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INTRODUCTION

Re gional geo chem i cal drain age sed i ment data is com -
monly lev elled be fore con tour ing to com pen sate for spa tial
and tem po ral vari a tions that can be in tro duced by us ing dif -
fer ent sam ple me dia and an a lyt i cal meth ods. Lin ear ‘edge
ef fects’ in the form of a vis i ble ‘step’ along the com mon
bound ary be tween two ad ja cent sur vey maps are of ten re -
vealed in large-scale con toured re gional geo chem i cal maps 
and can re flect merg ing of source data from sep a rate sur -
veys, each car ried out at dif fer ent times. The Brit ish Co -
lum bia re gional geo chem i cal sur vey (RGS) is an ex am ple
of a large da ta base pop u lated by stream, lake-bot tom and
moss-mat sed i ment sam ple geo chem is try data from over 50 
in di vid ual sur veys car ried out since 1976, us ing sev eral
lab o ra to ries and an a lyt i cal meth ods (Lett, 2005). As part of
the Can ada-wide Na tional Geo chem i cal Re con nais sance
(NGR) pro gram, the BC RGS has been car ried out to con -
form to sam ple col lec tion, qual ity con trol, sam ple prep a ra -
tion and sample analysis standards that were established by
the Geological Survey of Canada (Garrett, 1974).

The pro to col for anal y sis of the –80 mesh size
(<0.177 mm) drain age sed i ment frac tion to de ter mine a
range of geo chem i cal path finder el e ments (e.g., As, Cu, Pb, 
Mo, Hg, Zn) is his tor i cally an aqua-regia (HCl-HNO3) di -
ges tion fol lowed by atomic ab sorp tion spectrophotometry
(AAS) or, more re cently, in duc tively cou pled plasma-mass
spec trom e try (ICP-MS). Ide ally, anal y ses pro duced by this
pro to col should be com pa ra ble from sur vey to sur vey al -
low ing for vari a tions due to rou tine sam pling and an a lyt i cal 
er rors. In prac tice, how ever, sub tle dif fer ences in the an a -
lyt i cal method, es pe cially the con di tions of the di ges tion
tech niques used, in tro duce an ad di tional vari able into el e -
ment de ter mi na tions. Past stud ies have ex am ined the geo -
chem i cal ef fects of an a lyz ing re gional drain age sed i ment
sam ples for el e ments with dif fer ent meth ods. For ex am ple,
Day et al. (1988) com pared Ag, As, Cd, Co, Cu, Fe, Mo,
Mn, Pb, Sb and Zn val ues of sed i ment sam ples de ter mined
us ing a Lefort aqua-regia (3HNO3:HCl) di ges tion fol lowed 
by AAS with val ues for the same el e ments de ter mined by
Lefort aqua-regia di ges tion fol lowed by in duc tively cou -

pled plasma-emis sion spec trom e try (ICP-ES). They found
that there were statistically different concentrations for all
of the elements, except Co, determined by the two methods.

This pa per will il lus trate three sit u a tions com mon to
es tab lished re gional geo chem i cal sur vey pro grams that
may in tro duce an a lyt i cal vari abil ity. The first ex am ple
com pares el e ment data from re gional geo chem i cal sur vey
sam ple anal y ses. Ini tially, the sam ples were an a lyzed with
aqua-regia di ges tion fol lowed by AAS and later the ar -
chived sed i ment sam ples were reanalyzed with a HCl-
HNO3-H2O di ges tion fol lowed by ICP-MS. The sec ond ex -
am ple briefly com ments on a com par i son of re sults for a
con trol ref er ence stan dard an a lyzed by aqua-regia di ges -
tion fol lowed by ICP-MS at a sin gle lab o ra tory for two an a -
lyt i cal pro jects com pleted in dif fer ent years. The fi nal ex -
am ple sum ma rizes the re sults of an a lyz ing Can ada Cen tre
for Min eral and En ergy Tech nol ogy (CANMET) ref er ence
ma te ri als by an aqua-regia di ges tion fol lowed by ICP-MS
at dif fer ent lab o ra to ries for a range of el e ments com monly
re ported from re gional drain age sur veys. It is em pha sized
that for all three ex am ples, the an a lyt i cal re sults and dis cus -
sions re ported in this pa per are very pre lim i nary. They are
in tended to il lus trate that these types of data complexity are
inherent to the design and structure of RGS programs that
have been conducted over many years.

