LE3f)

9.5 A¥
Cu+lx
Ckﬁ,l
A METHOD
fof‘

THE ESTIMATION OF COPPER IN SOILS
: .and .

ITS APPLICATION IN BRITISH COLUMBIA

by

John Stitt Clark

A Thesis submitted in partial fulfilment of
| the requirements for the Degree of
Master of Science
in Agriculture in the Department
of

Agronomy (Soils)

The University of British Columbia

August, 1950.



ABSTRACT

The dithizone titration technique devised by Grubitsch and
Sinigoj was adapted for the‘determination of total and available
copper in soils. The proposed procedure was short and simple and
its accuracy when tested by recovering copper added to Soils and
solutions was found to be satiéfactory.

The proposed procedure was used to determine total copper in
the surface soils and parent materials of 38 uncultivated soil
profiles from the Peace River Area, Fraser Valley, Vancouver Island
and the central and southern Interior of British Columbia. The
total copper content of the soils ranged from 12 to 98 p.p.m.
Consider#ble variation was noted in soils froﬁ the same geographic
area and no overall trends could be noted between the four areas.
The total copper content of the soils compares favorably with those
reported for other countries. Copper extracted with 0.1N hydro-
chloric acid from a number of soils from the Fraser Valley was
determined by the dithizone method. The acid extractable copper
ranged from 0.65 to 2.72 p.p.m. |

Total copper was determined in the horizons of two soil profiles
from_the Fraser Valley, three from Vancouver Island and four from
the Peace River Area. It was noted that soil development had a
marked influence on the distribution of copper in the profiles.

In the brown podsolic coastal soils podsolization(resulied in a
significant and consistent removal of copper froﬁ the A and B
horizons., In the northern podsols the element was strongly_leached

from the A, and slightly from the Bj horizons while it was accumulated

in the AO-l and retained in the B, horizons. Copper was accumulated

in the A; and By horizons of the degraded black profiles and removal
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was restricted to the A2 horizons. Poorer drainage position
in the coastal soils favoured a greater retention of copper

in the solum. The reverse was true in the Peace River profiles.
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1. INTRODUCTION

The essentiality of copper as a plant nutrient was estab-
lished about a quarter of a century agé. Since then a great many
investigations concerning the role of coppér in plant metabolism
have been undertakeﬁ. Numerous experiments have also been performed
on the ﬁse of copper fertilizers under field conditions,

The copper content of soils and the factors affecting its
avaalab:illty to plants have not been studied to the same extent as

has been the case with certain other minor elements, particularly
manﬁganese‘ and boron, In recent years, _increasing attention has been
given to the fraction of soil copper available to plants; but even
this work must be considered as introductory.

‘One factor contributing to the limited study of copper has
been the lack of suitable methods for quickly and accurately est.i'-
mating the element in the soil. Apparently the dithizone titration
technique first descri:bed by Grabitsch and Sinigoj in 1938 (24) has
been overlocked in this connection. Since the volumetric méthéd has
been successfully applied to t._pe detection of copper in plant ma’cefial
(67, 68) it was decided to investigate its use with soils, A portion

of this thesis deals With these investigations.



No published report of the copper coptént of a British
Columbia or other Canadian soil has been observed. Therefbré, after
studying the dithizone method, it was used to estimaﬁe the Fotal
copper present in a number of soil samples collected from various
areas of British Golumbia.‘ The available copper in a number of
samples from the Fraser Valley was also estimated, These studies

" are reported in the thesis.
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2. REVIEW OF LITERATIRE

Historical
A v'ﬂ"xe earliest agricultural use of copper was as a ﬁmgicidé.
Sprays céntaining copper were found valuable as a means of controlling -
certain fungal diseases, such as phytophthora infestans on potatoes
and pronospora infestans on vines (14). - It was only natural, therefore,
that much of the early work was concei‘ned with toxic effects resulting
from the use of copper compounds in sprayse. |

At the beginning of this century, reports concerning the
stimulating effect of copper on plants were quite prevalent (14). It
aoes not appear, however, that the element was considered nec‘:eséary-for
plant growth at that time., Not long afterwards there appeared numerous
instances; of the use of copper compounds to prevent or cure "dieback"
in eitrus fruits, pears, peaches, plums, apricots, and a host of ‘other
fruits, Copper fertilization was found to amelioratg “reclamation
disease" of cereals grown on the peat soils of Europe (51). This
disease is also known by a variety of other names whose origins appear
to depend upon the manifestations of the deficiency, or the country dr
soil type in which it occurs. Thus "wither tip", "yellow tip",
Hei&emoorkrankeit s giﬂsbids » Ontginngszeitke, signii‘y the samé
&isorder (8). Allison Bryan and Hunter (1) state that, of all the
" minor elemehts aflded in plot tests, coppér'ga.ve the most striking
iﬁprovement on the saw grass soils of Florida. It was these workers
who first began to suspect that copper was essen{.ial for plants,

The essentiality of copper was not fully proven until relatively

recentl&. The amount of copper needed for plants in culture solutions
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is very small and there is only a narrow range in which copper may |
be used before toxic effects are produced., As with all minor elements,
extreme care must be taken to prevent contamination of the solution m
which the plants are grown. Thus Brenchley (7) reports that only to:d.?:
effects resulted from the addition of copper' to solution cultures. Nof |
until the advent of more sensitive methods for the direction of copper
was it realized that nutrient solutions previously used contained, from
a nutrient point of view, relatively large amounts of copper as an |
impurity. It was found that special precautions were necessary to purlfy
salts (63), Water had to be distilled in an all pyrex apparatus, as the
coppef stills commonly employed contributed impurities (10). Sommer 4
(63) in 1930 first proved copper to be essential for plénté. She showed
the effect of copper deficiency on tomato, sunflower, and flax, The -
symptoms were visible in the early stages of grov\rbh; Later, Arnon and.
Stout (4) produced copper deficiency symptoms in tomatoes and showed !
that the disease could be cured either by the addition of copper to thie
culture: solution or by spraying the plants, These and other experimenvjt.s
proved the direct use of copper by plants, | A ‘k

With these improved culture techniques, it was possible: to show}
the similarity between reclamation disease and copper deficiency (51).%
In Australia, Piper (59) showed that the symptoms of plants grown'on-ai
sandy soil were idenficél to those produced in a copper deficient |
solution. Both could be remedied by the application of copper salts.

Copper deficiency symptoms have now been established and
described for a large number of plants, Deficiency symptoms manifest |
themselves in different ways, growth is pdor » and the plants die back
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without reaching maturity (Brenchley); chlorosis of leaf tips is
'common, as in white tip disease of barley and oats (59). Reproductive
processes may be inhibited (73). Reed (52) repc;rts'thaﬂzt in tomatoes
copper deficiency causes dwarfing ’ curling of leaflets, colour changes
and necrosis resulting from shrinkage of the palisade cells of the
leaves.

The function of copper in plant metabolism is not knovm; however,
it is sﬁggested that it plays an important part in thé production of
oxidative enzymes and the formation of chlorophyll (22),

Copper deficiency diseases in livestock have yb’eben known for
some time, Invesi;igations in Burope established that wasting disease
in cattle was due to copper deficiency (22). In other countries '
"enzootic ataxia' or "éwayback" has been attributed to copper
deficiencies (17). Iri'Anstralia, Neoasty disease, "stringy! or
gteely! wool;, and "fa].]iing diseasé" are caused by a lack of copper (6).
In animals s although copper is not a constituent of haemoglobin, it ‘
‘functions in the utilization of iron for the formation of haemoglobin
(45).

Soil Copper
| VCoﬁpér Mineralg

Copper ':i‘.s a v)ide]y digtributed& element and may occur in native
form or combined with oxygen, selenium érsenic, antimony and chlorine;
Also, it is often found as the arsenate, nitrate sulphate vanadate
and silicate (16).

The most important copper mineral is chalcopyrite (CuFeSz), which

in most cases is the only primary copper mineral present in a copper
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deposit. The other important sulphrelles - bornite (CusFeS)) and
chalcocite (Cups) - are of secondary enrichment. Native copper occurs
in some deposits, although this is rather uncommon (16).

Other important Cu minerals:- |

Tetrahedrite (Cu83bzs7)
Cuprite (Cugoj ‘ "
Malachite (Cu(OH);.CuCO3)
Msurite (Cu(CH)2.2CuCus)
Ghrysocolla (Cus;05. 2H,0)

Copper is known to be a wid'e],y“ diffused trace element in igneous
rocks (13); however, little appears to be known of the mineral forms in
which it generale occurs, It would be expected then that the majority
of secondary geologic fomations, especially those more immediately
derived from igneous material, would contain copper to a greater or
lesser extent,

Although copper is a common and widespread trace constituent of
soll, there is no information on the mineralogic forms in which it
occurs,

Total Copper

. Total soil copper includes all the various fractions of copper
present in the soil. For the estimation of total soil copper, the
sodium carbonate fusion method is most satisfactory (59); however,
perchloric and hydrofluoric are also frequently empléye&. These
chemicals are known to convert virtually all of the metal pfesent into
a soluble form (30).

Since the essential nature of copper for plant and animal life
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has been established, we may infer that the element is contained in
nearly all soils. The few exceptions in which soils are reported to
contain little or no copper probably signify - development under peculiar
conditions,

Amounts of copper, renging from 5 to 5,000 p.p.m., have been
reported for soils (44), but 20 to 4O p.pem. seems to be a usual upper
limit for the soils of the United States (29). In Russia, Sedletsky
and Ivanov (58) found that the average cé:ppér céntent of chernozems
and red earths was 60 Popelt. Peaty podsolized soils contained 30 pepehe,
while highly podsolized sands possessed only 3 p.p.n. of copper. The
copper content of a virgin soil will depend to a large extent on the
parent material and the soil-forming processes. Holmes (29) reports
that the copper content of the surface horizons is gener"a.liy slightly
higher t.hah those below, The Russien worker, Maliuga, states that the
Ay horizon contained more éopper than the A2, but that the ratios
remained approximately the same for all the great soil groups studied
(43). Krasnozems and serozems proved an exception, It appéared that
ﬁhe’copber content was roughly proportional to the organic matter
content of the particular horizon. The author felt, however, that the
nature of the organic matter and the type of soil development should

have been taken into account before such a generalization was made.

