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_."A‘BS"TRACT(! c - .
Two adJacent sugarcane flelds from Swa21land were
sampled systematlcally in. a gr1d pattern to study the
'var1ab111ty of essent1a1 elements. Among the elements
~ determinable by instrumental neutron activation analysisd
"(‘INAA')', Fe, Ti, ca, Mg', "N‘a,' Al, Co,'Cr, S/ Eu Dy,' v, K, .
Ce, Cs;,and Mn were tound to be present at appreciable
'levels in both flelds. ‘ 'f T ”7':‘-4 L
Graph1te furnace atomlc fbsorptlon spectroscopy vvva
_(GFAAS) results for one f1e1d showed that lead |
concentratlons were below 10 m1crograms per gram.of soil;
‘therefore lead d1ox1de cgntamlnatlon of 5011 by automoblle,
exhaust is not 51gn1f1cant. Elame atomic absorption
»-spectroscopy_(FAAS).results showed that éinC1ls:unifornly‘.
’_distributed over the-entire fielq, whereas copper has

significant‘spatial variability whiCh follows a definite

- 1trend Both elements are essent1a1 for sugarcane and

the1r 1evels in the 5011, on average, are'137~and 94
"mlcrograms per gram for Cu and Zn respectlvely.
Conventlonal open vessel d1ssolut10n procedures u51ng

" HF HNO3 and HC104 are capable of“ach1ev1ng total

.‘decompos1tlon of s011 amples from Swa21land._ However,

'exp1051on hazards long d1ssolut10n tlmes are -

[
encountered A mlcrowave dlssolutlon procedure usrng HF

‘and HNO3 was found to ach1eve 95% sample dlssolutxon when

500- -mg test portlons of so11 were heated 1n a m1crowave

N



oven at 400 W for 7 m1nutes.' Accurate results-for zinC«i
’ and copper wére - obtalned by . thls method wh1ch was |
subsequently usec{ 1n sample preparatlon. » o .
To pred1ct .the number of samples “to be taken from the
:populat1on in order to ‘achieve any level of prec1s1on, the -
student s - test equat;on was found to be appllcable
within acceptable limits. of error.. When the standard
Mdev1at10n due to sampllng is. taken as the desired '
precr51on, theAnumber of samples to be collected depends
4only on the tabulated value of t;» W1th a sampling
standard dev1at10n of +7% relat1ve, the'number'of samples’
'requlred for an equ1valent prec151on was found to’ be 6 for
zinc at the 95% confldence level, For copper, whose -
spatlal var1ab111ty is greater, the same number of samples
ylelded a prec1s1on of +l2% relatlve. Therefore 1n.the
nde51gn of sampllng plans for multlelement analyses,’the

m1n1mum number of 1ncrements 1s dependent ‘on the element‘

,wh1ch shows the greatestvspatxal varlablllty.,



.

N

~ ACKNOWLEDGEMENTS |

~

My most sincere thanks go to Dr. B. Kratochvil for

his valuable gﬁidance”during the course of this WOrk and

for his helpful suggestlons in the preparatlon of thlS

manuscrlpt.

B

' Thanks are also-extended to George Dodsw6rth‘of the’

Royal Swa21land Sugar Corporatlon (RSSC), Slmunye Sugar

‘Estate for hls

and 202 on the

the systematic

her assistance

perm1551on to take samples from fleIds 201
. .

estate, to Dav1d Nkonyane, B.Sc. Agr , forfww-

sampiing patterns ,,to Nor;né Motkosky-for

-~

with acid dissolution prbcedures,uandvﬁo -

Annabelle Wiseman for the speed and accuracy ekhibited>in

typlng this thesis. -

Financial

support from the Canadlan Internatlonal

'DeVelopment Agency (CIDA), through the WOrld University

/ ’ o

_Serv1ce of Canada (WUSC) Spec1a1 Programme for Swa21landp

plskg;atefully acknowledged. .



 TABLE OF CONTENTS

'CHAPTER . ' | S " PAGE .
Io "INTRODUC’I‘”ION?-.....-‘-o‘o-.o-'oo..v;-o'-o.o.--cc-o.‘-ooo.v" 1

1. - Importance of Determining Trace Elements

in So11....g.1;.l.;....;............;.....;:f, 1
-,'Z;TiTheory of Sampllng for Chemlcal Analy51s....w 2
HZ-li Well—m1xed Partlculate Mlxtures:;..:..,; 4
. ) ' 2;2 -Gy;e/Approacb.for Heterogeneous Granola:
o co Magerials...:...f.;;,.,..j ..... v.ﬁ.;f..;.. 5
" ‘

2.3 Vismah“s Equetione for“Segregated

Populatlons...:.....;...;.....l}.;o;}.;. 7
) '2;4 The Student's t- test Approach for Bulk
A; e o i-} Materlals...;.. ........... e 8
o 3. Analytlcal Methodology;...;.....;.;;.....;.ﬁ. 8 .
| 3.1 INAA. Theory, Applleatlons and
- 'Limitet;ons.,.,...,...};,.;;.;...‘ ....... -‘t -9
v3;2fﬁAAS:,eTheory;.Aoplieatioos and
'“}v"; ST ﬁimiﬁationef..{..i.;;.;........;...;3... oiO-

‘4:‘ GoalS.....‘......-o......-...‘-;..’-......'..‘v..‘-‘.‘.‘.‘ 14

S IT. COLLBCTION OF SOIL SAMPLES FROM SWAZILAND...,..., 16

1. Introductxon..,:....T..,....,,,.;....;.;..... 16
2. C;op_qnd-Fertxllze:fﬂistoryQ.;......,;..,..;; | 16
3;"Expér&mental....;ﬂ{;.;..;}L;}........Q.:..;.. 20

3.1 Equ1pmen£.........}.........;......;.;;;:7 20

3.2 Mapplng of Sampllng P01nts.........;...}<"20

cviii-



CHAPTER

III.

IV.

4.
ACTIVATION ANALYSIS...eiesureonevaeencnnn

1.

2.

4.

SPECTROSCOPY....;.,.,...i;.,;....;;;..QjQ.,.

1.

'2:

'3.3

‘Sterilization of Soil SampleS...........

Proéedureslfor CollectingASamples....;

;} ‘

PRELIMINARY STUMIES BY INSTRUMENTAL NEUTRON

Introduetion....,..f.,,...,.,......, ..... -
.Experimentalq.,;.;..:...Q. .....................

S 2.1 .Selection of Samples for Pfelininary- 

‘_ | IWOrk.;.f...;......;.. ceseeaenn cee e
2;2'vPreparati0n of éamples and Stanéa?as..;.n
253‘:Irrad1atlon and Gamma Ray SpectromeLry;;:
Results and Dlscu551on..;..;.;;}..f;}; .........
3.1 OQualitative Ana1y51s.;..};,.{}' ........ e
3;2‘ Quantitatiye-AnalySis....,.;;.;.a.{,;...
Conclusions.;.....:;......Q:..;...};..,. ......

'SAMPLE DISSOLUTION STUDIES FOR ATOMIC ABSORPTION

IntrOdUCtlon..i...’.......lj'.".._...».-........... .
'Experlmental........ ...... _..,....;.;..,..;,..

2.2

2.3

M1x1ng and Partlcle Size Reductlon......

Procedure for Obtalnlndlzlnc and Copper

“calibration Curves,f........b,;.,}}.....
'OpenfveSSei_Dissolution'of Soil Using

HNO3’ HF and‘HC104-..-q--..-.....’...a'.,--.'.-‘

Closed-vessel Microwave Leaching Using

'HNO3-ooo.;o-ooooooaooo-ooca'.ooo-'oootonoco

Cix

PAGE
21

23

25
25

28
28
29

30 -

34

34
35
4sy"
g
50
S0

'51
54

55



CHAPTER : o R . . PAGE’
2.5 Closed-vessel Microwave Acid Digestion
USing HNO3 and HE.-.‘. .-..."o‘--oqao-o:oo.-_- e e o . 56

-

2.6 Standard Addltlons and Atomlc Absorption’

Measurements.......;,......f.5....}.;... 56

3. Results and,Discussion..,.,.,..f;..;;Q}L.;}.. 57
3.1 partic1e'sizé-DiétribUtibh..tQ.,.;....;. 57
_3.2' Zinc and Copper Callbratlon Curves.;..:Q _59

3.3 Prellmlnary Estimates of Zn, Cu: and Pb

in SOElneuenannnenns f,,.};;.;,q..;:r;..{',mea
3;4 Analytlcal/Measurement Uncertalntlés > _' 6§
3.5 Uncertalntles Due to Subsampllng ...}{}:», 54f
'<; : ‘3.6 'Va11d1ty_of'Ana1yt19al Procedu;es.m,;.ziﬂ 76
Y‘:. 3.7 .Miérbwavé Digéstion.;,i.:...,;;u...;::.%:-‘78
(a) - Effect of acid mlxture comp051t10W L »l&y:* 
(b) Effect of time... .-Q..;{{;L.::i.,;;  79
(;)  Effect of mxcrogave power.f.l.:..i.‘ilei

- (d) Rellablllty of microwave acid

R
L ko
.

dlssolutlon..........,,ﬂ;.;,}ffgk.,_ A9éﬂ
GConélusions........;.;.;.:;;...;.:.;;..;...,,b'_96"
'v.i EVALUATION OF HETEROGENEITY OF THE SAMPLE SET L
_AND DESIGN OF SAMPLING PLANS FOR TRACE ELEMENT =~ ”,
ASSESSMENT IN S ILS....x..?f{f5§‘<...,;.,;.;.?j.; 99
1. Introddction.;;...;;;;J},.;{;.;;.;..;;;{.Q;:. f'gg,

2.‘ ) T'heOfy‘..‘.‘. -.t'ctoo.ou.on’o-o‘noo-;.ooo-o'..;-'o.d‘oco 9‘94



‘CHAPTBR
L
g

e

Lo S PAGE

.Exper1menta1- Determlnatlon of Zinc and Copper

H

in Soil Samplei from F\eld Number 201.......1 j102

. Results and Dlscu5510n ...‘....r.;.f

4;1  Quallty Assurance....a:,.,g,é;;;;l%%%... 103

-;'4.2 iTrace Zlnc and Copper Dlstr1but1on 1n

Field Number 201..;.,..;mf;.,;f..gf;Q,;v" 107

4.3 Testlng for Normallty of Zinc and

Copper DlerlbuthﬂS in Field 201;{;.:.;”1113

; v'4;4“ Estlmates of ‘Increment Number Using theﬂ .
Student s t-test %quatlon,..;.,....:;;::. 1}4f
’ (a) Evaluation of”phceptainties due to- |
!  sampling.e.nnennnnn. e 114
(25 Validity of phé student;S't-test
R eqpation for zinc. .j.{...;..;,,.,' 115
(c)v(Validity of the student's t-test
equation forﬁcopper..r1.1..;.;;¢,.. :116
. Q.S Précﬁical?Cphpidérations: Future.
o Sampling ProtocolS...eecs.... ..;.,......L_116i
5. Conclu51ons..;...;.a,;... ....... p....;.......;"122
VI. SUGGESTIONS FOR FUTURE waK.;.;.;;.;

ol

REFERENCES . .

I X

khkkkh

...Q.‘.O.,?O...l...."‘...30.:i.-..‘i—_'llitl..’.v....lﬂl 128

X1

.‘o se e e 103



transfer to a 500-mL‘volumetric‘flask and dilution to

2+ stock

volume. 1In a s1m11ar mannam a 999 _ppm Cu
solution was prepared by dissolving 499. 38 mg of sand
paper cleaned, electrolytic copper wire (99.99% pure) in
1:1 v/v 65% HNO3 (éeastar Chemlcals, B. C., Canada;
produced by double sub-boiling dlstlllatlon in quartz) ‘and
dllgtlng to SOD mL [60].

Y

. WOrking standarde were_preparedvbyvpipetting
,appropriate voldmes of the stock.solutions ueihg‘a Socorex
micrOpipette (Terochem Laboratories Lcd., Edmonton, |
>Caneda) and. diluting to 100 mL. All solutions‘@ere
subsequently~stored_in polyethylene bottles (Nalge€ne
Laoware);- | | |

'Atomig absorption measurements were performed on a-
microprocessor?controlled atomic‘absorptionrspectrophoto—v
meter (Spectr AA 10, 1985 model by Varian Techtron, Varian
~Assoc1ates, Australla). An ‘in- bu11t deuterlum lamp was
osed for background correctioh. A MicroSOft'software

paCkage (Variah.TeChtron,.?ty, Ltd., 1985) was used for
optlmlzatlon of 1qq§rumental parameters, statistical ’ ’
analysis, datavstorege, and result generatlon.~ All

measurements were done'in flame mode using air as an_ _ T

oxidant and acetylene as fuel. The overall instrument

parameters are listed in Tablé 11.
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_Table 11. Instrument parameters for flame Aﬁ? S .
. , _ L . _

. measurements,

Parametef , 5

Oxidaht‘flow rate_(cm3/min) 4:

Fuel fiow raté (cm3/min

Burner vérticai heigHt (mm) . ‘ _-8 ' f 'én .
Baq&g;oﬁnd correction - “OFF" : . "ON"
.WaQéleAgth:(nm) o ’ -jf' 3?4.8 . 213.5
Spectral baﬁd pasg (nm) '  0.5 1.0
‘Lémp current (mA) R ' “ 5 : e 4
Signai delay time (s) _— 5 IR 5
Signal ihﬁegraﬁion time (s.)- e Sﬁé.lr . 5
Number of replicates | .' 5 ' 5



2.3 bopen—vesselvDissolution of Soil Using HNO,, HF and .

HCloy
b 70% HC104 (analyt1ca1 reagent, Mallinckrodt Chemical
wgifs, St. LOUlS, .MO, USsA), 49% HF (reagent ACS grade,
Fisher Sc1ent1f1c)-and purlfred 65% HNOq (Seastar_

Chemicals) were used for'dissolution procedures. 'CCRMP

reference soil standards, SO0-1 (partially weathered

.Champlain sea clay of tpe C-horizon) and_SOf4 (A-horizon

S e

- of a black chernozemic soil developed in silty glaéial

1acgstfine deposits) were used for validation of the
analytical methodologies.
30-mL thick-walled Parr Teflon acid bombs (Parr

Inst;umentlcb.) and SOLmL Teflqn beakere were used as

~qigestion,9essels. All fuming‘procedureS'were carried out
'in'a steel fume hood using a sand bath, at 200°C. A blank,

.pgepared by running the acid mixtures without the sample

thrbugh all the procedures, was included.

To a 100-mg dry test port}on in aeTeflon bomb, 3-mL
HNO3, 2-mL ﬂF“and\l—mL HCl0, were added and the b@mbs.were
plaeed in a_boiling water bath for 2.5 h.J The eontents

were qdantitatively_transferred,to a Teflon beaker and

- fumed to near dryhegs. The resulting residue was

dissolved in 1l-mL HNO3 ‘and 1-mL HC104 and fumed"aqain to .
near dryness. The colorlese residue. remaining at- this
stage was re-dissolved in 2-mL HNO3 to give a. clear :

A

solution which was diluted to S0 mL.



To a 500-mg sample in a Teflon bomb, 6-mL HNO3, 3-mL
HF and 2-mL HClO4 were added and the bombs heated at 100°C
for 2 5 h : After the fumlng procedure 2 ~mL HNO3 and 2-mL
HC104 were added to dlssolwégtge re51due.d The flnal’ -
residue was re- dlssolvedelth 2-mL HNO3 before d11ut1ng to

lOO‘mL. ‘Both procedures took, on average, 10, to 12 h to

complete.

2.4 Closed-vessel Microwave Leaching Using HNC;,

The microwave oven used in thls‘studY'was a 700 w
Sears Kenmore (Model 87751) operating at a frequency of
§ '
24.5 MHz. Ir has a variable timing cycle ranging from 1 s

to 100 min in 1 s increments, and a variable-heating cycle

based ori power settings'ranging from 0% (O‘W) to 100% (700 -

W) in 1% increments. It has a sample handllng capaC1ty of

. ‘ . . y .
eight 60-mL digestion vessels.- These screw- cap,.w1de—'

mouth vessels were made of Teflon -PFA- w1th a fully

[}

55

fluor1natgs alkoxy side chaln (Sav1llex Cq{p.,‘Mannetonkarf

MN, USA). A thton Ware mlcrowave tnansparent rotatlng

)

platform, purchased at a local drug store was added as’ an'

accessory to avoid "hot spots T certalh 1ocat10ns due to

1nhomogene1t1es in m1crowave\energy un51de the cav1ty”

Approx1mately 100 -mg samples were welghed 1nto 60=mL
Savillex Teflon dlgestlon vessehs,iz mL HN03 were added'
and the lids tightened with the plastlc wrench prov1ded
lThe _vessels were placed 1n51de the- mlcrowave oven.' An

" initial heating stage of 25% powernfor 9 min was followed

@
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l.:,Opened the contentsi%
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by a‘second'heating-stage'of 1%.powerhfor_25vmin- Codling'
- : A ,

at 0°C for 40 min followed, after which the contents were,

transterred into 50-mL volumetric flasks and diluted to

volume. A blank co:}alnlng all the reagents, but no

Sample, was also run with each set of samples.

