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Results - 2
- Panel 1 Panel 2, to the right, shows what are known as, “interaction plots”, where the
. Table 3 - Analytical Protocols y L ’ _ _ ’ y W1 Panel 2
Introduction Strong Acid Digestion - Round 2 mean of triplicate analyses is plotted with respect to CRM and analytical
1 AR ARTS ARG E080 1 AR AR ARG 3050 protocol. Where all methods extract a similar amount of the element the
A variety of strong acid dissolutions, e.g. Aqua Regia, are used by M1 [AR-111] STSD-1 STSD4 TLLA T lines representing QRl\,{'S will be parallel. In cases where the lines cross, 3 -
different agencies for the purpose of determining trace elemental 1 g sample in a test-tube digest with 3 ml of 1:1:1 HCI-HNO,-H,O in a heated shaker il - g | 100 there I_S an “interaction” between the r_mneralogy of the CRMandthe | mmmme T  TILL4 .
levels in environmental materials. For example, see Table 1 below. block at 95° C for an hour, then make up to 10 ml volume with 5% diluted HCI and 1 L analytical protocols. For Cr and Zr, this latter effect is clearly demonstrated, TS == Montana Conclusions
| homogenize the solution with a shaker. | L whereas for As and Cu, the methods consistently extract proportionally S - - stoo-
To fulfill the requirements for the North American Soil Geochemical M2 [AR31] Classical AR digestion 1 40 similar amounts. _ -y |
Landscapes Project, it is required to select an analytical protocol that 1 g sample in a test-tube, cold digest with 0.75 ml of HNO, for half an hour to oxidize e o o o . ) ) 0 é’ - ~=- Nebraska Ifljrom the ?XgegTheTt\éve have ;mdet:tak_?n, V\{e
- : : A : any excess organic matters; follow by adding 2.25 ml of HCI. Place the samples in a w S S Py ave conciuae d ere are rew significan
will 1) prowde consistent dat.a across quth Amerlca, 2) prowde data heated shaker block at 95° C for an hour. Make up to 10 ml volume with 5% diluted < LKSD-1 LKSD-4 Montana Nebraska ANOVA Results T ' ' -
that are greatest extent possible compatible with current data HCI and homogenize the solution with a shaker. ANOVA (ANalysis Of VAriance) provides a formal statistical procedure for differences between the results yielded by the
- ) 100 7 & g © i = - I I
holdings. . L - - - analyzing the data arising from the experimental design used here. The - strong-acid extractions for the elements of
M3 [AR13] Reverse classical AR digestion (Lefort) details. b J th do Table 4) are not bresented. The kev | T greatest concern (e.g. As, Cd, Co, Cu, Hg, Ni, Pb,
To select a prOtOCOl an experiment was devised Elght Certified 1 g sample in a test-tube, cold digest with 2.25 ml of HNO, for half an hour to oxidize 607 - etalls, ) eyon € moael, .(SGG apblie ) are not presentea. € KEy U and Zn) Elements where agreement between
) ' A any excess organic matters, follow by adding 0.75 ml of HCI. Place the samples in a 0 - conclusions are presented in Table 5, below. Where the same letter S the protocols is significantly lacking include Cr
Reference Materials (CRM) (See Table 2) W_ere analyzed’ In trlpllcate heated shaker blogk at 95° C le' an hour. Make up to 10 ml volume with 5% diluted 20 - B (a,b,C,d’e) is used there is no statistical difference (p < 005) between the Mn. Mo. Sb d 7 ’
random order, for 53 elements by five digestion protocols (see Table HCI and homogenize the solution in a shaker. o I analytical protocols. Where differences do occur, they are attributed to e Ny WG, I8 Elnie] Ak
3), dasS ShOWﬂ IN the eXperlmentaI deSIQn IN Table 4 A” flnal . M4 [AR11] A111 AR11 AR13 AR31E3050 | A111 AR11 AR13 AR31E3050 Interactlon effects as descrlbed above’ Wlth examples In Panel 2. AR ARTTY ARY3 AR £3050 CI I th US_EPA 30508 - ”- d n
determinations were by ICP- OES and -MS in a single batch using a - - . . Analytical Method early, the an all-oxidizing
_ : y 9 9 1:1 HCI-HNO.,. Cold digest 0.5 g sample in a test tube with 1.5 ml of conc. HNO, until reaqent FO’[OCO|) extracts less of the metals and
randomized ordering of the samples. reaction subsides. Further oxidize the sample in a hot water bath at 95° C until brown Strong Acid Digestion - Round 2 P — QJEtnis jotred _
fumes almost disappear. Remove samples and cool, then add 1.5 ml of conc. HCI and o At At At oo o et A At s Table 5 S mefmallmds, In almost all msta_mce_s, than t.he |
m:x\}OFI’lIJ?;;: \tArl]itehssaor/n%Ii?jtieré aHré(Ta;gg ﬁg?nk(?grebr:(i)zcekt?\te 985;|lii20r: ﬁ]nahgr?;kzlrake up to 10 i s N M . u?/aleies - R various HC|-HNO3 strong-amd mixtures, lncludmg
Table 1 ° | - - 30 SN STSD4 “classic” Aqua Regia (M2 - AR31). Notable
e i - Element |_EQUivalence of Analytical Methods' i - exceptions are Hf, Nb, Th and Zr.