METHODS COMPARISON: REANALYSIS 
OF RGS SAMPLES FROM NTS MAP
AREA 093J

Dur ing 1985, stream sed i ment and wa ter sam ples were
col lected from 1088 sites at an av er age den sity of one sam -
ple per 13 km2 through out the 14 770 km2 of NTS map area
093J (McLeod Lake; Fig ure 1), cen tral BC. The air-dried
sed i ment sam ples were sieved through a –80 mesh
(<0.177 mm) and ball milled. A to tal of 1152 sed i ment sam -
ples, du pli cate sam ples and stan dard ref er ence ma te ri als
were an a lyzed at a com mer cial lab o ra tory for Ag, As, Cd,
Cu, Co, Hg, Fe, Mo, Mn, Ni, Pb, Sb, V, and Zn by an aqua-
regia di ges tion fol lowed by AAS. Orig i nal geo chem i cal
sur vey re sults were re ported in Geo log i cal Sur vey of Can -
ada Open File 1216 (Geo log i cal Sur vey of Can ada, 1986).
In 2005, ar chived stream sed i ment sam ples from the sur vey 
were reanalyzed at a sec ond com mer cial lab o ra tory for 37
el e ments, in clud ing those listed above, by leach ing a 1 g
sam ple with a HCl-HNO3-H2O (2:2:2, vol ume of sol ute per
vol ume of sol vent [v/v]) mix ture at 95°C for one hour and
then mea sur ing the con cen tra tion of the 37 el e ments in the
di luted so lu tion by ICP-MS (Lett and Bluemel, 2006). The
orig i nal As, Cd, Cu, Co, Hg, Fe, Mo, Mn, Ni, Pb, Sb, V and
Zn val ues from 1986 can be com pared sta tis ti cally with ar -
chived sam ple de ter mi na tions to es tab lish if there are dif -
fer ences be tween the two datasets. A two-sam ple t-test is
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ap plied to de ter mine if there is a dif fer ence at the 0.05% sig -
nif i cance level be tween the pop u la tion means for aqua-
regia di ges tion and AAS com pared to HCl-HNO3-H2O di -
ges tion and ICP-MS mea sured val ues. Sil ver was not in -
cluded in the test be cause there is a large dif fer ence be -
tween the AAS and ICP-MS de tec tion lim its. An anal y sis
of vari ance (F-test) is ap plied be fore the t-test to es tab lish if
the two pop u la tions have an equal or un equal vari ance.
Once equal ity or in equal ity of vari ance is es tab lished, the
ap pro pri ate t-test is ap plied to test the null hy poth e sis (Ho)
that there is no sig nif i cant dif fer ence be tween el e ment pop -
u la tion means (Da vis, 1973). In Ta ble 1, the t-test re sults for 
the 1986 aqua-regia di ges tion and AAS de ter mined el e -
ments com pared to the 2006 HCl-HNO3-H2O di ges tion and 

ICP-MS val ues are sum ma rized. A blue to red bar (low to
high) in di cates a sig nif i cant dif fer ence be tween the means
whereas a green bar in di cates no dif fer ence. A com par i son
of the pop u la tion means listed in Ta ble 1 shows that they are 
gen er ally very sim i lar, al low ing for dif fer ences in method
de tec tion limit. However, the t-test indicates that there is a
statistical difference between the population means for 9 of
the 13 elements and that only Cu, Fe, Mn and V results from 
1986 appear to be comparable to the 2006 data.

YEAR TO YEAR COMPARISON:
ANALYSIS OF REFERENCE MATERIAL
FROM THE QUEST SURVEY AREAS

A sim i lar pat tern of sta tis ti cal dif fer ences can also be
ob served when com par ing con trol ref er ence sam ple data
that was re ported by the same lab o ra tory, but de ter mined in
dif fer ent years. Data used in this study com prised a sin gle
stan dard that had been ran domly in serted 77 times into the
sam ple se quence of two sep a rate Geoscience BC data-
reanalysis pro jects in two years (Jackaman, 2008, 2009).
Each an a lyt i cal pro ject in cluded el e ment de ter mi na tions
(by aqua-regia di ges tion fol lowed by ICP-MS) for sev eral
thou sand sam ples orig i nat ing from a num ber of pre vi ous
RGS pro grams. For most of the el e ments, t-test re sults in di -
cated a dif fer ence in pop u la tion means that was con sid ered
sta tis ti cally sig nif i cant with the ex cep tion of Au, Mn and
Mo. In terms of their sci en tific sig nif i cance with re gards to
ex plo ra tion geo chem is try, only the mean dif fer ences for
Ag and Hg were found to be suf fi ciently large that they
could have an ad verse in flu ence when in ter pret ing merged
data from sev eral sources. These re sults sug gest that com -
bin ing data from dif fer ent sur veys into a sin gle an a lyt i cal
pack age for large-scale reanalysis projects helps reduce the
analytical variability commonly associated with complex
geochemical datasets.