2.5 Closed-yesseliMicrowave Acid Digestion-Using HNO3 and-_,

into 60-mL Sav1Ile£'dlgestlon contalners.» Four mL of 68%

HNO3 and 7 mL of 49% HF were added to each sample. The

,contalner lids were tlghtened w1th the wrench provided and

the set of vessels placed in a- r1ng 1n a 4-L polyetﬁ%hene
ice cream conta1ner w1th a tlght f1tt1ng lid. A beaker

cbntaining‘40 mL of water was also placed inside the

~oven. The power and time settings were adjusted as ¥

1nd1cated in the Results and DlSCUSSlon secqlon.‘ After

dxgestlon and coqllng to ‘room temperature, the bombs were

Eansferred to—100—mL volumetric

flasks and dlluted to 100 mL w1th deionized water.

2.6 Standard Add1t1ons -and Atomic Absorptlon Measurements

.

For each sample, four 20-mL allquots of the. resultant

100-mL solutidns were p1petted into four 50-mL poly-

. : L . o i R L
- ethylene volumetric flasks. A Socorex microplpet was used

to quanxitatiVely transfer spikes from the stock solutions

~
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4

of Zn2+'ahd Cuzl+ into tHKe flasws} Spike volumes ranged
from 5 to 75 uL. Deionized water was used to dilute all
solutions to volume, after whichthey were stored in 60-mL

polyethylene bottles'prior‘to inStrumental measurement.
.

Spiked samples were aspirated, 1n the standard

' addltlons mode of the Varlan AA- 10 ;; 324 8 and 213.9 nm

v

.wavelengths for Cu

2+ 2+

and Zn respectively. The

instfumental parameters used are listed in Table .11.
Copies'of the standard addition plots, together with

calculated values for the concentratlon axis intercepts

R R .~

u51ng "linear regre531on, were»obtalned from an on-line

o

Epson (Spectrum LX~-80) pridter.f All of these calculations
were performed by programs built into the computer

software of the AA—lO'instrument. : ‘ : =

3. Results and Discussion

3.1 ParticlehSize Distribution:v
Table 12 shows a typlcal dlstrlbutlon for the machine

ground samples. The. welght and cumulative percentage

" columns are based on sieve weights taken before,and after

v

‘approximately 2 grams of sample were mechanjcally shaken

v : S
.

for 10 min.
,The'varianCe duevto.subsampling,_sgs, ﬁp equatjon (1) -,

is reduced by particle size reduction and homogehi;ation
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Tabie_lz; Particle size distribution for sample number

201-22.

Sieve size (um) Weight % R Cumulétivéxpeféentégé;h~

ERSEENI T}

>250 % 16.31 0 T00.000 |, v
- . . » . y"“ -

180 | 1159 v L8369
: . » : . ; I “ﬁ

by S

' . . . L el
150 | 15. 45 o 72790 ..

106 | 14.16 L 56,651, b

YT

-
. N ‘l

90 o 12.45 S 42,49 0 e

‘75 . S7.30 30.04 -

45 o ag.se 2T

8.15 . sas

- ’
. .
'
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of the samples. -Segregation of larger pérﬁiclesﬁfrom
smaller ones is effectively minimized Qhen laboratory test
pottions ere taken'from‘samples immediatelf'after'thorough
‘mixing. ' : '

~About 75§ of the sample measuféd here consists of
4'§ar;ielesvless than 150 pﬁ and oﬁly 1S% of the particles
-efe,1/4-mm dr,greater in diameter (assuming'a.spherical
.vsheée). fAlt?Ough sampling variance is‘controlied‘
ﬁfimarily by the{ié;@est perticlfs; several poftions of

o,
S5

.theTSame»sample‘aEe not expected to differ significantly
T o : .

ih~Zn.ehd‘Cu.contents’on the basis of the observed'
distfibdtion, partiy beceuse much of the zinc is expected
‘to beﬁpdesent.asvpowdered ZnClz, and'pértly beceUSe both
metals.eﬁe'expected tosbe leached from the particles to 5.

sighiﬁfeent extentkby the acids. employed.
AR : .

<

3.2 Zlnc and Copoer Calibfatidn Curves'

Table 13 shows the results obtained when standard

solutiohs,o£§Cu2§fwere asplrated,using ‘thé conditions

shdwhd&ndTaﬁie 11. Thedcelibration»pIOt is presented in
Figdte 6. Ali;feplicate readihgs on individual solutions
showed a coeff1c1ent of varlatlon (% rsd) of 1.5% or less,

‘whlch 1nd1cates adequate reproducxbxllty. .Also, blank

.readlngs never exceeded ‘o 0. Ooggabsorbance units for

/\ I
elther 21nc or copper/durlng the entlre perlod of

»

'1nstrument use. .



- e
. s J ¢ 6@
’I‘able‘ 13, Average absorbance values for O to 10’ ppm solutions of copper.
Standard . ..Absorbance ' % Absolute Relétive
) _(“_A:v.". of 5 measurements) standard _de\}ia,fﬁion standard deviation
G s | (%)
0.00 . 0.000 N " -
2.00 0.144 » 0.001 1.0
4.00 0.283" . 0.001 0.5
6.00 0.424 - 0.002 0.4
8.00 0.553 0.008 1.5 .
10.00 0.682 ) 0.004 0.6 o
j
o .
o
%4
4 N )
) ’ {:{ //
7 ! )

;
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The plots obtained were similar to Zn and Cu
calibration plots found in the instrument manual [42}.
Béer's Law is Qbeyed-at low concentrations, i.e. the’
relationshipvbetween absorbance and concentration;is
iinea:, with a calculated correlation coefficient. r, of
0.9997 for chpervi‘n.'ltHé concentration fange cove‘g 0 to
6 pbﬁ. Negative deviatidns from Beer's Law become
apparent froﬁ abbut 7 ppm to higher concentrations,
probably Bue to self-absorption.  Table 14 shows data ﬁor
a zinc calibration{ the corresponding plot is shown in‘
Fighre 7.

Apart from the 0.100 ppm standard, all solutions

o

y -

showed coéfficient of variations of 1.5% orvless as 1in the

cu?® calibration. On the basis of the absolute standard

deviation however, the absorbance readings of the 0.100

2+

ppm Zn standard are precise.

~

A calibration plot for zinc over the range 0 to 2 ppm

2+

is shown in Figure 8. Two differences between In and

cu?* are evident. First, the method is appfoximately 4

times more sensitive for zn?* than it is for Cu?*.

Secondly, negative deviations from Beer's Law appear at

much lower concentrations of Zn2+. The 0 to 0.5 ppm range

of the calibration plot, in expanded form, is presented in

2+

Figure 8, from which it can be concluded that 2zn®* obeys

Beer's Law at low concentrations, that is, the observed
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Table 14. Average absorbance values for O to 2 ppm solutions of zinc.

[y

Standard Absorbance ‘ Absolute ‘. Relative

(Av. of 5 measurements) standard deviation standard deviation

0.000 - . 0.000 ’ - - -
A

0.100 © 0.046 0.000874 1.900
0.150 7 o.0e8 ©0.001020 1.500°
0.200 0.093 0.000837 . 0.900
0.250 0.111 ,u- . 'l ~ 0.000777 - . 0.700
0.300 0.135 0.000810 - 0.600
10.500 0.219 , 0.000657  0.300
1.000 ‘ 0.358 o 0.001432 0.400

2.00 s 0.001605 ©0.300
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CHAPTER I 4

INTRODUCTION

1. 'Importance'of DeterminingﬂTrace'Eiements’in‘Soilu v

Trace eienentsfplay.a najer*;Ole in the-metabelic"
;,processes of bielogieal systems; 'Tney were fif3£‘5
nrecqgnlzed as a 11m1t1ng factor in. crop productlon in the
1920's [1,2]. The assessment of the1r levels 1n so11 is
k imPortantf dist;nct def1c1ency>sympt0ms and lower yields
afe caused by very 1ow:1eVels'while-toxicityVSymptomsvare :
'cansed by excessively hign-ievels"f1]; B /

Copper; boron, iron, manganese( and'sinc afe,
essentlal to the sugarcane plant -[3]. Boren'is required
jfor cell division, reproductlon, transloeation, and amino_
acid synﬁhesis‘Il,3]. 'Copper is essential fef thevnormal_
functlonlng of ox1dase enFymes and also ‘has an 1nd1rect
effect on nodule formath [2]. Manganese is involved in
o : j ,
photosynthesis ahd”contr?lS‘tne start of several -
oxidation—reduction proeésses. Zlnc is, resp0n51b1e for
the blosynthe51s of . growth "hormones such 52 1ndoleacet1c

.acld:(IAA).' Iron is 1nvolved in .the blosyhthe51s of

. chlorophyll.



b

 Zinc has been found to be the only truly deflcxent

_element in’ Southern Afr1can soils [3 4]. Def1c1ency

‘ symptoms for iron have been reported 1n Swa211and but

‘they are only tran51ent, i.e. hlgh levels of ca1c1um in

‘the so11 1mmob111ze the 1ron so that- it cannot be taken up_

by plants. Thls lack then appears as lime- 1nduced '

¢

chlor051s.‘

St@ndard'agrochemical methods of analy51s'have been
'»dooumented»for soils [5-7). -Agronomists rely on chemical
soil tests‘to evaluate-the.fertxllty'status of so11. The
a1n obJectlve of 5011 testlng ‘is to obtain a value that
w111 help to predlct the amount of nutrlents needed to
supplemen the supply in the 5011 under 1nvestlgat10n, or

to assess levels of elements that may 1nterfere wlth

proper plant growth.

. 2. Theory of Sampling for Chemical Analysis

' Chem1ca1 analy51sdls a mult1stage process, which
startsvw1th prlmary sampling and ends w1th evaluatlon of
“the results-[S].' Each stage contrlbutes 1ndependent1y to
the total overall error. | ’

In accord w1th work by Kratochv11 and Taylor l9], the'

‘total overall error, expressed as the varlance, sg, is

~related to the varlance for the subsampllng operatlon,



sgs,-;o that of the:sampIing operation,.sgg and to thatlof

the analytical measprehent,.sgﬁ,by:
2 - &2 '
So = Sa * Sss *t S5 _ (1)

,Sampllng 1nvoives 1dent1f1cat10n and w1thdrawal of valid
gross samplesifrom the populatlon. Bquatlon (1) shows -
that regardless of the analytlcal prec151on, tdevsoii;tesrv
willrbe offllttle value Lf_the-test portlon does dot ;ruiy
represenﬁ the population [iQire | |
while-a comoosite sample yieldsfthe‘average

propértles of the populatlon at a m1n1mum cost, it. does
not prov1de the analyst wlth populatlon varpabllxty
ﬁihformation [9,11].which 'is necessary for collaboratived
test saﬁolesvaﬁd reference maﬁerial usage..‘since wide -
var1ab111ty can occur in a fleld, analysts ofteQ face the
vproblem of dec1d1ng what 51ze .the sample 1ncrement -should
be and the approximate’number that have to be taken 19 |
:order to obrain\the desired precisiop of-mean'estimates.v
wmile Drees and Wildiné;emphasize,that a large number of
’ fsamples is neoessary_to;aChieVe.accUrate population:meah

"~ and yariability esefhates [12), there is a trade-off |
‘betweeh preCision and cost.‘ derSamplihg.may be eoo r

Acostiy thie undersampling may not'prQVide the desired

.



prec1sxon (13, 14] Cons uently,:

: research on sampllng ovgr the years has been to der1ve
equatlons whlch can be u s5ed to determlne the minimum
increment size and number necessary to obtaln a,glven‘

precision with a specified probability.

2.1 Well -mixed Partlculate Mlxtures

| Accordlng to Benedett1 Plchler [15], a 51gn151cant
random sampllng error may occur even in well mlxed
popula.’ons | If ‘a small number of partlcles is taken for
ana1y51s and the 1nd1v1dual partlcles dlffer 51gn1f1cantiy m-

invcomposition, the equat;on developed by Benedettl—
-~ Pichler:
4.4 100(P, - P,)

=[ i,_ 12( L 2 9ma -p) (2)

Can be usedtto estimate the number of'particlesm UP'f
requlred to. holdéthe relatlve sampllng standard dev1at10n,:
og, at a preselected level [16—18].V>Here, d) and d, are
the dens1t1es of type 1 and type 2:partic1es respectively'
in a 2-component mixture. Py and P2 ‘are the respectlve
percentages of the sought -for substance 1n type 1 and type
2 partxcles.‘ Pave is the exper1mental average percentage

of the: sought for substance 1n the mixture, and p-is the

fractlon of type 1 partlcles in the bulk’ mater1a1.~



. , ‘
Assum1ng that the part1c1es are spheres w1th an average

radius rland.den51ty d, the optlmum sample weight w is

calculated using the,equation

weax 30 43 (3

A

For 50115, thlS equation’ 1s useful only when subsampllng a ..

”fleld sample that has been mlxed and when the partlcle

51ze.15 relatlvely unlform.and,measurable.<

t2.2. Gy s Approach for Heterogeneous Granular Materxals

AccordLng to Gy [197, the sample weight w requlred
for any de51red uncertalnty level sg for a heterogeneous
materlal eontalnlng.a small;quantxty of the critical
lcomponent is a function of particle shape, particie size
distribution, ‘the comp051t10n of. the phases comprlslng the
partlculates, and the degree to which the crltxcal

2

component is llberated from the remainder of the materiai
duringapartiele size reduction by grinding; Gy defined
the shape'factor f as the ratio of the average volume of
all particles having a maxiﬁum linear dimension.equal to
- 'the mesh size of a screen to that of a cube whlch w111
.3ust-passnthe same.screen.’ The size range factor g is. the'

.ratio of - the upper size'limrt‘(about 5%,oversize)'to-the

1ouer_si;e limit .(about 5% undersize). The,liberation



/gPi . ) B
il _ oo . - :
factor 1-is the square root of the ratio of diameter of

the average grains of sought-for component'in the material
to the diameter of the largest particles in the mixture.

The composition factor ¢ is given by

- : ’

e AR s e v g )

~

where a is the overall concentratlon of the mineral.

I

component of 1nterest ‘and Ae and kg are densities of the
cr1t1ca1 component and the remalnder of the bulkA
materlal ' The sampllng constant Cq wh1ch'ist
characterlstlc of the populatlon under 1nvestlgatlon, is
_given by

Cg = gelf SR (5)
and the m1n1mum sample welght w necessary to represent a

p0pulat10n characterlzed by a ‘constant C and a max1mum

partlcle diameter d, when a fundamental varlance s? is
' :
regarded as'the.maxlmum acceptable, is glven by
. 3
A A | (6) *
¥-3 ’ ' X .

.Values for g, I and f can be easily estimated'for soil.



/
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"However the'composition factor ¢, which can take'extrémé
: value$'[19], cannot be.easily estimated'unlesslthe
physiéai minefalogical‘comboéétiqn of the material ;5 
‘knéwn. Gy's equation (6) iﬁvbives“the p;Oportions of
physigal componénts which, in the. case bf‘sdil; may‘no;.be;
- eas?‘to ;valuéte‘eithér bécause litﬁle is knowh abbuﬁ tﬁe
Lmiﬁeralégy of thé sQil or becauseltﬁe(sought—for sﬁbstancé

is present in several minerals..

M.2,3 Vishan'g Eéuations for Sggregated~Populationé

- 'A‘potentiailyhuseful:abpréacﬁxfor estiméting the size
"and number of,field soil increments to collect is to use
the Visman eduatibn [é,lG,ZOT; wﬁich has‘been succesgfhlly

‘applied to coal:

Slw

(7)

l .
5P
<+

e

Equation (7) deécribes sampling.variance, s%, as the sum =
\of random () and s;gregétidn”(B)“térms.,‘Thé constants A o
and B afé é unique property of the populatiqn.under
investigation and can beféxperihentally”éeterminéd'[21].
Once A and B are known, théih;mbef'ofisamples, n, of

at a

weight, w, that have to be taken to hold sg

preselected value at the desired confidence level can'bap

~calculated. v  /
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2.4 The Student's t-test Approach for Bulk Materials

1f the sought-for substance follows a Gaussian
" distribution, the studeht's.t-test equétion‘from‘classical

" statistics [13]

tT s .
n=-—"735 ~ S (8)
Ax = p) : : o
'cen‘he'used. 1t is sometimes written'as (9]:
- .t2 sg ' '4, R L
n o= 5 _2),10 S _ _ (9)
R™ x : :

where R is thebacceptable relative standard deviation. in -
percent and t 1s the student s t value, which depends on
) .

the degree: of freedom of sg and the de51red level of
. | -,
confidence. In equation (9) x and sg are estlmates used

" to approximate the true population mean u and variance ozv

‘due to subsampling [9-11,13,14,21-24].

