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ABSTRACT

The extent of contamination resulting from the use of
hardened high-carbon steel grinding plates, a chrome-steel
shatterbox, a tungsten carbide shatterbox, an agate mor-
tar and a corundum-ceramic handmill was evaluated on
samples of Ottawa Sand Standard (>DVo SiO). These
samples, after preparation in each of the different types
of equipment, were analyzed for twenty-one major, minor
and trace elements by X-ray-fluorescence methods and for
five rare-earth elements by flameless atomic absorption.
Semiquantitative results show that the agate mortar
produced no measurable contamination. Other materials
contributed the following: corundum-ceramic contaminated
the samples with Al, Mg, Ba, Cu, Zn and Cr; tungsten car-
bide, with Co, M and W; chrome steel, with Fe, Cr and
Mn; and hardened high-carbon steel, with Fe, Cr, Zn, Mn,
Cu and Ni.

Keywords: contamination by grinding, sample preparation,
Ottawa Sand Standard.

SOMMAIRE

On a 6valud la contamination d'un sable (Ottawa Sand
Standard, 9990 + SiO) que produisent diff6rents moyens
de pulvdrisation, i savoir: plaques de broyage en acier durci,
d haute teneur en carbone, deux boltes de broyage, I'une
en acier chrom6, l'autre en carbure de tungstbne, un mor-
tier d'agate, et un morrlin-a-bras en c€ramique de corin-
don. Aprb pr6paration dans chacun de ca diff6rents instru-
ments, les €chantillons de sable ont 6t6 analys€s; on y a dos€,
par fluorescence X, vingl-et-un 6l6ments (majeur, minzur
ou en traces) et cinq terres rares, par absorption atomique
(sans flamme). Les rdsultats, semiquantilatifs, 6tablissent
que l'agate du mortier ne produit pas de contamination
apprdciable. Quant aux 6l6nents introduits par les autres
compositions, la c6ramique de corindon produit une con-
tamination en Al, Mg, Ba, Cu, Zn et Cr,le carbure de
tungstdne, en Co, Nb et W, l'acier chrom6, en Fe, Cr et
Mn, I'acier durci i haute teneur en carbone, en Fe, Cr, Zn,
Mn, Cu et Ni.

(Iraduit par la R6daction)

MoBlAs: contamination au broyage, mdthodes de broyage,
sable (Ottawa Sand Standard).

INTRoDUcTIoN

For modern instrumental techniques the limiting
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factor in terms of time for geochemical analysis is
now sample preparation. It is also during sample
preparation that contamination can result in large,
difficult-to-detect errors. This study examines the
contamination centributed by five types of sample-
preparation apparatus commonly used in geological
laboratories.

METHoD

Table I lists the specifications of the five grind-
ing apparatus used: tungsten carbide and chrome
steel shatterboxes, an agate mortar, a corundum-
ceramic handmill, and hardened steel-disk grinding
plats. Fifty grams of Ottawa Sand Standard @isher
Scientific, >9970 SiO2, 20 to 30 mesh) were gxound
to less than 200 mesh in each apparatus after clean-
ing by (1) ennding a discard sample of sand to reduce
sross contamination (fhompson & Bankston 1970),
(2) compressed air, and (3) scrubbing with a clean
dry nylon brush. Minimum grinding times reguired
to reduce the samples to less than 200 mesh were used
(Iable 2), as determined by test-sieving samples aft€r
sequential grinding periods of 10 seconds; these sam-
ples were then discarded. Samples used for analysis
were not sieved owing to the possibility of contami-
nation from the steel or brass sieves that were avail-
able (Thompson & Bankston 1970, Lavergne 1965).

After grinding the samples were kept in S-dram
polyvinyl chloride @VC) vials @VC is a potential
source of Ti, Zn, Na and Cd; Scott & Ure 1972).
The powders were then made into 3-g pellets for X-
ray-fluorocence Q(RD analysis. The pellet press uses
a tungsten carbide piston and has a stainless-steel
housing; polyvinyl alcohol was used as a binder. Two
XRF units were used: a Philips PW 1400 with a Rh
tube for the major elements and most of the minor
and trace elements, *6 a philips PW l4l0 with a
Mo tube for La, Ce and Nd Clable 3). Tungsten con-
centrations could not be determined because of the
lack of standards of known concentrations; however,
the WZcul and La2peaks were scanned to determine
the presence of this element (Frg. 1). The Talag
peak was also scanned, but no Ta could be detected
owing to ttre poor detection-limit inherent in the XRF
method.