Available Copper

" Due to the limited amount of work dons, very little is known
concerning‘the various fractions of c§pper present within the soil,
Available copper exists (as would be expected from its ionic behaviouir)
as an ion on the exchange complex (49). It is apparently very strongljr
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held, and, in some cases, adsorptién appears almoSt irreversible (46).

There is no accepbed extractant for the detection of this so-
called available fraction., Peech (49) raises objections to the use of
ammonium acetate 6n ‘theoretical grbunds.- He believes that the fomation
of a copper complex with ammonia would makev the method undesirable, In
place of ammonium acetate, Peech employs normal sodium chloride. King
(38) has employed ammonium acetate buffez;ed at pH L.8. Other e;ctré.ctirlg
éolutions that have been employed are 0,5 N potaésitm chloride (27) and
ammonium acetate, and at pH 7.0 (75). o

Wood (73) suggests that coppér may be further subdivided on the
basis of extraction with acids of different concentrations. He donsidered
" ammonium acetate extractable copper easily available to plénts? Copper |
“éxtracted with boiling N and 5N nitric acid was termed Mdifficulty" and
very diffiéulﬁy available"”, respectively. ‘Results obtained by these
niet.hods proved to be véry éonsistent s but Wood does not éhbw any relat:l.on
between these fractions, | .
N Using N sodium acetate, Peech (48) found‘a.n average .of 0428 pepam.
of available copper in sandy soils from _f"lor:'uia citrus groves, He
reports that the soils responded to fertilizers containing magnesium
magnanese, zinc and copper. Wood (73), using N ammonium acetate buffered
at pH 7.0, extracted quantities of“coﬁper ranging from 0,16 to 0.6 p.p.m,
fmmA some Oregon soils. No copper déficiency symptoms were reported.
Working with potato soils, King (38) found"avail;bl_e copper present in
amounts up to 60 pep.n, His extractant was N ammonium acetate buffered
at pH 4,8, The crops gmﬁng on some of the plots had previously  been
treated with Bordeaux mixture, which would explain the high results.
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| Most authors do not present sufficient data on the correlation
of analyses with the incidence of copper .dei‘iciency symp.t,oms. In the
final analysis, the adoption of a general method of extraction should be
based upon such a co?relation. This will have to await further investi-
gation, |

Factors Affecting Availability of Copper

Soils high in organic matter, particularly the newly culti-
vated peats of Europe and the so-called muck soils of the Eastern |
United States, most frequently exhibit copper deficiency. Copper
deficiency, however, has been reported on many soil types. Bryan (11)
points out that a lack of copper may occur on any soil type, but that
g deficiency is more prevalent on acid soils with clean éultural
practices than on neutral soils with plenty of cover crop®. Australian
workers have reported copper deficiencies in many areas, but particularly
on sandy and gravelly soils (70).

Copper deficiency in soil is difficult to detect » as plant
symptoms may vary from slightly stunted growth to the extreme cases
previously described, | = ’

Very little is known about the actual mechanism of adsorption
and fixation of copper in soils. As previously stated, it appears to be
tenaciously held, both by organic amd inorganic colloids. Peech (46)
reports that it is strongly fixed, even at low pH. He found thai",‘on-a
light, sandy soil, as much as 90 per cent of the copiaer was rendered
unavailable, and that as the pH was increased, fixation increased
proportionately, Steenb,je‘rg (6!.,) has shown copper availability to be
at a maximum between pH 5.5 and 6.5. Jamison (34) found that phosphates
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have little effect on the utilization of copper by plants as a result of

work with Florida soils. Harris (‘25) reports that there was no evidence
of any interaction between the minor elements cobalt, copper, manganese
and boron.

A point, perhaps largely of academic interest, is that raised by
Sullivan (56). While experimenting with adsorption of copper by clays,
Sulliven found a remarkable interchange of bases, Copper apparently,
instead of being adsorbed by the clay, entered into the silicates,
releasing an equivalent amount of base, K0, Najy0, Ca0, MgO or MnO,
which went into solution. Of the clays used, feldspar proved more
efficient than kaolim and removed from 60 to 100 per cent of the copper
from the liquid. Such behaviour may explain in part the strong, almost
irreversible fixation of copper in soils,

~ Uhere the organic matter content of soils is high, it has been
found that much more copper is required to ameliorate a deficiency than
on light textured soils, where similar quantities might be toxic., In
Europe it was found that 2 to 3 milligrams of copper per kjlogram was
was éufficient to' produce reasonably high yields on peats, but that
amounts up to 1280 milligrams brought about even further increases |
without toxic effects (51). Thie would indicate that organic matter hé.s
a strong affinity for copper, Peech (47) reports that the adsorption
of copper is roughly proportional to ﬁhe ., organic matter content of the
soil. Organic residues applied to the soil are capable of rendering
much copper unavailable (38). Hoffman (28) has produced copper deficiency
by the addition of a purified humus preparétion to culture solutions,
It seems very likely that on peat and muck soils the problem of copper
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deficiency is one of availability rather than a total absence of the
element.

AFrom the extensive work on reclamation disease, there.developed a
rather interesting theory respecting its cause, It had been suggested
that some specific agent produced the disorder, Fbllowing this sugges-
tion, Smith (61) succeeded in isolating from a black moor (gliede) soil
two organic fractions extracted by hot alcohol. One fraction remained
in solution on cooling, and from this he.prepared a crystalline substance
which was fairly volatile up to 100° C, Very small quantities of this
substance, which he called “gliedene', when applied to the soil were
capable of producing typical symptomé of reclamation disease. Rademacher
(51), elaborating on Smith's theory, states that "gliedene', if it
exists: at all, probably acfs by adsorption of copﬁer. Smith had postu-
lated that "gliedene' was toxic to plants and that copper added to sick
soils served to inactivate the toxin,

The relation between the occurrence of copper deficiency and an
unfavorable soil water relationship has been noted by Rademacher (51),
who regards the effect as one of solubility, suggesting that insufficient
copper went into solution in the absence of much "free! water. Piper
(50) observed a marked reduction in reclamation disease symptoms on a
calcareous soil as a result of a rise in soil temperature., He attributes
the effect to an increased solubility of the "unavaidable! cbpper. Arnd
and Segeberg (2) state that copper added to the soil alters the
physical condition of the colloids in such a way as to increase the
amount of "free' water, These workérs further postulate that copper.

sulphate £1occuiates the 6rganic soil colloids which serves to keep the
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capillaries open when the humus dries out, thus allowing the upward
movement of moisture, However, since copper deficiency has been estab-
lished to be the cause of reclamation disease, these effects, if they
do influence the amelioration of the disease, are probably of secondary
importance,

There is some additional evidence which indicates that the
action of copper may be an indirect one. Lazarev (40) states that, in
some cases, plants suffering from what appéared to be reclamation
disease contained large amounts of iron and manganese, The plants
responded to applications of copper. However, he found that hydrogen
peroxide also remedied the condition, as did other oxidizing substances,
and suggested t\hat reclamation disease, in many cases, may be due to
reducing conditions leading to the formation of ferrous iron, Arnon
(3): found that copper improved barley plants grown in solutions with and
without aeration, Willis and Piland (71) noted that the soil potential
was quite markediy increased by the acidifion of copper whenv air was
present, but that the reverse was true when air was excluded, These
investigators concluded that the action of this element in the soil was
largely catalytic, They state that copper is a general oxidation
reduction catalyst and the direction in which it acts is determined by
| the oxlidation conditions existing in the soil. These authors also present
evidence for the antagonism of copper and iron - in field work, appli-
cations of copper appeared to reduce the availability of iron and iron
chlorosis developed quite rapidly. Copper also served to decrease the
uptake of manganese by the plants, In culture solutions, the presence
of copper has been found to reduce the availability of the iron present
(12), Scmmer (60) » who noted the same effects,attributed it merely to
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the precipitation of iron and the rapid growth of the plarits' when copper

was present. The evidence seems to suggest that copper plays a part in
the oxidation reduction system of the soil, Whether sﬁch action may be
attributed to a direct function of copper, or whether it is brought about
by the stimulation of bacterial growth, as it could very likely be, is
 still somewhat in doubt.

Copper Fertilizers

The -ﬁse'oi‘ copper as a fertilizer: is increasing rapidly in
limited areas. However, as the majority of soils seem adequately
supplied at ’presént, there is little Justification for its universal use,
Further, in regions where copper is employed as a fungicide, it seems
iikely that these sprays would supply the needs of plants as absorption
can take place through the leavess as well as the roots (65).

No generalization can be made as to the rate of application,
The severity of the deficiency and the nature of the soil should always
be taken into consideration, In the Florida Everglades, applications
of 30 to 50 pounds per acre have improved yields greatly (65). In
New York, epplications up to 300 pounds of copper sulphate.pei' aci'e have
served to prevent the production of poorly coloured: s\ca.les and
premature dying hack of onions (39). These are both organic soils.

On lighter textured soils the amount. of copper that could safely Be
applied would be expected to be roughly proportional to the adsorptiwe
capacity of the soil. Thus in Australia about 10 pounds of copper
sulphate are recommended. for use on light soils, while up to 42 pounds
per acre have increased yields on finer textured soil (70).

In British Columbia, fertilizers containing éopper are at
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present being sold. However, their use is not recommended by official

agricultural agencies\ (9.
Methods of fnalysis

| A'greé,‘lﬁ deai of work has been done on the determination of copper

when present in small quantities, The methods described in the main
seem satisfactory insofar as accuraciy is concerned, However, the majority
of the procedures are somewhat tedious and not well adapted to routine
occasional analysis, where, besides a reasonable degree of precision,
simplicity and rapidity are often important factors. B
Dithizone
The feégent most commonly used for both the separation and deter-
mination of copper, and many other heavy metals, is diphenylthiocarbazone
or dithizone:- |
_ MH. NH. CGglly
°7 Ney- CeHis
This compound was first prepared by Emil Fischer, who noted its:
action with the heavy metals, It was not used analytically until 1925,
when Hellmut Fischer (19) showed that the coloured dithizonates could
be used for the determination of certain heavy metals. Since that time
a great deal of work has appeared in the literature on its use as an
analytical reagent.

