T'ype or aoures of phosphate g‘; ‘:fc( As N Feds Fey(y
Fereend | Pop.wm. | P.p.m.| Percent | Pereant
hyil ]e‘lorida bard rock.. a, 52 3.0 180 V) 183
e |oa.adt e 18 &1 5 6e i .60
LR South Cargling land rock 8L 12.9 510 .4 l L1
[T T L #} 275 U] L 1, 56
pIES Flnrida wasle nond. . .47 5.8 44t )] ' 4.2
b7 L du 22 10. 4 My ) £ |
iz Flar:da Jand pebhle - L3 (] 130 {1y ]
b1 R ST .33 212 ) (‘; 2,59
019 |...-. l‘|n ..... .33 11.6 180 {1y 1. 43
HT om0 e .20 17.3 B0 4] L&)
439 |- da. S e 2 0.5 ( ) 1. 90
1] - do. 1) 19. 7 ¢ Nt 14
790 ... do.,.. (9 12,3 o A 1.82
772 ¢ Tenncasee blue 1 .28 17.4 340 293 3. 54
b . o, ... i 3% T Ho A, H 3.42
448 ... deo ...l F) 2.4 ] 1.43 3.0
44 |-.... do femmrmm e mrmmretmmmmnes 1) 8.4 O] 2.3 .35
782 ’l‘enni“wec BrOwN T0CK .« oo oee oo NN 7.9 150 U 2.25
150 |..... 1 USSP .25 2.9 no N 3.4
98 Ly do ... .l 13,0 40 0 252
98 |__. ..do. wae .09 4.2 1] W 342
1904 | Grand Connetnbie lenud ) 30.5 490 .0 4,41
to3t | Fennessed white roek . - .20 i8 350 " .42
WHE .. ... oo .M 52 160 Q)] : 174
1A | Morogen, .. ... ... 7 0,2 1801 i 12
4348 | Curacae Ixlend. . ... AT 1).§ 130 L N
724 | Florida soft . I 18 59 [E51) ! 1, 54
918 | Tennegsee phnsphntic 11!]135101]0 . " 6.9 ('; . T 1.2
L] I S+ T SRR e mmn 4 7.3 . @ i 1.A9 - 1.95

1 lncluding nlqn lennntnl rachom. -

el iron.
& Dark-eolored pyriliferons rock.
+ 5ol deteroined.,
3 Light-colored rock.

1 Dark-colored pyrile-free rock.

t Standard samTle number of the Natioual Burean of Standapds,

$ Aluminem phosphate.

Taneg 10~ Disiribition of arsenic among mechanienl separates of ground phosphale

rocks

Mechsanical fraction )

Wyoming phosphate No, 45

[Aahn phosphade No, 073

& 933 ! gt 2
] =R i 2g &g
Ireslgnation =8 §:§§ i 5! - 287
55 [5EE s L |29 ¢ “al ¢
A £ 4 |7 & & I EME
13
Per- Pcr-| !Per- Fer-| Per-| Per- | Per- Per- | Ber-
Microna | cent | cent | P.pm,|cent | cent| cent | vent + cent [P, p. m.jcent | cend
., . 6.5 2.06; 062 0.49| 20, 35.69 G.q) .22 0. 14
L 17l 1.1y 45 8] 32.96 8.2t 203 .40
L421 2,220 7.9 28,68 32.8| 3.03| 2.4
Solution and mechan. . 8 -
Original mnteria!_:::_: DI wee|d i8] nlr[&aRIEATE| 00| A2 0w M| TTER
Florida Innd-pebble phasphate Tennéssen browa-rock phos-
phate Mo, 008
Per- | Per- Pers{ Per-| Per-| Fer- | Per- 'er- | Pere
- ernd | cent | P.pan.| cend | cont {cent | cent b ocent [P, p. .| cent | coend
"8and”. .. 48, 3 30. >N JL 37.6] 34.49 10 7eeeen 2.1%
“agr, . X 1 46. 8| 34, 85 k% | T 2.3
LS [ . 13.8] 32.35] . LL 4f...._ 3.67
Bolutton and mechan L .8
om;mm AT woo§id| el 4

1'The mechandeal Tractions wers prepored by Alexander and Jacob (3) from material ground to pass [}

lnl]-mesh il-ﬁp sieve,
t Including also cletental carbon.
3 Tatal iron,

i Ca]ctﬂatecl: basad ou the origtoal materlsl.
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Primary anp Seconpanry DzuposiTs
Following Blackwelder’s division (24) of the world’s phosphate

deposits into six genetic varieties, comprised in two broad grouYs
(Primary and secondary deposits), Mansfield (96, p. 362) has partially
c

assified & number of the deposits. Accordingly, as far as possible

the results for arsenic in phosphate are summarized under the twao
general groups in table 11, Although this grouping of the phosphates
reveals no definite relationship between arsenic content and the type
of the deposit, there is evidence that phosphates from primary dl:a-
posits tend, in general, to conlain somewhat more arsenic than do
those from secondary deposits,

Tavrm 1l.—Arsenic content of pho;ghatg_ rocks from primary and secondary

posits
. Arsenfc
Typo of deposits and location fﬁ;ﬁ”ﬁ

Range Avorege !

Friuery: Number P.p.m. Pop.om.
ATKRDSAS . . .o oo srimmmnnuemmmccaanisnnnnnmamammem e ans 8 t4, 6-188. 2 BL.0
Tenmegsor ble rack ... ...l 7 84— 41,7 2. 4
- Algeris, Tunisia, and Beypt.. . ... ... .. ... 9 7ol 367 141
Idahe, Montma, Utah, Wyoming, and Britiash Colinnbia. . 43 4. 5-106.0 16 4
Fluorapatite frorn Canada, Virgitda, and UL 8. 8. R ... 5 4.3~ .2 13.8
AVEIBEO: . 2 )i imiemnanrsusananunoneramnmmmme ool U, 2.0

Socondary:

sﬁﬁ'}f Qarnling river rock £ 50. 8- 88. 1 8.4
Sonth Anstralia....._.... 2 0.3~ 4.3 28
Islandsd. . . . _...... 21 51~ 76.2 19,6
Snuth Osrobinadandrock ... oo ... ... . 4 0.2- 208 i1
Tennessee and Kentucky (browe rock and white rock 9..__ . a2 4.8- 86.1 1..&
Florlda. ooy e e 54 A~ 22 1.0
AVOTRER - 1 rseeemeemeemneeavemammmcmnran e cemnanan en 1 ............................ 2.0

1 Average of mean results for individual types or svurees of ¥l|usphnte.
D'ﬁne;gﬁn& aleminum phosphate for Grand Cennotablo Island end alaminuto irgn phosphate from
aite Islands, .
! Including phosphate rock from Joheser County, Tern.

