ﬁéyw

g AOFE \

Additional Field Methods Used in Geochemical Prospecting

By The U. S, Geological Survey

v
U. S. Geological Survey.

Py I

Zvﬁquzi,OPen -fileqrepdrt
$3-278

This revort is preliminary and
has not been edited or reviewed
for conformity with Geclogical
Survey standards or nomenclature.

REPRODUCED FROM BEST AVAILABLE COPY, '~ o

-
B L R - -

e e v e+ ek A mann s iy R—

Big ALY
R LN .

2 : . . / 1‘ -’,’ -
Report released for public inspection /4> &7 | ’

S e

ki



Contents

Page
NOe

Introduction 2
Determinaticn of microgram quantities of antimony in soils and rocks,

by F, N. Ward and H. W, Lakin. 3
A field method for the determination of traces of arsenic in soils,

by Hy Almond ’ g
Determination of cobalt in water, by Hy Almond 13
Determination of readily soluble copper, zinc, and lead in

soils and rocks: nitric acid digestion, by Harold Bloom

and H, E, Crowe 16
Determination of germenium in coal, by Hy Almond 25
A field method for the determination of ammonium citrate-

soluble heavy metals in soils and sediments as a guide to

ore, by Earold Bloom 28
A field method for the determination of mangsnese in soils, by

Hy Almond : 32
Determination of microgram quantities of niobium in rocks, by

F. N. Vard and A. P. Marranzino 3L
The field determination of small amounts of vanadium in rocks, by

F, N, Vard and A, P, Marranzino 39



Intrcduction

The field methods described in this open-file report were developed
for use in geochemical prospecting and have not been published. They
are being placed on open file to make them available to interested persons.
The methods for niobium and vanadium are preliminary reports and as such
should be used with caution. The methods for copper, zinc, and lead by
nitric acid digestion, and for manganese, antimony and arsenic have been in
use for more than a year and have been found reliable. The method for the
determination of cobalt in water has been used successfully in one district,
and the method for determining citrate-soluble heavy metals has given
favo-~ble results in several districts. The method for determining germanium
in coal has been tested briefly on coals of known germanium content.



Determination of Microgram Quentities of Antimony in Soils and Rocks
by

F, N, Ward and H, W, Lakin

Introduction

A relatively cimple, rapid, and moderately accurate method for the
determination of traces of antimony in soils and rocks is described. The sug-
gested procedure is applicable to samples containing from 0.5 to 50 ppm, and with
modifications it can be used on samples containing larger amounts. Data obtained
during the development of the method shows that four determinations on two rocks
containing less than 2 ppm of antimony agree within Q.. ppm and that four deter-
minetions on seven soils containing 2 to 10 ppm of antimony agree within 1 ppm
of the mean.

The reaction of antimony (V) with rhodamine B, an anthrone dye, was announced
by Eegriewe (1927), in 1927. In hydrochloric acid or in sulfuric acid containing
chloride, antimony (V) reacts with rhodamine B to form & red-violet compound or
complex ion of unknown composition.

The reaction of rhodamine B with antimony (V) is selective rather than
specific. Therefore, antimony must be separated from as manv interfering
elements as possible. Extraction of antimony (V) from hydrochloric acid
solution with isopropyl ether, studied in detail by Edwards and Voigt (1949),
effects & reasonable separation of antimony from many elements. Specifically
Maren (19;7) observed that isopropyl ether extracted slightly more than 90 percent
of antimony (V) from 1.5 to 2 molar hydrochloric acid, and that the antimony-
rhodamine B, although not extractable by isopropyl ether, could be formed as a
fine dispersion in the isopropyl ether phase by shaking an isopropyl ether
solution of antimony (V), with an aqueous solution of rhodamine B.

Experiments were made which established the conditions under which the
antimony-rhodamine B compound could be obtained as a stable dispersion and
subsequently treated as a solution. The isopropyl ether extraction separates
antimony from bismuth, chromium, cobalt, lead, and tungsten (Sandell, 1950).
Conversely, the isopropyl ether extracts with antimony such elements as iron (III),
arsenic, gold, tin, and thallium. Therefore, it was necessary to establish the
maximum permissable amounts of these elements which could be allowed during a
single determination. The suggested procedure pe'mits the determination of
2 micrograms of antimony in the presence of iron. 30,000 micrograms; arsenic,

250 micrograms; gold and/br thallium, 300 micrograms, and tin, 1000 micrograms.