3. Analytlcal Methodolog@

The choice of - analyt1ca1 methods used in the‘sampllng, *‘
study was based on the ava11ab111ty of a SLOWPOKB II
enuclear reactor fac111ty [25'26] for 1nstrumental neutron
' act1vat10n analy51s (INAA) and a Varian Spectr AA—lO fl

_1nstrument for atomlc absorptlon spectroscopy (AAS)



3.1 INAA: Theory, 5ppl1catxons and lextatlons

The theory of INAA, a technlque based on selectxvely
1nduc1ng radloact1v1ty in’ some of the . atoms of elements |
‘maklng up the sample, and then selectlvely measur1ng the
:radlatlon emltted, is well developed (27~ 29] Measurement

" .
systems for gamma- rad1at1on have undergone tremendous
technolog1cal changes in recent years. Semlconductor
detectors have replared sc1nt111at1on and. gas- fllled p
types. thhlum ~drifted germanlum and.hyperpure germanlum
crystals w1th maximum 1mpur1ty concentratlons of 1ess thanhf
1 x lol?icm';‘are currently belng used [291 LT

- The wide applicability of INAA.stems from'itsV
- sensitivity, select1v1ty and low 11m1ts of detecthn for
lmany elements as compared to technlques 11ke AAS atom1c
iemlsslon spectroscopy, X—ray fluorescence, and anodlc.iw
Stripplng‘voltammetry l27];' It ls‘non;destruct1ve,
scapable of multi- element ana1y51s and requxres m1n1ma1
sample pretreatment. The appllcat1ons of INAA 1n chem1ca1.'y
'ana1y51s 1nvolve measurlng 1mpur1t1es in semlconductors,
characterlzat1on of standard reference materlals such as
;a,coal,fcoal'fly ash, sQll, etc., and the‘determ1natlonuofx‘
elements in tissues,'SOils‘and‘marine sediments,[30f33j,i
The limitationsvof this technidue also'hayefbeenf
exten51ve1y 1nvest1gated.e Amond.the several Bources'of‘

systematlc error: that are. llkely to occur ‘in INAA, the .



contrlbutlon of speetral and primary nuclear 1nterferences
v are-signlflcant [34-36]. Spectral over]ap causes
4erreneeus resUlts.tof zin¢ if europium and scandinum are
preSent:in large quantities [31]. The same error pecurs7
fof traée‘copper duento aluminuh;e Primaryfnuclear
1nterferences arlse from 'eactlons 1nduced by eplthermal
)and fast neutrons on elements other than those to be1
measured, but yleldlng the same product-nuclide as the (n,
Y) reaction. Theoretically calculated ane experimentaily
determined‘interﬁerence'factors'can be used to redube this
error [34-36]. Also,‘INAA cannot be used. for the |
-determlnatlon of elements that do not react with neutrons
to form radloactlve elements in adequate quantltles or

\

with approprlate halfllves.'

.- 3.2 AASe 'Theory,,Appliéatione and Limitations:

Among-the eléements not determinable at trace levels

in soils by‘INAA are cadmium and lead [37]) Also, as

mentioned previously, with this technique, copper.énd“zinc |

determinations in soil may suffer from spectral
inte:ferences which tend to bias results in one

direction. _Atomic. absorption spectroscopy (AAS) on the
L ‘ : o ] v = ¢
other hand provides_avgensitive means for the

B

determination of these elements with detection limite of

about 1 ppm or less. Up to 0.2% relative analytical
, z R ‘ :

-

10
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. , , ‘ - -
standard deviation is is presently achievable [37-39]. In

the analysis:of soii for'zh, Cu and Pb, AAS'is-most likely
to be the eomplementeryemethod'of choice. = |

The theory of“AAS, a’technique based on the'eelective .
absorpﬁion of . narrow emission lines from a holloweeathode
lamp'by une*cited and Qnionized-grouhd'state'atome in a
flame, ie well developed.[37,40]. The?sdperiof
select1v1ty of AAS is- due to the use of a radiation Sgurge
that emits a 11ne of the same wavelength as the one tovee
used fof'tee absorptlon ana1y51s [(41].

Several different types of ieferferences caﬁ occur in

flame ‘atomic absorptlon spectroscoPy Chemical
interference is not likely to cause errors in Cd Cu and:
Zn determinatlons in the a1r—acety1ene flame. In the case

of lead, a number of anionic interferences have been

reported.:vThese can be .largely overcome by‘addition of S

. . ' . »'L"_/_. N
EDTA . [42]. Background absorption, which affects Zn and l&%
Pb, can be corrected for by using a deuterium continuum

source. Since’all four'elements have‘significantly-highv
ionizaeiOn potentials, idnizétien interference_ie minimal,
and phyeical-interferenCesvsucH'as ma;rix effects can be
"corrected.for by the method efvstandara additions.

| Unlike iNAA,.Where sample pretreatmenf often is{hot
necessary, sample diseolutioh wﬁich is time consuming,"

must ‘precede AAS measurement. Open vessel acid attack on
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4
samples by the use of HF, HC10,, HNO3, H,SO4, and HC1,
_either individdally or in combination;.is well
documented. Whlle HNO 3 alone may be sufficient to
11berate metals which are bound to organ c: matrlc;;,
'Jackson'and Néwman [43]) warn agalnst its use for
inorganiCS Unless HF ‘and hot, concentrated HC104 are
\ﬁs\d, “metals contalned in crystal lattlces of unweathered
primary m1nerals w111 re51st acid dlgestlons. vIn a study
tof the Canadlan reference 50115 CCRMP SO0-1 through S0-4
using aqua regla [44], the poor extractlon of Pb, Al and
Fe Qas attributed to the'presence of cdﬁplé& alumino
'_5111cates Minerils'expected to follow this trend are:
‘quartz (Si0,) for Sl, alumlna (a= A1203) for Al |

'ca551ter1te (SnOz) for Sn, magnetlte (Fe2+

—Fe2 4) tor Fe,
‘chromite (FeCr,04) for Cr,'zlrcon (Zr5104) for Zr and
rutlle (Ti0,) for T1 [45]. | o -
An open- vessel dlssolutlon.technléue employlng a
mixture:of~HNO3, HF and HC104 has beenefound to achleve
' 100%'dissolu€ion of soils t46].' The.HNO3 serves to- |
.destroy “the bulk of the‘organics'while tne HCl0,4 is sti}l

cold and nonoxldlzlng [47]):

(CHy), + 2HNO3 + COp + 2H0 + 2NO - (10)
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Af;gr reéction (10) 'is complete,\the mixture is.wafméd
gﬁoUgh for HF and HC1O4 to start attacking thé_
inorganics. Complete dissolution ocCuré when sampkeélaré
fumed at 200°C for 10-12 h. This time cdnstraint is 6ne
disadvantage with 7Ehe me;héd. Another is the explosion
h;jzyd when hot, concentrated HC104 comes into contactA

with oxidizable substances. The dangers associated with

-~

]

the use of HC104 are‘well k nown [48]. .Esters of

perchlorit acid are shock-sensitive and may spontaneously

explode upon standing at room temperature. Constant

A Y

:supérvision and installation of a 5pecial all-steel f@me
héod‘equipped with.wash down facilities is thefefére
necessary.‘

| Repor£s én ﬁhe first analytical application of
microwave ovens appeargd in.1975vafter successful
dissolution of orgéhid@ in a biolégical sample .[49] .
Reéehtly; Nadkarni [50) reported that rock samplés,‘which
normally took 5 days to dissol&e using épen—vessel;

' methods} took oniy 3 minutés.by‘CIOSedFvessei micfowaven
’techﬁiques. Teflbn PEA,vesseis.manufactured by Sa;illexv
Cofporation afe widely used for microwave dissolution :
A{47}51—55] and have been fdund to_be‘better suited to
microwave work than polycarbénate [55] or Parr Teflon

vessels [50]., Among the several types of Teflon PFA

v§§sels currently available, Berman and co-workers
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‘ recomménd the cqmplétely closed'type)(CCT)‘fdr éampies b;
‘contaihing small quantities of organic matter [52]f =

Thé success of closed-vessel'micyoane dissolutioh
over conVentional,bpgn véssel]techniques is due to the
physical processes occurring inside the vessels. ;There is

on-going speculation'ébbut the actual mechanism but(?ll

evidence attributes the rapid héatih@ito the instant®
uptake of‘eneréy by the'whoie.samplé:[53]. Thié.is i&
addition.to the slow heat:transfer which occurs via .\\\;’;//,
moleﬁulan collisjons in open-vessel techniques;
Adsorptive poléfization;‘a pHySical prozess that occurs
when dipoles cdntinuously éﬁd”fapidly alién when exposed
: : . a
to an.osﬁillating field of appropriate energy is also
b nown to cause mechanical stress within the sample
producing agitation and rupture of samplé surfaées. This
rapidly e*pqﬁeé ffesg surfaées to the attacking écid.
:Kingstén and‘Jassie [47]_have recently shown that the
ihéfeased préséure inéide the.vessel,céugbé the acids to
boil at_temperaturés far Sbove.theif normal boiling
points. Sincé disgblution,involQes chemical reactions
.beﬁweeh a¢id“ahd sample surfaces, the élevated
temperatures play é_sigﬁifiéant'?oie_ih the_errall

process.
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4. Goals : S - .

The.goallof this study was to study the trace element
comp051t10n of a series of samples collected from one -or
two approprlate f1elds. Two elements were selected for
detailed investlgation of'thelr dlstr1butlons.‘ W1th thxs

' populat1on 1nformat10n a statlstlcal evaluation was

%performed to estlmate the number of samples ;equlred'to
‘measure element concentratlons to a glven>conf1dence
level.. | ' |

. bIn‘additlonTto the sampling stddy, improﬁements in
the sample preparation steps'were,also lnvestigated.
Optimum”conditions'fOr microwaveddissolution procedures,
previously used successfully in this laboratory on

biocological materials, were developed for the s01ls used in

this project.



CHAPTER 2

COLLECTION OFVSOIL SAMPLES  FROM SWAZILAND

. y .’
- 1. Introduction

A total of 94 soil'samples were éollected_frdm'
sugarcane fields in Swa21land. 'TWO‘adjaceht fields, used

‘to grow the NCo- -376 varlety of Saccharum barberls,‘were

'sampled in a systematic grld;pattern wlth»a random start

int. Pérmission £o take.samp1es‘Qas kindly ‘given by thé
Simuhye Sugar flantation of the RcyaI.Swaziland Sugar
.Corporatlon Ltd. The importation'df samples into Cénada
was made p0551b1e through Food Production and InSpectlon
Permit No. 65260 ‘issued by the Edmonton sectiion of

Agriculture Canada.

2. Crop and Feftilizer‘Histh[“

The 1n1t1a1 clearlng of 1ndlgenous bush vegetatlon
wéé done in 1978. Ploughlng and plantlng of ‘the flrst
sugarcané‘Stalks on fleld numbers‘201.and 202 (Figure 1)
‘gook.blace ih_November of the same yéar; The first
harvest occurred during thé“wintet of 1981. At the time

- of sampling, the sixth harvest had just been completed.

16
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'The appearance‘of zinc deficiency symptoms in the
'1n1t1al crop led to a dlrect appllcatlon of ZnCl, pellets
in the form of a soil dressing in 1982. -Iron def1c1ency“
symptoms have also been reported but fertlllzers
contalnlng}Fe have not been .applied. Even though" the
-soile in Swaziland have a hﬁgh Fe content, chlorosis is a
typical iron-deficiency symptom observed.ih the sugarcane
plahts; This is probably due to;the high calcium content
of_thevsoii. ”Caleiuh_is‘added‘ih the form of lime to
b:raise-the soil pH to about 6.5. 'The‘soldbility of iron in
soils is pH'depehdeht; insoluoie'hydroxides of iton are
‘formed at a ph of 6 and above [Sé]tthe}eby reducﬁnd the
likelihood_of'Fe beino availabie ts;the_piante. This
triggers lime-induced chlorosis'which.ean be remeoied byv
addlng ac1dulents to the so11 [57]

Boron, manganese and copper def1c1ency symptoms have
not been reported on these 50115, therefore there has been
no'supplementing of the naturally ocourrlng sources of
these nutrients. A summary of zincveoil dressings is
‘given in Table 1. .

'Sugercane also requires hitrogeh, phosphotous_and
potassium inllarge]ouantities; The commercial nitrogen
carfiers are: MAP {monodmmonium phosphate,712%:nitrogen),
DAP (oiammoniuh phosphate, 21% nitrogen), SAAIFOS (3.8%

-nitrogen), and ‘urea .(47% nitrogen). The phosphorous
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Tabie 1. Nit:ogen, phosphorbus, potaésidm, and zinc

application'history for fields 201 and 202f‘

Period N ‘ P K . ‘Zn
| Field 201 | |
. 1978 " a6 "55P 126
1981 138 a0b 83
1982 0 0 : " 0
1983 128 39C 89
1984 169 39 : : 0
1985 183 3 0
1986 ‘152a 43 | 0
) Field 202
1978 - 37 39D " 88
1981 108 10b 0
1982 - 51 306 83
1983 128 39¢ T g9
1984 170 39 ; 0
1985 183 39 Co
- 1986 1708

field except Zn (kg carrier/ha).

43 0

Values are reported as kg of carrier added to the entire

~

N carrier was urea except a = (NHy,) 5804.-

P carrier was DAP except b = MAP and C-=_SAAIFOS}



1

‘carrigrs are: -MAP (52% phosphorous), DAP (54% -
phosphorqus) and-SAAIFOS (12% phosphorous). Pﬁré’KCl
pellets, cdntéining,SZ% potassium are used'és K

carriers. A‘suhﬁary of N, P and K fertilizr applications

]

on fields 201 and 202 1is given in Table 1.

3. Experimental

f '3.1: Equipment

| A 10-cm hafd ground sté%ﬂ.sampling augef_(Edelhaé
_Eijkelkamp, Hollénd) was‘uséd. Polyethyléne bagé (10:cm x
‘,lo.cm) weré Qsed as gontainers{ Labels and rubber Bandi‘
were also provided for Sample identificatiOh'énd |
closure. wa1king paces were used td estimate distances

. . _ ‘ . v
between sampling points.

3.2 Mapping of Sampling ?oints

The location of{sUgarcane fields at ‘the ranch is
shown in Figure 1. The factory, where cane sugar-

(sucrose) and molasses are produced by the action of

20

evaporation, seeding and centrifugation on juice extracted

-_from,crushed cane, 1is Situéﬁed 2 miles north-east of the
town. Field numbérs 201-and 202, shown as shaded‘afeés‘
next'to’the:féctdry;'had just been harvested at the £ime
of sampling. | ‘»'- o oy |

The northern boundary of field 201 is marked by a

"
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f v

road which links the'factory to the town while the -

southern,boundary is marked by,a.by;pass road from the

irrigation reservoir which follows the canal to the main

highway. The eastern bonndary is marked by a fence yhich

separates field 201 from the factory.
Simiiarly, the northern and southern boundarles of

field 202 are an exten51on of theLPame in the westerly

direction. The" western boundary is marked by the eastern

boundary of field 203 while the road‘separating fieldt201

from field 202 is taken as the eastern boundary;

3.3 . Procedures for COliectng Samples

The top left corner of field 201, and 10 paces
towards the interior Q?»the field along irrigation valve

149, as shown in Figure 2, was taken as the random start

_point. At a measured average pace size of 80 cm, the

sampling point was desxgnated 201- 01 and the ‘sample was

placed inside an approprlately 1abelled polyethylene

bag. Sample 201-02 was taken 40,m‘away from 201-01 alongf

the same lateral So were all samples‘tnr0ugh 201-11 at

the end of the lateral. Sample 201-12 from the next

lateral was taken perpendicular to 201-11’énd‘additi9na1
samples taken at 40 m intervals towards valve 148.

Similarly,'sample 201-23 was taken 8 m from valve 147 and

21

.first'augerful of soil was taken 8 m from valve 149. This
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Sampling grid for field number 201. Drawn to a scalc of 1 cm:50

metres and covers a total area of 17 ha. Number beside x refers

to irrigation sprinkler valve used to supply water to lateral.



samples 201 24 through 201-33 were taken at- 40 m 1ntervals
along thls lateral Samples 201 34 through 201 -44 were
taken towards valve 146 wh11e 201 45 through 201-52 were
taken f rom the valve 145 lateral 44

Sample 202 0l was taken by measurlng 20 paces tovards
the interior of- fleld 202 from: valve 143. Samples 202-02
ﬂthrough 202-06 were taken along this lateral at 90 m
1ntervals as shown 1n Flgure 3. Returnlng to valve 144
samples 202~ 07 through 202 12 were taken 1n a SLmllar

tashlon. In total 42 samples were collected from fleld

202, and each one of them was a comp051te of 2 augerfuls
of>5011. - : |

4. Sterilization of Soil Samples

.To satisfy ‘importation redhirements for soil samples
into Canada, the.samplesdwere transferred to glass
heakers; spread ln a thioknesslof approximately 5 centi-

- meters and heated in a forced-air oven (Gaflenkamp):at
»l20° for 6 days. Samples were then transferred to cleaned

new polyethylene bottles and paoked for shipment.

-
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CHAPTER 3 o .