Five rare-earth elements were determined by using
a graphite furnace and flameless atomic absorption
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TABLE I. APPARATUS USED FOR SAMP,I.E PN@ESSING

STJFACE! UAI{TIFACTUNER

ErazllLn 8grtq SiO, 99.914 AlPr
0.026 Nsp 0.02%, Fo,o, .014 KP
0.ol% MnO O.o!AC|o 0.01% Mso
0 .0 r%

Corund|n-or'rnlol lAlro, with
possiblo tr&e -unt8 ol K, N., Si,
Cs, Cu, Fo, MS, Pb, B. Cr, Li, lrn,
ad Ni

Tungston Cabld!: C 6%. Co 6%,
w 8aa

Chromc etoal: High Cr, high C stsel
typs AlSf.O3; C 1.93[ Cn 13.21!l.
cu 0.O3[ Mn 0.46f[, Mo 0.021 Ni
0.0s1 P 0.019%' si 0.381 s
0.0066, W 0.011, olh€r merds
<0.01t

Hlgh C[bon Stccl: Spociel iron 8lloy,
clrse 3ol35; Si 2.30t Fe 93.4f
Mn 0.70tr P O.l2%, C 3.461|

mortr td [ro3uo; out@ dhmstet 18

cm, hns dtrmtc 13.5 m, Po3tl6 7

cm.

hadnill (buckbotd) wi$ 30 ctn

sqse phte td rmd r|ll-ah*d

rocld

sh.ttorbox/ring Stlndgt, outsr dim€rd

t7 cm X A m. PBk md I ritE

shttlerboxring grlndBr: o{ter dimt6r

21.5 cm X 0 cm. Frck nd two

rirlgs.

dis6 grder 20 m dltretd wlot om

stdiory sd one rotding dls€.

Fitsh ?rlvsi3att&2', typo 02.001

Spox ha|sfb3 ebttorbox No. aSOO

Roctto rlng grt!d,f' X137

Bi6-8m UA PulYori.s 6qulpPsd wltl

UA 51 rd UA 52 grrdrd g'irdt{

plde8.

r) Tho cor@rtto'|3 of th6 $nfso3 re thoso rsportsd by ths m.ufrtt6, oxcspt I .noted.
t) Tho 6xact compogitkrn o! fhis Tp-fia i! not known.

(AA) (Iable 3) after dissolution of the rock powder
in hydrofluoric and perchloric acids (Horsky &
Fletcher 1981, Horsky, Juras & Hickson, in prep.).

RESULTS

Analytical results are given for each of the grind-
ing techniques (table 3). The results are semiquan-
titative and, because of the highly abrasive proper-
ties of the Ottawa Sand, reflect maximum
contamination from the grinding apparatus. The
relative values for W are shown in Figure l.

In a study using neutron-activation techniques, St.
Louis (1984) found that W contamination from a
tungsten carbide shatterbox was high enough that
counting could not be undertaken for more than five

TAALE 2. SAMPLE PREPAMTION
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Frc. l. XRF peak scan between 42o and 4.6o 20 for W and
Ta Za peaks. AGV-I and BCR-I are USGS standard
rock samples with 0.55 ppm and 0.4 ppm W, respec-
tively. Sample O$-Ag was prepared using an agate mor-
tar and OS-W2 prepared using a tungsten carbide shat-
terbox. Analytical conditions for the Philips PW l4l0:
40 mA, @ kV, LiF2m analyzing crystal.
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days following irradiation of the sample. Joron el
al. (1980) showed evidence of W contamination on
the order of hundreds of ppm; they found Nb and
Ta contamination of 3-5 ppm as a result of the use
of the tungsten carbide shatterbox. Nisbet el a/.
(1979) also indicated W, Co and Ta contamination
from the use of tungsten carbide equipment. At
UBC, P.J. Michael (oral comm.) found consistent
esnfnminsfien of approximately 0.5 ppm Nb after
grinding basaltic rock for 50 seconds in a tungsten
carbide shatterbox. St. Louis (1984) found Sc con-
tamination at a level of 0.05 ppm when gdnding
quartz sand in a tungsten carbide shatterbox. Joron
et al. (1980) also analyzed for Sc but found no con-
tamination when rocks of basaltic composition were
ground. The results of these studies are combined
with our work in Table 4; elements are listed alpha-
betically with the relative degree of contamination
indicated.

