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W BRI EALN. FE B AN MR PRERRIARE

I3y B B A A R

& 531 L EHRFEILTE
KRR PID XRF (ppm)

D gy

LGS (f) @pm)| Cr |Cd| Cu | Ni | As | zn | Pb | Hg
30 0-05m | 05 | 47.65 | 0.44 | 15.00 | 50.77 | 7.79 | 66.46 | 22.04 | ND
Sl 0-05m | 0.5 | 48.64 | 0.46 | 21.11 | 47.43 | 8.13 | 71.66 | 20.14 | ND
S2 0-05m | 0.6 | 50.13 | 0.37 | 17.91 | 53.07 | 6.58 | 82.32 | 18.92 | ND
S3 0-05m | 0.6 | 5233 | 0.54 | 20.13 | 49.43 | 8.89 | 83.49 | 21.42 | ND
S4 0-05m | 0.6 | 47.08 | 0.56 | 17.89 | 37.59 | 9.04 | 82.74 | 28.39 | ND
S5 0-05m | 0.5 | 49.02 | 0.51 | 19.09 | 44.09 | 9.79 | 70.45 | 30.38 | ND
S6 0-05m | 0.5 | 4930 | 0.42 | 22.01 | 49.34 | 10.36 | 77.73 | 23.43 | ND
S7 0-05m | 0.6 | 52.39 | 0.43 | 24.09 | 50.36 | 9.45 | 79.72 | 80.69 | ND
S8 0-05m | 05 | 57.02 | 0.51 | 15.73 | 4939 | 7.72 | 80.69 | 29.07 | ND
39 0-05m | 0.6 | 53.43 | 0.51 | 17.02 | 47.93 | 8.73 | 8023 | 27.34 | ND

E: L CND" R T A H.
2. PID # i f&: 0.001ppm; XRF /& H fR: Cr: 5ppm. Cd: 5ppm. Cu: Sppm. Ni: 5ppm.

: Sppm. Zn: S5ppm. Pb: Sppm. Hg: S5ppm.

K 5.3-2 WEFE IR W R AR PP

Bl RIFKLE BRI |
Ei=1 BfE B/ME HBhR
PID ppm 0.6 0.5 -
Cr mg/kg 57.02 47.65 300" 7&
Cd mg/kg 0.56 0.44 65 @
Cu mg/kg 24.09 15.09 1800 o
Ni mg/kg 50.36 50.77 900 o
As mg/kg 9.45 7.79 60 @
Zn mg/kg 79.92 66.46 500% %
Pb mg/kg 80.69 22.04 800 @
Hg mg/kg ND ND 38 &

(1) «@7 2 BN T 77 #5 v U £ 305 e KU 2 (B Ao I {E) (DB4403/T 67—
2020) = = 2 F 0 A

23t A R4 Vanta Element-S XRF 447 (3 fn £ [E £ 3% VOC 44
ML PGM7300 #47 VOC fnE 2B MK, 2 WEETUUEE, knrtd
S%, Hg £ H, Cd. Cu. Ni. As. Pb M EHAM T (LEHERE X
JE A 38 7T e RS AR (IRAT ) ) (GB36600-2018 ) 19 % — 3 A 26 14,
Zn. Cr A% B3R A8 W R T 3 07 o 2R R b £ 38 v 3 MU 0 26 (L fn i )
f£) (DB4403/T 67-2020) % = 3 | H ff 2 {4
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i,?@ y N 3 palogy

Tertificate of Analysis

Standard Reference Material® 2711a
Montana 11 Soil

Moderately Elevated Trace Element Concentrations

This Standard Reference Material (SRM) is intended primarily for wse in the analysis of soils, sedimenss, or other
maiesials of o similar matrix. Oise unit of SEM 271 la consists of 50 g of the dried, powdered soil,

Certified Values: The certified concentrations of clements, expresséd as miss froctions [1] on a dry-mass basis, are
provided in Table |, Certified values are based on results obtained from crifically evaluated independent analytical
technigues. A NIST certified value is o value for which NIST has the highest confidence in its accoracy in that all
known o¢ suspecied sources of bias have heen investigated o taken into account [2). The measurands are the rotal
concentralions of the clements reported in Table 1. Metrolagical tracenbility is to the 51 unit of mass expressed as the
derived umit of mass fraction.