 PRELIMINARY STUDIES BY

iNSTRUMENTAL NEUTRON ACTIVATION ANALYSIS

1. Introduction

R - -
‘Because the sqils sémpied in this study are
Qnéﬁaracterized, preliminary work Qas qecessafynto
déﬁerminévwhich esseﬁéial and to;i; elémenté we;e g;esent;
and in what 5pprqximate quantitieé.‘;oh‘the basis of timéf
':cosé and cdhvehiénceh.insﬁgﬁmehta1 neutro6 actiVatiohA
anélysié (INAA) was found o b§ a_suitab1e teéhnique fOr
this purposé. It fréquént1y pehuires little béyond‘
erighing and.encapSulation fof samplé prepa}ation. INAA
is,aléo anvgxcellent tééhnique for hditielement analysis
 on‘a-single-test‘porﬁidn of sampie [27,29].
When a sahpie‘is bombafded with neutrons, -
l‘ rédioactivi£y>is indﬁced,:i;é. radioactiveVigotOpes of
. stable nuclei are produced. The activity *c')"f a’
| radioisotope at a.giyénitime,:At;fcan_bé expregsed in
terms,of the sa;urafioh=aé£iv{£y;<Asat, which is the
activity'dbiained by'prolongéd'activatioh (t*n},
activation time,'t, aﬁd the nuclide-dependent,radioaétive

BN

decay constant, A, by: } ~

25



’activitnyécrjaéés'[29]} This limits useful irradiation .

times to abow

. minimizing the activity

226

B¢ ;'Asétkl_-;e"*t) (11)

e I P S “
Equation (11) shows that as'activation proceeds, there is

Lan'increqse in activity, but the rate aof growth of"

one half-life, .ty 5, of the element of
inferestgvbThis value is related to the first-order rate
constant A by:

. . .1ln 2 S -
< S V22 e S | o (12)

Equation (12) provides the theoretical basis for

ifradiation-sChemes,employed in INAA work [33]. Short-

lived isoT@pes.aré normally irradiated in the SLOWPOKE

“reactor used in, this work forh30 to 120 S thle'medium and‘

long-lived iso;opeé require 2 h or'longep,‘dependihg on
the nature-of the sample being investigated.

The analytical schemés alsoiinclqde codling and

counting times. Thesenare chosen to maximize the activity

‘of radidiSotopes of /intérest while at the same time

f other radioisotopes, especially
potential spectral interferents. ' o e

Modern advances in computer technologx have resulted

L.



inICOmplété automation of gamma'fay spectrﬁm écqpisition
[29]. _Off-linélcbmputers allow'compﬁtations“in'batCh hode
using-progrgms which ban be written and optimized for
specific applications. éommonly used routines rgcogﬁize_
individual'peaké in the spectrum, separate the energy area
of“in;erest, A,‘from the background area, B, by_Curve
fitting and bélculate the,uncertéinty in éounting
statistiés‘at‘the 95%'cénfidence ievel:byz

(L:96 ;A'r"z.s)_;loo - | (13)

. N

$ error =

Being a comparative analytical technique, guantitative

‘analysis in INAA is based on the equaﬁion

\ ) S W ‘A,
) : o e,sa _ _i,sa

e,st ,Ai,stv‘

where Ve, sa is the‘Weight_of the element being determined

in the test portion, We, st is the”weight of that element

v
°

in a standard test portion, A{,sa is the activity of
fradiﬁndblidé i in the test porkioh and Aj ¢ is the
',activity_Of,that radionuclide in the standa?dvtesp'”
pOrtiOn.

When correctiné for systematic erroré introduced by

primary nuclear interferences, int;ﬁference factors are -
. .

I

(14)
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used. The intetfetence factor, F, is the weight, in
micrograms, of ‘the interfering elementﬂwhich:bfoduces the
seme.activity‘of the'radioisotope used for analysis:as‘I
ug of the element of interest via the {(n,y) reaction

t341, The correction‘is;done by analysing for the element
of interest and the interfering‘element, then dividing the
"eoncentration of'interfefing elementvg;-the interferenee
;factor to.yield the‘amount te_be'subtraeted from tne
measured concertration of the elenent of intetest.
Conseqhently,.the smalierithe valie of F, tne‘bigger tne
contribution of nuclear interference to the‘total overall

-

error.

2. eéxperimental

2.1 Selection of Samples for Preliminary Work "

Three samples fromleach of the two fields were
>se1ected on the ba51s of both randomlzatlon and .common-=
"sense judgment. ‘A table of random numbers’ was used (58]
Abut samples plcked from adjacent p01nts on the map were
_not con51deredr in an attempt‘to make all parts of the
populatlon falrly represented in the 11m1ted number of
'analyses that were done in thls pre11m1nary study.
samples 201-03, 201-32, 201-48, 202-07, 202-17, and 202-39

were chosen for INAA.,

28
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2.2 _Preparation'of Samples and Standards

Whole samplesuwere hand—éround tOjaAverynfine-powder
u51ng an agate mortar and pestle,. The‘samples Qere then |
' tumbled end-over- end for 2 h. . Portions. were removed,
placed in clean,_glass v1als and drled for 16 h at. 110° C
in an oven (Cenco Instrument Corporatlon, "Model R}).

| Approx1mately 350- mg test portions were packed. into
n1tr1c ac1d washed 400 uL polyethylene micro- centrlfuge
ftubes. The tubes were heat-sealed and-enclosed in an
appropfiately labelled second.larger polyethylene,vialhfor
irradiation.

| Liquid standards were obtained from commercial atomic
absorptlon grade solutlons (Fisher Sc1ent1f1c Company,
.Aldrlch Chemlcal Company, Spex) by plpettlng the
.approprlate quant1t1es of stock solutions, using Eppendorf
mlcroplpets with disposable plastlc tlps, dltectly into
rpolyethylene micro- centrlfuge tubes in the same manner 25\_
‘the samples. _Solut1ons were 1rrad1atedﬂasvls, i.e.
without‘drying1 Solid.standards'wefe obtained from Fisher
Sclentifio;andhAldrich‘Chemioal Companyt Standard
reference materialslused wete NBS‘IéB3a{‘coal fly ash
”(National Bureau of'standards, Washington, DC), CCRMP-S0O-2
andhCCRMP—SOfd soil (éanadianiCertifieleeferencei i -

‘Materials, CANMET, Ottawa, Ontario).



2.3-'Irrédiation and Gahma'Réy Spectrometry
Thé irtadiation and.counting operations were carfiedA
oﬁt at the'ngclear.feéctor facility located in the’
. Dentistry-PharhéCy buildiné.atﬂtheiUni?ersity of
 A1bérta, The‘SLOWPOKE‘Iineécﬁor, developed by Atomié
Energy. of Canada Limited (AECL) at Chalk River Nucle&r
:Léboratories, is a smaii pool4type:n0c1éar peactor‘qsing
fully enfiched uranium fuel aé.a'sourcé of neutrgns. 
Thgrhal fluxes of Q.S ? 101! to 1;0 x 1012>afe obtéinable
at.20‘kw of‘maximﬁm tﬁérmgi power,[251. 'Thevcore;,thch
provides a~reliébie sercebof,neutrons, consists of. 300
fuel elements afrahged iﬁ conéenﬁric circles.  fhese
élementsv;re‘made of an Al-U alloy in.wﬁgch the'ﬁraniﬁm is

Y 235,

enriched to 93 and has a critical mass of only 850

g} The low critical mass, combined with the large

~

negative temperature coefficient of reactivity is ‘a novel

feature of thé‘SLOWPOKE 11 [26];’ ; A T
All .samples were lbad;a at‘the'station and rapidly _
transfefred to.the reaétér CQ:e via pneuhatic tubes sthn
uin.ngure 4._ Bésed on prio::éxéefience with geologica1' 
' materials, the irradiation éqﬂemes shown ih-Table‘z weré‘
xemployed. ‘
| All cQQntihg was carried out Qsing the high

resolution gamma ray spectroscopy set-up shown in Figure

5. An Ortec coaxial HP(Ge) detector, cooled to liquid
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Figure 4. g&matic diagram of SLOWPOKE II reactor facility (Ref. 25).




Table Z.;*

time of exposure to neutrons, t

32

A

Irradiation, cooling and countind schemes for
soil‘samples and standards. tirr‘refeti-to the =

L cool refers to

the time éamples were required p? decay after

activation, t.gynt refers to the time required

to acquire the gamma ray.épectrum.. All times . in

‘minutes.

Isotope type tirr tcool ‘tcount Néutfon_F}ux "Counting
S ' . Geometry
(m)  (m) (m) -~ (ncm~1s71) (cm from
: - sample to
detection)
short-lived 2 .25 10 ‘1.0 x 1012 - 6
medium—i{véd 120 120 60 1.0 x 1012 ‘ 12
long-lived 120 372 600 1.0 x 1012 1



Sample for
Counting.in
Lead Cave

‘ H'uperpu;re
Germanium
Detector

Preamp and . |}
| Amplifier .

........................
........................

Analog-to-
‘Digital i
Converter B

ND-660
Multichannel
'Analyzer

PDP-8
Micro-
computer

Yisual Di;pldy B
and Disk
1 Storage

Figure 5. Diagram for high resolution Gamma Ray Spectroscopy system.



nitrogen temperatures through the use of a Dewar flask,"

was used. The detector has 10% relative efficiency, a .

- ‘measured full width at half‘maximUmv(f.w.h;m.) of 2.0 kev,

and a peak-to-Compton ratio of 36:1 for the 1332'keV'photo
peak of,60Co.v It is coupled to_a Nuclear Data (ND) 660

multlchannel analyzer (MCA) w1th EG&G Ortec 572

preampllfler and ampllfler stages Analog 51gnals are fed

to the next stage, the ND575 ADC, and the resultlng_

‘spectrum, which~spans an, energy range of 40-3200 keV, is

stored on floppy ‘disks in blnary form. - For calibration of
the energy scale, the 88. 037 keV 109Cd 11ne (on the low
energy side) and the 1332 kev 90co 1ine (on the hlgh
energ? side)‘Werelused}d Qualitative and quantitative
computations‘werevcarried ogt of f-1ine in batch node'using
standard Nuclear Data‘software (with modifications made.by
personnel.at‘tneaSLOWPdKE Il'facility) and a PDP/11 .

minicomputer (DEC)' Primary nuclear interferences were

34

corrected for manually using ‘the method descrlbed earller ’

(Sect1on 1) and values for the 1nterference factors llsted

in reference 34.

3. Results and Discussion

3.1 Qualltatlve Analysis

A summary of the analytlcal results obtained in a

«
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-353.44 mg test portion of sample 201-03 is shown' in Table

3 for short-lived isotopes ‘and in Table 4'for:medium‘and
- ‘

long-lived isotopes. The literature peak energies were

'obtained from standard INAA tables {28].» Most of tne

essentlal elements descrlbed earlier. are present. Similar -

results were obtained for all 6 samples. 1rrad1ated.,

3;2 ‘QuanticétiQefAnalysis

The quantiries:of solid standards irradiated undér
the same conditions és theisemples ere shown'ianablef5~
and those of llqu1d standards are shown in Table 6.

Results for certlfled reference materials are shown
in Table 7 for NBS 1633a - Coal Fly Ash (U.S. Natlonal
Bureau of Standards,LWashlngton, DC), and Table 8 for
CCRMP. - S0- 2, \@ ferro humic podzol 5011 -.and CCRMP S0-4, a

black chernozemlc 5011 (Canadlan Certlfled Reference

‘_Materlals PrOJect,_5011 Research Instltute, Central

Experimental Farm, Ottéwa,'On;arid).
Even though-the coal fly ash matrix does” not match

the matrix of the-soil'sémples, the results of NBS-1633a

-.can be used to estimate the validity of the method, the

long~lived isotope scheme, and the library of,standards
because INAA is considered to be a relatively matrix-
inaependent"technique. Similarly, CCRMP SO-2 and SO-4

results can be used for the short-lived isotope scheme anu
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Table 3. Summary of observed peak énefgies’for test portion from sample

201-03, obtained using irradiation scheme 1.

Observed peak energy Probéble isotope ‘Literaﬁure peak energy
(kev) o (keV)
. y. . *
443 : 443
743 1284 S 744
847 S | 847,
1812 ] : 18117".
2115 \ 56Mn 2113
1435 22y ' 1434
1780 L 2801 : 1779"
3086 | 49ca 3084" |
1369 _ ' 1368"
2756 2%Na ‘ 2754
320 : Stpy D 320"
1015 . - 27y o 1014*
93 | ' ) 95,
362 165py ... 362
1041 66cy 1039"

* . L "‘ A..‘ s . .
Y-ray energy normally used for analysis.

b
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Table 4. 'Summary -of observed peak energies for test portion from sahple_

201-03, obtained using irradiation schemes 2 and 3.

Obéerved peak energy-

Probable isotope

.

Literature peak energy

(kev) = - {(keV)
o 1 .
1525 1525"
L) 42y 313
. *
103 . 103
70 153gp 70
1596 ‘ 1595*
487 B 487"
816 o 816
_ 329 - 140p,- 329
560 , 559"
868 T6pg - 868
776 777 .
1318 1317
1044 1044
1475 1475
554 82p, 554
. 293 143ce 293"
\ v *
1099
1292 _
¥, S 192 . SF
AN 59[":8 143, ‘
124 S -
216
' 134 4
496" ‘
2N
137p, 373 S
8co 810"
. Q ' ‘
208 208
113 Co 113 ' .
249 7704 250 -
91 .91,
531 531 )
320 319
411 14744 410

Bt

(Continued)

'



Tabld; 4. (Continued)

!

Observed peak energy

~Probable isotope

Literature peak energy-

(keV) (keV)
* -
482 482’
133 133
346 ' 346
136 81y¢ - 136
, 889 . 889"
1120 465 1120
51 *
320 cr ~ 320"
344 - 344
1122 122
964 , 964
1086, - & 1086 °
1408 y 1525, 1408
) 605 . 605*
796 3 796
569 : 569
1364 ~ - 134cs 1365
1715 © 65zn 1115"
1077 86gy, 1077* -
1173 60co 173"
1332 1332
1120 1121
1221 o o1222°
.67 . 68
1231 18214 1231
312 312"
299 300
416 ) 416
86 23384 87
‘ 514 855y 514"
- 198y a2t
142 - ot
779 ERTS 778

.Y-ray enerqgy no}mally used for analysis.

E

T
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'Table 5. Solid standards of elements identified in the_6 samples from
field numbers 201 and 202.

«

Solid standard' . Element of Weight of Weight of element
" interest . standard (mg) of ipterest (ug)

Alp(S04)3. AY o 147.5 v 23,260

Caco, ' Ca 121.3 48,574

: . . ) 3
Na,CO5. . Na . 16.7 o 7,244 .
) ®
K2CO3 ‘ . K 7 19,8 ’ 11,203

*ALl standards were dried for 8 h at 110°C prior to encapsulation.

ot

© e
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Table 6. Liquid standards of elements identified in 6 samples from
:‘/‘ fields 201 and 202. Volumes are given in pL, concentrations . /

& _¥a§ ¢ }n

Concentration of

ppm and weights inkug units.

ﬁeight of

w

Element , Volume used
stock solution, ug/uL pL element, g
Fe 1004 350 351.40.
Mo 1019, 10 10.19
Hf do0 30 3,00
Ce 1002 o 60 - 60.12
cr 9% ' 20 19.62
Eu 49.35 20t 0.987
Cs’ . 200.6 - | 30  6.018
Zn 998 . | 70 69.86
Rb 1002 | 30 30.06
Co —° 100 - 20 2.00
Ta 0 T 30 0.30
Sb ) 50 20 1.00
sc L 49.6 ' s 20 0.992
The f~5a§§ s 4.975
N 994’5 160 159.04
Ba 1000 L 200 200
Br 11,797 g 15 ©177.075
Sm 199.6 r 20 3.992
la 1003 R 20 20.16
As 1000 | g&g’ 20 20
Lu ° ; 10.2215 ?;;; 20 0.2044
‘Na 994 ! 57 40 40.24
Mn 101;;;“‘é;" ‘ 75 75.90
v 100G | 400 400
. Ti f 6d6 . . 75 75
cu -4 71000 . 200 200
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Table 7. 'Shﬁméry of INAA results for NBS-1633a using long-ﬁahd medium-

livéd isotqpe schemes.  Values are'repofted.as‘ppm exc;bt .

S ‘ N "’ L,
, ﬁ . R v'?epi‘f:.‘
Elemenp}j Radfoisptope" y-ray energy SLOWPOKE | Certified
: ' measured counted (keV) = result = value

Fet  » ;59Fe§" 1099 7 B.s6 t 0.25  9.40 +0.10
" M ‘ 496 0.149 + 0.004 0150
N 42, ' 415;S&§ © 2,04 % 0.05 - 1.88 * 0.06
Neo - 98gh Cied Fa08e 35 - . 127 '

La L veo, 487 . 23 +8 -

as . Teas 859 C1s1 t o6 145 '+ 15
Brb .{<~ eo?rv . ¥554‘ : 50,374 6.1‘;  _'5' -

Lu e 137Lu, 208 ,1.a5'to0.07 L

Nd 1479 - T sy e am -

Mo B Mo L a S35t 0.5, . 29 W
HE o M8y as2 304002 S0 1.

sc 46 " see - :36.1 502 /a0
Cr Slcr . 320 S :ﬂ95 ta4. 19616
Eu 152p, 1408 3.5t 0.2 - g
Zn - 65zn s anjv: 121‘; 220 £ 10,
Rb 86rp BERRYYY L 128re i3 x2
Co _ 60co. - SM73 ' s0.3 tos9 a6

Ta 18214 222 2.1 ¢ 0.2 -

sb 1225y . 564 & .7.02 't 0.09 7

Th 233pa IR TP R 25.4 £0.2 2407 £ 0.3
Sm 153gp L0317 xo0.2 - -
Ce - Tace 293 150 * 50° 180

4 é
P ot h’

pI
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library even though the, nature of these so1ls is expected
to be dlfferent from the sugar cane 50115 be1ng studied in

thls work. , ?
k ﬁ? I |
The r@sults in Table 8 show good agreement between
the certified valueﬁﬁand those:obtained by the SLOWPOKE

\

procedures5employéd here. -Valid results can‘thus be -
. - J N

expeeted'to be obtained in future analyses of soil sahples'

v -

for Mn, V, Na, Ti, and Ca in a relatively short time. The
other‘eiements determinable’b; this\proeedure with
reasonable actupacy are.Co, Eu, Sc} Mo, Ba, As, Cr, Rb,
Sb, Th; and Ce (Table 7) of which Co and Mo are of

biological importance and As and Cr are‘normaily

-y . . . . ) . x
B}

considered toxic to biological éys;ems. If the total time
takén for analysis is not a‘problem,.then'the long
irradiatioh,.long cool, long count teehnique'can be used’
for_fueure werk. |
Even though Al and Mg are not considered essential
. trace elements;%ibey do influence plant health. Mg is a
Vcomponent of c;forophyll and therefore dlrectly involved
1q4photosynthesis. Excess Al in’'soils with a»pH below 5
ie toxic. It 1nter£eres w1th cell division in plant roots
and also with uptake, t ansport and use of elements like
Ca, Mg and P [59]. The<%1‘va1ues found in 56-2 and S0-4

are considered higher than,the certified values. This is

‘due to interference from Si through the 28Si_(n,p)28A1



react1on and from P through the- 31P(n a)zeAl reactgon.

