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Table 1

Effect of pre-irradiation annealing at various

temperatures on the post-irradiation TL of

four soils

2
G low Curve Area*  (cm )

Soil

230C. 100%. 120%. 1400C. 160%.

Soil No. 4FF   236.9(8.9)  230.7(4.5)  235.6(11.7) 225.1(6.0) 215.5(11.6)**

Hanford s.1. 35.1(1.9) 34.3(1.6) 34.6(2.1) 32.6(1.9) 29.5(1.5)**

Soil No. 9RDG 19.8(1.8) 17.9(1.2) 17.7(1.8) 16.7(0.7)**    --

Yolo S.1. 65.9(2.8) 64.4(2.5) 63.8(3.9) 59.4(1.2)** --

*Glow curve area (average of 4 readings (standard deviation)) was taken to

represent soil TL.  Readout time = 1 week.  Instrument sensitivity setting

. 900 + 3.0 for soil No. 4FF and 950 + 3.0 for the other 3 soils.  Flush

gas = Ar.  The soils were irradiated to 1,000 R by C060 photons.

**These values were significantly lower than those for 1 23'C.  at the 95 per

cent level (Dunnett's method) (5)).

./ I
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Tabl/ 2

Thi TL ratios of soils that were chimically triated before

irradiation to 1,000 R with C060 photan•*

-

Treatment Ratios

Soil Untr.    --1-          II 11 III III IV -2 V 1
Untr. Untr. Untr. I   Untr.  II Untr. III Untr.   IV

-.  . ..P.- .- -'    ·

Boil No. 9RDG 1.00 1.37 1.87 1.37 2.33 1.25 7.55 3.24 6.34 0.84

Ranford sil. 1.00 1.47 1.65  1.12  1.96 1.19 3.51 1.79 3.38 0.96

Tolo S.1. 1.00 1.17 1.34  1.15  1.33 0.99 2.13 1.60 1.96 0.92

Soil No. 411 1.00 1.16 1.10  0.95  0.76 0.69 0.93 1.23 0.59 0.63

*The TL was determined by measuring the total area under the slow curvas below

450'C.  All readout tag dons one week after irradiation.  Untr. = untreatid.



6

Table 3

Percentage loso of soil sample weight after each

chemical treatmint*

•-•.'•- •lit  ...I--•••'  •--/ r.•.. I.-

Treatment
Initial

·.   ·       '1          X  "-'rr-T-.•.r.- ....·.Ir,r

oven dry I      II      III      IV      V    Total
Soil weight

g.         6       1       %       %       %       %

*-      .     -...

Soil No. 9RDG 9.898 0.29 0.69 1.44 2.82 0.52 5.76

Hanford s.1. 9.933 0.36 0.55 2.14 1.34 0.05 4.45

Yolo S.1. 9.725 0.12 1.52 2.20 1.55 0.45 5.85

Soil No. 4FF 9.844 0.14 22.43 5.39 2.06 1.00 31.02

*Percentage loss from the initial weight.
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Table 4

Soil color in relation to chemical treatment

(MunRell Color)

Soil

Treatment Hanford No. 4PF No. 9RDG Yolo
'· ·  -- - ---1.  -.     .     .

Untreated 10 YR 5/3 10 YR 7/3 5 YR 4/6 10 YR 5/3
very

brown pale brown yellowish red  brown

I         10 YR 5/3 10 YR 7/4 5 YR 4/8 10 YR 5/3
very

brown pate brown    yellowish red  brown

II         10 YR 6/3. 10 YR 7/4 · 5 YR 4/8 '   - 10 YR 6/3
very

pa le brown *ple brown '  yellowish red  pale brown

III 10 YR 6/4 10 YR 7/3 2.5 YR 5/8 10 YR 6/4
light

'

very light '
yellowish brown pale brown red yallowish brown

. I

IV         5 Y 7/13 2.5   Y 7/Or. 10 YR 7/1 5 Y 7/1
light gray light gray light gray light grayV

V         5 Y 7/1 2.5 Y '

:  10 YR 7/1 5 Y 7/1
light : gray light gray light gray light gray

4

I &
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Footnotes:

 ·From hhe Laboratory of Nuclear Medicine and Radiation Biology,

University of California, Los Angeles, California 90024.  These

studies were supported by Contract AT(04-1) GEN-12 between the

Atomic Energy Commission and the University of California.