The method was found to be applicable to routine laboratory and field use.
Under field conditions, the method has been used to determine traces of
antimony in as many as 20 soil samples in an &-hour day.
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oo Reagents ‘and Apparatus Required for Tield Determinations

s =

Plux, fu$ed “sodium bisulfate. Prior to use, heat in a pcrcelain casserole
and fuse gently for 5 minutes. Cool and crush cake. .
Hydrochloric aEid M, .

Hyd*cchloric acid, 1 M

Stanaard antimony solution, 0.1 percent antimony in 6 ¥ hydrochloric acid.
Dissolve 0.27L grams of antlmony potassium tartrate in 100 ml 6 M hydrochloric
acid. - : :

Standard antlmony solution, 0.002 percent antimony in 6 M hydrochloriec
ecid., Dilute 2 mlL of 0.1 percent stanaard solution to 100 ml with 6 ¥
hydrochloric acid.

Ceric sulfate. Dissolve 3.3 grams of anhydrcus ceric sulfate in 100 ml
0.5 ¥ sulfuric acid.

Hydroxylamihe hydrecehloride. Dissolve 1 gram of hydroxylamine
hydrochloride in 100 ml water. :

Isopropyl ether. Practical grade is suitable provided it is peroxide-
free. Saturate with 1 M hydrochloric acid.

Rhodamine B'reagent. Dissolwve 0.02 grams of rhodahine B, (Tetrasthyl
rrodamine) in 100 ml 1 N hydroch.oric acid.

Sodium sulfite. Dissolve 1 gram sodium sulfite in 100 ml water.

Mullite mortar and pestle, outside diameter of martar, 75 mm.

One sieve, %0 mesh. The sieve consists of silk bolting cloth, an
aluminum holder having an outside diameter of 130 mm.

One aluminum receiver, to fit the sieve holder.’

One small came l’s hair brush. o

.z o 3 . -~ -
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Bo“051llcate glass culture tubes 18 x 150 m.e

'Tubes, flat bottom lh x 80 mm out51de dlmensions. f;; ;;11-14 [P
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¥

':Separatory funnels Squlbb type 125 ml capaclty. a C 57;-7

Y = xl,; fig ol s “-‘ . n

‘}:One IOO-ml bor081licaue glass volumetrlc flaok with stonoer-

Iy

One test tube rack holding at least 20 tubes.

Zw .

: One se paratory funnel rack holding h to 6 funnels.,{ P
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One O.l-ml pipette, calibrated in hundredths of a ml.

One 50-ml graduated cylinder.

Filter paper, No. L2 Whatman, 7-cm diameter.

Funnels, small, diameter of top, LO mm.

Spatula, small porcelain.

One portable gasoline stove.

Water, purified by passing tap water through one of the several
types of resin demineralizers now commercially available.

Procedurs

Solution of Sample

Place 0.2 gram of scil or rock ground to pass the 80 mesh sieve and
1.5 grams of flux in a culture tube. Mix the contents by alternately
rotating the tube and tapping gently against a hard surface. Heat the tube
to effect a fusion of the contents. Continue the fusion until ‘prastically
all of the organic matter is cdestroyed and the tube is full of white fumes.
Remove tube from heat and while cooling, rotate to form a thin cake around the
inner wall. Vhen the tube and contents are cool, add 6 ml 6 molar hydrochloric
acid; heat the tube gently and stir the contents until the salts resulting
from the fusion are in solution. Do not allow the solution to boil. Add 1 ml
sodium sulfite reagent and 3 ml 6 molar hvdrochloric scid. Shake tube gently
to mix contents. Transfer the contents of the tube to a funnel fitted with a
dry, number L2, fluted filter paper and collect filtrate in a 125-ml separatory
funnel.s Rinse tube and the residue on the filter paper twice with 3 ml hot
6 molar hydrochloric acid and once with 2 ml hot water.

Isopropyl ether extraction of antimony

Cool filtrate in the separatory funnel to 25° C or less, add 3 ml ceric
sulfate solution and shake. Add 10 drops of aqueous hydroxylamine hydro-
chloride, shake and allow the funnel contents to stand 1 minute or until the
excess ceric sulfate is destroyed. Add L5 ml water and cool the solution to
25°C or less. 4dd 5 ml isopropyl ether to the funnel and shake the funnel
with moderate vigor for 30 seconds. Allow the solution to stand 5 minutes and
drain off all but about 0.5 ml of the agueous phase. Add 2 ml of a 1 molar
hydrochloric acid solution of hydroxylamine and shake the funnel for 1 to 2
seconds. Allow phases to separate and drain off all but about 0.5 ml of the
aqueous phase. Add 2 ml of a 1 moler hydrochloric acid and shake for 1 to 2
seconds. Allow phases to separate as before and drain aqueous phase.