INTERLABORATORY COMPARISON:
ANALYSIS OF REFERENCE STANDARD
BY AQUA-REGIA DIGESTION
FOLLOWED BY ICP-MS

Par tial dis so lu tion of min er als in stream sed i ment and
soil sam ples by aqua-regia di ges tion fol lowed by ICP-MS
anal y sis is now com monly avail able com mer cially for rou -
tine de ter mi na tion of up to 50 ore-in di ca tor and path finder
el e ments, in clud ing Ag, As, Cd, Co, Cu, Fe, Hg, Mo, Mn,
Ni, Pb, Sb, V and Zn. Acid di ges tion meth ods and ICP-MS
anal y sis have been pre vi ously re viewed by Chao and
Sanzolone (1992) and Hall (1992). While aqua-regia di ges -
tion is suf fi ciently ag gres sive to com pletely dis solve na tive
Au and most min eral sulphides, it will only par tially re lease 
met als from min eral ox ides and rock-form ing alu mina-
silicate min er als. The amount of metal lib er ated by the acid
mix ture from ox ide, sil i cate and re frac tory min er als can
vary de pend ing on the re ac tion con di tions such as di ges tion 
tem per a ture, di ges tion time and op er at ing con di tions of the
in stru ments used to mea sure el e ment con cen tra tions in the
so lu tion. Con se quently, iden ti cal sam ples, when an a lyzed
by dif fer ent lab o ra to ries us ing an aqua-regia di ges tion fol -
lowed by a com bi na tion of ICP-ES and ICP-MS, may re -
turn slightly dif fer ent el e ment con cen tra tions from each
lab o ra tory. The dis par ity be tween el e ment val ues de tected
by dif fer ent lab o ra to ries in the same sam ple may be small
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Fig ure 1. Lo ca tion of the NTS 093J re gional geo chem i cal sur vey
(RGS) area, Brit ish Co lum bia.

Table 1. Summary of a t-test to determine if there is a difference at
the 0.05% significance level between the population mean for
elements (in 1152 stream sediment samples from NTS 093J, central 
British Columbia) determined by aqua-regia digestion followed by
atomic absorption spectrophotometry (AAS) compared to means
for the same samples reanalyzed by HCl-HNO3-H2O digestion
followed by inductively coupled plasma-mass spectrometry (ICP-
MS). A blue to red bar indicates a significant difference whereas a
green bar indicates no difference. A red bar shows the higher of the
two means. All values except Fe have been logarithmically
transformed before statistical analysis.



and have neg li gi ble ef fect on the abil ity to dis tin guish el e -
ment anom a lies within data gen er ated from de tailed,
property-scale sur veys. How ever, the small dif fer ences be -
come more crit i cal when at tempt ing to merge and level
large-scale sur vey an a lyt i cal data from sev eral in de pend ent 
sources. Con se quently, it was de cided to have sev eral lab o -
ra to ries an a lyze geo chem i cal standard reference materials
for Ag, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Sb, V
and Zn using aqua-regia digestion followed by ICP-MS
and then compare the results reported.

Sample Batch Preparation and
Geochemical Analysis

A batch of sam ples, con sist ing of CANMET stream
sed i ment stan dards STSD-1, STSD-3 and STSD-4, was as -
sem bled for anal y sis. A sin gle bot tle of each CANMET
stan dard was ho mog e nized for two hours in a roller mixer,
the con tents of the bot tle de canted on a clean pa per sheet
and 4–5 g aliquots mea sured into three groups of prenum -
bered Ziploc® bags. The stan dards were then as sem bled in
ran dom or der and as signed a unique, blind iden ti fi ca tion
num ber to cre ate three iden ti cal sam ple batches. Each batch 
was sub mit ted to a com mer cial lab o ra tory for rou tine aqua-
regia di ges tion fol lowed by ICP-MS. The an a lyt i cal
method re quested at each lab o ra tory was that rou tinely
used to gen er ate re gional geo chem i cal sur vey data for the
BC Geological Survey (BCGS) and Geoscience BC
(Jackaman, 2009).