- .Dithizone itself is a violet black solid, which dissolves in a
great many organic solvents s forming an intense green solution, The
most ‘commonly employed solvents are chloroform and carbon tetrachibride.
The latter is generally preferable, as there are less hazards in its use,

When dithizone dissolved in carbon tetrachloride is shaken with a
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solution of some heavy metal, an internal complex salt is formed (20).
This dithizonate is generally soluble in the organic layer to which it
imparts a violet, red, orange, or yéllow colour, depending on the metal
present,

When dithizone is used for .the colorimetric determination of metals,
two general methods are available - the mono- and mixed-colour methods.
In the mono-colour method, the solution c;,ontaining the metal is shaken
with an excess of dithizone so that the organic layer remains green,
indicating complete extraction of the metal. The excess dithizone is
then removed by shaking with a dilute ‘solution of a base , such as
ammonium-hydroxide, The absorption of light by the undecomposed metallic
complex may .then be measured, Sandell (57);p;c;ints out that such a rexﬁoval
of excess dithizone may possibly'introdﬁbé’errqr.. There may be decom-
position of a portion of the dithizonate if the alkalinity is too high,
or incomplete removal of the dithizone if it is too low. Another
~objection to the mono-colour method is the possibility of éonverting the
keto complexes of certain metals to the enol tautomers on washing with
an aqueous solution of a bas;e. The enol form is often of quite different
colour and so may markedly affect the visual and colorimetric determin-
ation of the metal, 7.

The so-called mixed colour method permits a higher degree of
accuracy (57). In this case, the excess of dithizone is allowed to
remain in the organic solvent with the dithizonate. In visual work,
the colour of the solution is éompa.red to a series ofA standard:s-r, each
containing the same volume of dithizone as the sample. If an electro-~
photomer, or some similar device, is to be used, a choice of two wave-



16,

lengths is available, Either the absorption of light by the metal complex
(625 mu for copper) or by the excess dithizone (510 mu) may be measured
(J1). Copper, lead, zinc, and some other dithizonates appear to obey
Beers' law when monochromatic light is used, When filters are employed,
deviafions can be expected, and the extent of the deviations will depend
upon how truly monochromatic the tranamitted light is, and how nearly

this light approaches the wave-length of maximum sbsorption.

The mechanism of extraction of a metal by the formation of an
internal d.ithizonate is now the established basis for the analytic separ-~ |
ation of certain elements. Although dithizpne reacts with a large group mf
metals, the reaction may be made relatively specific in one of two ways:
first, the pH of the solution. from which extraction is made may be
adjusted so that only a small number of metals will react; secondly, a
complex-forming agent may be employed to prevent the reactiocn of certain
ions,

Generally, if the amount of reacting metals is small, it may be
desirable to perform the extraction under such conditions that certain
other metals are also removed from the aqueous soclution. Such a prelim-
inary extractioﬁ, involving an excess of dithizone, is very often used,
and is of great advantage as a means of avoiding interference, especially
by oxidizing substances (57). The organic: layer can then be separated
and shaken with suitable acids and complex~-forming agents so that'the
metal under investigation passes into the aqueous layer or remains in
the organic solvent, thus effecting a separation from other metals,
Dithizone is also used to separate certain elements prior to spectro-
graphic analysis (55).
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Garbamate

Another .zl'eagent quite commonly used for the detection of
copper in trace amounts is diethyldithiocarbamate (N(CoHs),CSgNa), or
carbamate. This compound, however, is not as sensitive nor as specific
for the detection of copper as is dithizone (57).

In acid or ammoniacal solutions ofvcui)ric salts, 2 brown
colloidal éuspension is produced with carbamate, This copper carbamate
is soluble in emyl alcohol, amyl acetate, carbon tetrachloride s and other
solvents., In practice, the s;xspension is generally extracted into |
carbon tetraéhloride and the light ebsorption of the resulting yellow-
brown solution measured. 7 |

Other metals besides copper give coloured precipitates with
carbamate, the majority of which are soluble in carbon tetrachloride.
Zine, cadmium, mercury silver, lead, and tin yleld white precipitates.
Iron produces a dark brown suspension, but the interference of this metal
can be reduced, if it is not present in large amounts, by carrying out
the precipitation at pH 9 or above (57). Pmphosphgte is reported to
reduce the interference of much iron, but in the presence of calcium
difficulties due to precipitation are encountered (15). The principal
interferiﬂg‘,t metals are bismuth, cobalt , and nickel "(59); If these
elements are present in unduly large amounts, specia.l“précautlions must be
observed, Manganese imparts a pink colour to the organiec solvent, bub
fortunately this oxidation product is not stable and deco@oses rapidly
(57)«

- A blue filter or light at 440 mu is generally employed, as it

permits a more sensitive determination of copper, especia.l‘iy when much

v
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iron or manganese is present (57). The relation between copper concen-

tration and light absorptién is ﬁnfofhuna’cely not logarithmically linear
with a blue filter.

To reduce the possibility of interference, copper is usually
extracted with dithizone before this reagent is employed.

Procedures Employed for the Determmination of Copper in Soils

of coppei' in soils are generally adaptations of methods previously
developed for foods, silicate, rock, metals, and other materials., Special
precautions are required with soils, as the concentration of interfering
substances is higher than in many other materials; for example, plants,

Holmes (30) describes a procedure in which the preliminary
extraction with dithizone is made at pH 2.5, so that besides copper,
lead, zinc, and bismuth are also extracted. The carbon tetrachloride
" layer is then shaken with 0,02 N HEL to remove lead and zinc; bismuth
is extracted with an acidic solutibn of. potassium iodide. Copper remains
in the organic solvent and is determined colorimetrically with carbamate
after the destruction of dithizone., This procedure was designed by
Holmes for the subsequent determipatién of 1e§d, zinc, and cobalt, If
6n1y copper is to be determined, a shorter overall procedure could be
used,

Sandell (57) outlines a procedure for the determination of copper
in silicate mcké, and points out that if only copper is to be determined
it could be isolated directly from a dilute acid soJ.ution. He states ,‘
however, that no data is available on the reliability of this modifica-

- tion. A procedure employing carbamate directly has been developed by

Sherman and McHargue (59). The interference of iron is reduced by
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carrying out the precipitation in the presence of citrate and at pH 9.0
or above, One serious objection to this method is the possibility of
interference by bismuth, cobalt and nickel.: If these metals are present
to any extent, it would certainly be necessary to introduce additional
precautions, ‘

Other workers have used spectrographic methods for the detection
of copper (60, 54). These methods involve rather expensive equipment,
and therefére unlikely to be employed in the ordinary laboratory.

As part of this study, it was decided to try to develop a more
direct method for estimating copper in soil. To accomplish this, as many
as possible of the numerous manipulations required in the preéently used .
methods would have to be eliminated. It wﬁs realized that if this could
be accomplished it would be highly beneficial for copper fertility
studies, which are handicapped by the lack of a short, direct method
for estimatipg soil copper, |

The volumetric technique first devised by Grubitsch’and Sinigoj
(24) appeared to be the simplest and most direct method avﬁilable for the
detéction of copper, A study of the possibility of adopting this o
technique to soils was considered to be worthwhile, The method invélves
simply a titration of copper in a dilute acid solution with dithizone,
When a carbon tetrachloride solution of dithizone is shaken with an
aqueous solution of copper, a red violet complex is formed. When there
is just a slight excess of dithizone the ¢ olour becomes reddish-purple.
If a further excess is added, the mixing of colours will produce a
neutral gray tint with approximately equal quantities of dithizone and
dithizonate. Thus two énd points are a#ailable for the titration,

although the gfay one is preferable, being much easier to detect and
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permitting greater speed. Also. a less critical colour appreciation is
required (67). '

The aui;hor consulted Dr., Delavault, of the Geology Department
at this University, and no serious ob;)ections could be raisegi against
the use of this technique. Dr. Delavault and Miss Irish havé employed
the method with considerable ‘success for the analysis of planb material
(67,68). These workers concluded that an accuracy of fivé per cent

could be eicpected for a person with normal colour vision,

3. EXPERIMENTAL

Prellmlnary Stuclv of Method of Analysis

| Soil s after J.t had been 1gm.ted, was; decomposed with hydro-
fluworic and perchloric acids. Excess perchloric acid was driven off
by heating, The residue was taken up in sufficient hydrochloric acid
to make the final concentration 0.1 N. In a solution of this acid
concentration it was thought that the coi:per present would be dissolved.

would be nealiqible

Adsorption of copper by any residue, as the amounts of the ions
‘adhering, would be proportional to their concentration in the solution.
Hydroxylamine hydrochloride was added to reduce the interference of
iron (57). | |
o In a hydrochloric :acid solution of the strength used, the
metals pa.liaditmx, gold, silver, mercury and copper will react with
dithizone (21), Bismuth also reacts, but only incompletely when a
slight excess of dithizone is present. Manganese, nickel, cobalt,
lead, and moderate amounts of zinc,do not react under these conditions,
Ferric iron interferes with dithizone extractions chiefly by oxidation,

since it does not form a dithizonate (57).
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During ignition, mercury which might be present in small
amounts would be volatilized to a large extent, and so would not inter-
fere. In a hydrochloric acid solution, silver would: be expected to
react ohly with difficulty., Bismuth, as stated previously, reaqts
only incompletely, espéciallj 80 in the titration technique:employed
where but a slight excess of dithizone would be present. Some workefs,

too, have failed to detect bismuth in soils (54, 66). Fiegl (18)

states that gold dithizonate flocculates in éarbon f.;.etra;chloride‘, and

so would be detected easily if present in comparatively large amounts.
Palladium in all likelihood would not be present to any great extent

in soils. Thus it may be expected, under normal conditions, that
dithizone in a dilute mineral acid solution would be fela’cively specific
for copper in soils.‘

The first problem encountered with the method of analyéis was
that there appeared to be an extensive oxidation of dithizon}a. An
increased amount of hydroxylamine hydrochloride did not serve to
eliminate the oxidation, It was then thought that bismuth might have
interfered by Iproducing its characteristic orange colour. Shaking
the carbon tetrachloride lay'e_;' with an acidic 2 per cent potassium

jodide solution did not remove the brown discoloration. The extent and

rapidity of the reaction also indicated that bismuth was not the cause
of the discoloration, as one would expect this element to react at an
even slower rate than copper. |
The possibility f;hat the oxidation was a catalytic reaction
activated by the presence of colloidal material was then considered,

The nature of the reaction strongly suggested some such action. To
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test this, the soil extract was filtered, using both filter paper and
sintered glass funnels., Filtering, although it did reduce the frequency

of oxidation from about 5() to 20 per cent, did not eliminate it.