" The correspondlng F values of 207 and 690, comb1neﬁ§w1th
the si and P concentrations present;in the soil,vmake the -
n,p réaﬁtioh'of 2853 the méjori%ég%qéputof to the high |
value repbrted for Al; f# so0-2, tﬁis'reactionvcontribﬁtes
1207 ug/g gf 28A1 while the 31P réaction éontributes'only

T4 ng/g. When the 1211 ug/g contrlbutlon is subtracted
from the reported value, a value of 8.09% is obtalned
'which,falls w1th1n'the 95% ¢onf}dence limits of~the
certified value (Table 8). Siﬁilarly the Mg kalues found
in S0-2 and SO-& are coﬁsidergd ﬁigher than the certified
values due to fnterferences from Al through ‘the
2771 (n), p)27Mg reactlon and*from 51 through the'$

' 30Sl(n a)27Mg reaction. The correSpondlng F values of 5.8

.and 4070,'cdmbined,with the Al and Si cdncentratipns

preséni in the soil, make;the n,p réactiqn of 27A1 the

:major contributor to the error in the reboftea value for

.Mg.. it cbntribgtes 13,914 pg/g of 27Mg while the 3OSi n,y
reactioﬁ-contributes only_él wg/q. The_corrected value of
0.66% in Table 8 is obtained when. the two contrlbutlons
arevremoved from the‘SLOWPOKE result for SO—2.‘ The short-
lived isotope scheme is,therefore also valid for Al and Mg

provided the concentrations and interfefehce factors of

the interfering elements can be determined and corrected

’ .
P -

for..  ° : ' ~ o

&
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SpeCtral interference has been shown tovplay‘aAmajor
role in the determination of zinc'?ﬁysoils containing
51gn1f1cant1y high- quantltles of Eu and Sc [31l The lllS
keV line of ©5zn 1lies between the 1112 keV line of 1528u ///
| and the usually intense_1120 keV line.of 46Sc., In thls'
stﬁqy, both lines contributed“significantly to the Zn
peak, as indicated by the high'result in Table 7. :If‘Zn
'were to be analyzed by this method, the HP(Ge) detgat
" would have to be replaced by a more’dlscrlmlnatlng
detector system, i.e.'one with a hlgher'rgsolv1ng power.

This technlque is also not suitable for the analysxs
of trace copper. The 1779 keV peak of 28Al is so 1ntense
“ that the background assoc”v'iated wi@ﬂ COmpletely t?ur'ies
the small 1039 keV peak ofv66cn, Since the half-life of
2871 (2.31 min) ‘is smaller than that of °®cu (5.10 min)
[28], a longer decay periodhwould be necessary, but the
counts due to other elements would suffer.if th1swl
r

alternatlve‘were adopted. Thus a segarate 1rrad1at10n and

counting would be required. ‘ K

: , B \- ‘ ‘
When the schemes discussed above were used to analyze
: o y ‘

the samples selected for preliminary study, the results_
,shown in Tables 9.and 10 were obtained. 1ron is present
in'quantities far higher than the trace levels(required
for plant health, and therefore is not of prime importance

'in the sampling study. Mn too, is present in large

o
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Table 9. Minor and majo; element concentrations in soil sampies’
seie;ged for preiiminary;stpdy by INAA. Results are based on

ion and reported as .
% . . . [+Y

§f3$5 mg test .

(4

g . he
2.

Element | o 2 1-03 }201-3" ——? , 202~ ©0202-17 02-48
1. ‘et [20.2'7]1'@'9‘,:0;3 . 9.79 sijes'g; o 9 9.10 %
2. MY (0,241  7.67 7.3 7.55 .5 w6.73 ©
3. Mg" [+0.49] 1.99’ 2.00 . t1.91 1.75 1.45

4. . Ti [$0.12) . 1.1 1018 0:.97  1.03 1.18

5. Ca [$0.19] 1.19 1.1 _fp..gaz“ 049 ~ 0.80 0.68
6. K [%0.042]  0.842  0.760 “%f."7'18 3.046  0:987° 1270 ’
7. Na [#0.037] 0.914. 0.831  0.688  0.494  0.615 0.673

8. Mn"" ($0.0069] 0.1366 0.1359  0.1157  0.0998  0.0855 0.1111

o - :
1‘ *

ValQes in brackets refer to the relayive uhceftainty (£1.96 0g) in
counting statistics; reported in the same units. .

Not corrected for nuclear intefference because quantities of
interferent elements .are unknown. 1 ‘

Essential to sugarcane growth in trace amounts.
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Table 10. Trace eiementchncentrqtions in soil samples selected for

preliminary study by INAA. Results are based on a 350 mg
test portion and_reported as pg/g.

Element 201-03 = 201-32 © 201-48  202-07  202-17.  202-39
1, sm [20.1)' |~ s.q 5.9 15.6 6.0 6.0 6.5
2. as (£0.7] 1.9 a.1y 0.0 3.1 2.4 2.1
3. Hf [#0.1] 5.5 7.4 5.5 5.8 - 7.2, 7.4
a. mu [+0%s) 1.78 2,357 1.66 174 1.89 2,10
5. €s [$0.2) 0.7 0.0 1.0 1.1 1.1 0.8
6. Ta [+0.1] 0.8 0.8 0.8 0.8 0.9 1.2
7. Th [$0.07) 3.29 0.45. 0.38 3.80 4.56 3.88
8. 1 [#8] 25 28 27 25 25 8
9. & [%8) 218 438 . 689 686 499 . 407

10. v* [#16) 341 318 285 358 288 -283

11. Ba [$33] 328 sig 369 235 286 333

12, Ni [#27) 168 174 203 190 148 159

13. Rb [+4] 36 43 43 .. 4 45 44

14. co® [%1) a7 50 43 33 31 35

15. Sc [#0.1] 21.0 25.4 20.9 . 19.7 20,5  21.7

16. La [#0.8] .17.2 20.8 19.4 21.3 22.6  22.4

17. Nd [*7) 15& 37 28 20 24 21

18. Mo* [#0.4] 12.3 5.6 12,7 133 17.s 17.5

Values in brackets refer to the relative uncertainty (+1.96 ¢) in

counting statistics, reported in units of'uQ/g.

. . « . .
Biologically active in trace amounts, especialily in enzymatic

reactions. o o '
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quantities, andvso iquot an important element to study.
The availabiiity of-these‘eléments to plants is another
mattér, of cburse, as has been discussed earlier for
iron. To detsrmine bidavailability-requires mors

information on speciation. _
whtle the distributions -of Mn, Fe, Zn, and Cu could

- : N . . ‘ N .
be looked at in this study, only zinc and copper were

‘considered because of their observed déficiency symptoms

in the sugarcane plants. ' v

4, Conclusions

The INAA technique is very useful for preliminary
studies of the'q&pe &on51dered here. The results for Mn,
v, Cr, Na, Ti, Ca, Cr, Rb, Th, Sb, Ce, As, Fé, Mo, Sc, Co,
Eu, Al, and Mg can be assumed to be valid when the:

T

accuracy obtained for. the standardﬂreference mateggals is

.

con51dered Errors associated with primary nuclear

1nterferences can be 51gn1facant for Al and Mg, but

corrections reduce these errors significantly. Sucqessful

appllcatlon ‘'of the corrections depends in part on the'
uncertalnty assoc1ated w1th the 1nterference factors and

the fact that the values of F differ somewhat from one

nuclear reactor facility to the next. ~

~
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.~ Because of the high Mn and fe levels found in the S
sugarcane 5011, INAA would be opt1ma1 only for prellmlmary
Qork on these elements. Atomic absorptlon spectroscopy‘
(AAS) would most llkely be the method -of ch01ce in a
sampllng study because 1t éan yield rellable and

- relatively rapid results for 'Cu and Zn, two essential
trace elements{ Alsg AAS is convenieﬁ}ly avéilable-in our
1aboratorié§,and is less costly than INAA if bnly'ong or
two elements are to be determiﬁed at the ppm levef.‘ .

‘Finaily, the lack of reactor accessibility in;éwaziland

makes the use of ,AAS more attractive, : .

it




CHAPTER 1V

SAMPLE DISSOLUTION STUDIES FOR .ATOMIC
~ ~ ABSORPTION SPECTROSCOPY
. N ‘ .

1. Introduction - .

L]

’ ‘ ”
. Since: 21nc and copper could not ‘be easily determlned

in the soils studled here by 1nstrumental neutrom;
actiVas?oh analysis, flame atomic'absoﬁétion spectroscopy .
(AAS) was chosen'as a complementary technique; Howevef,‘%

sample dlssolutlon step, which may be tlme consumlng and

hazatdous when performed in the conventlonal way, must be

\1on, closed- vessel microwave dlgestlon of
. ) . ‘
soil 1s compared with:conventional open-vessel methods.

The effect of time, microwave power and acid composition

The technique of standard additions

'yﬁa?ig 1nvest1gated.

g s
is'”ém 1oyed to m1n1mlze matrix effects during measurement.
!}: ' g K .

L 5 . ' Ca

P v\"\
"2, jExperimental ;

?

2.1 Mixing and Partlcle Slte Reductlon

‘All samples were ground to a powder us1ng a Retsch

motor-dr}ven agate_morgar’aﬁq}pestle with a 0-60 min

3,
I

a
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variable timer (Brinkmanh’Instruméﬁ;$, Rexdale, Ontario,
Canada).  Due to the high ciay conte%t of ;he soii?‘twb
étages were émployed during the géinding bvééess. ?he
initial stage involved grindinghfor'B‘Einutes, foliowéd by
scratching'of caked clay material along”the edges of the
mortar. - The final 2 minuté grinding stage was foll;wéd'by A
placing the samples in polyethyiene bottles and mixing by \VMV[
tumbling eﬁd—over;gnd for 2 h;‘ To aYoid cross-—
_contémination,ba féw grams of pure Silica sand was‘groﬁnd
between'samples, followed by thorough rinsing of  the

mortar and pestle with distilled watér.

S

2.2 Procéd;re for Obtaining Zinc ana Copper Calibration
Curves | | »
All blanks angLStandard solutio;s werevprepared using |
'déionized water obtgined by»éassing distilled water |

through a column of mixed strong acid andvsﬁron% base ion

exchange resins (Amberlfﬁe MB-3, Rohm and Haas.Co.).‘ All

El

4

volumetric ware was soaked in 3:1 v/v _68% HNO3-(analytica1
feagent; BDH - Chemicals, Toronto, ®hpario) for at leést 30
min prior to use. | ‘

A ‘997 ppm zn2* st;ck solution was érepared:by
dissolving 498.52 mé‘of zinc metal dust (Fisher Scientific
Company, New Jersey, USA) in a minimal amount of 1:1 v/v

- HC1 (analytical reagent, BDH Chemicals), followed by



positive correlation between absorbance and concentration

(r = 0.9996) isvhighly significant:' Accordingly,'all

»

» succeeding measurements of ,zinc were made on solutions in
3 [ . - . Lo

this concentration range.

l~'3.,3'j Preliminary'ﬁstimates of‘ZnL Cu and,Pb in Soil

Prellmlnary semi- quantltatlve atomic absorption

measurements were carrled out to estlmate the quantltles

- : 7.

'of Zn, Cu and PD 1m,sugarcane-501l.5 Accordlng to a study'

Cof | Pb contamination in ﬁoad—Side grass arising from PbO,
in, automoblle exhaust in Swazlland [6lft‘leadh
concentratlon decreaﬁes w1th 1ncrea51ng distance from
hlghWays. L

N af .

'_Open vessel dlssolutlon (Sectlon 2 3) and mlcrowave

_leachlng“(Sectlon 2.4)'procedures were carrled out‘on four

100—mg test portlons of sample 201- 22 whlch acCording to

“Figure’ 2, would be exﬁ%&ted to exh1b1t ‘a hlgher Pb content
R . B EY - v

than'samples taken in the middle of the field. The

‘.val1d1ty of the procedures was evaluated by dlssolv1ng,

66

. 100- ng portlons of CCRMP SO l by each of the methods. Zn _.

. o s

1

and Cu were deteraned by flame atomlc absorptloﬁ
-spectroscopy and quantqf1ed graphlcally by'extrapolatlon_

of sample absorbances on calxbrgtlon plots wh1ch were ‘run

A Y o :

.on the same day qLead ‘was determgned by graphlte furnace

;o

atomlc absorptlon spectroscopy [62] and quantlfled'by

LA
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R . £ . .
standard additions. For the purposg of comparing

3. L . . . . .
‘microwave leaching and perchloric acid dissolution,

Vﬁélternation between leached and completely dissclved

sampls was employed. Evaluation of instrument drift was

67

done‘through the use of blanks between sample runsr Tab1e~

-

ﬂS prOV1des a summary of the results obtained in thls
study . o ' .

The results obtainéd for SO-1 by total HClO,
dlssolutlon are 51gn1f1cant1y higher than U&Scertlfledv'
values. Cu is about 7 ppm above the tolerance limit of 64
pon while zn is hlgher by 6 ppm (on the assumption that o
,the‘value‘of 209 is an,outlier; which was confirmedrby

subseqUenE'measurements%.-~The problem’ of matrix effects

~1s more . 11ke1y to contrlbute to the observed systematlc

error. The matrlx seems to enhance the Zn and Cu 51gnals

inﬁ&heJSample. Unless standards and gamples are identical

4

1n matrix comp051t10n, results obtained,in future analyses

\, are 11ke1y to be biased high. HOwever} for-purposes ofi

' quantltles in the so11 and thelr dlstrlbutlon in the f1e1d

.
-

thls prellmlnary work, it can be’ concluded that both

[

ke

elements are . present Ln read11y measurable trace

1

'1s worth investigating.

. ] : ¢ ' ' “"".\
The GPAAS results for Pb also ;ndlcate the presence

of thlS metal at trace levels in the 5011 It was decxded

o

that rt would be COunterproductlve cost ‘wise to pursue

Tv
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Table 15. Comparison of total dissolution with HNO, leaching for
copper, zinc and lead determinations on 100-mg portions of
”soil sample 201-22. All values are in pg/g. Coppex, and
zinc values read directly from calibration curves, lead by,
. ‘standard additions.
L] .
L y
Subsample Zinc Copper Zinc
total' leached? = total leached total
A 94 47 139 91 T12
B 90 46 140 90 7
C 95 50 135 .- 87 £ 9
D 95 a4’ 133 ‘82 12
s0-13 1537 ' 136 7 54 17
SO-1 . 209 132 A - L
" Refers to dissoclution procedures outlined in Section 2.3. 3
. - "‘ i Ve ’ . ) . . . - ’ 7
".2Refers to digestion procedures ouglingd‘in Section 2.4.
. . ’ . . : N o Y ‘ Lt :
3Certified’ya1ue$ for. SO-1 are 146 * 5 for zn, 61 3 for Cu and 22 *
4 for éb. v
. R , g
A . 3 - /
’ “g. - h.: v a, -3 N “ t
B : N “ = .
v - P ' ; - ;e N
. ’ ' y

. ‘ :
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further studies on Pb dlstrlbutlon in the fleld at this

tlme, although analysxs of sugarcane orvsugar products for

lead mlght be of 1nterest 1n the future as a separate
project. ’
The. results also show clearly that total dxssolutlon

by perchloric acid is supe or Yo leaching with nitric
acid in the release of . zn and Cu in this soil. Leaching

.extracts only about two-thirds, of the Cu, and less than
one-half of the Zn obtained by total dissolution of the
soil sample studied. . '

\
°

3.4 Analytical Measurement Uncertainties

e "approximate m{g itude of the errors
;ay—tofday.variations'in instrument
performance;.{.e. sa'ln equation'(l), repeat measurements

_over a 3-day period were carried out on several 500- mg

port1ons of sample 201 22 d1ssolved by the tqtal

# .- :
dlssolutlon procadure (Sectlon 2 3) K standard add1t10ns
» ) ~ .
o .procedure seemed to be adesable in order to’ suppress

«

ix effects and was therefore the method evaluated ﬁor

‘L

Sectlons 2 3 ‘and 2 6 were- employed.' Here O,k ¢ 50, and

_ 75 L splkes of 999 ppm Cu2+ were added to 20—mL allquots

iyl . e . . g e ¢ . . . R
ST oo A . . . o . N

'{713fﬂ 2C1- 22 as.a gu1de (mable 15), the procedures described in -
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§> of sample solution. similarly,‘q, 5, 10, and ‘15 uL spikes

of 997 ppm zn?* were added. The re§u1ts for one subsample

(201 22- 1) are shown in Table 16 and plotted in Flgures 9

and 10; |
’ ‘ ’
. B [
Table 16. Total dlssolutlon and -standard addltlon results,
for a 500.21 mg test portlon of sampré 201 22.