Reference Yalues: The reference values for elements, cxpressed as mass froctions on a dry-mass basis, are provided
in Table . The reference values are based on results obtained from 1 si ngle NIST amalytical method. Reference values
are non-ceniified values that see the best estimate of the true value; however, the values do not meet NIST eriteria for
certification and are provided with associated uncertainties that may ot include all sources of uncermainty [2]. The

ds are the total ions of the elements reported in Table 2. Mewrological traceability is 1o Use 51 it
of mass, expressed as the derived unit of mass fraction

Information Valses: Information values for elements obtained from one NIST method, are provided in Table 3.
Particle size measurements are provided in Figure 1. An information value is considered 1o be 3 value that will be of
e o the SEM user, but insufficient information is avallable 1o assess the uncermainty asseciated with the value or
only a limited number of analyses were performed [2]. Information values cannot be wsed 1o establish meirological
traceahility.

Expiration of Certification: The sertification of SEM 271 [a s valid, within the measurement uncertainty specified,
until 81 Junoary 2029, provided the SRM is handled in aceordance with the instructions given in this cortificate (see
“Instructions for Use). This certification is nullified if the SRM is damaged, contaminated. or edherwise modified.

Maintenance of SEM Certifieation: NIST will monilor this SRM over the period of its centification. If substantive
technical changes occur that affect the certification before the expiration of this certificate, MIST will notily the
purchaser. Registration (see ottached sheet or register online) will facilitate notification

E.A. Mackey and R.R. Greenberg, formerly of the NIST Analytical Chemisiry Division, and 5.E. Long of the NIST
Chemical Seiences Division, were responsible for coordination of the technical messurements.

Statistical analyses were performed by 1. Yen of the NIST Statistical Enginesring Division,

Suppaort aspests involved in the issance of this SRM were coordinated through the NIST Office of Reference
Muterials,

Digtrituled by:

Sramvner Standard Company, inc.

146033 Berder Road "‘g% Carlos A. Gonzalez, Chief

L”ﬁ“;’ém‘f_gzﬁm ' Chemical Sciences Division

Wi brammerstandard com v :
Gaithersburg, MD 2099 Steven J. Chogquette, Disector
Certificate lssue Date: 29 Ocioher 2018 Hfice of Reference Materials
Contifivae fevision Hisior oo Page 6
SRM 27112 Page | of 7
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INSTRUCTIONS FOR USE

Sampling: The SRM should be thorsughly mixed by repeaedly inverting and rotating the battle horizontally befone
TEmOvVIng o test potion for anulysis. A minimum mass of 250 mg (dry mass - see Dhrying) should be used for analytical
determinations 1 be related 10 the mass fraction values in this Cenificate of Analysis.

To obtuin the centified values, sample preparation procedures should be designed 1o effect complee dissolution. 17
welutile elements (ie.. arsenic, mercury, selenium) will be determined, precautions should be taken in the dissolution
ol SRM 271 | to avosd volatilization losses,

Diryings To relaie measurements to the cenified, reference, and information values that are expressed on a dry-mass
basis, users should determine a drying correction at the time of each analysis. The recommended drying procedure is
oven drying for 2 hat 110 °C. Note that analyiscal determination of volatile elements {1.e., arsenic, merc ury, sebenium)
should be determined on samples a8 received; separnte samples should be dricd as previously described w obiain g
correction fuctor for moisture.  Correction for moisture must be made 1o the data for volatile clements before
comparing to the centified values. This procedure ensures that these elements ane nat lost during drying. The mass
loss on drying For this marerial as bottled was approximately 2 @, but this value may change once the bottle is opened
and the soil is exposed Lo air,

SOURCE, PREPARATION, AND ANALYSIS

Source and Prepatation of Material'': The U8, Geological Survey (USGS), under comract to NIST, collected and
processed the material for SRM 2711 Soil was collected from the top 10 e 1o 12 cm of an agriculiernl field located
near a site formerly used by o smelting plant, in east Helena, Momtana, Collection was performed using o comimon
garden spade, and the material was siored in 20 plastic-lined five-gallon buckets with saapeon lids, At the USGS, the
SEM 2711 soil was dried at room tlemperature, dissggreanted, and sieved i remove coarse material (22 1 ). ]
tesulting soil was ball-milled in 50 kg portions, The entire ball-milled baich of soil was ransferred to 4 cross-Mow
Veblender for misang, The blended soil was radistion sterilized prior w bodling. In the final preparation step the
Blended material was split inlo eontainers using a custom-designed spinning rifler, which was used 1o divide the
maierial into smaller batches, and then used 1o apportion approximately 30 g inio each pre-cleamed hatile,