Previously, filtering had been avoided,as it was reported that a slight
residue did not interfere (67). Filtering the solution eliminated one

disturbing form of behaviour. Occasionally, without filtering, the

carbon tetrachlor;‘.de layer formed a suspension, apparently by adhering
toﬂ the finely divided residue. In such cases, oxidation had proceeded
even more rapidly, and the two lé.yers took cons:i.dere.a.blgar time to separate,
With the absence of any residue in the filtered solutions, this no
longer occurred,

Although johe use of a stronger reducing agent was considered,
it was deemed inadvisable to employ onme, since it might have a marked
influence upon the valence states of the ions present, Changes: in
valence could possibly alter the specificity of the dithizone reaction,

No serious errors could be attributed to the procedure itself,

and the difficulties encountered thus far appeared to be more a matter

of degree than due to inherent fault in the method. The perchloric é.cid
had previously been driven off at a temperature of about 120° C.  Such

a temperatures was considered adequate, as perchloric acid decomposes
under atmgspheric pressure at 92° C, That the oxidation of dithizone
could have been achieved by perchloratés which, although stable at

lower temperatures, could be decomposed by further heating, was considered
possible, Consequently, the‘residue .from the hydroflueric and perchloric
acid digestion was heated on a sand bath where_ a temperature up to 300°

was abtained, The heating was continued for varying lengths of time,
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It was found that heating until the whiteness of the residue was
i-eplaced with a moderate amount of iron s@airﬁng proved most satis-
factory. The stained residue was then evaporated with 6 N hydrochloric
acid, This would be expected to reduce adsorption and to increase |
solubilit.y by converting the metallic ions present to the generally more
soluble chlorides. Only three cases of oxidation were noted after the
introduction of this modification s and replicates showed much closer
agreement. The colloidal and siliceous residue remaining no longer
gave any evidence of interfering with the detemjnation, and filtering
could be eliminated. _

Tiwo further refinements were considered:‘ firstly, Lundell,
Hoffman and Bright (42) found that irbn did not interfere with the
éxbraction of coppef' bjr dithizone when sulfuric acid was used, The
method, however, did not appear to offer any advantages;, and the» possi-
bility of precipitating calcium would mgke the use o_f this acid unsatis-
factory with soils. Purther, the behaviour of the various metal
dithizonates in the pi;esence of sulphuric acid is not well enough known
to justify the use of this method., In steels, where the procedure is
used, many of the interfering elemenfs are known to be absent. When
tried with soil in the present study, the. method appeared to have no
advantage; secondly, the use of potgssim iodide in the solution was
attempted: as a means of reducing evenv further the interference of
bismuth. The iodine produced discoloured the solution and made the
detection of the end point impossible, For reasons previously stated,

it was felt that it would be unwise to add a further excess of a fairly

strong reducing agent to remove the colouwr., The presence of potassium
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jodide appeared to reduce the interfacial tension between the aqueous

and carbon tetrachloride layers. A brownish suspension formed at the

interface and the layers did not separate rapidly. This refinement

was therefore abandoned,

Px‘ocedure Proposed for Total %mer
Reagents | |

1. Water - redistilled in an all-pyrex apparatus.

2. Hydrochloric acid -~ redistilled acid is preferable,

3. Perchloric acid - 60 per cent.

Le Hydrofluoric acid,

_ 5« Dithizone solution - 60 milligrams per litre of carbon tetra-
chloride. Store in a black bottle in a cool place, If the
-~ dithizone used is of good quality, no purification is necessary.

6. Carbon tetrachloride - C.P. or re"agenf quality. The used
carbon tetrachloride may be recovered by first washing with
dilute HCl, then with dilute ammonium hydroxide., After drying
with calcium chloride, distil.

7. Hydroxylamine hydrochloride - should normally be free from
copper without further purification,

8. Standard copper solution - dissolve electrolytic copper in
nitric acid, Expel oxides of n:.trogen and make up to volume
with 1,0 N hydrochloric acid.

Determmination

1. So:J. whichhas been passed through a 2 mm. iron sieve is ground
in an ggate mortar to pass 100 mesh bolting cloth. Copper or brass
screens: should be avoided.

2+ 045 gms, of s0il is weighed into a platinum crucible and placed
in a muffle furnace., The temperature is slowly raised to 500° C. and
heated until organic métt.er is destroyed, approx:i.m:ately 2 hours,

3. lml., of perchloric acid and 8-10 ml. hydrofluworic acid are
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added and, after stirring, evaporated on a water bath. The residue
should normally be white or greenish-white.

4., Place the crucibles on a> hot-plate or sand-bath and heat at
250-300° C. wntil the residue is distinctly stained with iron. It is
essential that none of the white crust obtained from the previoué
evaporation remains,

5. Add 4-5 ml, 6 N hydrochloric acid, washing down the sides of
the crucible., Evaporate to dryness,

6. Take up the residue in enough hydrochloric acid to make the
acid concentration of the final solutién”o.l N. (The final voluzpe of the
solution in the following titration may be any constant, exacfc. volume
between 20 and 30 mls, The analyst must select the most convenient
volume for his determinatioms and calculate the amount of acid needed
to vproduce the desired concentratiod).

7. Transfer to a stoppered 50 ml. graduate and wash with hot water
to the previously selected volume. The water and crucible should be
kept as hot as possible to reduce adéorption.

8. The solution is then titrated with standardized dithizone,

Shake for 20 to 30 seconds after each addition of dithizone, When the
neutral grey end-point has been reached, shake for 1 minute, to ensure
complete extraction of the copper.

Standardization of Dithizone

In practice it will probably be most convenient to employ a
standard solution containing 20 ¥ of copper in 0.1 N hydrochloric acid.
The titration is performed in the usual manner., If the unknown sample

requires a large amount of dithizone, it may be advisable to employ a
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standard containing a greater amount of copper, so that the volume of
dithizone is approximately the same for the unknown and the standard.

The dithizone soluticn should be gtandardized at least every second day.

1. Pfecautionssshould be exercised throughout the procedure to
guard against contamination with copper, especially sincg the metal is
often a constituent of laboratory equipment. Blanks should be run
" through the procedure and the necessary corredtions made,

2, All glassware used should be chemically clean. The method of
cleaning will largely be governed by the analyst!s preference. The
author found that allowing the equipment to stand over-night after the
addition'of hot 1o‘£o 15 per cent nitric acid'was most efficient. and
convenient. The vessels were then washed several times with tap water,
followed by three:rinsings with redistilled water,:

3+ The concentration of dithizone should not be varied from thé
concentrétion giyen. It was thought during this study that perhaps
greater sensitiv;ty coﬁld be achieved by employing a more dilute
| solution., However, the quantity of 60 milligrams per litre employed
by'Grubitsch and SinigoJ afforded the most sensitive colour appreciatiomn,

Study of JTon ;nte:;g;gnce

';S§#éféi ﬁééﬁs‘were made in order to attempt to assess: the
effect of various ions on the accuracy of the procedure. Since ferric
iron is known to oxidize dithizone, an estimation was made of how
effectively hydroxylamine hydrochloride, as employed, would reduce this
interference, Ferric chloride, which had been purified by shakinélwith
dithizone, was used, In the first series of studies, the ferrié iron

was added to solutions containing known concentrations of copper. Some
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of these solutions were left untreated, while hydroxylahine hydro-
chloride was added to others. The results are compared in Table I.

It was found that the presence 6f iron in'the‘splutions to ﬁhich ho
hydroxylamine hydrochloride had been added served to increase the amounts
of copper found., This apparently was due to the formation of the brown
oxidation product ﬁhich would lead to é'high apparent eqd point. After
treatment'with hydroxylamine hydrochloride,‘the'interférénce of iron
was virtually eliminated,

TARLE T -

Effect of Iron and Zinc on the Determination of Copper
(Dithizone Titration Technique) '

Copper | Ions Added Coppef;
Present _ v Found
¥ ' Y
20 | 4O'mg. ferric iron 2
20 80 mg. ferric iron | 2742
20 " L0 mg. ferric iron - . 20.6

reduced with hydroxylamine
_ hydrochloride
20; ) mg. ferric iron - 20,8
- reduced with hydroxylamine '
hydrochloride
20  80'¥ zine | 20,0
20 - - 240 ¥ zinc 20,4




Soil to which additional quantities of iron had been added
were analyzed and these results compared to those obf,ained with the
wntreated samples. The results in Table IT show that the increased
quantities of iron had but a negligible effect on the estimatién of
the copper present. The samples in all cases were treated with hydroxyl~-
amine hydrochloride. |

TABLE II -

Effect of Iron and Zine on the
Determination of Copper in Soils

Copper Copper found--
Soil present.-- Ions: Added :
 Pepoll. Lo DePollte
" Whatcom Silt 27.1 10 mg. iron ' 26,8
20 mg. iron ' 27.8
(A horizon) : 40 ppm. zinc 27.1
. 80 ppm. zinc 27.6
Cowichan 62,3 10 mg, iron 62,8
Clay Loam : 20 mg. iron : 62.3
: - 80 ppm, zinc : 62,6
" (Ce horizon) ' 120 ppm, zinc . 63.0
 Fort St. John 11,0 10 mg, iron ‘ 41,2
Clay . 20 mg. iron’ 11.8
} 4O ppm, zine 4l.2
(C. horizon) 120) ppm.zine 41.0

zinc was added to both solutions containing copper and to
soils. As shown in Tables I and II, these additions did not produce
any marked effect on the deﬁemﬁnéﬁion of copper in either case,
Metallic zinc uséd was dissolved in dilute nitric acid, evaporated

nearly to dryness and tsken up with hydrochlorie acid, Copper impurities



29.
were removed by shaking the 0.1 N hydrochloric acid solution with
dithizone, ,

The soils used in the above and subsequent tests were ground
to 100 mésh. The powder was then placed in bottles containing a few glass
beads and shaken for four hours to ensure maximun uniformity of the
sample, All additions of elements to soils were made Jjust before treat-
ment of the soil with hydrofluoric and perchloric acids.