- Addftion, Cepper absorbance "' Zinc absorbance
o . 0.044 ‘< 1 0.086"
U 0.133 . 7 0.130

B 2 ~0.221 '
-3 | 0.305 =7
)
’/;
' . The 1iﬁé;r regression intéfcep;, yc; is'giVen by the -
frfequat1§b: . ‘
* _ (ZA)(ZV y - [s(av)l(zv) -~ 15) .
C Y F T tz(x?n - (zAm (V). 13) |
i-”f, \.ﬂ . : o N |
: &hd the varlance qbout thls 1ntercept yalue, svcl by;thev"'*f‘
J} 't.’ uatxon ff f-" 'N‘ T ;h'l_f 'WV . f R
- e oo oo, o
» ?» E M . AR I ' - . v ) o ., o ”
. . K . -
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'the dlfference between A and A

o S ‘ L
R :}l . . R » , L . Lo .i'.
R .zd2~ z(&'+ vc)f NIV .V )2

73

-‘.T§v¢1%fn,2 . vAS -’ilkh, (16)

[mcalc] B v, )1 ‘.

In these equatlonSf A is- the absorbance, Y 1s the volume

LN

"QE_SP?R9»3¢ded'1“,¥L"and Acalc is the calculated

abeorbancef'uSing the relation:

cale = mM(V '+ Vo) K (17)

:fHeté m ie;the,dlope-of thé least-squares line obtained

T

mTIVE oAV (18)

»

where n 1s the number of dgta yplnts in the plot and d is

cale for each data p01nt”'

[63].

.The calculated value of V. is -12. 5 1g . and the value.

of sVC is v139 ugi - correspondlng to a concentratlon of

C’7

.125 ppm and an absolute standard devxat1on of 1 ppm for

Cu. The zinc content is 1C2 ppm and the absolute Btandard

deviathn is lvppm.x,lnothe calculatlons, th@ last‘data

I

point (additidny3 in Table léllwas=omitted'becau5e it

?falls 0ut51de the 11near range ip both cases. A relatxve

standard dev1at10n of 1% is small, therefore the standard

&
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add1txons “and measurement procedures can be considered
/ T

suff1c1entLy prec1se for both elements._ Slmllar behav1or
;was observed 1n the other 3 subsamples studied. The
!oyerall resulﬁs are shown in Table 17.

Since eaohvvalueﬁreported has an uncertainty Syc
‘?‘assoc1ated w1th it, this' error is also,inolqded‘when data
taken on dlfferent days is evaluaogg.v It is possible to

separate,thls error from the measu?ﬁéen; error by equation

S S ko3
]
2 2 g2 2
Saa+vc T Saa * Svc
If s2_ is taken as 1 ppm and Saa+ve 85 2 he average

vC

aa turns out to beybfw t 2 ppm for

-value from Table 17), s,
‘both‘élemenpsr An error'of,about 2% is therefore*expectedA
to be associared;gagﬁdday—toéday_Qariations in insrrument'
- i g : ; S .
'F_Qerformance. .HerGer,’ehis.va1Ue shod;d.be taken és_a

rough estimate sinre'it is based on only a few

measurements. To ohtain a better estimate of the true
measurement/analytical uncertainty, °aa'“5aa,VOU13}have to

.be based on a larger number of runs.
: ’ . .

“3.5 Unpertéinties bde to Subsampiihg

Tb assess the error assocxated w1th subsampllng

< ¥

 procedures, severa‘ 500-mg portlons from selected samples

‘4



»

Table 17. Copper and zinc concentrations in 4 test portions of
sample 201-22. Samples totally dissolved with HC10, and’
run ‘on different days, using a standard additions
procedure. o

N w_\;":‘).
? - LIS
Copper "(ppm%? Zinc .(“PI;m)
Parameter A B . C D A~ B, C . D
- day 1 125 126 125 . 116 102 102 98 102
day 2. J124 127 120 119 100 » 100 102 106
day 3 126 124 129 116 162 100 100 100
“-\_.‘ *- - ‘ .
X 125 126. 125 117 101 101 100 103
 Saa+4ve 1 2 ‘4 .2" ) 1‘ 1 2 3
o ’ = “
) v ‘_'




were completely dissolved and analyzed by*the standard

additions procedure described in Section 3.4. The fesclts

-

obtained are presented in Table_18.

| The standard deviations shown 1nclude Sycr Saa and.
the uncertalnty associated with variations between test
portions taken from_the same sample( sss‘ - According to

equation (1),

;-
s2 | =
vc+ss+aa

. . L_(,J»\ - . ) . .
Since soil is particulate in nature, it is expected to

. - 4 ’ ‘ .
show a certain degree of heterogeneity which is reflected

by the magnitude of fss‘ Taking the worst possible case

(Syc+aa+ss - 4 ppm)x in. the samples studied for Cu and Zn,

equation (1) yields vI1 (=3 ppm) as the expected error

associated with the subsampling procedure. This is only

/

an_estimate, and would improve as the number of subsamples .

"investigated is increased.

3.6 Va11d1ty of Analxtlcal Procedures

‘~To evaluate the accuracy of. the dlssolutnon (Section

2, 61 schemes, a SOO—mg portlon of CCRMP SO -4 was:
anatyzed.- A va}ue of 95 ppm wlthran svc+a§%value of 2 ppm
o for Zn was obtaxned _ Th1s value is in excellent agteement

'-thh the certxfled value of 94 + 3 ppm at the 95%




¢ 77.
. .
o
Table 18. Estimation of subsampling variabilitylin Zn and Cu
. - &
concentrations in five samples of Swaziland soil digested
with HC104.
Subsamples _ . B
4 , - v T
Sample A B c . D . x (ppm) =~ s (ppm)
g '
E
"} Zinc (ppm)
7 201-22 . % o0 101 101 103 101 1
v ¥ . T201-32° 102 95 99 94 98 4
N 201-24 Y92 92 91 92 92 1
N . . I : : : LB’
A v . . E . ; [R» .
\\ 201-01 . 100 106, 104 103 3
' \ 2 ; 00 T
° 201-11 ¢ 104 103 . .106 N E 104 2
° ’ & 1
Copper (ppm)
. ] i ‘ &
201-22 - 125 126 125 117 S 123 4 °
. e . . .
201-32- . 145 146 . 144 147 146 - )
201-24 129 130 125 129 128 2
. 201-01 135 139 136 ' o137 2
201~11 130 . 128 131 130 2
¥

AR
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.other procedures.;, -

Sectlon 2.5 was.developed to overcome the shortcomlngs of v'\

using HNOj alone, i.e. be able to exhibit the valldlty and

“nature; once in contact with the skin, it causes

18

confidence leveiJ’d81m11ar conc1u51ons can be drawn forW ¢ B
Cu, for which rhe experimentally found value was 22 % 2

ppm, compared to the cert1f1ed value of 22 + 1 ppm. Even
though the total dlssolutlon method is both’ hazardous and

time consuming, it is va11d and rellable, and can

. N )
therefore be consldered a referee method.for evaluating

o

3.7 Mlcrowave Dlgestlon

The mlcrowave acid dlgestlon procedure descrlbed ‘in

’Jc

%Tlaﬁ1l1ty of the referee method at shorter dlssolutlon

times. This is~especially important considering the lar e

nnmber of analyses to bevperformed in this stddy.

(a) Effect of acid mixture composition'
The proeedure described in Section 2.5 does not
require the use of HC104 - It uses HF to assist in the

breakdown of complex 5111cates whlch are re31stant to

attack by HNO3. However, great-cautlon needs to‘be .

exercised when handling HF because of its corrosive

-

irreversihle tissue damage unless flushed away

immediately.
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'The pfeliminary results preSented in Table 19 were

obtained from HNO; and HF digestion using a scheme which
- involved an initial 15 min exposure to microwaves at 15%

power, followed by _cooling and venting of the Teflon - *
¥ vessels.  -The venting stép was necessary to release

pressure build-up by acid fumes and gaseous oxidation

7

! ' ‘products formed*according to equation (10). Excess
pressure was found to cauSeé@eakagefof the contents and

‘also would present an explos1on hazard After
:retightening,i%he vessels were - treated for 60 min at 30%

EEE ¥

micrpwave power.

It is'evident that HF and HNO3'as a mixture is Tore

fefficient at extracting Cu and Zn from the soil matrix

: However, only about 90 to 95% of the

' mpieiwas dissolved. The fesidue remaining after the
' drowave digestion cdn31sts of the more refractive

[

;_Inerals, which on the ba51s of results shown in Table 19

»

-

do not_appear to contain any Zn or Cu.

. (b) Effect of time

The results shown in Table 20 were.dbtained‘by
microwave digestidnbat longer dissolgtidaﬁbimes, The
reported times do ndt include the initial '15% power - 15
hin venting stage. fventing was necessary after everyh30

min for.the first 2 h of digestion and every 60 min

thereaftet} The extent ofldissoiution was monitored by



A [ T '
N a2
: &
»
v» . L
1 A} .

~Pable -19. 2Zinc and copper in soil samples digested by microwave
. PR [ - .
. procedures .{ Uncertainties given hs one standard
N v . : . ' ' " ) . s
deviation. . e : - :
’ B ., . ‘ N . . : ~ 0- ) - v . . . Lo - . ,
T ' L e :

Sample 2(_)1.—32 ., _Sampule.'20‘l-'24

n
c
o8
@
w

-1 3

{0 .
2,
)
(O

zn (ppm) .Cu (ppm) Zzn (ppm)  ~ -Cu (ppm)

A Y S o1a9 92 126

B - 102 R PV U S ey 30,

c ) 93 T T 142
T T142- IS

E.. BT E S VS T

. - R -~ N

Average: . 9544 14423 L9082 128%3
Lo R 4 . s A o

.Referee method. - . 3814(4) C14632(4) o 9241(4) 12941 (3)

S

'Values in brackets refer to the number of subsamples arfalyzed. - ‘

L.



L Referee Method 98f4(4y

é,13

. -
.M
. Co . e - _ L o
Table 20.  Effe¢t of'time'on mi;rowave ?iges;iop of sokl samples from
| ,Sﬁaéilaaa. éample 201;32'?esults ére bééédvon'ope téét
pbr'f.i;n at each .ti e period; s.an‘lplvev201f—.2‘4 results are
gaged‘on_;yo testqurtidns.i‘ ) v
 Sampl2 201-32 - éaﬁple 201-24
Time (h) .Zn,kppm)"Cu;(ppm) Zn (ppﬁ)‘ Cu ﬂbpm) % Dissélutidn
1 93 | 143 L 90;2" 2883 05 C
2 95 a2 8os1 :{27ti 54
3 | o8 143 o113 2730 o5
4 o a95) 182 ; '}’ * . 92
6 . gat | | 90

.o

 tError likely due to local heterogeneiﬁy since the

143 0

145:2(4) 92+1(4)  129%1(3)

same portion falls within acceptable¥limits.

Cu result.on the



subtractrng the weldht of. dry re51due left . after dlgestlon
from the 1n1t1al welght of - sample e
The results 1nd1cate:that no advantage'ls;galned bv
g using-digestionltimes longer.than'l h at 30§ miorouave
, power, but_ratherﬂlt’is disadvantadeous.to do so because
.of time oonstraints'and deterioration'of the digestion<~
vessels. Evern w1th pressure release after 30 mln, there'
'“‘appear to be tremendOus pressures developed durtpg the
.dlgestlon. Aﬂter these.experlments, the vessels bulged

permanently ‘around the:seals.. g R

(c) Effect'of mlorowave poWer

ngher power sett1ngs were - 1nvest1gated w1th the a1m -

of f1nd1ng the optlmum settlng wh1ch would complete the

s extractlon of 2n and Cu from the- 501L matrlx in the
. *

~ shortest p0551b1e-t1me whlle keep1ng pressure bu1ld—up at
a -minimum. 'TabLes 21 to 23 show\results obtalned for Cu

and Zn at power’ sett1ngs of 35% 63OOVW), 50% (400 W) and

Y/ . . s
100% (700 W) respectlvely ‘ ' o :” :
In Flgures ll and 12, the solid‘line'represents the

‘mean estlmates of the populatlon obtalned by"the‘referee
'f?method and prev1ous m1crowave dlgest1ons. fThe‘broked .?
;11nes are the- 95%’conf1dence 11m1t9 based on the standard
‘,’dev1at1on estlnates. Samples whlch have b%%@ dld%sted
adequately should generally fall w1th1n these llmlts, lf

much-below‘them, probably the extractlon was not
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"_.

UTableg?la'.Mlcrowave dlgestlon of sample 201-24 at 388 1
power. Data is based on one 500-mg test portlon '

1

‘at ‘each time.
R :

Tthe'(min) Zn (pém)“"-f»v - Cu (Qéﬁ)

s.00 . .+ s a2
_10.00 el - 123
15,00 91 129

" Referee method | 92+1(4) 1129+1(3)
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Table 22. Values for zinc and'coppef‘aﬁalySes afé‘fg_

" power.’

Time -(min)

©1.00
200

3.00

4.00

5,00

$ N

9] .

- 2Zn.

84

88

90

92

(ppm

+ 2 (2)
1.2 (2)

t 2-(3)

94

94

T

Cu_ (ppm

122
127

128

129

130

i+

128
31

é

fat

’micrbane~digestioniof.sahple 201-24 at 50( 3

(2)
(2)

(3)

84

LN



- : . v v - N ‘ - . 'i. . ‘ . ’ -. » | . \ ’ { ’ .v
- Table 23.  Microwave digestion of sample:201r24,at*{€;i ce
powery | A

Time fmin) . 'Zn “(ppm) \';zn.(pbh).f " Cu (ppm)"‘°;Cu (pbm)”

.00 . 81 - 124

‘tes 88 124 124 .

2,000 . .90 oM 127

' 89 96 121 127

3.00 et - 124"

te3 93 128 128

.5.00 te1 . 9 o 128 128

R IR A ' v

t65%15N63'(BpH Chemicals) used.ihsteaa'df'seé aNo3,(seas;arQ_'
 "6btained‘by,sﬁb—boiliné double;diStillétion'in.qugrti;; ﬁ

'..*Legﬁagg-of;bomb éongeh§$ was;observed, These v;lues:QQfe
*_hg}iiﬁéiﬁdéafyﬁén ¢51¢Q1a£i6§:thé_AQérages;J | ‘

| | N .
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8
fcompletg,//This approachiisrsimilgr to’thatvused in
”control charts in quallty assurance. i ; LY
-From Flgures 11 and 12, it is ev1dent that at 35%
7'power,;adequate'diSSolution does not occurwuntlllafter 15
f‘min for. Cu andnio min for Zn. . These figures are only‘

irough estlmates\because they are based on 1 test portlon

~

per data 901nt. ' 4 '.-" ' _e 1.:‘2"
'Z1nc and copper analyses’of sample 201 24 - after
<
mlcrowave treatment of several test portlons for times
ranglng from 1 to 9 mlnutes are summarlzed in Table 22;for
50% power and 23 for 100% power.v Forvthese.rUns,‘the:
correspondlng p}bts are shown 1n Flgures 13 through 16.
The correspond;ng pLotsf1nd;cate that atv50% m1crowave';
power, complete extractfonfof iinc and copper occurs after:
-4 minutés.“The iowfresults shown for'copperland iinc in
Table 23 .were. obtalned because of. leakage of the bomb
-ﬁcontents when test portlons were exposed to microwaves at ’
pfull power (700 W) for 3. mlnutes.; Pressure bu11d—up
”durlng.thls tlme was enoughito-Cause significant_
'rﬂdeformatlon of the dlgestlon vessels.‘ When:a second run-
'was done with ventlng after 2 m1nutes, the results wéte”
-rsatlsfactory ‘and no leakage or deformatlon was observed
'“Acceptable results were, also obtalned when a test portlon
h g

. was vented after the flrst 2 mlnutes and after every 1 1/2

‘minutes thereafter for 5 m1nutes. Contlnuousiheatlng in
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excess of 2 m1nutes is therefore not retommended for this
: power settlng.- It can be concluded from these tests that
the t1me requ1red to extract most of the zirc and copper

‘f//at 100% power 1s-about 2 1/2 mlnutes;

Figures .17 and 18 show that there is a decrease in .,

the time required to achieve completehextraction of zn and
__Cupas microwave power increases. At the.same time;
;however, the r1sks of. sample loss and. contalner

deformatlon or even exp1051on of the vessels increase.
'Full power 1s.not recommended for future d1gestlons since
‘there is no 51gnvf1cant decrease in d1ssolut10n tlme when

compared ‘to SO% power. Oon the basls of_conuenlence,

A : : "

ilsafety_and fast dlSSolution, 50% was the"chosen power

&

setting-for future.analyses using this method; " Even
~ though complete recovery of zinc and COpper is - observed
2hfor the samples 1nvestlgated after 4 to 5 mlnutes
H.;dlgestlon at th1s power settlng, 7‘m1nutes was.considered
a safer time to.useb ThlS was de51gned to take care of
samples wh1ch would prove more: dlfflcult to digest than
- sample 201-24. | | o |
o __Duejto the high cost of;Seastar speclally pdrlfied

%ﬁgﬁ' BDH“HNO3.wasfinvestigated‘in its place.for use in

93

‘the digestions. The results Showlthat“the differencevhﬂiv_

v

purity between these two sources is insignlficantifor this

study. 1Accordingly} the BDH material was used_for all

"sdbsequent work.-

Y
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. (d) Reliability of microwave acid dissolution

' . standard reference materials (CCRMP.Sszi-SO‘3 ahd

S0-4) and several randomly séleﬁtedfsamples from field 201

were analyzed uéing.thefHF-HN03’microwave’dfssdlutxon
n ! A o ‘ :

scheme at 50% pbwer5for‘7 min. The results were compAred'

‘:with those Obtaihéd by a total dissdlution wiéh HC104,"5
HNOj;and HF as a_mixtut?. Thevrésulté are presenbed_in
Tabré 24;" | |
Lo . _ : .
 Thefe is no Significaﬁt difference betWeen the means

obtained by the two methods for zinc and copper .in the

soil samplés from Swazilénd in Table”24,' The results for

microw;ve disSOIutibn §how reasbnéble'égreemeni'ﬁith“
‘certified vélues fé: 50-2} So-3 ahd Sb—ﬂt‘ dn ﬁhis basisc
it can ,be concluded Lﬁat microwaQe aéid‘diséolution-is
reliable, rapid’ahd cOnyeniehl; and is récommended'és a
meLhod"for preparation of soii:test bortiods'for trace

element analysis.