GEOLOGIC AGE AND ARSENIC CONTENT

In table 12 the resultz for arsenie in mineral phosphates are grouped,
as far as possible, according to the %eologic age of the deposits (77, 139,
145). The average figures range from 7.3 p. p. m. in phosphates of
Oligocene age (Florida hard rock, soft, and waste pond) to 47.8 p. p. m,
in those of Miocene age (South Carolina land rock and river rock),
whereas the averages for phosphates of sll other periods and epochs
are within the limits 11.9 and 24.8 p. p. m.
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Period or epoch i i

. i
1
Post-Tertiary... _..... 1sbansd
[Of%]
Tertiary. ..o, b 1o et
© W
|t
PlioCR6.... ... | Fhomiq
Misocne o | Btk
Qligodens. | ~ | Fluktd
. OCEA0. ... weenns | SFusoeg
Crotageons (or Juressle) | Frivce
: Fe
Carboniferons... ... it g‘i
#hal
I
Permian.. .. ... il:il
- LHT ]
Misslasipplan.... . | T
Dewenjan_ . .. ... .. ‘Ten
Ordovician. ... . . _.... Ten
e
~ud,
Pre-Cambrien... ... Floueg

b Averae of MnRR eSS b o 7
t Ineltrling aluminitn plus -k

Daito Talands. -
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sand, glauconite, wf 7}

Tapue 13-—Areee 4

Material nnt «- evd
o

pocka: work dee -
;{m‘,’;ﬁm Virglnia L+ 0
118 TOCkS:
Earth's rrust
Amaorlen. .. p
Meteorltes:
Bilicate phneo
Iron phase ..
Trollite phase - S

Bhlicate rocks nml mu.-u'-.:-
M!‘lg'lli-‘!; Colorwto wrh k* N 5

st
Beo faotuntet plewtr

gogoan’ 18




RICULTURE

rid’s phosphate
‘0 broad groups
62) has partislly
s far a8 possiblo
1 under the two
f the phosphates
mt and the type
om primary de-
arsenic than do

-

ery and secondgry

Arsenle

Range Aversge |
] P -

P.p.m, P, p. m,
i | P T
84477 20,4
T 36.7 I8 &
45106, 0 791
12282 13

i, - BB, 1
- 2, 2.3
&= T2 14t
0.2 204 171
4.8 51| 1.4
L4 2l<2§ 10
e o o0

m iron phosphate from

T

ates are grouped,
leposits (77, 189,
in phosphates of
D to 47.8 p. p. m.
and river rock),
riods and epochs

f

ARSENIC IN NATURAL PHOSPHATES 17

TasLE 12.—Geologic age ar correlated with arsenic content of natural phosphates

i T Avsetle -
Perind or epach T¥pe or soaree of phosphste analized
Rapre Average!
I —_— L :
1 Numtber P.p.m, B.p.m.
Poat-"Tertiary [sll?!m! phosphates and Florida river peb- 22 1 5.{— 6.2 v 19.7
6.
ALY o e v reeec emeeens Flovida land pebble, haed toek, solt and kil 4881 18,5
waste pond; South Caroligs, Tennessee -
?'Elrtc rock,? Morogen, and South Ans
ralia, :

Pliocone. ............ | Florldaland pebblo. ... ... .- 1l 3.6~ 21.2 11.9

Miocene. ....._._....| SBouth Carolina land rogk and river rock.. £ 2.2- 88§ 4.8

Oligacens. .. -._| Florids kerd rock, soft, end waste pond .. ] 4~ 18,6 7.3

Eoceoe. ... Meroeew, .. ... ... 4 T.7- 208 4.7
Cretaceons {or Jurassic) .| F rﬁnce_.tU. 8.8, R.,* Algerla, Tunigls, and 12 7.0~ 432 2.0
Carboniferons..._.... .. Britﬁglgdolumhia, Idaho, Montans, Utsh, 44 4 5106, 0 16,2

N]l.ld W yg;nius: and Tennessee kidney
0 .
Permian._..._ ... . BHtishpcqumhl‘a, Idaho, Montana, Utah, 41 £, 5-108.0 14.3
and Woming. .

Mizeisslppian. .. .. _| Tennessee XKidney ;;hnsphatennd Utah 5. . 3 By 19,2 15 4
Devondan..._............| Tennessee blue roek . . ..oooooo o ot 7 B4 37.7 W4
Ordovician............... Tennessee snd Kentueky brown rock, 42 8,1-158, 2 4.8

+ ‘l'ennessec phosphatic limestone, Arkan-
b g8, and Estonia, ' :
Pre-Cambrian .. .._..... Fluorepatite from Virglnin and Capada . 3. 4.3 2M3, 16. 2

I Averaze of mean reanlts for ladividunl types or soncees of phospliate,
n‘ Itnc'}uldindk slominum phosphate [rom Grand Connetahle [gland and alumiinum iron phosphate from

qito Tslands.

1 Including phosphate roek from Johnson County.

1 Egoriev, Sarathe, and Vyatka.

$ Lagan and Weher Canvions,

Prosraarrs Coyvankn Wivn il Ro;;xs. AHisEraLs, Coars Sz,
SEDIMENTS, AND WATERS

Results for arsenic in rocks, minerals, conls, soils, sediments, and
waters of the world, collected from various sources, are summatized
in table 13. On the basis of these data, it ean be concluded that the
arsenie content of phosphate roeks Is abont the same as that of marls,
shales (western United States), carbonate minerals, coals, and silicate
rocks and minerals. Usually the guantity of arsenie in phospliate
rock is greater than that in soils, clays, sediments, and nitrate and
halide minerals but is much smaller than that in oxide minerals, green-
sand, glauconite, and especially sulfide minerals, )

TasLe 13— Arsenic tn rocks, minerals, coals, soils, sedimenis, and waters

) Arsenic
Matsrisl snd locatlon I;L}::‘n';:" ?ﬁ;?ﬂl&",
Averags
- P.p.m
" Phosphste rogks; world depnsity. .. ..o veeoieuna 0.9
Fluorapatite; Virgioia, Canade, and U.B. 8. R 1.8
Ignecus rocks:
Enrth’y ormst . ... . i 11-9
Mmmltt}r L S L 4.3
rltes; -
Slljeste phase. . .. aan
Iron 8. e -
Troilite phose. - cvarecreecmnan -
Bilicaty rooks and mincrais; 52 specles .
Marls; Colorads nnd Fansas. o coweeue_wan .

Sea footnotes at end of table,
306809°-—41——3
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TaABLE 13.~Arsenic in rocks, miterals, ceals, sorls, sediments, and waters—Con.

Literata 8 ' les Afenis ™ " T
rature AP
Materinl and location rofevencd poatyzed
Range Average

Number P.op.om. P.p.m

Greensend, glaaconite, and glanconite-rich sea | (49) . ooo.. .. tAs-3e8 | L.
sediments,

Shales:

Qolorade, Kansay, and Montana_ ... ... ] 2-42 12
Bohemia end Middle Rilealn 1 54, B2 603
Bauxibe . i ... T 8 (325 el
Quidized fron ores................ 10 SARERA0 L. ...

Oxides: 13 species____ . 7 5 B-40 9
Carbons&as;na?mles_‘..-.-;...._. 13 L1080 17
Nitrates and halldes; Tapeeles. .. ... ...... 10, 15 * 0-10
Bodlotim %Itﬂorlds: vaclows grades of sea salt and | (). ... 1] L 028175 L)
rock sait.
Balis %mids dg: Ti, P, V, Cb, Tn, 8, Cr, Mo, and | {204). f2 0 0300 i
f acles,
sulﬂdas.;gﬂenidea. und tellurldes; 10 speefes 19,1 (704). 144 11 10600 146
Galena; EUrODe. .. e e cvercnmrarame s g.‘ ..... 1% T0-15, 80 2 202
%rlb]lmleme; Baxony and Bllesia. .. I‘}. . \amn 1 205-34, 8,129
aloopﬁrite;suesla,, ez Akmeameeammene sn ........... 3 W53, 525 1,938
Pyrita; Barope, Algerla, and United Btates..._.. .| (80, 85, 41, 74, ] 0-20, 00 K, RBO
187 148, pp.
Native swifar; Europe, Japan, and United States | (fa, 87, 47, 108). 1 W -2 43
Natlve metals; Topeclea W .. . . ... ... {12 £6 i 0-300 54
Coals; Evrope, New South Wales, New Zealand, 1] Q=200 45
and United Btatos,
Olays"md JORIA. .« L\ i - 52 +0-80 ]
3¢
Argentina, | Trace-22 5 4.4
Costa Rlea i} L350 2.3
taly...... 20 1,980, ¢4 2.1
Mexleo kL) 2,040 00 14.3
New Zeal 1] 4-19, 00 e
Puarto IN:
United 8tates, . . . ... |
Bediments and sea-bottom materlal
Oeean sediments. . ____ PR 4
BRod clays; occanle depths . ... I 8.5
Terrlgenous clays; coennic de{;ths e emaaea- Tram
Muads; ong end theic tributaries, Paltic [ 3
coast, al'marz\.s
w tBell!atau:d&]taa!‘M fesbppl River. ... ... ..... 248
atera:
Atlantio Ocean and Daltle Sea.  ___ . .| (44, 80, 118)__. 181 . DOKIS-, 08 J0s
Vie‘inity of San Juan Fslands, Washingtan | (I35, p. 1), | .oo. . -7 08-. 03 [
ate.
Thames and Medway estuaries. ... ... .. " L 100, 757 |25
18 and thelr tributaries, Haltle const, 12 i Trace- 008 0024
oTImany,
8alt and mineral springs. France. ... ... .. [} 1=, 31 8
Bot springs, Yellowatone National Park...... 17 0-2.83 | ]
Sireams, surface depresszions, gnd hot and 39| Trace-33.71 LK
%%Ig sgrings in Walotapn Vailey, New .. P
and, .
Ond nd sources In Argentina. .. R 17 . 2 0-1. 40 18
Eng]iag Hvers . 518). P L R Trace