9

FIGURE LEGENDS:

FIG. 1. Thermoluminescence of Hanford sandy loam and soil

No. 4FF in relation to varioug chemical treatments.

FIG. 2. Thermoluminescence of irradiated and unirradiated

soil No. 4FF with and without leaching with 0.1 N Hcl.

FIG. 3. Thermoluminescence of soil No. 9RDG in relation to

various 'chemical treatments.

EIG. 4. Thermoluminescence of soil No. 9RDG after the removal

of iron oxides before and after irradiation.
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Effects of Same Chemical Treatments of Soils on

Their Thermoluminescence

H. Nishita and M. Hamilton

Our previous reports have discussed several treatment factors

that   influence the thermoluminescence   (TL) of soils.     It  has  been

reported that with one group of soils studied, the shallow electron

(hole) traps were increased, while the deep traps were decreased by

increasing annealing temperature before their exposure to C060

photons (13). With another group of soils, the pre-irradiation

annealing caused an increase of the traps of intermediate depths,

while the shallower and the deeper traps decreased.  In the former

group of soils, the TL capacity was reduced at temperatures much

higher than 100' C, whereas in the latter group, it was increased

by heating.  Pre-readout, post-irradiation heating at 100' C for

10 min caused only reversible electron (hole) transitions within

the thermoluminescent particles.  In other words, no apparent'

irreversible change involving the crystal lattice itself occurred

under this heating resimen.

Another influencing factor is the temperature of the soil during

its exposure to ionizing radiation (15).  As might be expected, the

higher the temperature of the soil during irradiation, the lower its

C bThis factor could be eliminated by using an appropriate pro-

readout, post-irradiation heating regimen or by allowing the thermo-

luminescent decay to progress for an appropriate length of time.  The

thermoluminescent decay rate is very high during the first 24 hours

after the irradiation of soil, but becomes relatively very low after
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a sufficient length of time, which depends on the soil.  A factor

that may have a direct bearins on thi Present study le spurious

TL.  This occurs whin soil sa•ples are read out in air (14).

Spurious TL appiared  to be related to the presenci of oxygen

and was considired to be the result of the surface state of the

thermoluminesaint  particles.

This paper is concernid with the influence of s/viral ch/mical

treatmants of soil on their TL.

MATERIALS AND METHODS

Four   soils   (Hanford   sandy   10*m,   Yolo   sandy   loam,    No.   AFF,    and

No. 9RDG) wire used for this study. Their chemical properties were

reported previously (12).  Hanford sal. is a slightly acidic soil

with illite as the pridominint clay mineral.  Yolo s.1. is a pre-

dominantly montmorillonitic, slightly basic soil.  Soil No. 9RDG is

an acidic ka•linitic soil.  Soil No. 4// is a non-salina, highly

calcaroous soil with montmorillonite a• the predominant clay

mineral.

The photon irradiations of the solls wire dom with thi UCLA

10,000 curie Co60 source.  The apparatus and the technique of

musurins TL weie as describid previously (14).  The saimple anneal-

ing rate was 500'C/min  in all of our previous work.  Th, TL was

d.torilned by m••suring the total area under the slow curve corrected

for black body radiation.

Five ch mical treatments were used on the soils in a sequintial

manner.  The procedure was essitially that used in preparation for

mineralogical analysis of soils.  The step by step details of each
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treatment vere as prescribed by Jackson (6).  Each treatment is

designed to remove selectively certain soil components, however,

as it will be discussed later, the removal of the various compo-

nents was not always quantitative.  In any case, the main substances

that were to be removed under each treatment are givin below.