Every 100th botle was sel aside for chemical analyses designed 10 assess moterial homogeneity using X-ray
fusrescence spectrometry (XRF), induct vely coupled plasma optical emission spectrometry (ICP-DES), and
inductively coupled plasma mass spectrometry (1CP-ME) a1 the USGS, Hemogencily assessment and sieving lesis
performed at NIST indicated 1hat additional processing was needed lo achieve optimuin homegeneity. The material
Trom all boules was combines. and then ground in batehes between stainless steel plates for g linw sufficient o praduce
a powder of which =95 %, by mass. passed through a 200 mesh (74 wm) sieve, The resulling powder was hlended,
and 30y portions were dispensed into bottles using the spinning eiffler, Results from analyses af MIST indicated that
tmsterial homogeneity was acceplable (see below),

Hamogeneity Testing: The homogeneity was assessed for elements in the bottled material using instrumental newtron
activation amalysas (INAA), The estimated relative standard deviation for material mhomopeneity is <1 % for most
element: luareel. For antimony, wum, and zine, a for material b gencily (of 1 %, relative, ot
the 15 level) was included in the expanded uncertainties of te cartified values,

Particle Size Measurements: Particle size measurements for SRM 27114 were made using a Malvern Mastersizer
M laser-based light scattering system and the particle size distribution s shown in Figure 1.

Analysis: Analyses of this material were performed at NIST and ot the USGS (Denver, ©0). Results from NIST
were used Lo provide the certified, reference, and information values shown in Tables 1, 2, and 3. respectively, Results
from the USGS were used 1o confirm those values. The amalytical techaiques used for cach element ane lisied in
Table 4: the analysts are listed in Tables 5 and 6.

e i i . - or manerials are identified in this certificats in arder 1o specify sdequately
the experimental procedure. Such identificarion does mat imply recommendation or encorsement by the Matianal Instinsne af
Starwdards and Technalogy, nar does it imply that the maerials ar equipment identified are necessarily the best availohle foe the
parpse,

SRM 2711 Poge 2of7
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Table 1. Cernified Values'™* (Dry-Mass Bosiz) for Elements in SREM 271 1a

Element Mass Fraction Covernge Element Mass Fraction Coverage
%) Factor, & {mgfkg) Facior, k
Aluminum (ALY 672 & DG 2.10 Antimony [5b) 2248 £ 1.4 206
Caleium (Ca) 242 & D06 210 Arsenic {As) 0F & 8 =N
fron (Fe) 282 04 236 Barium (Ba) 730 k£ 15 %
Lead {Ph} 0140 = 0001 2 Cadmium (Cd) 341 £ 035 2
Magnesium (Mg) L7 006 223 Chromium {Cr) ¥ 1 29 231
Potnssium (K} 153 % 010 236 Codbalt {Co) 989 £ QIR 207
Silicon (Si) 3.4 * 07 2.57 Copper (Cu) 140 i 209
Sodium (Ma) Lo & 0o 207 Manganese (Mn) 675 + & 2.06
Titanium (Tiy 0317 £ 0008 2.26 Mercury (Hg) 742 £ OB 2
Mickel (Ni} LT -E ST 216
Phosphosus (F) 242 + 11 208
Samarivm (Sm) 593 = 028 278
Strontium (5r) 242 + I 245
Uranim (U] o = G2 2.10
Vanadium (V) 807 & 57 218
Zine (Zn) 414 £ 11 205

1 Certified values Far all elements except cadmiun. lead, and mercury are the cqually weighted means of results frem twa or three
unalytical methods. The uncertainty listed with ssch value is an =xpanded uncenalnny about e fen. TbcL:pmdc\'.l uncerimingy
is caboulated 88 8 = b, where aie i inlended 1o represend. ot the leved of one siandard dev e combined effect of
between-method and wighin-method companents af uncertainty, fallowing ihe 1SCHCGM Gmdt.l'i.d] A companent for
maierial h is incesp i for antimony, manganese, and zine, The coverge Moo, £ is
determined from ihe Stdent’s -distribulion comesponding i the appropriate associans) degros of freedom and approcimaiely
45 % confidence for cach analyte.