An attempt was made to compare the titration technique to an
alternate procedure for the determination of copper in soils., The method
of Holmes (30) was employed‘with the exception that perchloric and
hydfofluoric écids were used for the decomposgi.tion of the sample., As
outlined previously, Holmes! procedure inﬁolve5‘ a preliminary separation
of copper followed by- its célorimetric determination with carbamate, |
One serious obstacle was encountered when this procedure was: followed,

The transmission range for the normal soil content of from 20 to 80 PePelle
of copper was only about 25 per cent with the electrophotometer in the
laboratory. Variations in the size of the aliquot’ taken for analysis

and the volume of carbon tetrachloride used to extract the copper
carbamatg were tried without success. Since the light intensity could

not be varied, a modification of the procedure would have to be made to

avail oneself of the ma:dmm possible sensitivity of the instrument.

As insufficient time was available, this was not attempted., The results
obtained did show agreement of from 8 to 20 per cent between fhe two
methods, It was felt that an estimation of accuracy based upon such a
Vcomparison‘was not warranted,

A more satisfactory estimate of the accuracy of the method was
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made by adding known amounts of copper to soils. In Table IIi are .
shown results obtained by this method., That the récoﬁery céh.be‘achieved
with a reasonable degree of sgccess:is ébparent. One peculiarity noted
was that the error is positive in the majority of cases; that is, a
greater quantity of copper than added was usually recove:ed. Such results
would indicate that the adsorption of copper by any residue remaining was
negligible, Tﬁis positive error is due in part at least to the addi-
tional shaking rgqnired during titration with increased amounts of copper.
This source of variation was minimized by attempting to keep the amount
6? shaking és uniform as possible for all samples, Also the increased
volume of the dithizone would affect colour appreciation through intensity
effect,

In determinations of such small quantities of metal, accuracies
of the order of those obtained appear quite satisfactory. One criticism
~which may be made of the method of testing the procedure is that such |
adding of additional copper to soil does not take into account the initial
interferencelby ions pfesent which may react with dithizone.

The spandapd error was calculated for the recovery of copper at
thebdifferent levels, This statistic, it should be noted, does not
represent an estinntionAof the absolute accuracy of the procedure, but
serves as an indication of concdmitant errors affecting the determinationse
These errors may be brought about by Fontamination from glgssware and
other equipment, the possibility of variation in the individual samples,
slight differences in acidity, and personal inconsistenciés in the
estimation of the end-point and the manner of shaking., The sensitivity

of dithizone and the small amounts of copper present couid make these



TABLE III -

Recovery of Cbppér A&ded to Soil

. : Copper = . Copper:- Copper Co Re ' . .
Soil {  Present - . Added - | ' Present - Foﬁggr- ofcg;p?serr - f;.:lgard 'I;:mp;:‘s
: PeDollle » PeDellle - PePellls Pe.Dollie .Per cent o
" Monroe 56.6 o | V8> 6h.0 - 61+.lp. 45 0,58 8
. Clay loam 16 . 2.0 724 | #2.5 £0,76 8
(C horizon) 40 96,0 97.7 . #he3 “#1.35 8
Klderwood 6243 8 | 03 | 6. | 1.5 0,42 L
- Sandy loam 16 78.3 7944 . 46,9 20,385 4
(A horizon) 40 102.3 103.1 | 2,0 £0.19 A
Whatcom 27,1 g | 35. 343 | 10 40,21 b
Silt 16 43.1 " bheO ¢ 5,6 40,28 4
(A horizon) O | 7.1 707 | ¢ 9.0 £3.25 L
Fort St. John | 41.0 8 | 49.0 | 49.2 | 25 20,49 4
5 Clay 16 - 57.0 5500 C=124,5 !0092 I
(C horizon) Lo - 84,0 - 8lies | 2 8.5 $0.32 L
Montney 38.2 _ 8 - \, “.2 45.7 -6,3 v -:0,69 N A L,
Cla.y._ 16 - 5he2 5540 + 5.0 40,82 I
(C horizon) 4O 7842 82.4 +10,5 +1,68 L

*1€
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factors important.

The standard error may theﬁ be looked upon as a -measure of the
variation which could be expected between individual samples contalnlng
the same amount of copper. This calculated error indicates that the
technique is capable of repreducible results. In soil work, where the
sampling error may be very large_, absolute accui'acy is hot as essential
as reproducible results which can be used for purposes of comparison.

Sherman and McHargue (59) estimated the accuracy of their
proposed procedure by. a similar method without application of the
stmuerd error, These workers! results are shown in Table IV. The
accuracy obtained by the authof with the titraj:ion teehnique compares
‘very favorably with that obtained by these investigators.

TABLE IV - |

Recovery of fbppef Added to a Soil -
From Data by Sherman and McHarque ( 59)

Copper AMdedi | Coppex"'Preserit ' C'epper Found i ‘Error 'ef Added
: ‘ Copper
PePells ' . ’ﬁ;p'.m.‘ - PePells | '-Per'_"cent

0 ' 8.1 8,2 -

L ) 12,1 - 12,3 5

AT ’ 22,1 - 23.2 8

32 40,1 4.8 L

56 6l{rol X 6002 -7

Study of an Alternate Method for Decom.gosit:.on of Soil S&m_gles

Smce platln\m-ware is expensive and therefore frequerrbly not

available, it was felt that an investigation of a method which did not

require it would prove useful. Holmes (30) suggested the use of
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perchloric acid alone for the digestion of the sampie » but he states
that any excessive quantity of siliceous residue be treated with
h&drofluoric acid, It was thought that this subsequent treatment
would be necessary i‘ér_ coarse textured soils where the amount of
unwea'bheréd material is high, while with well weathered soils and
those containing large amounts of organic matter, perchloric acid
probably would be satisfactory. A series of analyses were made to
test the validity of this reasoning and the results are shown in
Table V., )

' Table V shows that the results obtained with perchloric
acid alone‘ approach those using both hydrofluoric and perchioric acids
most nearly 1n the samples from the surface horizons. .In the case of
the Langley Clay Loam Sample, which was very high in organic matter,
the amounts of copper found are but slightly different for the two
methods, Although perchloric acid alone gave higher results for this
soil, it is felt that this was not due to the greater efficiency of
the method., The parent material samples show consistently lower
results. when hydmfluoric acid was not used, Both the lower results
obtained and the inconvenience of the method make the use of a
combination of perchloric and hydrofluoric acids preferable, There-
fore it seems that the method requires that platinum-ware be avail-

able,



TABLE V -

Comparison of Methods of Decompos:l.t:.on of

Soil Samples for Analzsi

34

Horizon

Copper Found - p.p.m.

Soill Treatment =~ -
lml.'HCIOL""s ml, 3'10;,,',1;"'_Resn.due from
8-10 ml. HOl0, { Hclo, | 3 mi. HEO,
HéFz ] o treated
ﬁ with H,Fy
1, 2. 3, he
| — RES T = | .
silt c 33 2 | 25 31
Langley A % 5 75 7%
- Clay Loam c 67 49 A9 62
- Montney A 45 39 40 L5
Clay Loam C 40 34 33 40
Treatments:

1. 0,5 gm. sample, ignited at 500° C., treated directly with
1l ml. HC1O; and 8-10 ml. HoF,, Evapora.ted with 5 ml.
6 N HCL taken up in 0,1 N H

2. 24,0 gm. sample digested under reflux with 5 ml. HClOL, for

1 hr.

Evaporated to dryness: and HCIO; driven off., Heated

with N HCl made up to 100 ml.; 25 cc, aliquot taken for
analysis,

3. As in 2 above, but using 10 ml. HCLO,.

Le . As in 2 above, but any s:.liceous residue treated with Hze
and added to first extract,
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After it was satisfactorily demonstrated_that the dithizone
tiﬁfation technique could be used for the determination 6f total sbil
copper, it was decided to try to extend the application of the method
to the estimation of available copper. It was thought that in the

 availability test the concentration of ihterfering substances would be
less and that therefore the method could be readily adopted. When tried
experimentally, this was found to be correct, as no difficulty was
encountered with oxidation or excessive residues such as was troublesome
in the total copper determination,

As pointed out previously, a number of different extractants
have been employed for .the estimation of available copper, and no
agreement has been reached as to the most satisfactory. The selection
of the extractant to use for this study therefore presents a problem,

Using the dithizone titration procedure, it would be undesir-
able to employ an extractant such as sodium acetate, since the concen-
tration of sodium ions in the final solution would be very high and
might even reach saturation. Wear and Sommer (69) found that 0,1 N
hydrochloric acid as an extractant permitted gbod‘correlation between
analytical results and the incidence of zinc deficiency. Since the
soils of the Fraser Valley possessed similar reactioné to those investi-
gated by these workers, and since the retention of copper would be
expected to be similar to zinc, the use of this extractant seemed
Justified. Another reason for choosing 0.1 N hydrochloric acid arose
from the fact that the main purpose of the study was the application

of the dithizone titration technique rather than the correlation of the
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copper extracted to plant deficiency., Hydrochloric acid was therefore
used as it was most suitable for this main purpose, and on the basis
of present knowledge it may be expected to give as close correlation
to plant availability as any other extractant.