Treatment I was contrifuge washing of the soil samplis with 25

per cent ethanol.  This treatment was used to remove soluble

organic matter and salts.  Treatment II was the digestion of the

samples in pH 5 NaOAc buffer. This removed most of the carbonates

and  replaced  the  exchangiable  cations  with Na. Treatment   III  was

the digestion of the samples in 30 pericent 11202
followed by wash-

ins with 95 and 99 per cint methanol to bring about the deco=position
of

of   organic  matter  and   the   dissolution )*102. Treatment   IV  was   the

digestion of samples in Na-citrate-NaH(03-Na28204 mixture.  Iron

oxides vere removed in this step.  Treatment V was boiling the

samples in 2 per cent Na2(03 to remove the free alumina and silica

and amorphous alt:minosilicates.  Some organic matter that was not

destroyed by 11202 may also be removed.  After each step in the
sequenco of chemical treatments, the samples vere dried in vacuum

at room temperature.  This process formed compacted cakes which were

broken down to uniform materials with Destle and mortar.  The  TL

measurements wire then done on the resulting materials and compared

against that of the untreated soil.  Spurious TL (14) that may have

developed by grinding the samples is believed to have been avoided,

because all TL readings were done in Ar atmosphere.

. I
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RESULTS AND DISCUSSION

Effect of pre-irradiation annealing

Table 1 shows the effect of pre-irradiatidn annealing at various

temperatures on the post-irradiation TL of the four soils studied.

Pre-irradiation heating of soil No. 4FF and Hanford s.1. to 160' C

caused significant loss of TL capacity.  The heatina of soil No. 9RDG

and Yolo s.1. caused a significant loss of TL capacity at 140' C.  The

effects of temperature on thermoluminescent materials are both ro-

versible and irreversible.  The reversible processes are believed

to involve only  the electron (hole) transitions without appreciable

loss of the electron (holi) traps in the lattice istructure, whereas
the irreversible processes involve ireetrievable loss of thess traps.

The present results indicate that solis may be heated up to 120'-1400 C,

depending on the soil, before the irreversibility of TL begins to

occur.     It  vill be noted, howevor,   that even though  only the higher

temperatures gave mean values that are significantly different from

230  C  (ambient),   there  was a general downward  trend  in  the  TL  read-

ings for all of the solls as temperature increased.  Thus, it appears

that soils should not be heated much above 100' C when the reversi-

bility of TL is desirable.  Consequently, in the chimical treatments

that required heating, the temperature was monitored and always kept

below 110' C in the present study.

Effect of chemical treatments on slow curves

The glow curves obtained after each chemical treatment of

Hanford s.1. and the highly calcareous soil No. 4PP are shown in
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figure 1.  Note that the TL of Hanford 8.1. increased progressively

with each chemical treatment through treatment IV and then decreased

slightly under treatment V.  Although the slow curve shapes differed

somewhat, the effect of chemical treatments on the TL of the other

two noncalcareous soils (soil No. 9RDG and Yolo s.1.) was similar

to that of Hanford s.1.  Soil No. 4FF differed from the noncalcareous

soils only in that its TL was reduced by treatment III instead of

being enhanced.  The relative TL between the chemically treated

soils and between the treated and untreated soils are shown quanti-

tatively in table 2.  The treatment ratios give the relative effect

between the treatments.  Several consistent trends occurred between

specific treatments among the soils studied.  Treatment I (I/Untr.

ratios) and IV (IV/III ratios) consistently increased the TL rela-

tive to their previous steps in the sequence of chemical treatments.

Treatment V (V/IV ratios) consistently decreased the TL relative to

treatment IV.  The effect of treatment II (II/I ratios) and III

(III/II ratios) varied with the soil.