1 Results fram tables 3 to 7, exelusive of fluorapatite,
W. No

1 Hesults from tables 6 and 7. 1. Noddack an

ddack mportéd mere than 1,000 p. D, ot of arsenle

in fluorapatite from Zinnwald and 300 p. p. i in fuocapatite from St. Grottharnd, ag deterniined by a apectro-
P- p. m. of argenic in
ars

me

04). By means of o simllar meth

ol T
apatite from Jumills, Bpain (56). CQllevs and Melentiev reported 0.6-10 2.3

. . 04, I 1L gampies of flusrapatite from varlous looslities in the Kola

¥ & chomioal me
1Tho aver,
1 A compogite sum?lo wad analyred.

1 Analysee by epeclrocheinical method.

hod (48).

¢ arscnie pontent §8 estimated to be within these Hinits,

a3 1 P
Penlnaula,

, Haherlandt found up to 2,200
m. 0
o U.B. 8, R., sa determined

enle (average 1.0

# Na atsenlo was found o severel speeimens of micaceots iron sheles and 8 homntite with iaspar.
¥ A apecimen of cevussite eoniained more thano 1,000 p. f\:ﬂ m. ¢f arsenie,

1 The somple that conteined 1,75, p. m. of arsenic was

m & fissure in Vesavins Voleano.

* Epecimens of deselpizlte, monazlte, pyromerphite, aud vaoedinito and a Huerapatite from Z_lnnwald

eontalned mors than 1,000 p. p. m, of arscnle.

W Including only those apecios 0f which the coinmor

nly accopted formulag de not sh
keita, atibplte lenid

11 Boecimena of argyrodile, galens, tetrahedrlte, fn

wnd staunito enntalned more than LO0G Pb‘; m, of arsanic.
il L1

" ] terred to i
" ghcludtng the sempie re in

 8pecimens of lead nud bismuth contained more than 3,000 p. p. m. of
tiflcially contatinaied

1 85 for a5 kuown, thess soila had nover hoen ar
# Inolirding sampfes of mads,

14, footnote 3,

Ipaon reported 11,18 hereont arsenic in suifur feom the solfaters of Ngspm?oum‘
argenie,

with arsenleal compounds.
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me - 604
%
4 17
g 3
H.78 .32
+300 b
e | 2k
R34 830 | 61X
F 828 | 1,003
X080 0 5, 650
200 ]
30 5
=300 45
30 [}
2 5 4.4
e - 2.3
i 6 213
0.0 4.5
LY
w14 15
LiR0 .l
P %15
. 2.4
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e |
-, 157 .25
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ARSENIC TN NATURAL PHOSPHATES 19

ARSENIC IN CALCINED, SINTLERED, NODULIZED, AND
DEFLUORINATED PHOSPHATE ROCKS :

For a number of years it has been the practice of several domestic
producers to heat a portion of their output of phosphate rock at tem-
peratures (about 815° to 1,370° C.) considerably higher than are
necessary merely to removo the. bulkc of the moisture (71, 90, 161).
Phus, more or less complete destruction of the organic matter and
slimination of carbon dioxide and combined water are effected, and
purt of the fluorine may be volatilized, with the result that the grade
of the rock is raised, and a product, commonly called calcined phos-
phate,'® more suitable for the manufacture of phosphate chemicals by
ncid-decomposition processes is obtamed. For use in the manufacture
of phosphoric acid by the sulfurie acid process, phosphate rock from
the Conda, Idaho, deposit must be heated to eliminate most of the
organic matter, which otherwise would seriously foul the acid and
apparatus (90). Although coalis used to some extent, oil is cornmonly
used in this calcining process. ;

In 1918, Waggaman snd Wagner (742) showed experimentally
that mine-run phosphate rock ean be smelted in the electric furnace,
Later experiments (141) showed that such material can also be smelted
in fusl-fired furnaces, and several years ago the suitability of sintered
Florida land-pebble phosphate matrix ! as a raw material for the blast-
furnace production of phosphorus was demonstrated (777),  Sintered
Tennessce brown-roek matrix, as well as nodulized matrix and phos-
phate sand, is now being used in the electric-furnace production of
phosphiorus and phosphoric acid {26, 87, 139). Coal und oil are
used as fuels in the preparation of the nodulized products, whereas
the sintered material is prepared with coke, The maximal tempera-
tures range from about 900° to 1,450° C,

Removal of fluorine from phesphate rock can be effected by heating
the rock at 1,400° C. or higﬂer tempoeratures in the presence of silica
and water vapor (25, 83, 99, [19). When it is properly prepared this
defluorinated phosphate !* is almost completely soluble in neutral
antmonium citrate solution, and it is an excellent source of phosphorus
for the growth of plants en neutral and acid soils (79, 121).

As coal usually contains notable quantitics of arsenic (table 13),
the presence of this element in coke is to be expeeted. Thus, several
investigators (8, 19, 91, 105, 125, 128, 137) have reported arsenic in
29 samples of colce (principally English}, ranging in quantity from 2
to 243 p. p. m. and averaging 59 p. p. m, Alse, the spectrochemical
results of Goldschmidt and Yeters (49) showed 65 to 650 p. p. m. of
arsenic in the ash of numerous samples of brown coal and anthracite,
Determinations of the so-called volatile and fixed arsenic indicate that
considerably more than 50 percent of the arsenic in coal and coke
usually remains in the ash when these fuels are burned under ordinary
conditions {19, 62, 91, 105, 128, 137). It appears, therefore, that the

W The term “ealcined phosphate’ has a1so been applled to the citrate-goluhle praducts obtained either by
heating phosphate rock with aliceli salts (65) or by heating it In the presence of sillea snd water vapor (119},

For the preposc of this bulletin, however, tho term will e restricted to phosphate rock thiat has been heated
printerily for the purpese of increasing itz grade end 1§98 snitability for trentracnt by acid-decomposition

tt Thg termm “matrix,”” aa wsed {n this bullelin, refers to the natural mixture of phosphate rock and gangus,

17 The term “debuorinated phosplinto™ comprises the materind known us euleiced phosphate that {3 pre-
panid by deflnorinnting phosphate yock st temﬂumture& below the melting point (82, 58, 119, lontnote 10),

... B ge(gé?s tha materis]l kuown as fuged phosphate rock whieh 13 prepared by deflaorinating the moiten
{nd '
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of phosphate rock with coal or coke may lead to con-
the product with arsenic from the fuel.
on the arsenic content of fuel oil are not available, Shirey (124)
reports that a careful spectrochemical examination revealed no
arsenic in o sample of ash specially prepared from the still-coke of
Kansas crude petroleum.