Estimation

Laboratorys.--Add 2 ml of rhodamine B reagent to the funnel and shake the
conternts for 10 seconds. When the phases have separated, pour the isopropyl
ether into a cuvette and measurs the absorbance at 545 to 555 millimicrons.
Determine the number of micrograms of antimony from a previously established
standard curve. '

-5«



Field.--In the field, transfer a 3-ml portion of the isopropyl ethesr
solution of the antimony-rhodamine B ccmpound obtained from a sample to a
small flat-bottamed Nesslor tube. View axially and compare with the
isopropyl ether solutions of the antimony-rhodamine B compound prepared
similarly from 0.5, 1, 2, 3, and 4 micrograms of antimony.

In the latoratory, if the absorbance of the isopropyl ether solution
obtained from a sample is too great for accurate measurement, or in the
field, if the color intensity of the sther solution is greater than that
0. the standard solution prepared from l; micrograms of antimony, dilute
the isouropyl ether solution obtained from a sample with iscpropyl ether
and shake with 2 mi of rhodamine B reagent. Repeat until the absorbance
is within a measureble range., Multiply the number of microgrems of
eantimony oresent in the similar standard by a factor obtained by dividing
the final volume of iscpropyl ether by L, instead of 5, because about
1 ml of isopropyl ether is not recovered from the first extraction.

Multiply the results cbtained by either method of estimation by 5 to
convert to parts per million, or divide by 2000 to convert to percent.

-6 -
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A Fielé method for the Determination of Traces of Arsenic in Soils

A confined Spot Procedure Using & Modified Gutzeit Apparetus.

by

Hy Almond .

Introduction

Cenerally traces of arsenic are determined by either the Gutzeit or
no1ybuenum blue procedure. Although reduction to the molybdenum tlue
compiex is a very sen31tlwe test, it is not a suitable method under field
ccndlt;ons because silica ard obospnate interfere. In the laboratory,
arsenic is separsted from most interfering substances by distilling the
arseric halide or hydride, but this method is too awkward for field use.
Surthermere, tec determine arsenic by the reduction to molytdenum blue
the reagents must te free of arsenic, phosvhorus, silicon and germanium,
ail of vhich react with ammonium mol 7bdats. mhe ammonium molybdate itself
is reduced by the reducing agent, and, to carry out the determination
oroperly, exactly the same amount of ;edue ing agent must be added to the
wmkmown as to the standard sclution and both must be under identical
conditicns (Robinsor, Dudley, and Williams, 1934).

None of the macro constituents present in ordinary soils interfere
with the Gutzeit method for the determination of arsenic, and this

procedure is modified for field use. Solution of the sanple is sarried

out by fusing a wetlted sample with pctassium hydreoxide at a relatively

" low temperature. Zinc is added to en acidified aliquot in the Gutzeit
fined

apparatus, end the gasss are passed through leed scebate to a conf
spot on mercuric chleoride paper. The princivle of the confined spot
epplied to arsenic analysis has been described by Lachele (123L) in a some-
whet mcre complicated procedure. As emplcyed here arsins is passed through
a section of glass pipe (fig. 1) to the mercuric chloride paper. The glass
pipe is commercially available, and mey be acguired as a unit consisting

of two sections of glass pipe, an aluminum coupling, and recessary washers
and gaskets.

A suitable sensitivity is obtained by this procedure because samples
containing as little as 5 ppm arsenic cen be deSermined. This quantity
is listed as the average content of arsenic in igneous rocks by Rankama and
Sahama (1949).

Reagents and Equipment

All reagents should be reagentggradewchemicals'free of arsenic.

P -

Potassium hydroxide, peliets.l ‘ﬂ”*‘i

<

)

. Hydrochloric acid, concentrated.

Stannous chlorlde SnCIg.ZHgO 10 percent. Dlssolve 10 g of stannous
chloride in 100 ml conventrated hydrochlorlc acid, Add about 2 to 3 g of
mossy tln.

- ) - 8—’
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Zinc, mossye
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Determinatiorn of Cobalt in Water

by
Hy Almond

Introduction

Traces of cobult react with 2-nitroso-l-naphthol in slightly .alkaline
solution to yield a pink cobalt 2-nitrosc-l-naghtholate that is soluble in
carbon tetrachloride (Almond, 1953). This property is the basis for a simple
method for determining as little as & parts per billion of cobelt in vater.
The yellow color in the agueous phase is due to reagent; the pink, in the
carbon tetrachloride phase, to cobalt-2-nitrosc-l-navhtholate. The pH of
the solution is adjusted to about 8.5 by adding ammonium hydroxide. The
pH of different samples can be reproduced, and subseguently the nitro-
sonavhtholate is extracted into carbon tetrachloride.