Effedt of the removal of soluble organic matter and salts

The consistent increase of TL after treatment I may be explained,

at least in part, by the way the soil samples were handled.  The re-

moval of soluble organic matter and salts had the effect of concentrating

the residual sample to some extent, since the same sample weight (30 mg.)

was taken for TL readout before and after the chemical.treatment.  Assum-

ing that the substances removed by treatment I had only little or no                -

TL, they ieeved in effect primarily as "diluting agents" in the original

sample.  As shown by the percentage loss of soil sample weight after
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each chemical treatment (table 3), this effect may apply to a

varying extent to all treatments used.  Another factor involved

may be the removal of the thin film of material coating tho sur-

face of the thermoluminescent,articles, which in turn may improve

the light transmittance from the particles.  Also, the surface

characteristics of the particles may be altered to some extent
.. ,

to change the surface TL.  This latter factor will be discussed

mor• in detail below.

b .

Effect of the removal of carbonatis

The treatment II/I ratios (table 2) increased for the noncal-
careous soils and decriased for the highly calcareous soil No. 4FF.

The enhanced TL shown by the 3 noncalcareous soils was probably due,
i

in  part,   to  the  removal  of  additional  "diluting  agents"  in  the  form

of soluble salts.  The replacement of tho exchangeable cations with

Na alio could disperse   the   soil   colloids,   which   in   turn  may   increase

the unmasked surface from which light is transmitted.  The TL of soil

No. 4FF probably decreased because of the large loss of TL capacity

due   to the removal of carbonates.      This   is   surmised   from   the   evidence

that soil carbonates have very high TL compared to other soil compo-

nints.       This    is   shown   in f tgure 2, which gives   the   slow   curves   that

wire obtained before and after leaohing the irradiated and unirradiated

soil  No.  4FF  with  0.1  N  HCl. The large differences  of  the peak heights

that occurred between curves A and B and between curves C and D are

considered to be due almost entirely to the removal of the soil

carbonates.  By comparing the slow curves for the irradiated and
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unirradiatid soils, it can be concluded al•o that TL due to

carbonates occurred almost exclusively in the temperature range

above 200 C.  The removal of carbonates from soil No. 4PF under
0

treatment II can be inferred from the large weight loss (22.43

per cent, table 3).

,,
Effect of the removal of organicmatter, Mn02 and residual carbonates

The III/II ratios (table 2) increased for two of the noncalcar-

eous soils and decreased slightly for the third.  The ratio for soil

No. 4FF showed a definite decrease. The relative increase of TL

was probably caused, at least in part, by the removal of soil organic

mattor, which acted a• a "diluting agent."  Soil organic matter was

considered to be only a "diluting agent," lince organic matter separ-

ated from a muck soil showed no detectable amount of TL (14).  The

influence that the dissolution of Mn02 by 11202 might have had is not

known.  Manganese oxide is believed to be present as discrite parti-

cles and as partial coating on aoil particles (1).  In the latter

case, the dissolution of Mn02 by %02 may have an effect by chang-

ins the surface characteristics of the thermoluminescent particles.

The decreasi of the III/II ratio for soil No. 4FP probably was due

primarily to the decomposition of the residual carbonates, i.•.,

the carbonates that were not decomposed under treatment II.  One

evidence for this is the relatively large weight loss (5.39 per
.

cent, table 3) under this treatment.  Only a small fraction of this

weight loss can be ascribed to the decomposition of organic matter,

since the organic matter content of the original untreated soil was
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relatively small (0.45·per cent).  Further evidence can be seen by

comparing the peak heights of curve III (fig. 1 B) with curve B

(fig. 2), which was obtained after decomposing the carbonates more

completely  with  0.1  N HCl.     Note  that  even  though  the slow curve  III
..