The arsenic in 16 samples of calcined, nodulized, sintered, sand
defluorinated phosphates ranged from <1 to 150 percent of that in the
parent rocks and was with few exceptions notably lower in the products
than in the parent materials (table 14).
content of the products does not appear to be related either to the
arent materigls, the type of fuel used, or to the
heating. The data (see tables 4 and 14) indi-
art of the arsenic in the parent

TapLe 14.—Arsenie in coleined, sintered, nodulized, and defluorinated phosphale

though data

‘\
i
ot

In general, the arsenic

PeB@ohouphaSegV | A2
e C2 e 10 8 R e T b T R

13 -
loridla Iand pebblo. . .
Tannessee brown rock.

TocKs
Ushested phosphate rock Heated phosphate rock %
i
$ g 8
3 23 %
5 | Typeofproduct |F E i
il 3 5 (3

{ to Asinunbested rock?

1850] Calcilncd

180 Caleined roek ...
il ot ... T
1924 Nodulized sand *.__.
1921} Nodulized matrix 5.
1918l Sintered matrix ¥
1884 Caleined reck ...,
:m;ianaw(l Tock!L
&

14021 Diefly
1478|..... d

LU T ) .. e
m s Montane, Garelson....| 36

=

——

sArAoxBensmnponng 7
i Pt e s I G = T o b =3 B T
-

ximabe, , .
alated frotn the arsanio-phosphorus raties of the heated rock and the unheated rock, respectively.
:M with fuel ofl. P o

'Ham.;d.whh ooal,

7'The fuel consisted of & mixture of spproximately 50 percent of carbon monoxlde frowe 8 phosphoris-
emvdenser opevation and 5 pereent of g0s.oil,

¥ Mixture of matrix and washod phosphate sand.

* Heatod with coke.

# 40 o 80-mesh particles screened from, rushed rook.
he laboratory by Leating the phospha

: ugar( .
A marnple of the phesphnto rock was not avallable, - .
M Peeparod on a seotiwarks scale by heatig phosphate vack fn an of-fired rotary kil In tho presonce

DOr.
d by sr_.nb]‘euﬁng molien phoaphats rock to the gotion of water vapor {(#6),

te rock in an electric turnace in the presence of water
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ARSENIC IN SUPERPHOSPHATES AND PHOSPHORIC ACID

Aside from its presence in the phosphate rock, arsenic may be intro-
Jdueed into superphosphate and phosphorie acid as an impurity in the
sylfurie acid usmr to decompose the rock or in othor reagents or fuels
wsed in some of the manufacturitig processes. The sarlier investign-
tors (5, 28, §8, 180, 131) attributed the arsemic in superphosphate
principally, if not entirely, to its presence in the sulfuric acid.  Sul-
furic acid manufactured from pyrite or produced as a byproduct of
the smelting of other sulfide ores is used extensively in the {ertilizer
ndustry; such scid, especially that made from pyrite, often contnins
considerable arsenic (I, 16, 28, 68, 88, 127, 150, 148, pp. 337-338).

Native sulfur is also an important source of sulfurie acid for the
domestic fertilizer industry, but, unlike pyrite, it usually contains
little or no arsenic. In 1859, Davy (28) remarked that sulfuric acid
made from pyrite contains considerable arsenic, whereas native sulfur
contains little or no arsenic and the sulfuric acid made therefrom is
not so likely to contain this element. Davis and Davis (27) found no
trace of arsenic in sulfur from the Texas deposits that were being
worked in 1920, whoereas a later sample of Texas sulfur, analyzed
by Abel (2a), contained 7.0 p. p. m. of arscnie; the authors’ analysis
of a recent sample from Louisiana showed only 2.1 p. p. m. of arsenie.
Phipson (108) reported that a sample of Sicilian sulfur was “quite
exempt” from arsenic, and that only a trace of arsenic was present
in voleanic sullur of Hecla, According te Gibbs and Jawes (47),
two samples of Japanese sulfur contained 143 and 200 p. p. m. of
arsenic, respeclively, whereas the apsenic content of four sanples of
French sulfur did not exceed 33.3 p. p. m.  In harmany with the
usvally low arsenic content ol native sul{ur, Wyld (£49, p. 337) states:

Arsenic is rarcly found, and never in more than insiguificant traees, in aeid
which has been made from brimstone; moest of the latter material, indeed, iy used
where acid free from arsenie is wanted,

The phos?horic acid required for the manufaciure of double super-
phosphate ¥ is made either by the sulfuric acid process (90, 144) ov by
smelting mixtures of phosphate rock, silica, and coke in electrie or
blast furnaces (17, 23, 87). The presence of arsenic in phosphoric
acid produced by the sulfuric acid process, and in phosphate chemicals
made therefrom has long been recolg-nized- (15, 39, 40, 88, 169, 120).
Results, reported by 1ill, Marshall, and Jacob (67), for arsenic in
crude phosphorie acid manufactured eominercially with sulfurie acid
produced as e byproduct of copper-smelting operations in Tenncssee
and Montens are given in table 15. The Montana sulfuric acid is
used extensively in the production of J)llosphoric acid for the manu-
facture of double superphosphate, and large tonnages of superphos-
phates are made with the Tennessee sulfuric acid.

"W The term “double syperphosphate’ rofers to the fertillzar meterial, nsually contaluing sbout 48 to 60

m&mt of Py0y, made bg treatinf{ pbnsphats rock with phosphorio spid, The term i3 syponymous with
termss “triple superphosphate’ snd “troble sizperphosphate.”
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TasLx 15.—Arsente in crude phosphoric acid manufaciured by the sulfuric acid

process
Arsenig content of
phosphoric aeid 1
Type gh?tgrxc?tr phoz- Soures of sulfurle neld .
t oneen-
Dllnte frated 1
5 P.p.om. P.op.om,
Florida land pehbla._ ... On[:‘?er-smeltlng operation iv Tennessee ' __...____. 35.0 (L]
Tennessee brown rock. . _.|..... Bl e e aiamoeoceas eeammaa.. 0.7 30n
72T T Copper-smelting operation in Montana *. .. m——— 8400 L, 1681

1 ?art% r%pgmd by Hill, Mazshall, and Jacob {37}; results caleulated to hasis of acld containing 50 per-
cent of HaP .

3 The dilute acids mada from the Florida, Tennesses, and Idaho phosphate rocks contained 27.42, 22.12,
wad 97,90 percont of HyP Oy, respectively.

# The eoncentrited eeidg o from the Florida, Tenneases, and Idahe phoaphute rovks eontrined 86.93,
§7.11, and 52,19 percent of FI;P Oy, respectival iy

i A sarnpleof aeid (60° B.) from this smelting operation contained 11.4 p. p. m, of As,

1 A4 sample of acld (50° B.) from this smelting operation dontaingd M1 p. p. m. of As.

Yenkov (78) expressed the opinion, unsupported by experimental
data, that the arsenic in thermal phosphoric acid comes from the
phosphate ore and coke used in the process. As pointed out in a
preceding paragraph, arsenic is & common constituent of coal and
coke. Im view of the volatility of arsenic compounds at high temper-
atures, phogphoric acid produced by furnace methods would he ex-
pected to be contaminated with arsenie from the coke used in the
process. Swann (73%) and Carothers (17) state that precipitator acid
(85 to 95 percent H,PO,)} made by direct combustion of the elecirie-
furnace gases containg aboul 100 to 150 p. p. m. of arsenie.  According
to information supplied to the authors by several domestic manufac-
turers, crude elemental phosphorus made from Florida land-pebble
and Tennessee brown-rock phosphates by the elestric-furnace process
contains approximately 60 to 75 ll) p. m, of arsenie, whereas the erude
acid (about 75 to 80 pereent I,PO,) made from this phosphorus con-
tains approximately 19 to 45 p. p. m, Crude elemental phosphorus
made by the blast-furnace process contains apprdximatelfy 120 to 130
p. p. m. of arsenic, or about twice the arsenic content of phospliorus
made by the electric-furnace process.