Although the reagent reacts with other elements, notably iron and
covper (the nitrosonaphtholates of which are soluble in organic solvents
(Boyland, 19L6)), conditions are such that the determination is fairly
specific for cobalt, Iron III reacts with the reagent optimally at pH 1-2.
No iron nitrosonaphtholate is formed at pH of 8.5. As much as 10 micro-
grams of copper in 50 ml of water did not. react with the reagent in the
presence of the suggested citrate concentration, whereas O.l4 microgram of
cobalt can be determined under these conditions.

Reagents and Apparatus
Sodium citrate soluticn. Dissolve 1C g sodium citrate in 100 ml water.

Adjust to pH 7-8, with 1 N sodium hydroxide, using phenol red as an external
indicator. ’ '

2-nitroso-l-naphthol, 0.0l percent, Add 2 drops 1 N sodium hydroxide
to 0.01 g of the reagent in a 250-ml beaker, enough water to wet the reagent,
stir; then add about 2 ml of water and stir until the reagent is in solution.
Dilute to 100 ml with water.

Armonium hydroxide, (1+12).

Thymol blue, W. S., 0.02 g in 100 ml water,

Standard cobalt solution, 0.01 percent. Dissolve 0.CL g of CoCl,.&H0
in water, add 1 ml concentrated hvdrochloric acid and dilute to 100 ml. This
solution contains 100 microgram< of cobalt per ml. Prepare more dilute
solutions as needed.

Graduated glass cylinder, G. S., 100 ml,

Automatic pipette, 2-ml capacity, plunger type.

- 13 -



Procedure

To 50 ml of stream water in a glass stoppered graduated cylinder, add
0.5 ml of sodium citrate, 1 drop of thympnl blue, then ammcnium hydroxide
until the solution just turns blue. Add 1 ml 2-nitroso-l-naphthol reagent
and 1 ml carbon tetrachloride. Shake for 90 seconds. Compare with
standards prevared as follows:

Prepare a series of standard solutions containing 0, 0., 0.6, and 0.8
microgram of cobalt. Dilute to 50 ml and proceed as above starting with the
addition of citrate, Standards are stable for about a month or more.

To convert the results to parts per million in the water sample, use the
following:

Micrograms found = parts per million

50

-1 -
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Determination = Readil, Scluble Topper. Zinc, mad Lead in Soils and

Rocks; Nitric Acid Extractiom

by

Harold Blcom and H. E. Crows

Intrcduction

Prezzdures for the dstermination of copper, lead and zinc are described
by Almond end Merris (1951); Lakin, Stevsns and Almond (1919); and Lavering,
Huff and Almord (195 )o They are 2lso zummarized in U. S, Geological Survey

attack of the sample with 1+3 nitric
n of the heavy metals for purpcses of
inc may be determined on a single

- . r - 1 N, -
Nete: A1l refsrences tc vauzr refers teo the retel-free tyre
wotained by cassing it through & resin demineralizers

Reagert A, {f-r laad). Disselve 25 g o smmonium citrate and 5 g of
potassium <ysnids znd L g 27 nydroxyliamine hydrochleride in sdbout LU0 ml of
water., 444 conrentrated ammoniun hydroxide »intil sdéluticn has a pH of
8.5, using pH test zater as an indizater. Dilute to 500 ml with vater.

»ify by thraetlpv the mixturs with 1Z=ml periions of 0.0l pernent
dithizone soiuvtiosn or until final color of dithizone is green., Wash the
aquecus solution with sbou% threa 25-ml portions of chleorefcrm, or until the
chloroform is coloriess. Extracs the chicroform from the agusous solubicn
with about three 25-ml portions of carbon tetrachlorice.

Reagent B (for zine).

(1) Weizh 125 g Ka nto solution with about

-3.0,:5820 and bring int
LLOO ml water, Purify by shafiﬁg with 15-m1 pertions of Q.01 percent
dithizone solutions until the CCl, layer is gree- Renove dithizone by
successive extractions with small portions of CCi .

(2) Add 60 ml of glacial azetic acid %o about 40O ml water.
Weigh out 306.g of sodium acetate-3H0 and dissclve in the acetic acid
solution. Purify as described abovs,. :

(3) Mix 1 with 2 and dilute to 2 liters with water. This is
reagent B, ) .