CoNcLUSIoNS

The agate mortar introduced no measurable con-
tamination of the thirty-one elements studied. Similar

results were achieved by Thompson Q-B_qqkstoq
(1970); thus we would recommend the agate mortar
for precise work. However, the expense of this equip-'
ment, the small amount of sample that can be
processed and the longer time for sample process-
ing should be taken into consideration.

The tungsten carbide shatterbox introduces less
contamination than the chrome-steel shatterbox, and
samples require similar Brinrling times for mills sf
comparable diameters. However, because of the high
cost of tungsten carbideshatterboxes, chrome-steel
shatterboxes are usually more readily available and
can be of a larger size. Samples for a study of major
elements and most minor and trace elements may be
adequately processed in the chrome-steel shatterbox
unless Fe and Cr contaminants are of conc€rn.
Although this contaqination would be minimal for
soft samples processed for a short period of time,
it might be a significant problem for samples with
naturally low Fe and Cr contents.

The number of steps undertaken in sample prepa-
ration should !e minimizsd. A jaw crusher can be
used to reduce samples directly to a size suitable for
the shatterbox. The disk mill, although rapid, should

TASLE 3. ANALYTICAL RESL'LTS FOF PREPARED SAMPLES

OS-DSff SAflDI DET. iIACNI
LltutTr Pmc!
(wr.%) (e %,

SAMPLE

(ffi.%)

o.Go 3
0.01 5
020 6
0 ,01  3
0.05 4
0.015 3
0 .1r  I

0.0'15 3
0.01 4

opD)
1 6 6
3 8
4 1
5 5

3 2
4 4
8 4
9 8
1 0 7
7 7 8

4 7

993 i .r% 993 t .r% 99J *. .1% 99.5 t .16 973 t .1% 99.8
s Dot. 0.01 i 4% 0p't *. 4% 0.01 t 5% Op1 t 4% .01
3 Det. 0.96 t l% 3 Dst. S Dst. < DEt. 3 D6t.

0.03 t 1% 0.05 t 1% 094 t 1% O24 t .1% 193 t .1% 0.04
092 !14& Op7 t 6% 0.03 +11% 0,03 t 9% 0,01 118% 0,02
0.03 i 3 0.05 i 2s 0.03 t 3% 0p4 I 3% 0.03 t
op4 t17% 0.05 *16% opa *.17% opi *.12% oM *.22% 0.05
0.0r t 4% o.o2 ! 3% 0.01 x 4% op2 x 3% 0.01 t
0.01 111 O.O1 X. 7% 0.O1 +12% 0.01 11t% 0.01 i 9% 0.01

22 !.30% 8l i 8% 1A !:20% 19 +30% 19 +30% 18
< Dat. 3 Det. 3 bet. S Det. 3 Det, 3 Dgt.
S Det. 3 Dst. 3 Der. 6 t22% < DEt, < Dot.
3 D e t .  3 D e t .  4 t 7 9 %  < D s t ,  < D s t . < D e t .
< Det. < Det. S Det. 3 Det. < Dst. -< Det.

3 3 * 5  3 3 + 7 %  3 3 * 5 %  3 3 t 5 4  3 1 X 8 %  3 3
s x 1 %  1 4 t 2 %  9 t 1 %  3 4 A * . 8 %  T A X A %  9
9 1 1 0 %  1 0 i 9 %  1 1 t 9 q  1 0 X 9 *  1 3 t

3 Dst. 3 Det. 27O t 1% S Dst. < Dst. 3 D6t.
S Dst. 3 Det. 3 Det. < Dst. 22 j30% < Dot.
< Det. 3 Det. < D6r. < Det. < Dot. S Det,
3 Dat. 3 Det. ( Det. 3 Det. I !. 7.h 3 Oet.
s D€t. S Dst. 3 Dst. 17 t 2% 130 * 1% < D6t.
< D€t. 3 Det. < Det. S Det. 3 Dd. < Dot.

3 Det. 3 Det. :! Det. < Det. < Dst. < D6t. 4 gt
5 Dst. 3 Dst. 3 Det. ( Det. < Dst. < Dst. 13 4t
3 Det- 3 Dst. < Dst. S Dot. < D€t. < D6t. 4 6t

< Der. 3 Det. 3 Der. S Der. 3 Det. 3 Det. 0.6t
5 Dst. S Det. 3 Det. S Dd. < Dd. < Dst. 0.1*
S D6t. 0.3 03 < D€t. < Dot. < Dot. 02{-
S Det. 3 Det. 3 Der, 3 Det. < Det. < Dst. 0.3*
< Det. < Det. < tlot. 3 Det. < Dst. < Der. 0.1*

stol
no,
Al,or

F€PrT
Mgo
CaO
t{ap
Kp
PrO,

(ppm)
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Rb
Sr
llb
Y
Zt
Cr
ill
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qr
Pb
h
I$n