4. Conclusions

" The microwave acid dissolution procedure described

{.heré'gives the same resqlts, but is faster and safer than

open-vessel methods which employ HF, HNO3 and HClO4.-
Howéver, since 100% dissoiution of test portions may not

’

'be,échievéd by this method, tests have to peféarried out

96
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to ensure that the insoluble residue does not” contain,
significant quantities of the element(s) being
;;inveStigatéd{

Other 5011 types bes1des the one: 1nvestlgated in thls

pstudy ‘may requlre dlfferentldlssolutlon condltlons,}and
hence the optlmum condltlons descrlbed here (7 min at 400
W power for 8 vessels, each contalnlng a SOO—mg test
portibn‘ef soil) should be used only as a gu1de.,»Pressure
bu11d up 1n51de the dlgestlon vessels_may cause 1eakage of
contents and poss1bly exp1051ons 1f the samples be1ng

\

dlgested contaln large quantltles of organlc matter which

Y

generate high 1nterna1 pressure upon heatlng.' Therefore

cautlon and close supervlslon.are_recommended.



CHAPTER V
- *
»
EVALUATION OF HETEROGENBITY OF THE SAMPLE SET AND
DESIGN OF SAMPLING PLANS FOR TRACE ELEMENT ASSESSMENT
- s ~_IN.SOILS‘v

s

1. 'Introduction

lnhthis aectionl‘the_overall heterdgeneitylof trace

’izinc and eopper’in'the populatidn,‘which.coneists of.all'

dthe 5011 in f1eld number 201 to a depth of 10 cm, and‘
COver1ng a total area of l7-ha, is evaluated A total of
aS%‘501l samples taken from this f1e1d were analyzed for

o zlnc and copper.' Estlmates of the populatlon ‘mean and

sampling standard deviation were used in the design of

future*sampling plans for trace Cu and Zn assessment in

the soil of other fields in the ranch.

2.. Theory

‘//éeveral equations for'estimation of-the individual

,1ncrement ‘size and number required to achieve a de51red
'prec1s10n in 5011 analyses are presented in’ Chapter I,

<Sect10n 2 ‘In that sectlon, 1t was’ noted that the

equatlons by Benedett1 P1ch1er and by Gy ‘cannot be used in

99
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‘ _ 3 , o
this study. Also, because of problems associated with the

evaluatlon of sampllng constants A and B/ tha Visman.
equation cannot be applied.  This 45 so becadse in order
to calculate A in equat10n4t7f, two sets of inqréments'of
w1dely dlfferlng welghts, wlg and wsm, are dsed to‘obtain

._sqmpllng standard dev1at10n Slg and s

sm® These values are

_.substltuted ‘into . the equatlon
w'lgWsm

‘wlg" wsm

sy - sfg)

A = 19)

" to provide .a value for the constant A. The value of B'is

" then calcdlatéd from"'v.f~
B =iy - (20)

AlternativelyxA éan_be evaluatédaby calculating the

B o . , S o , |
intraclass correlation coefficiént r for increments,
collected in palrs ‘A simultaheous solution of eguation.

(20) and the ‘equation
r =B/A, 4% 21

where m is the reciprocal of the average particle mass of

theuéoil, yields A and B [21]. Upon considering the
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‘ptocedures which fere used to take samples from field

-number 201 (Chapte 11, Section 3 3),,1t LS ev1dent that
neither: approach can be applled in. thlS study.

The student S‘t—test equatlon (8), however,pappears,
more llkely to be appllcable here._ In thlS equatlon,
prior knowledge of the variance due to sampllng, sg; and
,the average.;, need.to be knownvln order to calculatelﬁhe”‘
v m1n1mum number of samples to be taken from the populatlon
iin‘a de51red level of prec151on at abglven confldence“

1eve1. “In. this study, this 1nformat10n was obtalned from
the analysishof 52 soil samples for copper and zinc. In
order. to obtain validzestimates of the minimum.sample |
"numpef, n, by this equation, two conditionS'must be"
Satisfied “First, the sought-for component must show a
Gaussian . dlstrlbutlon w1th1n the populatlon. Secondly, a
COnstant,increment'size,shOuld be_used to evaluate,the |
samplingvstandard deviation sé since this value may. depend
.greatly on the size of 1nd1v1dual samples [9}7 Slnce
‘sample sizes for fleld 202 are twice those of fleld 201
~ the prel1m1nary estimates of populatlon parameters ss and

“.x-of field 201‘cannot be used to predict n for field

number 202.
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3. Experimental: Determination of 2inc and Copper in

Soil Samples from Field Number 201 1 | .

A total of 52 5011 samples taken from sugarcane fxeld-

201 in Swa21land (see Chapter 2, Sect1on 3 3 for detalls)

were analyzed for copper and 21nc by atomlc absorptlon

- spectroscopy, M1crowave ‘acid dlgestlon w1th HF and HNO3

(Chapter 4,'Sect10n-25), followed by standard add1t10ns r

(Chapter 4, SectiOn 2.6) was used to prepare all samples

L.

in thiSjstudy;‘ The results ‘are ‘based on- analyses of

_several‘SOO—mg,test portxonS'per.sample for.sample numhers,‘

201-01 through 201-35 and‘one;SOO-mg test portion for

numbers 201—36 through 201- 52, w1th occa51onal repllcate.

analyses in the latter group as a check on the procedures.

Up to elght Savillex Teflon 60-mL vessels were

s1multaneously heated in a microwave oven at 50% power for”

>
7 mlnutes.' Each set 1ncluded a reagent blank and a test

portion. of sample’ 201=-32 whlch was:dlgested and'analyzed

With each set' to monitor the quality of the'analytical

'procedures. The values for sample 201-32 were plotted'on

a control chart to ensure éhat'the methodologies were in a

state of Statistical~control,



A = ‘\\ "

4, Results and Discussion

4.1 Qmality’AssQrahCe

The control charts shown in Figures 19 and 20 are

Sequéntigl plots of zinc and copper results for sample -

“average value x, a pair of inner limit lines (warning

limits) at

limits) at x ¢+ 2s and a pair of outer limit lines (QCtiOn

x

+ 3s, 'ValueS'fof x and s were eétablishéd,

frbm analysis Cf'23 ;est;pontions of sample 201-32‘for

. zinc and copper. ‘The.Zj,test portions include all results

.probab111ty level is 0. 002 or one case in 500, and qcfion

.shown in Table 25.

obtéined previously from the evaluation of microwave

dissolution pfocedureS'(see Section'3)‘and;10_ana1yses

. , : \ : A

used.in quality control. Results of the latter group are

‘The control charts havelQarnihg 1ihit$ at 94 + 6 and

145 + 6 ppm ﬁor-ziné.and coppér, corresponding to )
confidencelevels of 95%. Since the probaﬁility that a
particular result falls outside these limits is 0.05 or

oné.in 20, all prbcedures should be. halted and evaluated.
v A

. data p01nts fall But31de these 11m1ts.,. 1m11arly, acﬁlon

limits at 94 i 9 and 145 +-9 ppm for zinc and copper,
L}

“gprrespond to a confldence level of 99 8%.v Here, thel

=
. .

- 103

‘201—32. rEéchiplot consists‘of a»centrél,éolid iine\at'the f

for p0551b1e sources of systematlc error 1f two successive.
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'Taple 25, - Values for‘zinb qhdvqoppét‘after hicrowave digestion of
sample 201-32 fo?Aquality 5Ssurahce. Lo o

B AL o , o I
.;;Qﬁéiiéy}éssu:ance set'ﬁ@m?e; - _-w . Zing, éggg : Cépgef, ug/g "
o R 7 | IR - % yas
2o \ e e
3 e | s
4 . . ) 145
5 . o 9 N )
8 M e s
10 o - :' ' 95 -  ? | ”{ég’
‘Eaéh Vaiug was run'on'aJégpargte aéy[ as a édﬁtr51; in canjunctionﬂ
with a sét.of énalyée; of other séhpiés; Basgd on 23 thGFNiﬂéﬁ?QnSt “
. zinc was—found to be 94:1 3 w/g. >¢6péér was_fpgﬁthoﬁﬁé;{4$ i 3' T

wg/g .for sampie 20}-32;- S g N



should be taken 1f one value fa s out51de these 11m1ts

Slnce none of the results obta1ned for 201 32 fell out51de

the,limits shown in Figures 19 and 20, it can be concluded

thatzresults‘obtainednfor zinc and copper»in;samplésvtaken
from field 201 are in statistical control, thS'ruling out
the likelihood of systematic errors that might have arisen
from incomplete dissolution,freagent contamination orf'

other soutces of error..

4.2 . Trace.Zinc and Copper Distribution in.Fieldlv

Number 201

:Zinc‘and‘cOpper results for 52 soil samples-from
field 201 are presented in Table 26.  The spatial |
var1ab111ty of these* results is shown in Flgures 21 and
ég, and the;stat1st1ca1 summary .in Table 27. The results
in Table 27 Show'clearly that in’tnese soil analyses,'tne
largest contr1but1on to the overall error comes from the “
- sampllng uncertalnty l Also, standard dev1at10n and range
values 1nd1cate a greater spatlal var1ab111ty of Cu
'compared to zn in field 201. This-is attributed to the
unxform addltlon of ZnC12 powder durlng fertlllzer
appllcat1on. The-naturally occurrlng copper in the soil’
'seems to be dlstrlbuted in a SOutheast trend in the |

field. There‘ is a- general decrease in copper content from

Qalue_L49)to 145 in Figure 22, Only one out of 22 samples

-

]

107
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 Table 26. Overall zinc and copper concentration values in

soil samples from field huﬁber 201,

Sample
201-01
'201-02
201-03
. 201-04"
201-05
201-06
201-07
201-08
208-09
201-10
201-11
201-12
201-13
201-14
201-15
201-16
201-17
201-18
201-19
201-20
. 201-21"
. 20I-22
N 201-23
\201—24_
201725
201-26

201-27"

Zinc,

96
95
89

97

102

93

82

pg/g

I+ I+ i+ 1+. I+ i+ 4+

1+

96 - .

100

101

95
94
88
90
88
83
99
96
88
100
94
94
115

98
94 -

1+ i+ I+ I+ 1+ i+ 4+

1+

4+ 14+ 14+ #

14+

1+

1+

—_ T N O B e

=T =T SR NI TSR

e L

Copper, ug/g -

135
134
132
139
135

119"

132
119
129
116

124.

114
107
118
119
116
119
123
140
128
134
125

116

128
137
133
133

-

b4
4

t

i+

i+

1+

4

1+ I+ I+ 1+

-+

+ I+ I+ 1+

i+

2

—_— O o~ B e e

W = O == O

L

N O N O s e

(Continued)

L

N



Table 26. .(Continued).

Sample

201-28
©201-29
201-30
201-31
201-32
201-33
201~ 34
201-35

201-36

$201-37
201-38
201-39
201-40
201-41
201-42

201-43

201-44
201-45
201-46
201-47

3

201-48
201-49 .

201-50
-+ 201-51
201-52

&

Zinc,

100
104
- 104
91
.94

84

9.4

102
89

92

81
79

86
98
86
94

87
82
81

100

97
111

96
92
92

ug/g

1+ I+ 1+

1+

T+

i+

AW e e e e

N O

136

169
152

138

145

131
206
1205

202

143
174
168

189
163
156
[N
140
139
136
131

153
150

136
142
141
158

+ .

b

t+

i+

~ Copper, ug/q’

4

O NN W A

g
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Table 27. Statistical sSummary of zinc and copper concentrations of

52 samples taken from field number 201,

Element X, Range, : Sténdard, . ‘-'iRélative sthndard
w3/g w/g ___deviation, ug/q ° deviation, ug/q
" Copper 140.5 206 - 107 - 22.9 S 16.3
Zinc 93.8 115 - 79 7.4 . . 7.



falls at,or'above the average Value in.laterals‘l48 and -
149, 3 out of 11 in thezmiddle_lateral and 15 outlof 19
:samples'in laterals 145 and 146 Even though the’ field

' slope is downward towards the canal at the bottom of field.
.‘201 (se@ Figures 1’ and 2), thlS cannot be accepted as the

reason for the trend in copper results because samples 34

113

through 36 in Flgure 22 have the hlghest concentrations in

the fleld, yet they are at a hlgher elevation than samples

o -

43 through 47,

4.3 Testing for Normality of zinc and Copper

Distributions in Field Number 201

Since:one 0fvthe reguirements'for application of thev
student s t-test is a Gau551an distrlbution of the sought=-
-for subastance,fit was necessary to perform tests for a
'vGau551an distrlbution of - zinc and copper over the entire
population to which the equatlon is applied Among the
severalrstatistical methodswthat-can be used for,thls
:test;'thedKolmogorou-Smirnov approach [64,65].was chosen
tor'thehdata~Set shown -in Table 26. The Kolmogorovei
Smirnov,test'inyolves comparing the cumulative-freguency,

curve of the data set to be tested (observed set) with

that of the corresponding hypothetical distribution. vThis

~ was done by ranking the data in order.of increasing size

.and -calculating the cumulative relative observed'and the
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cumulative relative expected Erequencies at eachudara
point. ‘The test— statlstlc was then obtalned by flndlnd
\the maximum d1fference between data point frequencxes and
comparlng thls value to tabulated values at the 95%
confldence level [66]. The maximum dlfference of 0. 089
for zinc was - found to be 51gn1f1cantly smaller than thoh,
tabulated value of 0. 185‘, That of COpper (0.190) wWas
larger than-;he tabulated value bur Qhen Lho,"hol ,pni"i”
Yalues at sampling points 34 through 36 were omlLLed, the
remaining‘d? samples gaue pos1t1ve-results for the
Kolmogoro‘\FSrnirnovAte‘svtf fTherefore Lhese p01an werc

. removed from the data se; for further t-test studies.

4.4 Estimates of Increment Number Using the Student's

t—testnEquation

(a) Evaluatlon of uncertalntles due to samplxng

'

The overall standard dev1atlon values shown in Table

27 1ncorporate all the errors dlsCUssed 1n‘ChapLer 1v,
Sections 3.4 and 3.5, The error due to sanplingialone,\
ss; which must be used in equation (8;, can:be.separately
evaluted by rearranglng equatlon (1) to give |

s. = (s?