Results of the Geochemical Analysis

Sta tis ti cal anal y sis of the re ported geo chem i cal data
for the stan dards is in prog ress and fi nal re sults will be re -
ported in a fu ture pub li ca tion. For this rea son, only pre lim i -
nary re sults will be pre sented and dis cussed in this pa per.
Mean and per cent rel a tive stan dard de vi a tion (%RSD)
have been cal cu lated from eight, re peat, ran dom de ter mi na -
tions of each of the CANMET drain age sed i ment stan dards
(STSD-1, STSD-3, STSD-4). The sam ples were an a lyzed
for el e ments in clud ing those noted above. Ta ble 2 lists the
mean and %RSD val ues for the el e -
ments in stan dard STSD-1 de ter -
mined by each lab o ra tory, along
with the cor re spond ing CANMET
rec om mended mean value re ported
by Lynch (1990), for a con cen trated
HCl-HNO3 di ges tion fol lowed by
ICP-MS. Most of the mean val ues
for el e ments re ported by the lab o ra -
t o  r i es  a r e  w i th in  15% o f  t he
CANMET rec om mended mean
value. How ever, the mean value re -
ported by in di vid ual lab o ra to ries
may be higher or lower de pend ing
on the el e ment de ter mined in STSD-
1. Among likely rea sons for the vari -
a tions ob served be tween lab o ra tory
re ported and rec om mended means
for el e ments in STSD-1 are dif fer -
ences in the de tec tion limit re ported
by a lab o ra tory for some of the el e -
ments and the con di tions of the an a -
lyt i cal method used, in clud ing the
di ges tion pro ce dure. An a lyt i cal pre -
ci sion, based on the %RSD val ues, is 

com monly better than 5% for most of the el e ments in
STSD-1. Larger %RSD val ues, greater than 5%, for Ag,
Mo and Hg can be ex plained by a higher de tec tion limit for
these elements reported by some of the laboratories and the
influence of a wider range of high or low outlier values on
calculated precision.

CONCLUSIONS

Com par i son of geo chem i cal data from iden ti cal re -
gional stream sed i ment sam ples an a lyzed first by an aqua-
regia di ges tion fol lowed by AAS and then later by HCl-
HNO3-H2O di ges tion fol lowed by ICP-MS re veals small,
but sta tis ti cally sig nif i cant dif fer ences be tween the pop u la -
tion mean val ues for 9 of the 13 el e ments de ter mined. There 
are also sta tis ti cally sig nif i cant dif fer ences be tween the
pop u la tion mean val ues for the ma jor ity of el e ments mea -
sured from year to year in sed i ment ref er ence stan dards by
aqua-regia digestion followed by ICP-MS at one lab o r a -
tory.

CANMET stan dard ref er ence ma te ri als have been an a -
lyzed re peat edly by aqua-regia di ges tion fol lowed by ICP-
MS at sev eral com mer cial lab o ra to ries. Pre ci sion (%RSD)
for most of the el e ments re ported from the aqua-regia di -
ges tion fol lowed by ICP-MS anal y sis are within lim its
(±15%) that are gen er ally ac cepted as sat is fac tory for rou -
tine geo chem i cal ex plo ra tion pur poses. How ever, dif fer -
ences be tween mean val ues re ported by each lab o ra tory for
a ref er ence stan dard sug gest that the raw data from dif fer -
ent lab o ra to ries, while of good qual ity, should be used with
cau tion when merged and processed to display large
regional geochemical patterns.
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Lab A Lab B Lab C CANMET Lab A Lab B Lab C

Element Mean Mean Mean Mean %RSD %RSD %RSD

Ag (ppb) 308 268 328 300 6.9 4.9 3.4

As (ppm) 18.9 20.6 20.9 17 2.2 2.3 2.7

Cd (ppm) 0.93 1.08 0.86 0.8 4.2 4.7 3.4

Co (ppm) 13.4 13.9 13.6 14.00 1.6 2.9 2.7

Cr (ppm) 24.4 28.6 26.1 28.00 2.6 2.5 2.4

Cu (ppm) 31.63 37.94 34.40 36.00 2.2 2.3 2.5

Fe (%) 3.53 3.39 3.28 3.50 1.7 1.8 2.6

Hg (ppb) 112 101 109 110.00 3.3 5.0 6.0

Mn (ppm) 3810 3729 3499 3740 1.3 2.5 2.7

Mo (ppm)    0.97 0.99 1.02 2 5.9 2.0 2.7

Ni (ppm) 16.9 21.1 19.6 18 2.9 3.1 2.4

Pb (ppm) 33.86 38.11 32.48 34 4.5 3.3 3.9

Sb (ppm) 2.27 2.46 2.31 2 2.4 3.9 3.6

V (ppm) 44 46 45 47 3.4 2.3 2.8

Zn (ppm) 157.08 166.68 158.88 165 2.4 2.8 2.6

Ta ble 2. Mean and rel a tive stan dard de vi a tion (%RSD) for el e ments in Can ada Cen tre for
Min eral and En ergy Tech nol ogy (CANMET) sed i ment stan dard STSD-1, de ter mined by lab o -
ra to ries A, B and C by an aqua-regia di ges tion fol lowed by in duc tively cou pled plasma-mass
spec trom e try. The CANMET rec om mended means for STSD-1 are from Lynch (1990).
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