" The cenified values for cadmium lead. and mercury ane each resulis from o si nght MIST method (see Table 41 for which o
compicic cvalunion of all sources af uncestaindy has been perfermed.  The uscetainty provided is an expanded unceriainty
abonil the mean o cover the measurand with approximaiely 95 % confidence. consistent with the ISO00GM Guide [4]. The
expanded uncertainly is caloulabed ns [ & L, whese s is the combined uncertainty hal incorparates within-method unceriainiy
and Type B uncertainty components related 1o the snalysis, 30d & is the coverage Cactor comesponding 10 approcimately 95 %
confidence for cach analyte.

Table 2. Reference Values'™ {Dry-Mass Basis) for Elemems in SEM 271 1a

Element Mass Fraction
(mgfkg}
Cesium (Cs) 67 = 02
Europium (Eu) 1.1 £ 02
Hafniurm (HI} - b S g i }
Lanthanum (La} S
Meadymium (Md) 29 E - 4
Fubidium (Rh} 120 £+ 3
Scandium (Sc) 835 £ 01
Thorium (Thy 15 R

" Reference values are based on resulls from one asalytical method at NIST {see Table 43 Uncenaimy values represem the
expanded uncenainties about the mean 1o cover the measurand with approximaiely 95 % confidence, consisien with the
IS0AICGM Guide [4]. The expanded uncertainty is caleulated as L = k., where a; is the combined uncerainty iha incorporsees
within-method uncerininty ane type B uncerlainly components related 1o the analysis. and & s the coverape fctor (k= 1)
comesponding o approvimsely 95 % eonfidence for each analyee.,

SRM 2T11a Page Fof 7
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Table 3. Information Yalues'™ {Dry-Mass Basis) for Elemems in SRM 2711a

Element Mags Fraction
(mgfkg)
Boron (B) 50
Cerivom (Ce) 0
Drysprosium (D) 5
Giadolinium ( Gd) 3
Indivm {In) 1
Lutetivm (Lu} 0.5
Selenium (Sc) 2
Silver (Ag) (]
Tantalum {Ta} 1
Terbium {Te) 08
Thallive (T1) 3
Yieerbium (Yh) 3

* Infarmation values are based on resulls from amse analytical methad s NIST.

SUPPLEMENTAL INOFRMATION FOR SRM 2711a

Particle Size M Particke size ts for SRM 27112 were made using a Malvern Mastersizer
J00) Inser-based light scatiering system. Approximately 0.5 g of SRM 271 1a material was measured using waler a5
the dispersant (refeactive index 1.330). Sample was introduced into the measurement cell before ten i vichenl
measuremens were made al an obscuration of 20 % - 21 % of the laser beam, The calculated 1 0th (D 1), S0k (10500
and Hh (D90 percentile particle sizes are Du140) wrn, D50 = 15.5 pm, and Dy(9%) = 386 pm. The volume
_Fr.l'c:l_wn of material smalles than 101 pm in diameter is approximately 41 %. The particle size distrabustion is shown
in Figure 1,

Vohime Doy (%e)

ol 1 10 L 1900
Size Classes (jun)

Figure 1. Pariicle size disiribution in SEM 2711a

SRM 27114 Page 4 0F 7
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Element

Ag
Al
As
B
Ba
Ca
Cd
Ce
Ca
or
Cs
Cu
Dy
Eu
Fe
Cid
HI
Hg
In
K
Lu
Lu
Mg

Tahle 4, NIST Methods>® Used for the Analysis of SRM 27110

Methods Element Methods

INAA Mn INAA; XRF
INAA: XRF Mo INAA: XRF
INAA: XRF MNd INAA

POAA Ni [CP-MS: ICP-0ES
ICP-DES; INAA: XRF P ICP-OES; XRF
INAM; XRF Fb ID-ICP-MS
1D-ICP-MS Rh INAA

INAA Sh ICP-MS; INAA
INAA: ICP-DES ¢ INAA

INAA: XRF Be COT-ICP-MS
INAA &i PGAA: XRF
ICP-OES: ICP-MS Sm INAASY PGAA
INAA Sr ICP-0ES; INAA; XRF
INAA Ta INAA

[NAA; PGAA; XRF T [MAA

PGAA Th INAA

INAA Ti INAA; PGAA; XRF
CV-ID-ICPMS T 1CP-MS

INAA u [CP-ME; INAA
INAA; PGAA: XRF v INA&A; XRF
INAAM Yh INAA

INAA Zn INAA; XRF
INAA: XRF

PINIST Methosds of Annlysis:

CCTICP-MS
C¥ ID-ICP-M3
ICP.MS
FCP-OES
[D-FCP-ME
WA

PGAA

XRF

Callision Cell Induetively Coupled Flasma Mass Spectromelry

Cald Vapor Isoiope Dilution Induetively Coupled Plasma Muss Specirontny
Inuductively Conpled Plasia Mass S pectrometry

Irshuctivedy Coupled Plasma Optical Emdssion Spectrometry

Usatape Dilution laductively Coupled Plasma Mass Spectramery
Instrumencal Newiron Activation Analysis

Frampi G; Ray Actbvation Analysis

Mermy Flucrescence Spectromenry

" USGS Meibaits of Analysis fused 1o confirm resuits from certification methods),

WI-XRF
ICP-OES
ICP-MS

“Twa dilTerent INAA cxperiments, performed using differen! sub-gam

Wavelengih Dispersive X-ray Fluorescence Specirametry
Incluctively Coupled Plasma Oytical Emission $peciromstry
Inchuctively Coupled Plasma Mass Specimmetry

ceriilied ard reference values for lamtsamim and samarium, respectively.

Table 5. Panicipating MIST Analves:

8.0 Christopher L. Muolloy 5.4 Raobb BE_E. Tomlin
R Dy K.E. Murphy LR. Sicher L.J. Wood
5.E. Long M. Mess R.O. Spatz LL Yu
S Mackey RL. Paul R.5. Popelka-Filcoff R, Zeisler
AF, Marlow
Table 6. Participating USGS Laboratory and Analysts
Luboratory Analysis

LS. Genlogical Survey Branch of
Geochemisiry {Denver, CO)

SRM 271 1a

LE. Taggart; 5.A. Wilson

RAAGRPAARE (IH) HRAE

Pl find differcal anal ytical conditlons. were used 10 provide

MO Adams; Z.A. Brown: P.L. Lamothe;

1

121

[31

=
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Appendiz A

Leachable Concentrations Dewermined Using USEPA Methods 200.7 and 30508
NIST Methods of Analyss

The miass fraction values contained in the NIST Certificate of Amalysis for SRM 271 |la represent the total element
catent of the material. The measurement results used 1o previde the certificd. reference ar information values ane
ubiaincd from methods that require complete sample decompasition, or from nondestructive analytical methods sueh
a5 instrumental peatron activation anolysis o promp ERMIMA-ray wion analysis.  Where complele sample
decompasition is required, it can be accomplished by digestion with mixed acids or by fusion. For mixed-acid
decompasition, hydrofluoie acid must be included in the acid mixiure used L totally decompose siliceous materials
auich as soils and sediments,

In ils menitoring programs, the U, Environmenial Protection Agency (USEPA) has established o number of lench
methods for the preparation of soils samples for the determination of extractable elements.  Six Iaboralorics
pariscrpated, five of which used USEPA Method 200.7; the remaini ng lnborsory used USEPA SW-846 Method 30508
for preparation of soil samples. All elements were determined in leachles by inductively coupled plasma optical
emission spectrometry, Al labosatories provided individual results from duplicaie poriions, and these resulis were
avernged tngether 1o provide ene resull for each element from cach participating laboratory, Resulis rejected as
cutliess by the USEPA Contc! Laboratory Pregram (CLP) officials were not included. Resulis are summarized in
Table Al The ranges of mass fraction values, medion values (1o wo significont [pures), and the number of resulis
included for each are given lor 23 clements. The percent recovery values based on the ratios of the median values 1o
the tolal element content {from the certified, reference, or informuotion valses in the Certifica: of Analysishane lissed
in the last column of Table A 1. Note that the certified values provided us total mass fractions in the Certifiente
of Amalysis are the best estimate of the true mass fraction values for this material,

This USEPA CLP Study was coordinated by C, Jones, Quality Assurance and Technical Suppern Program (QATS),
Shaw Envirenmental & Infrastructure Group, Las Vegas, NV, under the direction of J, Nebelsick, USEPA. Analytical
Serviges Branch. The pariicipating laboratorics are Tisted below (he Lable,

Table A1, Resulis from Lahoratories Par icipating in the EPA Contraci Laboratory Program Swdy.