(fig. 1 B) was obtained after one-week decay period, its peak

heights at temperatures above 200'.C were much higher than curve B

(fig. 2), which vas obtained 30 min. after irradiation.  In fact,

as evidenced by curve V (fig. 1 B), *ome carbonates remained even

after all of the subsequent treatments of the soil.  Apparently the

chemical treatments used in the sequential removal of soil components

was not drastic enough to decompose some of the more resistant carbo-

nates. Additional carbonates could.be decomposed under treatment III,

because acidic substances are produced as the organic matter and other

substances are oxidized by 8202.  Douglas and Fiessinger (2) have

shown that the addition of H202 to a soil-water suspension could

cause it to become quite acidic.  Furthermore, additional carbonates

could be exposed to dissolution as the soil organic matter that formed

a protective coating on the carbonate particles was oxidised.

Effect of the removal of iron oxides

The removal of iron oxides caused marked increase of the IV/III

ratios (table 2) of all soils studied.  The increase was particularly

marked for soil No. 9RDG (IV/III = 3.24).  As it may be inferred ffom

its greatest weight loss (2.82 per cent) under treatment IV (table 3),

this soil contained the greatest amount of iron oxides among the soils

studied.  The relatively small increase of the IV/III ratio for soil
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No. 4FF may have been caused by the removal of additional amounts

of residual carbonates with the rimoval of iron oxides. In such

event, the reduction of the TL capacity resulting from the reduction

of the carbonate content could decrease the effective enhancement

of TL due to the removal of iron oxides.  The contrasting effect of

the removal of iron oxides and carbonates is shown more clearly by

comparing the IV/Untr. ratios.  The IV/Untr. ratios (2.13 to 7.55)

for the noncalcarious soils showed great enhancoment of TL, whereas

that (0.93) for the highly calcareous soil No. 4FF actually showed

a net decrease.

Iron oxides are believed to occur as discrete particles and as

partial coating and cementing materials for soil particles.  They

occur in microcrystalline forms as the unhydrated oxides Fe203'

hematite and maghemite, and also as magnetite Fe304 (10, 18).

Hydrated iron oxides may occur as amorphous limonite and ferric

hydroxide or as microcrystals of goethite and lepidocrocite.  The

free iron oxide particles themselves probably did not have much TL.

This was surmised . from the fact that reagent grade
P0203 irrad-

iated to 1,000 R with C060 photons showed no detectable TL.  Two

different samples of limonite (collected in Alabama and Georgia)

showed no TL.  These results may be due to the fact that unlike most

other metal oxides. Fe203 hal relatively high electrical conductivity.

The  magnetic  Pe304  has  exceptionally high  conductivity  (20).    In  a

conductive material, the electrons could wander freely through the

crystal lattice with an activation energy equal to zero.  In the TL
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process, an activation energy is needed to raise the metastably

trapped electrons to the conduction band.  The enhancem*nt of TL

by the removal of tran oxides could bo caused by the uncovering

of the particles surfaces, the dispersion of the soil particles,

the alteration of the particle surface characteristics, and the

change of soil color, which affects the reflectance of light.

Among the chemical treatments used, the most marked color change

(toward lighter color) occurred when iron oxides were removed

(table 4).

Effect of the removal of silica and alumina

The treatment V/IV ratios (table 2) were consistently less than

one among the goils studied.  Thus, treatment V reducod the soil TL

relative to treatment IV.  The V/IV ratio for soil No. 4FF was ap-

preciably lower than for the noncalcareous soils.  This result plus

the relatively high weight loss (table 3) suggests that there was

further dissolution of the residual carbonates in soil No. 4FF in

conjunction with the removal of silica and alumina.  Although treat-

ment V had a decreasing effect, the TL of the treated soils, except

soil No. 4FF, still remained high compared to that of the untreated

soils (V/Untr.  =  1.96  to  6.34). Tho V/Untr. ratio for  soil  No.  4FP

was 0.59, emphasizing again the influence of the loss of carbonates

on soil TL.  Aside from the dissolution of additional amounts of

residual carbonates, treatment V caused soil particle dispersion,

partial removal of free silica and alumina, and perhaps changis in
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the surface characteristics of the thermoluminescont particles.