- 16 -
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Acidification of
never store near acids.
ncnt&lvt of the =zslt or
jn transport. UNever a:i

+noroughly wash veszel:

Di+
-~
Shake in
.
Dith
et
\\—it}‘. C'bl
iarg o2
- - -
n *hs
turatts
Althizc
- . - -t o - e
Q.CL percente Dissalvwe .70 g of the sodlium
+alt
= LU R 1 [ S Y. oy my S - A - 5
Pvdrexylamine hylveohl-rids,  Use best grads liairstle,

the Jfb is l,rL Sy orga
seivent for reuss. uirss x distillation
s2tup. However, the stiil has 24ditionsl u : ical grade carton
teirachloaride oan be purchased at 2 cheapsr prive, purified, and used in
pisce of The mcre exrenszive grsaie, IZvdrochleric and nitric acids can de
purified by the seme distillaiicn setus.

Methed of purification: Accumvlate the spert liquid in a carboy umtil
it is about three-guarters full. Transfer atout 2 liters to a h-liter
separatory funnel, 434 abeut 1 liter of 0.5 N NH OFE and shake vigorously
for. approximately 2 minutes. This strips the unr2acted dithizone from the
organic layer and neutralizes any acid present. The organic layer is
transferred to another carboy tc which has besn added about 1/4 1b

activated carbon. In a few days the C l is clear and “eady for distillation.
Add about 20 g of lime to a L»lﬂte* dist¥llation flask. Four about 2 liters
of the clear organic liquid into the [{lask through a large funnel conteining

a "fast" fluted filter., Distill at about 3070,

2/ Suzgested by lMr. L. M. Wilson of Amer rican Smelting and Refining Co.
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Ammonium citrate, 10 percemt. Iissclve 100 g (’ﬁﬁ')e HC  Ez0, in about
100 mI of water. Purify Y rheking with successive poftIons of S.Ol-parcent
dithizone until the carbon teirecnloride layer is green, Remove dithiuone
by successive extracticas with small portions of CC1; . Dilute to 1 liter.

. . { - o~ . .
Copye , Cewd percent (100 micrograms per ml)., Dizsolve 0.2 g of
CaSOL 5Ho0 in water; add 50 m1 of 1N HOL and dilute to 500 ml with water.

- a4
Aurarstus

. s N oo s .
Het plate, 6 in. x( in. with tuilt in thermncstat control. See iliusiration

rg
[ e

ey
[

f mzsal plate

r leg ¥lzte has 33 noles
-~ N - ™

& 5 3/ lustration 1.

30 screw canned culture tubes. 25 % 200 mme See iilustration III.

ko . w -
U S R P - -

% screw capped culture Yibe holdera.’ A block of wood g‘in. x 1 1/2 in.
x L 1/27in. has 5 holes, 1 llu ‘in. in dismeter tored 3.1/2 in. deep. A
hole 1 1/8 in. in dlamever is vut tnrcuvn at the bise of %he 5 1/2 in. Tore,
'and-perpendzpalan,tp 1u._ See 11;“3% ticn-IXT,. o . =L

- R e e

Vater den*neralizer. A resin deminsralizer tyre producing 10 gellons of

demzne”a1lzed ter. N
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a detericrated CCl). It has been noted that, after repeated
distillaticns of CCl) under field conditions, a decomposition
product accumulates, which interferes in the test. Extraction
of two parts of CCl, with one part of 1M WH, CH may of‘iten restore
this distillate. (See reagents = carbon tefracnloride).

Copper.--Add 1 ml of 10 percent smmonium citrate to a screw-
capped culture tube folleowed by a 2-ml aliouot of the unknown soluticn.
Vash sides of tube down with water. Add 2 drops of thymel blue indicator
and titrate to a pink tinge using 1 N HCl. It can be back-titrated with
1N NH) OH, if necessary, Add 2 1/2 ml of 0.001 rercent dithizone and
shake actively for two minutes. Compare with stsndards. If copper
content of aliquot used is less than or greater than the end standards,
repeat using an appropriate aliguet. If oxidation of the dithizone
(as evidenced by the appearance of yellcw hues) is observed, repsat
the analysis but edd sbout 0,1 g hydroxylamine hydrochloride before
adjusting the pH. About 5 samples can be handled at the same time.

Standards.-<Add 1 ml of 10 percent ammonium citrate to 5
screw-capped culture tubes snd O, 1, 2, 3, L micrograms of copper,
respectively. Add 2 creps of thymcl blue and titrate to pink tinge
with 1N HCl. Wash dcwn the sides with water. Add 2 1/2 ml dithizone
ard shske aatively for 2 minutes, One microgram cf copper is equivalent
te 50 ppm copper when the above procedure is fo
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Standard germanium solution, 0.0l percent. Dissclve 0.1} g of germanium
aioxide in a minimum of 0.1 N sodium hydroxide and dilute to 1 liter. This
solution has 100 micrograms of germanium per ml.