The foregoing figures are very much smaller than those (0.53 to
1.02 percent) reported by Hampe (57), Husemann (76), and Winkler
(14?? for arsenic in elemental phosphorus produced in Europe during
the last quarter of the nineteenth century. At that time, however,
elemental phosphorus was commonly manufaciured by distilling a
mixture of coke and sirupy phosphoric acid (718); the acid was made
by treating bone ash or phosphate rock with sulfuric acid and con-
centrating the dilute product. Thus the arsenie in the elemental
phosphorus may have beon derived from three sources, namely, the
phosphatic raw material, the sulfuric acid (made prineipally, if not
entirely, from pyrite), and the coke, of which the sulfurie acid probably
contributed by far the greater portion. ' -

Angell and Angell (5), Hasgelhoff (68), Stoklasa (130), and Stutzer
(1381) reported 40 to 2,600 p. p. m, of arsenie in samples of Kuropean
ordinary superphosphates * manufactured about 40 years ago, princi-

U The torm “ordineey superphosphate’ refers to the fertiizer material, !laua!l,v contelmog about 16 to

20 peroent of PyOy and congisting of & mixture of approximately equrl parts By weight of monoealelum plos
phats and eatni’um sulfate, made by treating phospﬁm rook with sulfuric mfd. # e
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. ARSENIC IN NATURAL PHOSPHATES 23

pally, if not entirely, with sulfuric acid Eroduced from pyrite. On the
other hand, Headden (69) found only about 1 p. 1:‘; m. of arsenic in &
sample of American ordmary superphosphate, the only analysis of
uch material that has come to the authors’ attention. The authors’
rosults (table 16) for arsenic in ordinary superphosphate made with
sulfuric acid produced entirely or partially from pyrite range from
194.1 to 1,199.1 p. p. m. and are very much higher than those (2.2 to
15,7 p. p. m.) for superphosphate made with acid produced entirely
trom native sulfur or as a byproduct of smelting operations or
recovered from the raffination o petroleum. Aside from the super-

phosphates made with acid produced entirely or partially from pyrite,

the weight ratio of arsenic in a given qua,n};itg of the superphosphate
the

{0 arsenic in the corresponding quantity o phosphate rock (table
18, column 9) is usually less than 2, thereby indicating that the phos-
phate rock is the principal source of arsenic in most of the samples.

Analyses reported by Young (151) and by the manufacturer 1
show 1,000 p. p. m. and 9088 p. p. m. of arsenic, respectively, in
samples of double superphosphate made from Idaho phosphate rock
with phosphoric acid produced with sulfuric acid manufactured from
Montans sulfide ores; the authors’ result on a sample of double super-
phosphate from this source is 404.8 p. p. m. of arsenic (No. 1372,
table 16). The results on samples of double superphosphate made
from Florids land-pebble, Tennessee brown-rock, and Montana phos-
phates with phosphoric aeid produced with sulfuric acid manufactured
from elemental sulfur or as a byproduct of copper- and zinc-smeiting
operations in Tennessce and British Columbia, respeetively, range
from 10.8 to 64.9 p. p. m.; the data (sec tables 8 and 16), like those for
ordinary superphosphates made with sulfuric acid from the same
sonrces, indicate that the phosphate rock was the prineipal source of

arsenic in these samples.

TaABLE 16— Argenic in superphosphates
ORDINARY SUPERPHOSPHATES

Phosphats rack | Superphasphate ! ‘QE”
. | £

- 88

3 ource of sulfurie acld 2 253
P Type of souree I '3%’%
E’ é E' é 282
w [=1=1

& & 4 sl&| 2 &
Per- | P.p- Per- | P.p.
: eent | M. eent | om.

1875| Florida land pebble 9.8j Louisisna sulfar ? 1874 20,488 5.2 0.8

7| Texas sulfur... 1903] 20,48 10.1] 1.8
6.2, ..do .. 1577] 21000 7.2 .48

4, 5| Domestic snifar. . 1906] 21.85 4.1 1.4

[ R ;RS T 1833 10.83) 4.4 1.2

6.5 Texagsulfur. o..veeoncaracn- 1808 2L 55 143 &5

3 15, 2 Louisitgézg aulfur and Bpanish | 1883 20.031,006.00116.7

Dy il
198, ... PSR & -1 L\ B Domo]%:.‘i? sulfur and Spanish | 18817 2L.00{1,100.11730.9
VyTite,

189)....- i 33.83] B.4 Bi.}anlsh pFritet oo 1850 20, 83] 404 1 W7

18050 ... A m e ar e mmmm e ao 18l 12.4] Go ;per-sq:;negl}ing operation in | 1804 20.43 8.3 L1
ennessee.

1w7l...-- L a7l 120 du T 1572 20,781 6.0 .St

Sea footnotes at end of table.- _ .
e
1 An advertisonent of the Anacondn Copper Mining Compney {n Ametloan Fertidizer 78 (2): 33, 1082,
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TaBLE 16.~Arsenic in superphosphates—Continued

| The nnalyses are not convacted o Lhe moisture-{ree basis,
G ? (l‘-n!culat{-rl from the arsenic-phosphorus ratios of the superphosphate and the plinsphate rock, respoe-
vely.
4 & gample of the salfur contained 2.1 0. pom. of As.
§ Approximmtely one-thied of the acid s inade from suifar and two-thisds from pyrite,
& Opi-faurth of the el was maile from sulfur and theee-fourths from pyrite,
¢ Ageording to the manufagturer, the aeird (55° 11.) contained 910 p, p. m, of As.
i A& samplo of acld {A0% .) (ronm this smelting operation contained LA, p.on. of A @0,
o(;&eco ing to the mapuieetuter, tho acid from this smelting operation usually containg less than 5 p. p. m.
3.
1 Aceording to the manufacturer, tho acid (98 percent 3304} (rom this smelting operalion coptains loss
than 0.1 p. b, m, of As,
A sample of the phosphate ek was not available,
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e bt ------| Domestio sulfii"-... DL 180 405 1061 from cleanental sudior
nesace brownrock . L. ool oC WT-SWLTINgE OPeTREION 1D =7 X< ] R : i . .
o g _ J ﬂr{\)nfssmi ) v ] oo 1500 5 thisl L__Vpc:. ol pl}nap'u.».t. ;
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1926 1925 30.601 1.1 .52 Fhese figures are very 1!
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Tdaho roek witl hn:!_fr.:wf
Although other vesrit+i
come £0 the author et
Smith (94) found 1570
im])orl;cd from {;l'l'i:.:;":

The anlhors’ pe-nliy
slags (table 17) nre "t
Kryukov (89) .fnl‘ |
Republics.  Likews o