Procedure

1."Wbigh 20 gms, of 2 mm. soil., This may be adjusted so that
the final solution contains épproximatelj 20¥ copper.

2, Place a pad of absorbent cotton in a leaching funnel and wash
with dilute HCl, then with water.

3. Add soil and leach with 200 ml. 0.1 N HC1, adjusting the rate
of leaching so that extraction requires 2 hours, .

L4 Evaporate leachate to dryness. Destroy organic matter with
6 per cent Hp0p containing a few ml, HCLO,. Add 5 ml. 6 N HCL and
evaporate tb dryness., » .

5. Add sufficient HOL to make final acid conc. 0.1 N: and transfer
to a 50 ml. stoppered gréduate (See procedure for total copper). Add
0.25 gm. hydroxylamine hydrochloride. |

6; Titrate with standardized dithizone solution.

iﬂgggi Observe the same precautions for water, reagents
and equipment required in the total copper
procedure,
To estimate the accuracy ofvthe procedure, 4O gms. of soil

were leached with 400 ml. 0.1 N HCL and the leachate was made up to
an exact volume, Four equal aliQuots were taken and treated as in the
outlined proecedure, with the exception that to two aliquots: from each
sample copper representing 1 p.pem. in the soil was added, This test
was repeated on four soils and an average of 0.92 p.p.m. was recovered.

The method also gave close agreement between duplicates.
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The Copper Content of Some British Columbia Soils *

Having been satisfied respecting the proposed
dithizone titration method for estimating soil copper it was
used to study the copper content of some British Columbia soils.
This section of the theaié has been divided into three parts.
The firsi part deals with the estimation of the total copper
content of a number of surface soils and parent materials,
the second with the estimation of available copper and the
third with the distriﬂution of total copper in some important
soil profiles. | ‘

Copper content of surface soils and their parent
‘ : materials

The sqil samples used in this study were selected
with the aid of soil survey reports (35), (36), (37). The
samples were chosen to be &as representative as possible of the
surface scils and parent materials of the more important
agricultural areas of British Columbia. In each case the com-
plete soil profile was sampled, However, to cover as large an
area as possible, only surface or A horizons and parent
material or C horizons were analyzed, In order to obtain
~samples representative of the soils to plow depth, the Al and
A2 horigzons were composited, The results will be discussed
by geographical regions.

Peace River Block

The data in Table VI indicates that the soils of
this region are generally well supplied with copper when con-
pared to those of other countries (30), (54).

No consistent trends are observable with respect to
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TABLE VI
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of Some Virgin Soils of the Peace River Area of

_ British Columbia
‘ . 4 SOIL '
REAT SOIL GROUP |PARENT MATERIAL ASSOCIATION| HORIZON |TOTAL COPPER
) PePelle

[Degraded Black Lacustrine Arras A 26
v ' : c 33
[Slightly Degraded |Lacustrine Rolla A 37
. Black ) c 42
Slightly Degraded : A 29
. Black Lacnstrine Sunset [} 37
Slightly Degraded |[Modified Till Farmington A 37
Flack (Sclonetsic) 4 c 36
lorey Wooded Modified Till | Bessborough| A 18
- . C 20
[Slightly Degraded Modified Till Montney. - A L5
Black c 39
[Grey Wooded Modified Till Montney A 40
. c 38
Degraded Black Lacustrine Ft. St. John A L2
| A ¢ 39
[Grey Wooded Lacustrine Ft. St.John A 59
] 4l
|ISlightly Degraded |Alluvial Davis A 14
Black , c 18
Shallow Black lLacustrine Black Mesa A 29
' c 20
[Grey Wooded Acid Till Alcan A 15
c 20
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the distribution of copper between the A and C horizons. One

might expect that in the degraded soils copper would accumulate
at the surface under the influence of grass vegetation. The
fact that this trend was not evident may be due to the method
of compositing the Al and A2 horigons. In some cases, con-
siderable amounts of the A2 horizons were included with Al
horigons in order to represent the soil to approximately plow
depth.

Of particular interest is the comparative uniformity
of the copper content of the parent materials. On the basis
of copper content two groups emérge -~ those materi#ls low in
copper (Bessborough, Davis, Black, Mesa and Alcan) exhibiting
a range of 18 to Zé PePem. copper and_thosé with a copper con-
tent close to an average of 38 p.pems Although insuffieient>
information is available to fully explain this observation, it
may be possible to do so aftervfurthof geological and soil
study.

Frager Valley
The total copper content of the Fraser Valley soils

is shown in Tablq VXX. There is‘a wide range in the copper
content of these s;iis, the range found being from 19 to 91
PepPem. in the A horigons and from 20 to 67 pep.me in the C.

No coﬁsistént?tréhdq are again observable, although the
lacustrine materials are on the whole slightly higher than the
glacial or alluvial maﬁerials. Such a generaligation does not
seem warranted since the copﬁer content of the parent materials

within the same asscciation showed marked variations. When
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Copper Content of Some Virgin Soils From the Frasger Valley Area
‘ of British Columbia

. OIL
LREAT SOIL GROUP | PARENT MATERIAL |\gsb0TarioN HORIZON| TOTAL COPPER
PeDoli,
Brown Podsolic Coarse Alluvial |[Everett Loamy| A 21
. Sand c 25
Brown Podsolic ‘Fine Alluvial |Lynden Silt A 19
Loam c 33
Ground water Alluvial Custer Loam A 48
podsol C L5
. Alluvial Alluvial Monroe Clay A L2
: Loam ¢ 56
[Brown Podsolic Glacial Till Alderwood A 62
Sandy Loam c 22
Brown Podsolic | Glacial Till  |Whatcom A 27
~ (014) Silt Loam c 59
Frown Podsolic | Glacial Till |Whatcom A L
, Silt Loam c . 20
Pleisolic Lacustrine |Milner Clay A 32
L Loanm c - 60
Brown Podsolice Lacustrine Haney Clay A 91
‘ ¢ 55
fleizolic. . Lacustrine 1Langley Clay A T

Loam c . 67
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compared to results reported elsewhere (30,54) the soils appear
to be adequately supplied with copper.
Vancouver Island

It will be observed in Table VIII that the coepper
content of the Vancouver Island soils, like those of the
Fraser Valley, ghow considerable variation in copper content.
- The parent materials of fheae soils are on the whole higher in
total copper than the samples pr;viously reported. Even the
peat soil from Saanich contains compgratively large amounts
of copper. ,

Interior of British Columbia

A number of samples chiefly from the southern and
central interior were also analyzed and the results shown in
Table IX. The samples were too few and scattered to show any
qignificant trends. In two cases, the parent materials were
found to be relatively low in total copper. These were the C
horigson of the Pénticton 8ilt loam with 12 p.p.m. and the
Mapes loamy sand with 14 p.p.m. It should be noted that even
these results compare favorably to those reportéd for many

s0oils not associated with eopper'deficiency symptoms (30).

Avaiiablo copper in‘gome Frager Valley soils

Avéilablé copper was estimated in a number of samples
from the Fraser Valley by extracting with 0.1 N hydrochloric
acid and the results given in Table X. Since the main purpose
of this aeciion was to study the application of the dithizone
titration technique for the estimation of available copper,

only ten samples were analysed.



TABLE VIII

Copper Content of Some-Virgin Soils From
The South Eastern Portion of
Vancouver Island, British Columbia

SOIL _

GREAT SOIL GROUP| PARENT MATERIAL| jssociarron = |HORIZON [TOTAL COPPER
: - Pepolle
Brown Podsolie Glacial Till Cowichan A 50
‘ Cliay Loam ¢ 64
D=2
Brown Podsolic | Glacial Till Cowichan A 23
' S Clay Loam H 65
D-3
“IBrown Podsolic | Glacial Till Cowichan A 53
§ : Clay Loam -0 51
D5
Brown Podsolic _Lacustiine Cowichan A 62
_ Clay c 58
Brown Podsolic | Glacial Till = |Bainbridge A 61
_ . ‘ Loan c 84
Alluvial _ 1 Alluvial . Chemainus A 89
, . - Loamy Sand FY RS 96
Brown Podsolic . Residual Cedar A | 5L
. Shale . c 68
|Organic o Saanich A 18
Peat. c 47
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TABLE IX

British Columbia

L3

Copper Content of some Virgin Soils of tho Interior of

SOIL

TOTAL. COPPES

GREAT SOIL:GROUH PARENT MATERIAL| . oorin oy - - |-HORIZON
o PeDelio
ISoutheastern Portion:
Brown Podsolic | Glacial Till |Big Bend A 57
: a c . 58
[Alluvial Alluvial Creston A 79
_ - e : c 98 - -
, Pkanagan Valley:
. |Brown - ‘Alluvial Penticton ! 19
' |84ilt Loanm c 12
Shallow Black Glacial Till Armstrong A 25
' Gravelly Sandy c 20
- Loam :
[peep Black Glacial Till. Kamloops A L
A v Y 39
: [Prince George Area:
_begradedralack: ‘Lacustrine - Nulki Clay - A 35
c L7
Frey Wooded Lacustrine Vanderhoof A 27
, 4 ‘ Clay c 37
Degraded Black Glacial Till Mapes Loanmy A 12
, Sand c

14




TABLE X

.+ -Available Copper in Some: Virgin Soils From:

;% wxz: The Fraser Valley, British Columbia '\ . .-coz:: -
SOIL ASSOCIATION © AVAILABLE COPPER PH
Pepols
Everett Loamy S#ﬁd B 0.85 58
u Lyndeé Silt Loam 1.61 | _5,8;5«-

Custer Loam‘ : ” ~ 1.20 . 540
Ménroq Clay Loaq o 2.72 | : 56
Alderwood Sandy Loanm o 1f02 5.5
Whatcom Silt Loam - 0465 S | '5;h
Milner Clay Loam | TP YR 540
Haney Clay | 0495 | 5-3}
Langley Clay Loam : 1.35 - 5.3
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The range in acid extractable copper found was from

0.65 pepem. in Whatcom silt loam to 2,72 p.p.m. in Monroe clay
loam. When considering these results it should be recalled
that the soils were well supplied with total copper; also neo
evidence of copper deficiency in plants growing om the Soile
have been found. Consequently, one would expect the soils to
be well supplied with acid extractable copper. In similar
vein Harris (25) reports that, although some soils in the
Fraser Valley responded to copper fertilization, there was no
-evidence of deficiency., The results of the available copper
determinations are in accord with these observations.
_Apparently in the soils studied there is no relation-
ship between total copper and that extracted with O.1 N hydroe
chloric acid. Neither does there appear to be any correlation
between the cepper extracted and the pH of the soil samples.
. Similar observations have been made by other investigators (73).
| From the study it was concluded that the dithisone
titration method was admirably suited for the rapid estimation
of available copper. The selection of the most suitable ex~-
tractant and the correlation of results to plant deficiency

should receive further study.