Glass still. Remove the capillary lower t1p and the upper end at the
calibrated mark of a 10-ml volumetric pipette. Connect the long stem of the
pipette to the inlet end of an all-glass 125-ml Erlenmeyer wesh bottle head,
by sealing glass to glass. S=al off the ocutlet end of the Erlenmsyer hcad.

Test tubes, 18 x 150 mm,

Culture tubes, 16 x 150 mm.

Nickel crucibles, capacity 20 ml.

Stirring rod, Pyrex.

Beaker, 50 ml.
Pipettes, graduafed, 1 ml.

Litmus paper.

Procedure

Transfer 0.1 g finely ground coal sample and about 0.5 g potassium
nydrexide (U pellets) to a nickel crucible, Moisten the mixture with water,
then fuse for about 1/2 hour, Cool, add 10 ml water, and stir with a glass
red. .Transfer the contents of the crucible to a graduated cylinder, add 1 N
hydrochloric acid until just scid to litmus, then note the volume and transfer
the contents to the Erlemmeyer still. Add a volume of concentrated hydrochloric
acid egual to the previously noted volume to the still. Place the modifi
inlet and outlet head in the Erlermeyer, apply a low flame to the still and
collect abcut 10 ml of diatillate in a test tube resting in a vesker of cold
water.

Transfer exactly 1.0 ml to a culture tube, add 1 ml gum arabic solution,
and dilute to 10 ml with water., Add exactly C.5 ml of phenylfluorcne
solution. Ccmpare with standards.

Prepare & series of standard solutions by addiag C, 0.1, 0.3, 0.4, 1.0,
2.0, L.o, 8.0 and 15.0 micrograms cf germanium from suandard solutlcrs to a
serles of culture tubes. Slightly acidify with N hydrochloric acid, then sdd
exactly 1 ml of (1+1) hydrochleric acid. Add 1 ml of gum arabic «olution and
dilute to 10 ml with water. Add exactly 0.5 ml phenylfluorone solution.
These standards are stabls for about one work dav. Calculate germanium
concentratlon as follows: :

ml_ of the distillate x micrograms in the unknown x 10 = ppm Geo

Example. Starting ‘with 0.1 g sanple collec. 9 ml of distillate.
The color 'developed from l-ml aliquot corresponds to the 0.3 microgram standard.
Substltutlng above-<

9 x 0.3 x 10 = 27 ppm of Ge in the unknown coal,
- 26 =
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A Field Methoa gor'the Determination of Ammonium Citrate -
Soluble Heavy Metals in Soils and Sediments as a Guide to Ore
by
Harold Bloom

Introduction

A

Procedures have been described for the rapid determination of copper by
Lovering, Huff and Almond (1950), lead by Almond and llorris (7951) zinc by
Lakin, Stevens and Almond (19L9), and heavy metals by Huff (1951), in soil
and sedlment. A sti11 more rapid and simple method was needed for
reconnaisan-e studies in geochemical prospecting.

Agricultural scientists have long used sodium scetate extractions to
determine "available" elements in soils; the methods are summarized by Lunt,
Swanson and Jacobson (1950). Lovering, Sokoloff and Morris (19L8) used a
cold acetate extraction on crushed rock to determine heavy metals as related
to alteration halos. Chisholm (1950) founc distilled water adeguate as an
extractant of heavy metals from soils for prospecting purposes.

In the method descrited here, the sample is shaken with an ammoniacal
solution of citrate and a solution of dithizone in xylene, and is then
allowed to stand for 30 seconds to permit the phases to separate. Colors
from green, to blue, and finally to red in the xylene layer reflect increasing
amounts of heavy metals,

Xylene (Warren, Delavault and Irish, 1951) is used in preference to
carbon tetrachloride or chloroform becaure it collects on the surface of the
aqueous phase, free of sediment. Reagent "A", dithizone solution, and water
in polyethylene wash bottles are conveniently carried in an apron. Appropriate
amounts of reagents are delivered by squeezing these bottles. About a minute
is required for each determination.

Reagents and 4pparatus

Note: All references to "water" refers to metal-free water, which is
obtained by passing it through.a resin demineralizer. Frequently, stream
water of low heavy metal content may be used.

Dithizone in carbon tetrachloride, 0.0l percent, (for purifying solution
"A"),  Dissolve 0.0l g of dithizone in 100 ml carbon tetrachloride approximately
12 hours before using.

Dithizone in xylene, 0.0l'pefcent. Prepare stock solution by dissolving
0.01 g dithizone in 100 ml xylene approximately 12 hours before using. Prepare
solution of 0.003 percent by diluting 30 ml of stock solutlon to 100 ml with
xylene.