Province/Territory Sample Type | Sample Preparation|  Digestion Elements M5 [EPA3050] Modified US-EPA 3050B ' ) B o 8 g & AR311AR13| AR11| AR111 E30502 N e T T -II_-&;EJA
Depth not 1 g sample in a test-tube, digest with 1 ml of 1:1 HNO,-H,O in a hot water bath until no ] 8 20 Ag 3 3 3 3 b —— sk T :
specified, brown fumes given off. Allow the samples to cool, add further 0.5 ml of conc. HNO, | ] 5 77 Montana Our objective h_as _been to select an anal_ytlcal _
uppermost 15 US EPA Method £ " S T A I : ° tocol that will yield data that tent with
rgpe - 30508 for and place samples back to hot water bath and continue heating until no brown fumes As - - . - b g protoco al Wil yle dla tnat are consistent wi
CCME S:rurg?eisare’ TG are given off. Cool the samples and add 0.5 ml of 30% H,0O,, reheat the samples in - 10 AU 2 lablabl!l ab b 5 8- both the majority of the regulatory regimes and the
either coarse HCIHNOYH,0,) hot water bath until the reaction subsides, cool the samples and continue adding © LKSD-1 LKSD-4 Montana Nebraska Ba g . . q g 5 existing data holdings. The “classic” Aqua Regia
(>75 porfine another 0.5 ml of 30% H,O, and repeat the heating until the reaction subsides. Cool 30 - Be . . . . . = M2 — AR31 t | ' ts thi . t
(<75 ) the sample and make up to 10 ml volume with 5% diluted HCI and mix the solution well ”s ] . . 2 ( — ) Protocol mee S IS requwemep :
orcsi, 10 iy coronttoserph 0.5 cigested by shaking. 5 o | @bpabyabl e a o | However, this may not be widely accepted in the
{5coes  a40°C;gind&sieve  withconc. | Gd,V,Pb, Cr 20 - s 8 o o g |5 s - ot lablablabl & i i environmental community. Therefore we
Ontario coIIected within through2 mn§creen; I'N);»/conc. HCI, Mo, Be, Co, N, .5 g B Ce ’a ’C E) a d _____ \ recommend that the Aqua Regla Varlant Of US_
2mradius;0-5  grind and sieve heated for two Cu, Zn L (e e e e e e N N NPT Sy : : :
cmdepth  through 355 screen  hours at 120°C od ° % ° o - Co a a a a b = EPA 3050B (i.e. without H,O,) be the basis of an
\ \ \ \ \ \ \ \ \ \ Cr a C b a, b d T I I I- I
to1.0gdry Table 4. Experimental Design and Statistical Model A111 AR11 AR13 AR31E3050 A111 AR11 AR13 AR31E3050 Cs c 4 becl ab d AR11 AR111 AR13 AR31 E3050 ana_lytlcal PfOtOCOl for use in the Tri-National _
. | sample is added | Analytical Method ! ’ project. This procedure uses a 4:1 HCI-HNO, mix
Discrete or  dry composite sample o1 el CRM |Extraction Method Cu a a a,b| ab b _ » T :
Brifish Colurmbsia composite: 2t 60°C; sievethrough 1> ¥ el | 1 [ 2 [ 3 [ 4[5 Strong Acid Digestion - Round 2 Fe a |l c | b | ab d Analytical Profoco rather than the 3:1 of “classical” Aqua Regia,
dependson  2mmsorendorot L 2 ; 122 122 122 122 132 o ATH AR ARTS ARBIES0S0 o AT11 ARTY ARTS ARB1ES050 Ga a b b a c 8 however on the basis of this study we expect that
PPESS i for two hours at 3 [1.2,3[1.2,3[1.2.31.2,3[1.2.3 STSD-1 STSD-4 TILL-1 TILL-4 Hf d | b| c|cd]| a this change in reagent ratio will not cause any
e s H1.2.314,2,301,2,311,2,311.2.3 * AL Hg | a | a | a| a | a S geochemically significant variation.