Distribution of Copper in some British Columbia Soil Profiles.

Copper distribution in the soil profile has been found by
Russian pedologists (58, 43) to be governed largely by soil forming
processes. However relatively little is known of the actual way the
different processes affect the movement of copper. >With a view to
finding oﬁt something further in this regard profiles developed under
contrasting conditions were analyzed. Two profiles were chosen from
the Fraser Valley, thrge from Vancouver Island and four from the |
Peace River area., Detailed descriptions of all the profilqp are
included in the appendixa
Whatcom Silt Loam and Milner Clay Loam profiles were se-
lected from the Fraser Valley (36). These soils are developed under
a heavy forest vegetatién in a reéion where the annual rainfall is
approximately sixty inches. The profiles are highly leached and
strongly acid throughout. Both are derived from fine textured parent
materials, The Whatcom series is believed to be the older and now
océupies an upland position with undulating topography. The whole,
series possesses slightly restricted subdrainage. Milner C€lay Loam
occurs at lower elevations and is also somewhat impervious to wéter
due to the rather dense clay from which it is derived,
The analytical results of the two profiles are given in
Pable XI and Figure I. The distribution is similar although in the
Whatcom soil there has been a greater removal of copper from the A

and B horizons in both profiles, The highest amount of copper was
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found in the parent material and therefore has been a significant
and consistent loss of copper from the horizons above. In both the.
profiles the Ajhorizon does not retain copper to any greét extent.
This is somewhat surprising since thie horizon contains considerable
organic matter, Apparently the organic materials added to the soil
were low in copper or during the leaching process the element has
been removed, Despite the fact that approximately 4k per cent of
copper from the surface and 39 per cent from the subsurface has been
removed the profiles are well supplied when compared to total copper
values reported for other regioms. (30, 54). ‘

The three soils from Vancoﬁver Isiand all are developed
on the same fine textured, rather impervious glacial till, similar
to those from the Fraser Valley; the Vancouver Island soils are
developed under heavy forest vegetation but the rainfall is consider-
ably lower as the annual precipitation seldom exceeds 30 inches,

The profile sites represent three different drainége con=~
ditions. The well drained profile occurs at the top of & long slope
while-the poorly drained profile occurs in a depression. The other
profile is found about midwsy between. The draifage of the first
soil would compare favourably with that of the Whatcom profile from
the Fraser Valley,

The distribution of.total copper in'the three Vancouver
Island soils is given in Table XII and Figure 2. The three soils
were thought to be developed from the same parent material and the

total copper content of the C; horizons of the well and moderately



DISTRIBUTICN OF COPPER IN TWO
PROFILES FROM THE FRASER VALLEY, BRITISH COLUMBIA.

Milner Clay Loam

S . Total Copper
Horizon Depth P.P.M,
A, 11 - on 28
Ay 0 - 6n 3L
A3 6 - 10m 35
By 10 - 16m 35
By 16 - 28n 37
c 2gn § 53
Whatcom Silt
Horizon  Depth  Total copper
, PePom.
A, B-00 30
Ay 0 - 13" 27
B, Iy - 120 28
B, 12 - a7 34
B 17 - 22" 35

c 22m - 59
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DISTRIBUTION OF COPPER IN SOIL PROFILES
OF THREE DRAINAGE MEMBERS OF THE COWICHAN ASSOCIATION,
SAANICH, BRITISH COLUMBIA.

TABLE XII

. Well dralned member

Moderately Drained

Poorly Drained Member

Member

Horizon Depth Total Horizon Depth Total Horizon Depth Total

Copper Copper Copper

PePelle PeP.m. DePellle
A,  1-0" 22 A, 201 12 A, - 2-0" 28
AL 02 23 A 0-9¢ 50 Ay 08" 53
By  2-6" 32 Ap 914" 32 Ay 8Ly 26
By  6-11" 26 By  Lh-26" L6 By  14-23" 45
By  11-19" 28 G, 2" F 6k Cp  23-28" -
Cy 65 c, 28 51

19" + A
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FIGURE T
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A
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Cz
10 20 30 40 80 €0 70 1o _20 30 40 S0 €0 70
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FIG 2. DISTRIBUTION OF TOTAL GOPPER
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drained profiles would support this conclusion. However, the copper
content of the C, horizon of the poorly drained profile is somewhat
lower., Field observations indicate that in this case more weathering
had occurred and some copper loss may have resulted.

The distribution of copper in the moderately and poorly
drained soils follows a different pattern from the well drained member
and the Fraser Valley soils, Extensive leaching is confined to the
Ay horizdns and the A and B horizons retain a greater proportion of
the element. The poorlyvdrained member differs slightly, however,
from the moderately drained soil., The former possesses considerably
more copper in the Ag, which one would expect from the different
nature of these horizons, and the Aé of this soil is slightly more

leachéd.

Peace River Profiles

The four profiles from the Peace River area represent two
profile pairs. The first pair which form part of the Fort St.John
association was developed from a varved clay. One member of the pair
is a degraded black soil and the other a depression podsol. The
degraded black soil is found under mixed grass and deciduous forest
vegetation, The depression podsol ié in a slight debpression at the
bottom of the slope and receives considerablé runoff water from above.

The vegetation is mixed deciduous and coniferous forest,

The total copper content of the profiles is shown in
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Table XIII and Fige 3. Clearly, the soil forming processes active in
the devéiépmenb~of these soils have had a different effect upon the
distribution of copper than in the Fraser Valley and Vancouver Island
profiles, Thus in both soils the A and Bp horizons contain mofe
copper than the parent material, There is also a tendency for the
A1 horizon to accumulate copper which was not evident in the other
profiles, Leaching of copper is quite marked only in the A2 horizon
of the Fort St.John soils., When the effect of drainage is studied

in the two profiles it appears more copper has been removed from the
poorly drained profile which has'a much deeper Aj.

The second pair of profiles from the Peace River area
forms part of the Montney association. Both profiles have been de-
veloped from a fine textured till, One menber is a slightly degraded
black soil and occurs on a well drained slope under mixed glassland
vegetation. The other member is a grey wooded soil and is found on
level topography where runoff is slight. The impervious subsoil gives
rise to restricted drainage., The soil has developed under a mixed
deciduous forest, |

The distribution of total copper in these profiles is
givenbin Table XIITand Figure 3. The degraded profile like the Fort
St.John soils éﬁgws a tendency to aécumnlate cqpper in the Ay and B,

“horizons. In the grey wooded soil the only horizon containing more
copper than‘the parent material is the Ap-~1. Both soils show a
tendency to loose copper in the Ay and By horizons but this effect

is much more pronounced in the grey wooded soil.



TABLE XITI

DISTRIBUTION OF COPPER IN FOUR SOIL PROFILES
FROM THE PEACE RIVER AREA OF BRITISH COLUMBIA

Fort St.John
" ‘Degraded Black ' Grey Wooded (Depression Podsol)
~ — — Total . . o —Total
Horizon Depth Copper Horizon Depth Copper
p . p oJJile . p . p oIlle
. 'Al . o N v Ao_l oo v 5 o
Ag g-10" 27 Ay 2-71 30
B,  10-16" 37 Ay 7-10" 35
B,  16=21" L5 B 10-16" 38
By  21-28" A7 By 16-23" 4
C 321 _» 39 c 23 _- AN
Montney
‘Slightly Degraded Black ~ Grey Wooded
. . . Total . .. . . . .. " Total .
Horizon Depth Cgpp or Horizon Depth Copper
Pe.p.ii, ! PeP.ll,
A O-6" L5 ' Aoél o=2" 39
Az 6=9" 27 Ay 2=61 17
By 9-18" 35 B, 5=124 21
B2 18-22%'" 143 B2 12"'16 " 37

c 22" - 39 c 20" - 38
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SUMMARY AND CONCLUSIONS

1. The dithizone titration method was é.dapted for the
determination of total and available copper in rsoils by develop=
ing a special procedure to eliminate interference by oxidizing
and other substances. When compared to otheﬁ methods the proposed
procedure was both short and simple and its accuracy when tested
by recovering copper added to solutions and soils was found to be

satisfactory.

2, Using the proposed dithizone procedure total copper was
determined in surface and parent material samples of 38 soils
from the Peace River area, Fraser Valley, Vancouver Island and
the Central and Southern Interior of British Columbia. The range
in copper found was from 12 to 98 pe.p.ite as nﬁch variation was
found between results from the same geographic area as was appar-
.ent when the. results for the different areas were compared. The
total copper content of the samples compared favourably with those

reported elsewhere,

3. The copper extractéd with O.I N hydrochioric acid from
a number of samples of uncultivated soils from the Fraser Valley
was determined by the dithizone method. The range of copper

found was from 0.65 to 2.72 pe.p.m.



57

4. From the distribution of total copper in the profiles
of two Fréser Valley, three Vancouver Island and four Pe#ce River
soils it was evident that cbpper is markedly affected by soii
development. In the brown podsolic soils of the coastal region
podsolization has resulted in the consistent removal of a signi=-
ficant proportion of the copper from the A and B horizons, In
the Northern podsols the element has been strongly leached ffom.
the Ay and slightly from the By while it was accumulated in the
Ag.) and retained in the B, horizon. Copper was accumulated in
the Ai and By horizons of the degraded black soils and leaching
was restricted to the A,. Poorer drainage position in the
coastal soils favoured a greater retention of copper in the

solum, The reverse was true in the Peace River soils.
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APPENDIX

PROFILE DESCRIPTIONS

Whatcom Silt Loam

Moderately to fairly well drained.