La
@
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Sn
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Yb

r) SAilD 16 the b€et gstlmato for the cgncsnt.Etlon of elsmenta In th6 Ottawa Sand Standrd baeod
on ths r€aulla ot all of our enalysos.
, ThE dqtectlon llmll le 8st at 2 o ol thg coutlng sror.
) Ths t% €rrora glv€n tor each el€mont ar6 b66sd on countlng statistlc8 ot psak snd bqckground
qo@t6 sd countlng tlmes, Cloge to the dsteqtlon llmlt ths pteslslon ls v9ry low owlng t0 the low
numbsrs of countE/ascond on th€ perk. As ths .p€ak cguntg hsrsssq ryay lrom thE dstectlon llmlt,
this e.ro. bs@mgs vsry low 6nd the eror from thE rsproduclblllty 0f ths analygoa bocomsa
6lgnltlcant,. Thls ergr (glvsn as e%) ls llstsd bolow and ls baa6d on 18 rspllcate analyass of 6
homoggnlzbd Intsrnal-l€borEtory gtand€rd.
T e % lor L!, Ca, qnd Nd is baesd on 6 rspllcaro analys8.
l.00tl4 absorbancs unltS was agt as tho detectlon limlt lor AA dalygs8,
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TABLE 4. ELEMENTAL CONTAMINATION

Ag. Ali B. B8* Br. C8t Cd. Cet Cot Crt Cuf m Ert Eut

Agdt€
Comdmffilct
Mul llte.
Numtk@ramlc.
TmgB!tr Ctrbld€
Clrore st*li
Hlgh Cqbon St66lt

tr
S M tt

a

s
M

M t r

tr
M

F8* Ga. Kt Lat U. mgt tun* i'lof Naf lllbt lldf t{l* Pl

Agple
Cqmdm-esnlct
Mul I lte.
Alumlkeramlc.
Tmg8tfi Carbld€
Chrom St@lt
Hlgh C@bon St@lt

a a

M
M

a a
a

s
s
Pb* Rbt sc. smf sn. sr* Tr. Tlt vf wi Yf Ybt zii kt

Agrta
Connnmffilot
Mulllte.
AlumlE@ramtc.
Tugstq Cablde
Chrom St@lt
Hlgh Csbd St6lt

S = eignlflsant contemlnation thst would affsct mo8t €nalyaoa.
M = moderals contamlnatlon that m€y atfoct only thoss rock samploa wlth naturally low
concgntrEt ions.
tr = tr€c€ quqntltiss that may not bs abova snalytical unc€rt8lntls8.
. Dsnotes tha 6lsmsnt9, ths grlnding aurfacsa uaed, and the rsaults of studlgg by Thompson
and Bankston (1970), Joron et al. 1980 or St. Louis (1984). No attompt has besn made to
r€nk theae rgaulta.
Mulltte. and Alum,tu@mlc. we analyzsd by Thompeon and Bmkston. Appllcsble
elemsntal contaminetlon are thoas glEmsnt6 markad with a . or t.
f Grlndlng aurfacas analyzed in thls study only, wlth appllcabla poBglbls glemsntal
contamination marked wlth a f or f th€ grlnding aurfacea ao marksd.
* Denotes slemsnt8 studlsd in thls snd at least ono other work, contamlnatlon reaults are
appllcsblo to all of ths grinding surfacas l isted,

M
a

a a

be avoided. From this work and that of Thompson
& Bankston (1970), corundum, mullite, and other
forms of ceramic should be avoided; they introduce
a wide variety of elements, and samples must typi-
cally undergo further processing. This extra step
increases the potential for cross contamination and,
as well, introduces further direct contamination.
Sieving increases the time needed for sample prepa-
ration and is a source of considerable elemental con-
tamination (Thompson & Bankston 1970, Lavergne
1965) as well as of potential cross-contamination.
Other precautions must be taken if the ratio of fer-
rous to ferric iron or the amount of CO2 is to be
determined (Whipple et al. 1984, Reay l98l).

Cross contamination remains one of the largest
soluces of contamination. Equipment should be
cleaned by grinding SiO, sand for about one half
the sample ednding time then using compressed air
and nylon brushes to clean the grinding surfaces.
Procedures involving acid washing, as outlined by
Thompson & Bankston (1970), may be necessary for
the most precise work.
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