Two per cent solution of Na2C03 has a very favorable dispersion

effect on goils and clay particles by the dissolution of amorphous

cementing materials consisting of precipitated Si02' A1203' and

alumino silicat• (7).  It is, however, ineffective in simultaneously

dissolving appreciable amounts of both free silica and alumina from

soils (4).  Nevertheless, the partial removal of finely divided

crystalline silica and alumina could contribute toward reducing

the TL of the residual soil.  Several source, of evidence indicate

that silica and alumina in soils could show TL.  Acid washed silica

sand was found   to   show considerable amounts   of   TL   ( 12). Natural

quarts is known to show TL (5, 8, 11, 22).  Rieke and Daniels (16)

studied 30 samples of aluminum oxide representing various crystal

phases, degree of hydration and chemical purity.  They found that

nearly all of the •amples irradiated with y-rays showed varying

degrees of TL.

Effect of chemical treatments before and after irradiation

Thus far, the TL of soils that wore chemically triated before

irradiation with (060 photons have been discussed.  Figure 3 givis

an example (soil No. 9RDG) of chimically treating the soils after

irradiation.  By comparing figures 3A and 38 several differences

are  evident.     One  difference  is  manifested  by  thi  shift  of   the

threshold   annealing'temperatures   toward  higher   temperatures.  ·   Al•o,

a comparison of the relative light outputs under any given chemical

treatment shows that they are always considerably less when the soil
I . ..)
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was chemically treated after irradiation.  Apparently each chemical

treatment provided sufficient energy to cause a certain extent of

electron (hole) transitions, which probably took place primarily at

the surfaces of the thermoluminescent particles.  Also, the distinct

slow curve peak  that occurred at 197' C under treatment IV when the

treatment was applied before irradiation (fig. 3A) did not occur when

the treatment was applied after irradiation (fig. 38).  Thus, signi-

ficant differences in TL occurred depending on whether the chemical

treatment was done before or after the exposure of the soil to ionizing

radiation.

Upon re-irradiating the soil that was chemically treated after
..

irradiation (fig. 4A), the 197' C peak reappeared (fig. 4C), indica-

ting that the final states of the thermoluminescent particles were

similar whether the chemical treatments were done before or after

irradiation.  The higher slow curve height at temperatures above the

197' C peak zone (fi8• 4C) ia, of course, due to the greater. gamma

0
dosage received by the re-irradiated soil.  The loss of the 197  C

peak that occurred under the post-irradiation chemical treatment

could have been caused by the drainage of the metastably trapped

electrons during the treatment (without appreciable loss of traps)

and/or the removal of the chemically sorbed iron on the surface of

the thermoluminescent particles.  The exact mechanism has not been

delinested.   In view of the relatively high electrical conductivity
.,.

of iron oxides, the removal of free iron oxides per se probably was

0not the cause of the loss of the 197  C peak.
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GENERAL DISCUSSION

Except for treatment V, the chemical treatments used generally

enhanced    the   TL   of the noncalcareous soils.        In this iregard,    the   mos t

important step was the removal of iron oxides.  This was true also

for the highly calcareous soil No. 4FF, even though the effect of

iron oxide removal from this soil was somewhat masked by the con-

current loss of TL capacity caused by the removal of carbonates.

The factors that may be involved in enhancing soil TL by the re-

moval of iron oxides as will as other components were mentioned

above.  A factor that was mentioned but was not discussed to any

extent was the change of the surface characteristics of the 'thermoluminescent

particles due to chemical treatments.

Surface characteristics of the particles are important because

TL may occur at the surface as well as within the bulk (14).  The

existence of surface TL indicates the existence of electron (hole)

trapping sites at the surface.  These trapping sites are localized

electronic energy levels resulting from the termination of the

crystal lattice where the bonds are"not the same and less numerous

than in the bulk Or are not completed,abiographical or radiation-

induced defects and imperfections, and adsorbed foreign impurity
*

atoms or ions or molecules.  Chemical treatments could change the

surface characteristics by removing atoms and/or by exchanging

adsorbed ions or molecules on the particulate surfaces.  This may

also change the bulk properties to some extent, since parturbation

at the surface could cause the movement of electrons (holes) and
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crystal lattice defects in the bulk, particularly near the surface.