JREE L - i .~ > N

-24 -



Solution "A". Dissolve 25 g of ammonium citrate and L4 g of hydroxylamine
hydrochloride in about 300 ml of water. Add concentrated ammonium hydroxide
until the solution has a pH of sbout &.5 using & pH test paper and dilute to
500 ml with water. Remove heavy metals by extracting the solution with 15-ml
portions of 0.0l percent dithizone or until the finsl color of dithizone is
green. Wash the agueous solution with 25-ml portions of chloroform, until
the latter is colorless.

Xylene, C. P. grade. :

Carbon tetrachloride, C. P. grade

pH test paper, range pH 2 to pH 1C.

Potassium cyanide, 5 percent. Dissolve 5 g of KCN in 100 ml of water.

6 glass-stoppered cylinders, 25 ml, Fyrex

3 polyethylene wash bottles, 16 oz.

2 bottles, 1 liter, Pyrex or polyethylene

2 bottles, 500 ml, Tvrex or polyethylese.

. -

e spoon. £ lucite bar with cavity, accomcdating about 0.1 g
of finely ground soil, cdrilled st cne end.

2 drorring bottles. 200 ml.

2 graduste cylinders, 10C ml.

Prozedurs

Place cne scocpful of sampl
glass-stoppered cvlirderg 4dd 5w
dithizone solution, eand shake vig
seconds for the layers to separats and obse

lene) layer. If the color i
1;% or 1 ml, respectively. If the

, 1 ml of C.00% percent
cr 5 sezcnds. 4Allow about 30
rve the color of the upper
green-blue or blue, record as O,
or is blue-purple *+n rad, titrate

o}

C"‘

with about 1~ﬁ1 1ncrement° of dithi:z on, shaking “¢r 3 seconds
after each addition, until 2 blue color is ined. Record the volume
of dithizone solution vsed, as an index of ithe heavy-metal content. Thus,
ascending values for heavy metals would bLe recorded as 0, 1/2, 1, 2, 3 ml
ete.

-2 (J (eI 0}
8]
L (D et e

One can identify the oredominating metals bty the {follcowing tests: .
o < - o

Lead: Add 3 drops of 5 percent KCN solution to the cylinder containing
sample, dithizone, and solution, and sheke vigorously for 5 ssconds. Should
the color in the xylene layer persist, it may be attributed to lead.

Copper: Introduce an sbnormal amount of sample, about a2 gram, and extract

as described., A brown color in the xvlene layer which will turn to purple
upon the addition of more dithizone, indicates a predominance of coppera

. - 25 -



Zinc: If the predominating metal is neither lead nor copper, it may be
assumed to be zinc.

Discussion

Dithizone solutions should be as fresh as possible when used. Vials
containing a fairly accurate weighing of 0.0l g should be prepared before
leaving for the field to facilitat. preparation of fresh solutions..

Ammonium citrate and hydroxylamine hydrochloride need not be accurately
weighed. A container previously calibrated may be used to scoop the approximate
weight of the chemical., The adjustment of the alkalinity'of solution "A"
should be carried out rather carefully as the raite of formation of the.metal
dithizonates varies with the pH, '

If the dithizone colors are not clear, the dithizone solution may have
deteriorated. The old dithizone solutions shculd be discarded and a fresh
set prepared. Occasionally a manufacturer's best grade of xylene may prove
to be unsatisfactory. This may be restored for use if it is distilled in +the
presence of lime. As xylene is inflarmable, the distilling flask should be
heated by means of a controlled electric heating coil.

. Xylol, the commercial grade of xylene, shoulé not be used unless
distilled.

- 30 =
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A Field Method for the Determination of Manganese in Soils .

Adapted from methods described in the literature

by
Hy Almond

Introduction

The possibility that manganese mineralization is associated with economic
- ore deposits such as zinc and that, by locating manganese mineralization, a
prospector may find other =lemsnts of sconomic imporhtance, led to the reguest
for a method for determining manganese in soils. There are several ways of
oxidizing manganese compounds in solution to the purple permanganate. All of
these have sultable ssnsitivity for determining manganese in soils. The
pericdate method was selsctad and found to be satlafao.Jnyo

A potassium bisulfate fusion followed by acid leachings dissolves most of
the mangsnese present in soils or rocks; field estimation of manganese is
feasible from this solution. The color is developed by boiling the resulting
solution to which periocdate has been added. The purple color is comparsd with
permanganate standards which ars stable for at lsast several weeks,

All reagents and eguizment should be free of manganese, and all reagents

ui
should be analytical reagent grsde.