For background Methods 6 [1.2,3(1,2.3[1,2,31,2,3[1,2,3 | o I}? 2 : a,ab a,ab E 2 7 Montana
les, Method ved b 7 [1,2,3(1,2,3(1,2,3[1,2,3[1,2,3 . 150 ---- TILL-1 : : :
| 2%;1?2;} BCMniSS{raschWater},/ approved by BC s 1231 23123123123 5 La . b . g q - LksDd The Geological SUFVGY Of Canada is preparing a
Yukon Territory et | eeda Ministry of 1 - 100 Li a |labl| b | ab c _ — LKSD4 protocol document defining the procedures to be
be|p v Protecti Water, Land and Analysis of Variance Model: e 8 9 ’ ’ 2 g ——~ Nebraska _ ) )
perogvosrlrjﬁa:cil’ ecion Air Protection Two-Way with Interaction and Replication within CRMs | e o o : ’ %0 Mg 2 2 = = b g ) Used for the Trl-NathnaI analyses' These InCIUde
T i =t By OB+ i i 3 TR D S~ b mn a,E a g a,b, ¢ bac 3 the choices of 1 g (<63 um) or 10 g (<2 mm)
o igested Wi ere: 1 | 0] a, C a = . . =
Sockatchon | COTPOSiie, 06 SRR oonc by con Yiy = the ket replicate analysis by the -th Method of the -t CRM Na | a | d| c| b | e $g| . aliquots and a 1:12.5 sample weight - to - volume
emdepth o o, HNOsand p = the grand mean 200 - Nb abl ¢ | ¢ b a B ratio, followed by elemental determinations
perchloric acid a; = the main effect due to the i-th Method i ) ’ . _ _
sample is 05 g digested B, = the effect due to the j-th CRM (Sample) 1907 Ni & 2 2 2 S employing ICP-OES and ICP-MS.
seTTIeRE 08 homogenized (stirred) .With CONC. As, Cd, Co, Cr, (aB);j = the interaction effect between the i-th Method and j-th CRM 100 — ° - P b a b b a sd
New Brunswick cmde ’Eh and a portionis 30% Cu, Mh, N, Pb, vik = the effect due to the k-th analysis of the j-th CRM Pb a a a a a
P removed and dried et 03070 H02 V,Zn - - iabili e I S T P I Rb a |ab| b a C
56°C overnight diluted to 50 mi ’ gjk = the pooled residual variability e o 8 o o S e R bbb { | ¢c | 0 T - —
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ e a a a a a
dryCOTTpOSIte San.ple A111 AR11 AR13 AR31E3050 | A111 AR11 AR13 AR31E3050 S b a a, b a’ b a AR ARI1 ARA3 AR 23050
Nova Scotia Composite  at60°C; sievethrough  aqua regia Metals Analytical Method Sb b d c 3 o e
nalytical Protoco
IENIMEEEE Strong Acid Digestion - Round 2 Sc a a a a a ’
Manitoba Dependfs en US EPA A111 AR11 AR13 AR31E3050 A111 AR11 AR13 AR31E3050 Se a a a a b .
nature of site Methods R \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ S b a b a C -~
eSUItS - 1 STSD-1 STSD-4 TILL-1 TILL-4 n a ; CRM
B — 15 - epraska
-?er : a’ab a’ab : 2 ST I\N/Iokr)ﬂanl;
' g . . — TILL-4
Table 2 - Certified Reference Materials Of the 53 elements determined, 48 had useful values above the 1 L Th g b | c a - LKSD4
method detection limits. The data for four elements, As, Cr, Cu and Ti a d c b e =9 7 STSDA
Certified Reference Material Description Zr, are presented, as examples of metals and metalloids that occur - | |, 8 @ 5 Tl a a a a b g ~ LKSD-1
- . . . . E o £ o
LKSD-1 GSC-CCRMP lake sediment in both soluble and acid-resistant mineral phases. See Panel 1, Coe 0 o 3 : i E E g =
LKSD-4 GSC-CCRMP lake sediment which shows the variability of _the elemental determlnathns given SEE KSD KSD4 y— Nebracka ° . A c |bcl|lab| be .
STSD-1 GSC-CCRMP stream sediment CRM and method protocol using dotplots. These plots highlight the © : [ Y ab| & | bel oz 5
STSD-4 GSC-CCRMP stream sediment varying analytical precision for each material and each analytical Zn a | abl|ab]| bc c i
10 — |
: , , , Zr e b C d a
TILL-1 GSC-CCRMP glacial till (diamicton) protocol. . o
TILL-4 GSC-CCRMP glacial till (diamicton) Chromium shows the greatest variability over the CRMs, which is __ —_— Footnotes 54
: consistent with the presence of Cr in both strong-acid soluble 1o thods with the same letter there is no sianificant
SoNE-1 USGS Nebraska soil O ¥
. minerals and as acid-resistant chromite. On the other hand, As ol S - e D) 20 e O EhE LR 5, 1D 91y @<
271 1 USGS Montana SOll . ; | | | | | | | | | | | a' indicates the greatest amount of an element extracted, and
shows gOOd repeatablllty for the range of CRMs and analythal A111 AR11 AR13 AR31E3050 A111 AR11 AR13 AR31E3050 thence in decreasing order, 'b', 'c', etc. AR11 AR111 AR13 AR31 E3050
protocols. The variability of Cu lies between these two extremes, e e 2 This is the HNO,-H,0, variant of US-EPA 30508 with an all Analytical Rrotocal

'oxidising reagent' digestion
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