# The acid was processed sludge acid from the tatfination of asphalt-tase petroleurn, 4 - . i
it Tho acid wog untreated shudge aeid from the railination of asphali-base petrolegm. dlca}cnun pll(lﬁ{'—'h Tl 1
1 Ammoniated doulle superphosphate, made with synthetic ainmenia. i tod by §
u Obtolted by floating the tailings rom o capper-ore eoncontrator in Montana, : PP m.) reportes :
18 The phasphorle aeld was made by the blast-lurnace process, in EBurope about i ve
1t The phoapharie acld wos ruade by the sfectric-furnaco propess with direet oxidation of the furnace gas. P C e
1" Tho phosphorie acld was made by the electrie-furnaco process; about one-third of the actd was made by Arsenie, ranging % 1
direet oxidation of {he phosphorus. i in five log of b,
The phosphorie acld was made by the eleotrie-furcace p with: d tion and subsegocnt f In five senp ( ey
axidation of the phasphorus. S : guano- contained 3
Vg o, : LY reported o Lrace of nia
. The high contents of arsenic (118.5 and 100.1 p. p. m.) in the two ofparsenic in @ gun o

samples of double superphosphate (Nos. 1362 and 1950, table 16)
made with phosphoric acid produced by the blast-furnace process
indicate contamination with arsemic present as an impurity in the
coke used in the process. On the other hand, the arsenic (11.1 to

22,9 p. p. m,} in the samples of double superpjlosphat-e {Nos. 1886,
1925, and 1945) made with electric-furnace phosphoric acid scems to
have come prineipally, if not entirvely, from the phosphate rock.
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Rader and Hill (Z11) bave pointed out that superphosphates,
heenuse of the presence of active fluorine compounds, readily attack
Anss ond cannot be stored in glass bottles without danger of becoming
contaminated with boron from the container. Contamination of
superphosphates and phosphoric acid with arsenic may also occur
in the same way, For example, analyses of a sample of fresh ordinary
superphosphate that had remained undisturbed in & glass bottle for
about o year showed 12,9 p. p. m. of arsenic in the material in contact
with the walls of the bottle whereas, the material from the center of
the bottle contained only 3.7 p. p. m.  On the other hand, two samples
of cured double superphosphate (Nos. 1362 and 1372, table 16)
showed the same arsenic contents in portions stored for several years
in wooden or fiberboard containers and in glass bottles, respeciively.
In order to avoid this possible source of contamination, all the
analyses reported in table 16 were made on superphosphates that
had never been stored in glass.

ARSENIC IN AMMONIUM PHOSPHATE, BONE, AND
MISCELLANEOQUS PHOSPHATE FERTILIZERS

The results for arsenie in threc samples of fertilizer-grade ammonium
phosphate made from Florida land pebble with sutfurie acid produced
{rom clemental salfur {(table 17} fall within the range for arsenic in
(his type of phosphate rock (table 3). Likewise, the arsenie contont
of the ammoniwm phosphate (No. 1885) made [rom Garrison, Mont.,
roek with byproduet sulfurie acid is within the range of results (inble 6)
on phosphate rock from this lucality. It appears, therefore, that the
phosphate rock was the principal source of arsenic in the products.
‘Licse figures are vory much lower than that (1,200 p. p. m.) ehtained
by Young (161} on a sample of ammonium phosphale made from
[daho rock with sulfuric acid produced from Montana sulfide ores.
Although other results for arsenic in aramonium phosphates have not
come to the authors’ attention, it is interesting to note that Longficld-
Smith (94) found 189 t0 1,136 p, p. m. in five samples of Nitrophoska '
imported from Germany.

The authers’ results for arsenic in imported and domesiic basic
slags (table 17) are far lower than that (12,118 p. p. m.) reported by
Kryukov (82) for a sample produced in the Union of Soviet Socialist
Republics. Likewise, the figure for arsenic in the sarople of crude
dicalcium phosphate is only s small frection of those (280 to 1,700
p- Bl 1a.) re}l)r)orted by Fresenius (40) for precipitated phosphate made
In Xurope about 50 years ago.

Arsenic, ranging in quantity from 0.2 {0 2.2 p. p. m,, was present
in five samples of bonemeal and bone ash, and a samﬁple of Peruvian
guano contained 24.9 p. p. m. (table 17). Longfield-Smith (94)
reported a trace of arsenic in a sample of raw bonemeal and 189 p. p. m.
of arsenic in & guano from an unstated source. The arsenic content
of the samples of fossil teeth and bone (table 17) is more than double
that of the samples of modern bone but is no greater than the arsenic
content of some samples of Florida phesphato rock (table 3).

it Mitrophoska Is the trade name of a series of hIgh-ann]¥sis fertilizor mixtures of German manufpetore
(22, p, 448, Al meibors of the series contain diammoniom phosphate. The other camponents of Lthe
mbxtires gee smmoninw nitzato or ures end potussium chioride or potassiom sulfate.

Rt

ifom May Convtitute Copyright 1A

- o -

G onew oy

o e L

e

T

ringement-



o PRSI,

e

P

T g e

et R e

Lo s e et e, AR e S

2% TECHNICAL BULLEYIN 781, U. S, DEPI, OF AGRICULTURE

Small quantities of arsenic were present in samples of caleium mota~
phosphate, Non-Acid phosphate, and fiue dust from a phosphorie
acid blast-furnace (table 17). .

TapLe 17.~~Arsenic in ammonium phosphate, bone, and miscellaneous phosphats

Fertilizers .
Bam ole Material P08 Ast
Fercent | P.p.m.
1885 | Ammonlum phosphate 3, 4894 P 74,2
1840 [0 3 e 40,37 15.1
T do. B0. 40 111
1602 ... dof ... 22, 80 5%
974 | Baslcslag, d tio.._. B. 88 11,2
1184 | Basic slag, imported, 18, 45 6.2
108 |.....do - 67 2.1
I = T 44, 38 =3
Bonemesl 21, 62 [ ¥
..... i L 3163 .2
P07 |enan- TR LR | L1
L do ... §4. 58 "§
1755 | Posall boned __________.._ T 38. 90 [ X])
1M | Fossilteeth o o cmmcr st m e m et 37.67 4.5
1475 | Caloinm motnphosphata T e et eeve v anamr e ecvaenrasen 63,87 2.6
1021 | Diealelum phosphate .. oo ooiaas 40.20 7.4
1588 | Flue énst Irom phesphoric acid blast-furnace ¥, 52,31 3.2
1106 | Gusaoo, Peruvian .., ... 14, 40 M
1172 | Mon-adid phosphate . ... . 26, 58 .t

1 Phe analyses ave nat, converted to the molsture-free basis. ;

P Monoaminoniim phasphate, fertilizer-grade, made frmn phosphotic ackd producsd from Garrison,
Mont., phogpliate rgek by the eidfzeie aeid proceess. The solbaric achl, manofestared In Beivish Coalime
bia [rom zine-amelter gases, is said to contain lss than (1 oo pome of As om the hagis of $8 pereent T80,

3 pnoatnmmoning phasphate, feetilizer grade, made featn phospharie acld produeed from Flerida lanel-
pebbie phosphate by Lhe sulfurle achd process. The snlfurie acid was malde Tror domestic sulinr,

4 A ixdure of mengarimonium phoasplate and annoniam saiphade, rtilioer-prade. The' phosphorie acld
was made zom Florida land-pebble phespbate by the aulfurie actd process. The sudiurie aeid was made
from: domestie sullur,

S Analysts reported by Jucob, ITOL Marshall, and iteynolds (84, p. 390,

¢ From Florida l_amd-?lchhlﬂ phosphate deposit,

7 Made by reatting phosphors pentoxido with Tennessee hrown-rock phosphiate (34).

1 Crude material made from phosphorie aeid prodnesi fron Florida Imul-pebhle phiosphate by hydeo-
ch;{nric acid treatment. The hydrochloric acid was obtained as a byproduct of the manuiacture of sakt

ake,

t Tonnessee hrown-rock phosphate was smelted in this fureace. The Qoe dust slso containg considernble
potassiam {136}, . .