S 2 .2 y1/2
S aat+vc+ss+s ’ .VC

‘e (22)

For zinc, saé+vcfs§+$vis-7.4‘ug/g. Taking §ss’>SVC'and
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'saa to be 3, 1 and 2 pg/g respectively, sg for zinc

becomes v/40.8. ‘For copper, the overall standafd
deviation, S,,4yc+s5+sgr Pased on 43 samples which tested

positive to Gaussian distribution, is 16.9. Since sss;

Saa for copper

becomes v271.6. : o ,-“ -

and s, . are the same as those for zine, Sg

:(b) Validiqi of the studént‘s t-test equation flor

‘If the preéision requirement is such that thé‘mean
éstimate‘of n meésnremehts be.within the population
standard de§iation ss, the minimumvnumber of samples that.
will satisfy this precision réquirement is obtained by
seftihgﬂthé pré¢ision leQeleu-; {ih equétion»S)'equal to
]

s+ This reduces the]equ@tion‘to

2

" At thé 95i cgﬁfidence levei, the'yéiUe'of t for 52
obéervalions.is 2.01 and thé'iﬁitial estimate of~h is
£herefofe equal‘t6>4. 'Itetation to a éonstant value of n
yields 6 as the prédiéted number of increhents.féqdired

- for a precision less than or éduél to the'sampling.ﬂ

uncertainty. To test the validity of this estimate, a

~table of random numbers [58] was used to select 50 groups |

(23)

115



of slx.samples each.‘,If the predicticn~is correct, then
‘the dlfference between the mean of each group of six
samples and the true mean, 93.8 pg/g, is not expected to
exceed +6. 4 pg/g 95% of the time. ResultS'for thls test
are shown ‘in Table‘28. Out of 50 trials, the prec1510h
=limit was_exceeded only'twice; he/nce the test” was

successﬁul.96%,of the time. This is in good agreemcnt

" with the pLedched probablllty levcl of 0. 0), 50 thum;

student s t- test equatlon gives valid eslimates ofvn"fop'

zinc.
(c) ~Validity of the student's t-test equation for
copper

Equation (23) was used to.predict the number of
samples to be'taken in order for“the mean estimate of n
~measurements to be w1th1n the sampllng standard dev1at10n
for c0pper in fleld 201 Thus if n eg_éls SLX, the
student s t-test equatlon predlcts that mean eSthateS'i
fall w1th1n +16.5 pg/g of the population mean bfd136 6
pg/g Table 29 shows -the results obtalned when the test
was carrled out‘on 50 groups of six samples each._ The
"precision limit‘was exceeded only twlce, which ie
satlsfactoty at the 95% ccnfidence level.

4.5 Pfactical,Considerations: Future Sampling Protocols

Two approaches to the practical application of the

‘116

-~



Table 28.

L

117

Results for SO.randomly selected groups of six samples used
to test the validity of the s;ud_ent's t-test .equation fQL_/\
zinc.
"Group Vaiues for zinc, ug/g ;Zn' wg/g 4, ug/g‘l
B 92 90 8F 96 100 86 91.8 2.0
2 83 82 86 115 92 94 92.0 1.8
3 96 100 83 -115° 96 = 94 97.3 3.5
4 1000 90 -89 98 97 94 94.7 0.9
5 94 84 115  97.. 96 94 96.7 2.9.
6 89 93, B& .94 100 104 94,7 0.9
7 4. 89 96 81 90 82 88.7 5.1
8 115 87 102 96 94 96 98.3 a.s
9 97 81 95 102 94 87 92.7 ¢ 1
10 82 88 100 B4 104 115 95.5 1.7
1 g8 94 88 89 97 115 95:2 1.4
12 99 94 89 115 92 90 96.8 3.0
13 100 92 . 94. 89 97 94 94,3 0.5
14 95 96 83 104 95 96 94.8 1.0
15 88 94 91 95 81 . 94 91.0 2.8
16 98 94 89 94 83 98 92.7 1.1
17 92 101 98 ‘9000 98 - 86 95.8 2.0
18 101 100 94 104 92 99 98.3 4.5
19 g8 95 86 96 8T 101 91.2 2.6.
20 o1 B3 101 88 91 100 92.7 1.1
21 81 89 88 95 . 94 88 89.2 4.6
22 98- 97_ 94 92 94 81 192.7 1.1
23 94 87. 100 79 .86 94 90.0. 3.8
24 94 93 86 96 _ 96 100 94.2 0.4
25 94 84 100 82 94 102 92.7 1.1
96 102. 100 96 100 97 98.5 4.7

- 267

(ConLinded)v

\
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Table 28. (Continued)

oug’;//,/ﬂ\\\\values'for'zinc, wg/q . 3 *Zn! Bg/g a, ug/g‘
27 81 |94 98 92 102 96 93,8 0.0
28 90 Yoo 94 115 91 100 98.3 4.5
29 88 111 92. 95 97 g2 942 ‘0.4
30 94 . .90 © 93' 79 96 94 . 91,0 2.8
31 94 86 84 86 111 79 90.0. . .n
32 . 96 94 100 ‘115-. 104" .99 101.3 . PRE
33 9a 94 88 81 88 104 o932 - o
34 102 86 88 111 92 87 94.3 0.
35 92 89 86 95 100 88 91.7 2.1
36 104 89 9% 90 111 95 98.0 . . 4.2
37 97 90 93 88 . 95 94 92.8 1.0
38 88 88 8 111 8 9  93.0 0.8
39 83 95 104 88 97 100 " 94.5 0.7
40 82 101 96 100 .95 101 ' 95.8 2.0 -
41 88 95 96 .95 111. 92 96.2 . ta2.4
42 115 82 96 95 104 83 95.8 2,0
43 94 97 82 89 96 100 93.0 0.8
44 87 104 96 101 98 94 96.7 2.9
45 86 98 88 84- 90 104 91.7 2.1
a6 84 98 81 88 81 @8 86.7 7.12
47 111 96 97 89 94 g2 94.8 1.0
48 . 95 95 104 86 ° .94 94 94.6 0.9
49 89 .97 84 100 96 g1 91.2 2.6

™50 90 92 94 84 95 96 91.8 . 2.0

SIPRN

1Refe'rs to the difference between the population mean and the mw:an
-based on 6 random samples. o 2

23 exceeds the desired precision of 6.4 ug/qg.
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Table 29. Results for 50 randomly selected groups of six samples used

to test* the validity of the student's t-test equation for

v

copper.
Group . Values for copper, pg/g ;Cu' pg/q o d, ug/q '
1 131139 119 125. 189 158 143.5 . 6.9
2 143 124 116 128 168 156 139.2 2.6
o 119 168 143 169 116 139 142.3 5.7
4 1350 107 136, 142 136 124 }\30.0 6.6
5 153 140 118 132 131 134 134.7 1.9
6 131 142 140 132 139 119 133.8 2.8
7 123 140 116 116 107 135 122.8 “13.8
8 152 136 128 142 - 131 125 135.7 . - o.é
9 133 '152 128 136 131 116 132.7° 3.9
10 133 7174 118 135 140 ; 168 144,7 ' 3.i
1 132 137 152 119 123 140 C133.s 2.8
12 119, _1§5 133 136 134 144 133.5 3.1
13 142 132 136 140 134 137 136.8 . 0.2
14 143 134 . 153 . 150. 189 140 151.5 . 14.9 -
15 140 124 119 133 132 135 130.5 6.1
16 116 144 137 158 139 119 135.5 o1
17 134 136 150 135 138 116 134.8 1.8
18 $32 169 107 116 116 . 133 1.28.8 7.8
19 134 136 ° 119 140  125 144 139.7 3.1
20 124 136 138 129  189. 133 111.5 4.9
21 135 134 139 . 119 118 ., 140 175.8 5.8
22 137133 132 116 143 153 135.7 0.9
23 153 119 114 139 Tjé 136 130.0 6.6
24 136 139 133 132 . 116 158 135.7 0.9
25 144 116 168 118 128 - 137 135.2 1.4
26 119 128 136 142 125 119 4 .

128,2 S.

{Continued) -
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'Table'29.v‘(Continued),

N a
Group ‘Values for'éoépe:ﬂ/pq/g ‘ . ;Cu' ug/qg - ;d,‘;n/g1
27 119 133 116 140 125 152 ~ 130.8 ¢ 5.8
28 124 136 138 163 116 1160 - 132.2 . 4.4
29, 1237 174 168 163 158 - 189 162.5 T 25,92
30 114- 174, 107 189 136 116 - 139.3 . 3.9
31 125 189 136 119 133 135 139.5 209
32 . 136 153 140 158 119 134 Co1a000 3y
33 139 135 125 156 119, 136 S0 Rt
34 156° 137 143 150 116 142 140.7.. - 4.1

35 125 119 137 135 163 16 132, 4.1
36 1197 132 163 150 416 135 | 135.8 - o.s

37 142 139 144 156  116@EM133 138.3 0 1.9 -
38 153 189 158 135 123 134 . 188.7 0 - 12.1
39 ™1 116 163 123 131 131 . 134,394
40 129 128 153 i3g 189 132 143.8 7.2
a1 153 132 116 116 125 119 126.8 9.8

.42 189 144 114 107 1347 139 137.8 1.2
43 132 189 116 138" 118 _ 158 S 141.8 5.2
44 tﬁ 141 189 144 128 134 - 119 142.5 5.9
45 - 119 136 150 1527 107 144 134,7 1.9
a6 119 156 174 168 136 189  157.0 20,42
47 . 133 139 136 132 142 1¥s 134.4 ., 2.1
48 139 152 135 124 163 - 116 To13s.2 0 e
a9 156. 163 134 131 119 169 145.3  g.3

.50 131. 163 _1§1v l1}6 ~ 174 118 S138.8 . 2.2

\

1 ' '
""Refers to the difference between the population mean and the mean?
based on 6 random samples.

2d e*ceeds the desired precision of 16.5 pg/g;



student‘Snt-test equation.to field samplinj'can be‘made.
F1rst, the analyst may w1sh to f1nd out how many samplés(v

would be. requlred to achleve a prec151on of ilo%,forvboth

=

'zlnc and copper. For most'appllcatlons'ln,trace soil

‘analyses, this preCision is acceptable. As noted in the
R R . e S o

prev1ous dlscuss1on, the value of n is, to a .significant

extent, dependent on the var1ab111ty of copper ‘in the

-

field. Eor six samples, the prec151on llmlt for copper
was tw1ce ‘that of zinc. The equat1on‘pred1cts that for a

__+10% prec1slon,,the number of samples requlred for 21nc is

.

”5;' Copper requlres 8 samples for the same prec151on.
. 'y Tl
When a f1eld is sampled, the same 1ncrements used for zinc

@eterm1nat1ons are also used for copper, therefore the
number. of 100 gramdsoll samples to bertaken from th1s.
population to achieye a preclsion of +10% in future

‘Vsampllng shouldvbe'B. This is‘a minimum value; if less *" .

than 8 samples are taken, the desired precision will not

—

be achleved On the other hand cost, effort'and’time

requlrements 1ncrease, w1th no speclal advantage galned

v

when more than 8& samples are taken.
he second approach to applylng the student s t- test

equatlon in field sampllng is to con51der the sampllng
4

< A
scheme presently employed for, anaﬁys;; of soil for -
exthes BN

.macronutrients like“potassium, d?ﬁ%ogen and phosphorous at
: i )

the Simunye Sugar Estate. For a 17 ha f1e1d like 201, 3

.
o A - ".v .

121
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'1samp1es are usually taken from each lateral (see Figure

2}.: Therefore a total of 15 samples taken from f1eld 201

‘are comp051ted to obtain average values of N,_P and K~ )l

concentratxons in the freld- U51ng thls approach,‘a |
,pre0181on of +4 uo/g (+4% relatlve) is. predlcted for 21nc

'h.and that for copper is +9 ug/g (+6% relat1ve) at the 95%

confidence level for 15 samples. -

5. . Conclusions

K 4

The occurrence of unusually thh or low values at a

. single site 1n_a populatlon ka "hot spot") can‘create
majorfsampling problems. Slnce such.sites are‘not_usually‘
predictable, there is no way they can be taken ‘into
account in a statistical samplingvplan. .Often;their
presence does not present ahméjor problem. In the _
lnstance~offinoreased copper values for three{samplés:in i
. one area;of fleld 201 (Section'4v2), tor ekanple; no
-problemS«are created by the abnormal level found that is;;
‘the level is not so h1gh as to be tox1c to. sugarcane. ‘On
nthe other hand,.lf the copper levels in a hot'spot were so
hlgh as to be tox1c, or so low as to 1nduce deflClency,‘
then 1dent1flcat1on of such spots would become | |
important. The detection of such'spots is generally’done

v

by systematic.grid sampling such as,was performed in this
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study. Thisvis the best means of prdtection‘against not
detecting sucthegions.. The flneness of the sampllng grld
should be determlned by the importance as51gned to
'locatlng such spots.¢ If the hot spot area is large enoughd
:to 1nclude an apprec1ab1e fractlon of the field, then the
field can be divided 1nto two strata and each stretuh
.Lr«ated independentlyifroﬁ’a samplihd and statistieal
‘ pdint of‘view. | | |

In the sampling study pﬁesented'here, the spatiél
distribution of‘both zinc'endteopper in field 201 was .
foUnd_te be Gaussian if the'"hot spot" for cdpper is not.
’ihclUded. For this ‘population the student's t- test o
deqqatiqn.(B) gave ‘reasonable predictions of the number ot
sempie.idcrements to be'taken in future aralysesdin orderd.
to obtaln any - de31red prec1s1on w1th1n the 11m1ts of the
'acceptable error. Wheq,sempling.for multielement |
analysis, the minimum number 6f-increments is dependent on

the element whlch shows the greatest spat1a1 var1ab111ty

o




CHAPTER VI
 SUGGESTIONS FOR FUTHRE WORK

The importance of sampllng 1n the chemical analysxs

' of soil samples for trace metgals cannot be ovcrlooked

ThlS study has shown ‘that regardl ss of the analytycal
precision, invalid results can be obtaincd lf droper
sampling,procedutes ate'not\followed. The’student's t¥
test equation used 1n thls study to predzct the number of
increments to be taken from a glven populatlo% prov1des a
useful gulde to the de31gn of sampllng plans for so1l
analyses.’ Further studles on the appllcablllty of ths
equation'are'suggested. Practlcal validation, rather than
:by random number,gene;ation as was used here, is
recommended; ‘This can be done by analysls of test
portlons of 100- gram soil samples taken from other flelds
in a systemat1c gr1d pattern.’ In our 0p1n10n, 15 samples
dtaken from 20 hectares could likely be expected to prov1de-
reasonable prec151on of the mean estlmates of the
lpopulat1on for most trace- elements at a m1n1mum cost

The spatlal dlstrlbutlon of other b1ologlcally active

trace elements can also be sﬁ‘dxed Since'cobaltjz

molybdenum, chromlum,,vanadlum, etc., can be determined

- 124 | "
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with reasonable accuracy by 1nstrumental neutron

: actlvatlon analy51s w1thout prlor elaborate sample
treatment,, INAA is recommended for their partlcular study

'7because of 1ts multlelement capab1llt1es and speed of -

ana1y51s .
-

Slnce one of the underlylng assumptlons of the

student s t- test is. that- of constant sample weight, it

-would bev1nterest1ng.to study-thc effect of sample size on

the outcome of precision limits compared to those

’

predicted by  the equation. The 42 samples collected from.
fleld number 202 would be Sultable for thlS purpose 31nce

,1nd1v1dual sample sizes, 200 g, are twgce»those of,fleld

~

number 201 on wh1ch the number of increments n is based.

Also, the p0551b111ty of us1ng Visman’s equation in

the'deslgn.of sampllng plans could be evaluated Thls

_would requ1re a dlfferent p ocedure for sample collectlon

than was used in the present study.‘ One would obta1n

'adJacent sample palrs of 'the same welght to calculate

'values for. sampllng constants A and B by the.intraclass-

alternatlvely, obtain two sets of sam%les of w1dely

dlfferlng sizes in. order ‘to obta1n the - constants by -

-equatlons \19)aand'(20)._ The Vlsman equatlon would then

be -used. to calculate the number of samples, n, each

welghlng W unlts, requ1red to hold the sampllng standard

"icorrelatlon coeff1c1ent method dlscussed in Sectlon 2 or,y )
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deviation s_ to a pre- determined level at the desired
?

level of confldence. An advantage of thlS method is that
1t does not rely on any spec1f1c statlstlcal dlstrlbutlon.

Other aspects of the soil population studied in th1s

" work could be anestlgated For example, boron levels

could be assessed, natural background levels of zinc in
'untreated flelds could be determlned ‘and a further
1nvestlgatlon into the,trend observed in the dlstrlbutlon
pattern of copper in fleld 201 could be done A furthe

1nvest1gatlon into- the capabllltles of mlcrowave ovens

.when used for .sample preparation is recommended Even

‘though va11d and reliable results for zinc and copper were
obtalned when soil samples were dlgested w1th HF and HNO3

in a 700 W microwave oven, a complete dissolution of the

" soil was‘not possible. If thlS digestion procedure is to

be extended to other elements as well, thén-the preSent

,mlcrowave scheme" needs to be improved since the 1nsoluble
RN
refractory mlneral res1due rema1n1ng may contaln the

_element of interest. S1nce varlous ac1d comblnatlons have

™

already been tried W1th no apparen& 1ncrease in the extent

- of dlssolutlon, the use of m1crowave ovens w1th maximum

’

_ power ratlngs 1n excess of 1 kW, if avallable,fis

'suggested Thls w1ll necessarlly mean that if avallable, .

d1gestlon vessels whlch can. w1thstand hlgh 1nterna1

~

pre55ures and temperatures should be used
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Lastly, the prebleﬁ of'findihg standard referedce‘
materlals to match the samples under investigation as
p01nted out in Sectlon 3 of this work needs to be
con51dered- For future trace element ana1y51s of
:agrlcultural 50115 in Swa21land, proper valldat1on of the'
methodologles employed requires that preparatlon df a
reference soil be initiated on a small scale. This~Will
.ihVolve collecting a reasopablenamopnt of soil from the
sugarcane flelds and gr1nd1ng to a partlcle 51ze
dlstrlbutlon comparable to that -obtained by the grlndlng
procedures used in this study. Aftervmlxlng, the soil
would be packed in.sﬁall bOttles ferfinterlaboratory;
comparison if hecessary; Sueh'a referenee seil %buld then;
be‘rud aldngside routipe analyses to”provide quaiity ‘

assurance on the dissolution and measurement operations.
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