3 miles south east of Langley; British Columbia.

Second growth forest, predominantly alder, fir and
cedar with some birch and maple. Heavy undergrowth
of fern and other shrubs,

Drainage

Location

Vegetation

Horizon Depth
A 13-on
A 0 = "
By =12t
B2 12-17"
33 17-221
c - 22N

Description

Dark bfown forest litter of needles,

- twigs, etc., well decomposed in lower 3",

Reddish brown silt loam finely granular,
loose, open with many iron concretions.
QOccasional small stone or gravel.

Reddish brown silt Loam, Medium nutty
structure. Fairly open nature, occasional
iron concretion, Few small stones and
gravel.

Yellowish and reddish brown clay loam,
blocky structure, quite dense. Iron
stained. )

Yellow brown clay loam, medium blocky
structure, dense. Quite plastic,
stained with iron,

Parent material, weakly cemented, iron
stained, angular structure, dense, hard
and thugh when wet., Clay to clay loam,



Milner Clay Loam

Drainage

Location

Vegetation

Horizon
Ao

Ay

Moderately well drained.,

L, miles Northeast of Langley, British Columbia.

Second growth poplar, maple, alder with scatter-

ed fir undergrowth of fern snowberry, rose, etc.
This sample taken in a fir grove.

Depth
0 - 1n

0 - 6n

6=-10M

10-164
16-28

28" -

Description

Dark brown.layer of leaves, twigs and
woody material.

Red brown clay loam with a loose granular

¢y

structure, numerous soft iron concretions,

Heavily rooted.

Gray brown clay loam, with a medium nutty
structure, The units are loose and
friable, breaking down to smaller granu-

Jlar aggregates.

Yellowish brown clay with medium blocky
structure, Dense, compact structure.
Firm when moist, iron stained.

Greyish brown clay iron stained. Massive
structure, tough when wet, Breaks out
in medium blocky structure.

Grey brown clay, dense medium blocky
structure.
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Cowichan Well drained.

Drainage Dy =~ well drained member,

Location South East corner Saanich Indian Reserve,
Brentwood, B.C.

Vegetation Second growth forest of fir, with some arbutus,
maple, alder and cedar. Undergrowth of snowberry,
rose, salal, oregon grape and bracken. Thin
cover of ground moss,.

Horizon Depth Description
Ay 1-0M Dark brown layer overlain by 4" living

moss, Upper g% composed of twigs, needles,
woody material.and leaves. Lower 3" well
decomposed. '

A O=21 Dark brown clay loam with strong granular
. structure. Loose, friable with scattered
gravel and grit.

By 261 Brown. friable clay loam with moderately
. well developed medium ~ to large - nutty
structure breaking down to medium-granular
aggregates., A few scattered hard shot
mostly in upper portion.

By 6m11n Dark brown clay loam, Weak, soft large -

_ : nutty structure. Many roots, scattered
pebbles heavily coated with iron. Porous
permeable.

B3 11-19" Gray brown clay loam, massive plastic,
. breaking to small nmutty structure, Frag-
ments break out in irregular clods which
are quite firm,

C 9" - Very compact clay loam, gray brown in
_ colour. Fragmental structure breaking
with horizontal and vertical cleavage.
Aggregates about 1" in diameter. Scattered
stones gravel grit. Cleavages speckled
with manganese,



Drainage
Location

Topography
Vegetation

Horizon

Ao

D3 Intermediate drainage member,

Saanich Indian Reserve No.I, near Bremtwood, B.C.

24 slepe'to West, elevation 150 feet.

Sééond growth forest consisting of fir, cedar,

maple, arbutus and a heavy undergrowth of salal
and bracken.,

Depth
0-21

| O=9t

9Lyt

1261

25:: -

Description

Dark brown forest litter composed of
twigs, leaves, needles, woody material
and bark. Undecomposed at surface but
lower portion moderately broken down.

Very dark greyish brown. A porous friable
horizon with a medium nutty or large crumb
structure, Structure appears well devel=-
oped and stable, break down from large to
emall erumbs of same type. Scattered gravel
and grit consisting of shale, granite and
sandstone,

Greyish brown heavy clay loam possessing
a medium -~ to coarse - nutty structure
which breaks down into smaller nutty or
granular units., Friable, open, porous
structure with no tendenoy to platiness.
Small amounts yellow mottling on greyish
background. Scattered grit and gravel.

Gray clay with brown and yellow mottling,
Friable when moist but appears to become
hard when dry. Coarse, blocky, angular
structure consisting of fairly dense aggre-
gates, Slight tendency to prismatic arrange-
ment. Organic coating on surface of macro
structure. Few pebbles,

Grayish brown heavy clay loam. Compact,
hard, massive in appearance breaking down
with vertical and horizontal cleavage into
small to large angular fragments, Scatter-
ed gravel and grit and occasional boulders.
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Cowichan Poorly Drained

Drainage ' D5 poorly drained member.
Ibcation East of airport, Patricia Bay, B.C.

Vegetation Virgin forest of fir, maple and mixed undergrowth
of shrubs,

Horizon Depth Description

A 2-01 1 living moss overlying loose forest

. litter of twigs, needles, ete. Lower 1"
of horizon is well decomposed and dark .
brown in colour,

A O-8" Dark brown medium textured clay loam,
. Well developed nutty structure of friable
which break into fine granular aggregates.
Scattered stones and gravel.

A, 8=14¥ Gi'ay clay loam containing some very fine
, sands Compact, massive structure no
particular cleavage.

Bg 14-23% Gray clay, highly mottled with yellow
. browvn stains, Magsive breaking into small

fragmental structure, Quite plastic.
Root and organic staining along cleavages.

C1 231 ¢ Plastic light elay stained with iron,
L Slightly weathered but quite dense. Scat-
tered stones and gravel. Few root mats
along cleavages. (This horizon not sampled).

C, 28 i Grayish clay with irregular, blocky struc-
. ture breaking to similar smaller units,
Speckled with manganese, Texture heavier
than usual and appears impervious.
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Fort St.John Degraded Black
Drainage Well dra.ined'menber

Location 1% miles Northwest of Fort St.John, B.C.

Vegetation Grasses with interspersed aspen and poplar.

Horizon Depth ' Description
Ay Owgn Very dark brown. Large prismatic breaking

to large blocky and then to fine crumb
structure. Many small scattered feeding
roots,

Ay 8-10" Very dark brown greyish brown fine sandy
. loam. Medium to coarse platy structure,
Quite compact,

By 10=16" Dark brown clay. Medium prismatic breaking
. ) very easily to medium granular structure,
Fimm when moist.

Ba 16=21" Very dark greyish brown clay. Small to
. medium blocky structure. Firm to friable
when moist.

B3 2]-28% Dark greyish brown clay., Small blocky
_ structure; friable when moist., This horizen
not sampled.
Bea 28321 Pale brown, medium platy structure very loose

and crumbly when dry. Strongly calcareous.,
This horizon not sampled.

C 32v - Brown clay. Quite massive when wet, fine
blocky when dry. Moderately calcareous.
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Drainage
Location

Vegetation

Horizon

Ap.1
Axpy

)

Poorly drained

1% miles Northwest of Fort St.John, B.C.

Depth

Ow2h

2=TH

‘ v Tel

10-16"
16-23"

23" -

Grasses with interspersed aspen and willow,

Description

Very dark grayish brown loam, Loose fine
crumb structure., Numerous undecomposed
grass roots.

Light gray brown very fine sandy loam.
Coarse platy structure; streaks of oxidized
iron compounds.

Light yellowlish brown very fine sandy loam.
Coarse platy structure; streaks of oxidized
iron compounds.

Brown clay. Medium colummar breaking to firm
medium . sized blocks; sticky when wet, firm
when moist. Reddish brown iron stains.

Brown claj. Magsive and sticky when wet,
breaking to small blocky structure; slightly
hard when dry.

Pale brown clay. Massive and sticky when
wet, hard when dry.



Montnegy Slightly Degraded Black

Drainage

Location

Vegetation

Horizon

Ag

Well drained.

Indian Reserve North of Fort St.John, British
Columbia, : . _

Depth
0=ttt

6=91

9..18 f

18-223"

22%1: -

Grassland type consisting of sedge.

Description )

Very dark brown loam, Medium prismatic
breaking to fine crumb structure. Non
sticky when wet, friable when moist,

Light gray clay loam., Fine to medium
granular structure; moderately sticky
when wet, firm when moist.

Very dark grayish brown clay. Medium
columnar breaking readily to medium blocky
structure. Sticky when wet and slightly
hard when dry. The upper portion of By

is coated with a fine gray silica dust.,.

Dark grayish brown clay. Medium blocky
structure, Sticky when wet, slightly
hard when dry.

Banded black and brown clay. Sticky when
wet, slightly hard when dry.

Stones occur throughdut the profile, chiefly small angular
pink granite and quartzites.



Montney Grey Wooded

Drainage Poor

Location Indian Reserve, North of Fort St.John, British
. Columbia, .

Vegetation Grassland type with interspersed poplar and willow.

Horizon Depth - Description
AO—l . 0-2" Dark brown loam. Loose with numkrous -

partially decomposed grass roots.

A, 2-16M" Light grey brown very fine sandy loam.
. Medium platy structure. Friable when
moist slightly hard when dry. Fine streak
iron,

By 6-12" Dark greyish brown clay. Medium prismatic

, . breaking to large firm nutty structure.
Sticky when wet, hard when dry. Columns
streaked when brown iron stains. '

B, 12-16" Dark grayish brown clay, somewhat mottled
, i breaking to coarse blocky structure. Very
sticky when wet, hard when dry.

C 20" - Dark brown clay., Massive sticky when wet,
. hard when dry.