Standard mangsnese scluticn. Dissolve 0.2 g of pure manganese metal in
(1+6) nitric acid, boil to expel nitrogen cxides, and dilute to 1 liter.
This solution contains 200 micrograms per ml. Prepare more dilute solutions
from this stock solutione

Potassium bisulfate, Kb ooh, ground to a fins powder.

Sulfuric acid, H250), concentrated.

Sulfuric acid, 1 N. Transfer 28,5 ml of concentrated sulfuric acid to
a 1-1Tter volumetrie flask o containing avout 500 ml of water and dilute to 1
liter with water.

Nitric acid, 1-3, 4dd 100 ml of concentrated HNO3 to 300 ml of water,

Phosphoric_acid, ortho, HﬁPO}, 85 percent,

Potassium periodate, meta, KlOu, powdered.

Culture tubes, 16 x 150 rmm. Calibrate at 10 and 20 ml.

Water, free of chloride. Water passed through a resin demineralizer is
adequate.
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Gesoline stove. A "G, pccket stove is satis

Viesh bostle, 250-ml capacity, polysthylens.

Pipets, 1 and 5 ml, graduated.

Automatic pipet, calibrated

Digestion and fusion rack. This piece
& culture tubes over a gasoline *stove. The
of sheet steel welded to a central surprorting rack,
holes for test tubes; the holes in the bottom are

sm

Lo deliver 2, 1, 0.5,

factory.

end 0.25 ml.

of apr aratus is used to support
rack ccnsists of two disks

Each disk has eight
12ller so that culture

tubes camnot slip through but largze enough to cern‘ the ready flow of heat.
Balance, torsion, with a sensitivity of 2 mg.
Procedurs

Mix Ca.l g of finely ground soil or rock with 0.5 g of potassium
bisulfate in a cultvre tuke and fuss for 3 minutes cver 2 gasoline sitove.

Cool, add 3 m1 1 N sulfuric acid, and digest in a wasiter bath until the lumps
of Ilux deccmzose to & fine powder., Dilute to 10 ml with water. Allow to
stand for 30 minutes, thsn transfer C.5 ml of the suyerrnatant solution to a
clean culture tube. Using autosmatic pipets add 2 ml 1:3 nitric azid, 1 ml
concentratsd sulfuric acid and 0.5 ml phecsrhoriz acid. Add 0.2 g potassium
periodate. Boil for 1 mirniis, then digsst in a waisr tath for 10 minutes,
cool and dilute to 20 ml. “cmpare with stzndard selutions.

Preperetion of standsrd solutions.--Prepare a series of s*andard permangat
solutions as follocws: £4dd 1, 3, 5, &, 12, and 20 micrcgrams of wanganese to
six culture tutes. To each culture tule 24d 2 ml 1:3 nitric acid, 1 ml
concentrated sulfuric acid, and 0.5 ml phosphoric acid, then C.2 g Kth.

Boil for 1 minute, then digest in z water bath for 10 minutes. Cool ardd dilute
to 20 ml,. S+noysr with a sork stopper,

To calcoulate the cercent of manzarnzse use the following:

micrograms found £ 50 = psrcent mangzanese
or
micrograns found x 200 = ppm manganese



Determination of Misrogram Quaitities of Nicbium in Rocks

by

F. N. Vard and A. P. Marranzino

Intrcdustion

Until recently the determinetiosn of irases of nicbium was 1mpract1cable
except by spectrographic methods, because rfufficiently senzitivé chemical
reactions were unknowne. ’

In 1538, HMon' jakova and Fedorov (1938) discovered that the yellow product
resulting from the reaction of nicbium and thiccyznate in an acid stannous
chloride medium was extractable with ethyl ether. Alimarin and Podvalnaja
(16L6) used this extraction in developing a colaorimetric method based on the
above reaction. Freund and levitt (1951) determined the effects of a number
of variables when the yellcew niobium~thiocyanate was formed in en acetone-
water mixture. Lauw-Zecha, Lord and Hume (1952) made a similar study using

ethyl ether to extract the niobl:im-thiocyanate from the agusous soluticn.

(D

As niobates that are scmswhai rsfractory : a
pyrosulfate fusion (Hillebrand, Lundell, Brizht and Hoffmzn, 1953), and
pyrosulfate is effective szolvent-wise against a numder of minersls
(Axelrod, lohc=h5) it szamed logical to try such a Tusion to effect
solution of niobium in rocks. Acccrdingly, the ryresulfate fusion cof the
rock was extracted with tartaric scid and an alicuct of ths acid was *reated
with stannous chleride and thiocysnate. The yellow-zolored nicbiw -thiocyanate

was extracted into ethyl ether
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