The electron (hole) transitions accompanying physical adsorption

and chemisorption on the surfaces of the thermoluminescent soil

particles perhaps could be explained by viewing the particles as

semiconductors.  This seems to be a reasonable approach, since to

axhibit TL, a substance must have an ordered structure as in

crystals or semiordered structure as in glass and be electrically

an insulator or a semiconductor.  On the basis of the band theory

of solids, the only difference between an intrinsic semiconductor

and an insulator is in the size of the forbidden energy gap.

The electron (hole) transitions and the role of defects and im-
purities in the chemical transformations of semiconductor surfaces

have been discussed in a number of excellent reviews (9, 17, 19,

21, 23).

With the chemical treatments used in the present study, the most

important process that took place at the surface of the thermolumi-

nescent particles probably was exchange adsorption.  In considering

adsorption,   it is necessary  to  distinguish  two  types, viz., physical

adsorption and chemical adsorption (chemisorption).  The difference

between physical and chemisorption amounts to the difference in the

origin of forces that retain the adsorbed ions or molecules on thi

surface 05 solid.  Physical adsorption is due to forces of electro-

static origin such as Van der Wdals' forces and forces arising from

electrostatic polarization.  Physical adsorption implies that the

electronic structures of the solid and the adsorbate are not changed
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to any appreciable extent when the two are in mutual
 interaction.

Chemisorption implies that a change in the electron
ic structures

does occur.  The forces producing the bond are cova
lent ones with

perhaps ionic interaction to a varying extent.  The
 bond lenergy

of the adsorbed molecule with the surface of the so
lid in physical

adsorption is 0.01 - 0.1 eV (21).  For chemisorptio
n, this energy

is about 1 eV.  Fram the point of view of TL, chemisorption is

believed to be the important process, because it inv
olves transitions

of electrons at higher energy levels.  Perhaps, par
t of the very

marked enhancement of TL by treatment IV was caused
 by the removal

of chemisorbed iron with free iron oxides.  In any c
ase, these

results show that the surface states of the particle
s are important

factors influencing soil TL.
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SUMMARY

The influence of five chemical treatments of

1-4

soils on their thermoluminescence (TL) were examined.'.i. -

Three noncalcareous soils representing different pre-

dominant  clay minetal  types  and  a  nonsaline, highly   
.. . .

1.
calcareous one, were used for this study.  The TL of

each soil was examined after the removal of the

following main components in a sequential manner:
. .

(a) soluble organic matter and salts, (b) carbonates

and certain exchangeable cations, (c) organic matter

and Mn02, (d) iron oxides, and (e) silica and elumina.

The removal of components (a), (c), and (d) enhanced

the soil TL, whereas the removal of components (b)

and (e) decreased it.  The removal of iron oxides

had a markedly great effect in enhancing TL.  The

removal of the carbonates greatly reduced it.  Among

the factors believed to be involved in changing the

soil  TL  are   the   removal   of "diluting agents."   the

unmasking of the surfaci of the thermoluminescent

particles, the dispersion of the particles, the change

of the solid surface characteristics, the dissolution

of   the   thermoluminescent  material,   and the change   of

color.
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FIG. 1. Thermoluminescence of Hanford sandy·loam and soil

No. 4FF in relation to various chemical treatments.
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FIG. 2. Thermoluminescence of irradiated and unirradiated

soil No.·4FF with and without leaching with 0.1 N Hcl.
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FIG. 3. Thermoluminescence of soil No. 9RDG in relation. to                                1

various chemical treatments.
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FIG..'4. Thermoluminescence of soil No. 9RDG after the removal

of iron oxides before and ·:after irradiation.
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