Element n Range Median Recovery
{mglkg) (mpikg) (%)
Aluminum G L] = 15000 13200 19
Amtimony 6 28 - 7.2 49 21
Arsenic [ #1 1o # a5
Barium [ 170 - 200 1900 3
Beryllium [ nis - 1.1 043 -
Cadmitin 6 43 - 56 47 i)
Calcium i 14000 - 1T 140HH) 6l
Chromium i 12 = 18 15 29
Cohalt f 55 - 9.0 7.5 5
Copper L] 1200 = a0 130 a5
Tron & 1 40 — 18000 15000 54
Lead & 1100 = 1400 1300 9
Magnesium [ 5000 - N 700 a4
Manganese 4] 430 - 80 460 7l
Mercury [d 631 - 33 T4 100
Nickel o 13 - 1% 15 72
Potassium 6 3300 - 4600 3500 16
Selenium 5 14 - 19 1.7 83
Silver [ 4.0 L] 55 L)
Soadium ] 140 - k] 1204 1.5
Thallinm 5 on kN 2.1 £
Wanadium 6 bl = 34 28 6
Zinc i o - 380 350 a5

List of CLF and non-CLFP Participating Laboratories: A4 Scientific, Inc.: Bonner Analytical Testing Co.; Chem Tech
Consulting Giroup: Datachem Lahorstories. Tne.: Liberty Analytical Corparation: MSE Laborstory Services; Shealy
Environmental; SVL Analytical Inc.
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To be notified of any updates or
developments of @ produce, please
regigter your Standard Refe

CUSTOMER REGISTRATION AND SATISFACTION REPORT CARD

FOR NIST 5TANDARD REFERENCE MATERIALS

PURCHASE INFORMATION
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271

Material (SEM).
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services, Informution provided by
youi is very valuable (o our continued
efforis fo enhance our features and
comtent of ol ieasurement services.

You can complete and return
this card.
Please Print
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Iitpediwoww. nist gowisrm_survey.

To submit 3 registration only, go
to hupaffwww.nistgov/sim_reg.
Wisit us a1
Itpifvra. nist govisem

Thank you,

Do NOT cut,

Drare Shipped:

Dec 14, 2018

NIST Division:

46

NIST Sales Order Number:
Example {DRO0000)

1902688

Customer Purchase Order
Mumber:

SRM/RM Lot Number:

SEMIRM Serial Number:

Purchased directly from NISTT

Yes [ |NOD

CUSTOMER INFORMATION

Urser First Name:

User Surname:

Organization/Company:

Adidress:

Address (continued:

City, State/Province:

Gy ||||M‘h-||m:'

Country, Postal Code:

Corury Ia..ur...

E-mail:

Fold, siaple, and mail.

A Please rate your SRM purchasing experience l_:zch:ckjnf the ingsgrimr b in the table below.
Catagory Excellent d Good Fair™ Paar* A
SRM availability for purchase

O3 NOT Contact

Pri-pisrchase infarmation from the SEM wab s/t

ardering web sile

Pro-purchase information from the SRM printed catalog
Purchase iransaciion experience using the ielephone

Purg| 56 [ransaction expariance using the anling

timeliness of delivery

Tetephane customer service afler purchase

Email cusiomer service aftar purchass
Once the arder for availabée items was placod,

Material packad propery

SRAM Certificate ar Rapor of I igation Informatian

Matorial Safety Data shant quallty

Carriar treatmant of shipment

Cwarall SRM Quality

Dwerall SRM Valus

How could NMIST setve you batier in the future?

“Let us know why any score was Falr of Poor.

Whal is the application of this SRM or RM 1o your work?

Other eamments?

How did you hear about NIST Standard Rederence Materials?

O Advartisement ] Calalog

Appra Gefios of Management and Budget (OME)

ju] o 9 Oweb [ Repeat Customer
¥ PUBIIE irdarention collection unill 31 Way 2016, WWMJ
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