16 M aoifactured in 1025 by bheating Floride land-peble pphoaphate with o potasslam salt (£),

Although no determinations of arsenic in nitrogenous and potassic
fertilizers were made by the authors, results obtained by other workers
are of interest. Thus, Longficld-Smith (94) found troces of arsenic in
samples of tankage, castor pomace, cottonseed meal, kainite, potas-
sium nitrate, potassium sulfate, and Chilean sodium nitrate; a sample
of synthetic sodium nitrate contained 235 p. p. m, of arsenic, and 24
samples of ammonium sulfate contained ¢ to 1,666 p. p. m. (average
682 p. p. m.). Abel (2a) reported 3.1 to 1,008.1 p. p. m. of arsenie 1n
five samples of ammonium sulfato and 3.4 p. p. m. in & sample of
iron sulfate. By usc of a spectrochemical methed, Gaddum and
Rogers (42) found arsenic, ranging in quantity between 1,000 and
5,000 p. p. m.,, in o sample of ammonium sulfate, but they wers unable
to detect arsenic in other samples of 8 wide variety of fertilizer and
liming materials, elemental sulfur, and sulfates of barium, cadmium,
- gobalt, copper, iron, magnesium, mangancse, nickel, and zine, The
spectrochemical analyses of Noddack and Noddack (104} showed no
arsenic in Stassfurt carnallite, 1 p. p. m, in Stasslurt kainite, and 0.2
P- p. . in Chilean sodium nitrate, .
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¢FFECT OF ARSENIC ON PLANTS AND SOIL ORGANISMS

In view of the general presence of arsenic in phosphates, the question
of the effects of this element on plants and on the soil population
natueally arises. Although the authors have done no work in this
neld, numerous investigations have been made by others.  The follow-
my snmiaries of some of the results afford a basis for the evaluation
of the probable effects of the quantities of arsenic present fu phosphate
lertifizoers.

1n 1859, Davy (28) reported that transplanted pea plants suffored
no pronounced injurious effects when thoy were watered with a satur-
abed solution of arsenious oxide at 2- to 3-day intervals for more than
a week. Stewart and Smith (722) stated that growth of beans and
potatoes in plots of gravelly bench loam seemed to be stimulated by
the presence of 25 p. p. m. of arsenic added as disodium arsenate 3 to
6 weeks after the appearanee of the planis above the soil; peas and
wheat scemed to be stimulated by arsenic in concentrations as high as
75 p. p. ., and radishes by concentrations as high as 250 p. p. m,
In each ease, higher concentrations of arsenic were toxic, roughly in
proportion to the quantily applied. Iu pot experiments with barley,
Vandecaveye, Horner, and Keaton (140) found that addition of 39
p. p. m. of arsenic as arsenious oxide to o fextile seil that had never
heen subjected to arsenical sprays caused only very slight symptoms

" of arsenie poisoning in the secedlings.  The toxic eflect inerensed with

Inrgrer quantities of arsenie, and with 136 p. p. . the plants failed to
auprvive the shooting stage.  With soils from orehards that had been
sprayed with lead arsenate, the erops of alfalfa and batley were good
when the eontent of water-soluble arsenic was 1.5 p. p. ., or less, and
very poor when it was 3 to 12 p. {}. m.

oung (151) reported a stimulating cffcet on growth of timothy
from arsenic (0.1 to 10 p. p. m.} added to lumblers of adequately
fertilized Merrimac coarse sandy loam, whereas arsenic wag highly
toxic in concentrations of 100 p. p. . or more. A low concentration
of arsenie (2 p. p. m.) stimutated the growth of green flgae (Crucigina
and an organism designated as No. 4) in culture media, but higher
concentrations (20 p. p. m. or movre) were toxic.

Morris and Swingle (102) studied the eflcet of numerous arsenic
componnds on & wide variety of plants under greenhouse conditions,
Transpiration of tomato plants was decrcased by 7.5 p. p. m. of arsenic
a8 arscnious oxide, and the injury increased in direct ({iroportion to
the concentration of arsenic; similar results were obtained with sodium
and potasshwm arsenites. Beans and cucumbers were very susceptible
to arsenic, but the cereals and grasses were much more resistant.
Confirming the enrlier observations of Stoklasa (130), the arsenites
were decidedly more toxic than the arsenates. Furthermere, the
compounds differed considerably in their reaction in the soil, some
becoming Imert in a much shorter thne than others. Accorcfing to
Abel (2a); injury to pincapple plants has been reported in Hawalian
aress where the plants were fevtilized with an ammonium sulfate that
contained 1098.1 p. p. m. of arsenic. This injury is believed to have
been caused by the arsenie in the fertilizer.

Experiments by Dorman, Tucker, and Coleman (34), with several
important soil types of the Cotton Belt, showed no germination- or
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seodling-injury to oats, Austrian Winter peas, and hairy veteh from
the applicetion of 400 pounds of calcium arsenate per acre, equivalent
to approximately 75 p. p. w. of arsenic, immediately before planting,
Although larger applications were injurious and the effect was more
serious on the lighter soils, much of the toxicity of the arsenate wag
lost in the first year.

Stoklasa (130) observed that growth of oats in sand culture was
stimulated by addition of 15 p. p. m. of arsenic (as arsenic pentoxide)
to the phosphorus-free nutrient solution, whereas the arsenie had no
stimulating effect in tho presence of an adequate supply of phosphorus.
Hurd-Karrer (75) obtuined indications that plosphate applications
reduce or prevent arsenic injury to plants where the type of soil is
such as to permit the phosphate to remain available. }

The effect of arsenic on the ammonifying, nitrifying, and nitrogen-

fixing organisms of the soil has been studied by Greaves (§1), With

lead arsenate, an application of 80 p. p. m. of arsenic markedly stimu-
lated nitrification, and 350 p. p. m. wag not harmful. Ammonification
was reduced about 50 percent by 1,250 p. p. m. of aprsenic, whereas
fixation of atmospheric nitrogen was doubled by 250 p. p. m. Puris
green was much more toxic {0 the organisms than was lead arsenate.

Stewart and Smith (129) found that absorption of arsenic by plants
inereased with the guantity applied to the soil and reached valiues as
high as 2,150 p. p. m. in pea plants {(dry basis) grown on soil 1o which
500 p. p. m.of arsenic had been added. - Vandeeaveve and coworkers
(140) reported 13,3 p. p. m. of arsenic in e taps of harley grown on
arsenic-contaminated soil, whereas the roots contained 1,256 ., p, n.
Arsenic was present in the feal hlndes and petioles of rhubarh, in the
young leaves of rye and buckwheat, and in the stems, leaves, anid
green pods of broadbeans grown by Angell and Angell (5) on suil
{ertilized with superphosphate in which the arsenic content had been
inereased te 3,800 p. p. m. by addition of arsenious oxide, hut no
trace bf arsenic was found in the fruit or sced of any of the plants.
Analyses by Williams and Whetstone (746) showed 0 to 10 p. p. m. of
arsenic (average less than 0.77 p. p. m.) in the air-dry substanee of 91
samples of numerous species of cultivated and wild plants from various
sectiong of the United States, grown on soils containing 4 to 36 p, p. m.
of arsenic (average 8 p. p. 1) on the air-dry basis. According to
Grimmett and coworkers (52, 64) samples of oat straw and grain
grown on natural arsenical soils in New Zealand contained only 3.0
and 2.3 p. p. m. of arsenie, respectively, and were not harmful to
stock. Iljikewise, pasture grasses grown on these soils and containing
0.5 to 17.4 p. p. m. of arsenic were not toxic to animals grazed thereon,

" ARSENIC SUPPLIED TO SOIL BY SUPERPIOSPHATE

The annual application of phosphate fertilizer to the soils of the

United Statesseldom, if ever, exceeds the equivalent of 2,000 pounds of
ordinary superphosphate per acre; in general farming, the application
is seldom equivalent to more than 200 pounds of superphosphate per
acre; usually it is much less. Now let it be supposed that a super-

hosphate containing approximately 1,200 p.e‘f. m. of arsenic, the
argest quantity found in any material analyzed in this investigation
(No. 1881, table 18), is applied to the soil at the rate of 2,000 pounds
per acre within 8 inches of the plant rows, which are 3 feet apart.
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Then assuming the customary figure, 2,000,000 pounds of soil in the
plowed leyer (6% inches) of an acre, the increase in the arsenic concen-
tention of the entire layer would be 1.2 p. p. m., and the increase in
tho concentration in the layer extending 3 inches on either side of the
row, if all the arsenic were retained therein, would be 7.2 p. p. m.
With o 200-pound application of this superphosphate the increasecs in
aracitic concentration would be 0,12 and 0.72 p. p. m., respectively.
Analyses of 30 samples of ordinary and double superphosphates, typi-
el of these materials as used in all sections of the United States, gave
an average of 126.2 p. p. m. of arsenic (table 16). With & 2,000-pound
applieation of superphosphate containing this quantity of arsenic the
respective increases in the conecentrations of arsenic in the soil would
be 0.126 and 0.756 g p. m., whereas with a 200-pound application
the increases would be only 0.0126 and 0,0756 p. p. m., respectively.

When all the factors affecting the action of arsenic on p{)ants and
on soil organisms under practical conditions of farming are taken into
consideration, it seems highly improbable that the arsenie in domestic
phospbate fertilizer exerts any toxic effects, even with very large
annual a.pﬁhca,t.ions of the fertilizer over extended periods of time.
Likewise, Hasclhoff (58) concluded that the arsenic content of Euro-
pean superphosphates (40 to 1,490 p. p. m.} was not sufficient to have
an injurious effect on plants under practical conditions, According
to Stoklasa (130), superphosphate is not dangerous to vegetation
ubless it contains more than 4,000 p. p. m. of arsenie, and Stutzer (731)
expressed the opinion that the arsenic content of superphosphate(100
to 500 p. p. m.) is too low to render plants fertilized therewith poison-
ons to animals, Headden (59) states:

There is no question but that soils which may have originally been entively
free from arsenie might show ils presence afler years of fertilization with super-
phosphate, but the aceumulation in this manner is extrenely slow comnpared with
ita tate of increase in eases where spraying [of orchards or ¢rops with arsenie
compounds] is practiced.

SUMMARY AND CONCLUSIONS

Results are given for acid-soluble arsenic in 210 samples of mineral
phosphates from various deposits of the world; 16 SMHE cs of caleined,
sintered, nodulized, and defluorinated phosphates of domestic origin;
30 samples of commercial ordinary and double superphosphates manu-
factured from domestic rock; 6 samples of crude phosphorie aeid
produced by the sulfuric aeid process; and 19 samples of ammonium
¥ho§phate, basic slag, bone materials, and miscellaneous phosphate
eriilizers. :

It is shown that arsenic occurs in phosphate rock principally, if not

entirely, in the cid-soluble condition, and that the presence of fluorine )

compounds causes serious error in its determination unless arsenic-
free glossware is used for the acid digestion. The danger of contami-
nation of samples of fluorine-bearing phosphoric acid and super-
phosphate with arsenic from glass containers is pointed out.

The results for arsenic in mineral phosphates range from 0.4 p. p. m.
in a Florida soft phosphate to 188.2 p. p. m. in an Arkansas phosphate.
With the different types and sources of domestic phosphate the average
results (p. p. m,} are in the descending order, South Caroling river

rock 68.4, Arkansas 61.0, Montana 47.6, Tennesses blue rock 20.4,.
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Utah 17.8, Oklahoma 17.6, South Carolina land rock 17.1, Tennessee
brown rock and hosphatic limestone 14.6, Idsho 12.6, Wyoming 12.1,
Florida land pebble 11.9, Tennessee white rock 10.6, Kentucky 9.9,
Florida weaste pond 9.0, Florida soft 7.5, Virginia fluorapatite 5.5, and
Florids hard rock §.4. The results for foreign phosphates range from
4.1 p. p. m. in a calcivm phosphate from Neuru Islands to 76.2 p. p. m.
in an aluminum iron phosphate from Daito Islands.

The occurrence of arsenie in mineral phospbates is discussed {rom
the following points of view: (1) Avsenmic-bearing constituents; (2)
primary and sceondary deposits; (3) geologic age of deposits; and (4)
2 comparison of phosphates with other rocks, minerals, coals, soils,
sediments, and waters.  Accordingly, the data indicate that there is,

~ in general, no orderly relationship between the arsenic content and

the geologic age of phosphate rock or between the arsenic content and
the quantities of other constituents (phosphorus, iron, sulfide sulfur,
ic carbon, or nitrogen), although the arsenic follows the inorganic
des and orgenic matter in the mechanical fractions of certain
phosphates (Cokeville, Wyo., and Conda, Idaho). There is evidence
that phosphates from ]]J]runm'y deposits tend to contain somewhat
more arsenic than do those from secondary deposits, The arsenic
content of mineral phosphates is similar, in general, to that of marls,
domestic shales, carbonate minerals, coals, and silicate rocks and min-
erals; usually it is higher than that of snils, clays, sediments, and
nitrate and halide minerals, but is much lower than that of oxide
minerals, greensand, glauconite, and especially -sulfide minerals.

___.:,n,<..,,ln.»paao{)orti0n. to.their phosphorus conten{s, caleined, sintered, ov

. superphosphate made with blast-furnace phosp]]:c-n'zl)c

ﬁnnnoa

noduhzed phosphates usually rontain notably less arsenic than do
the parent phosphate rocks.  Only a small portion of the arsenic in
the parent phosphate roek i retained in defluorinated phosphate.

The results for arsenic in ordinary superphosphates made with
sulfuric acid produced entirely or partially from pyrite range from
494.1 to 1,199.1 p. p. m. and are very muceh higher than those (2.2 to
35.7 p. p. m.) for superphosphate made with acid produced entirely
from native sulfur or as & byproduct of certain smelting operations in
filincis and Tennessee.  Except for material made with acid produeed
entirely or partially from pyrite, the phosphaie rock is the principal
source of arsenic in most superphosphates.

The results for arsenic in double superphosphates range from 10.6
P- p: m. in a material made with phosphoric acid produced with sulfuric
ecid manufactured from native sulfur to 404.6 p. p. m. in a material
wasle with the mid of sulfuric acid produeed from Montana sulfide
ores. Owing to contamination of the produet with arsenie from the
fawl {coke), the arsenic contoent (100.1 to 118.5 . m.) of double
higher then that (11.1 to 22.9 } o double supaphospiate
than . 9 p. p. m.) of double suparphosphate
made with electric-furnace acid. PP : porphosp

Arsenic was found in ammonjum A)hospha.te (5.5 to 74.2 p. p. m.),
basgic slag (2.1 to 11.2 p. p. m.), and bone ash and bonemeal (0.2 to
2.2 p. p. m.). Caleium metaphosphate, fossil bone and teeth, dical-
cium phosphate, flne dust from a phosphoric acid blast-furnace,
Ron-Acid phospbate, and Peruvian guano contained arsenic in
mes ranging from 2.6 in the first materinl to 24.9 p. p. m. in
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ARSENIC IN NATURAL PHOSPHATES 31

When all the factors affecting the action of arsenic on plants and on
il organisms under practical conditions of farming are taken into
consideration, it seems very unlikely that the quantities of arsenic
contributed to the soil in phosphate fertilizers are sufficient to preduce
toxie effects even with very large annual applications of the fertilizer
ovor extended periods of time,
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