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1100-EM-1 March 18, 1992
Tc-99 by ICP/MS
EJ Wyse

Analysis Narrative

The subject project samples and their accompanying QC samples were prepared for
ICP/MS analysis as dascribed on pages 12,13 of BNW LRB 54526. The water samples
were non-turbid and were analyzed as received, without digestion, Aliquots were
taken after shaking and an internal standard (50 ppb In) was added to each sample
and standard. Samples were analyzed according to procadures PNL-ALO-260
(ICP/MS Analysis) and PNL-ALO-281 {ICP/MS Determination of %Tc). Samples were
prepared and analyzed in Building 3708, 300 Area.

Modifications to the above procedures ware required in order to meet analysis
requirements for detection limits, precision, and accuracy. An ultrasonic nebulizer was
employed to increase ICP/MS sensitivity for $8Tc; the use of this nebulizer necessitated
use of a 1 ppb Mg, In, Pb tune soiution (for signal optimization and stability checking)
as opposed to a 0.1 ppm solution as designated in PNL-ALO-280. The use of a tune
solution 100-fold-more dilute than spacified in the procedure necessitated relaxation of
precision limits; this limit was therefore extended from the cument 7% RSD to 15%
RSD. These modifications were implemented under MCS-033 QA Plan criteria. Using
these modifications, we were able to attain detection limits of 0.6 ppt 98Tc, equivalent
to 10 pCiAL in radiometric terms. It should be emphasized that the tune solution is
used only to optimize the instrument sensitivity and to check instrument precision.
Because the exact concentration of the tune solution is unimportant, the stringent
protocol followed for preparing calibration standards (with regard to documaentation,
volumetrics, SRM's, etc.) is not applicable for preparing the tune solution. This is also
true for the internal standard preparation; as with the tune sclution, the measurement
of the internal standard is made on a relative rather than an absolute basis.

Several runs were required to complete the analysis. In the first analysis, high blank
problems were encountered and the resuits were suspect. Accordingly, a second
analysis was parformed with improved blank control; the results of this analysis were
used for the data presented. A third qualitative analysis was performed to confirm the -
absence of Ru, a potential interferance for $8Tc. No Ru was found at levels significant
to the 9Tc present in the samples. ‘

Results of the ICP/MS analyses are presented in Table 1. Each determination result is
the average of two signal integrations or runs. if the relative standard deviation of the
duplicate run values varies by more than 10% of the mean, a mean value + 1 standard
deviation is reported, otherwise a mean only value is given. In two cases (for samples
with 8Tc concentrations within 2-times the detection limit) variations in duplicate
sample runs exceeded 50% RSD and ara classified ‘semiquantitative’ according to
PNL-ALO-280, section 5.1, Unit conversion from ppt to pCi/L. was originally made
using the 16.95 factor as specified in PNL-ALO-281, however this factor was
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calculated based on a hall-life for 99T¢ of 2.13 x 105 years. The half-life on the SRM
certificate was reported as 2.111+0.036 x 10% years. Although this value is statistically
identical to the one used in FNL-ALO-281, the resuits were recalculated based on the
half-life reponted on the SRM certificate for the sake of consistency (the difference
amounted to approximately 1%). Quality control samples wera run according to
project spacific guidetines, and included blank, blank spike, sample spike, and
replicate sampie analyses.

Accuracy estimates for the analysis are displayed in Table 2. These estimates are
based on results for recoveries of blank spike and sample spike samples. Two biank
spike and 3 sampie spike samples were run in the analysis. Mean recovery obtained
was 109 % with a range of 102-121 %. The analysis performance criteria of +25 %
accuracy was thus met.

Pracision astimates are reported in Table 3. These estimates are based on replicate
sample analysis results {not individual sampie run results) and include data for 1 blank
spike and 2 replicate sample sets. A mean precision value of 10.4 % RSD was

- obtained, with a range of 1.2-17 %. The precision performance criteria of £25 % was
maet.

Significant signal suppression was encountered in the ICP/MS analysis, presumably
due to the high sait and mineral content of the sampies. Matrix saparation procedures
would enable achievemant of lower detection limits and better analysis precision,
yielding more conclusive MTc data with less analysis uncertainty. A preliminary matrix
isolation and preconcentration procedure is available for testing and evaluation. This
procedure involves 9¢T¢ ion exchange and cleanup. Approximately 2 man-months of
effort would be required to test, evaluate, and implement the procedures. We
recommand investigation of this new methodolgy as improved data quality and lower
limits of detection would result.
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Filename: 1100EM1.DP1D

Table 1. 1100-EM-1: Tc-99 by ICP/MS
March 16, 1992

All samples analyzed as duplicate runs. RSD's 210% of the mean value is reported with £ 1 standard

deviation. Detection limit for analysis = 0.6 ppt.

estimate information.

See following page for accuracy and precision

-
b

Cllent ALO ICR/NS [Te-89)  [Te-09]
Sample No. Sample No. 1 Sampie Ne. in ppt In pCit
LLD = 0.5
DI H2O 2204q1 «<0.6 <10
DI H2O 2204q41 <0.8 <10
DI H20 + 2204910 51.1 876
DI H20 + 2204935 529 890150
70 ato 04q3 0.7 12|
BO1572 92-02724 220494 1.0+0.7"" 17+12*"
B01573 92-02725% 2204q7 0.910.4 1517
BO1574 92-02726 220448 1.4 24
B01575 82-02727 220499 7.111.8 121127
BO1575 spike 92-02727" 122044930 81.7 1058
B01559 92-02728 2204q11 7.3+1.5 125125
BO15T1 92-02729 2204918 7.510.9 128115
B01573 92-02730 2204914 8.7 149
01575 92-02731 22044915 8.9 118
201577 92-02732 1220449186 8.1 139
BO15TS 2-02733 2204918 4.9 84
BO15V1 92-02734 2204g19 - 8.7 115
BO15V3 92-02735 2204921 8.2+1.5 141125 |
BO15VS 92-02738 2204922 <08 <19
BO15V7 92.02737 2204924 <0.68 <10
BO15V8 Rep 1 92-02738 2204925 9.8+1.7 172+30
B015V8 Rep 2 92-02738 2204940 6.1 139
BO15vV9 92-02738 2204926 <0.6 <10
BO15W0 82-02740 2204927 <0.8 <10
BO15W1 92-02741 2204928 <0.6 <10
BO15W2 92-02742 2204929 <0.8 <10
BO15W3 92-02743 [2204938 <08 <10
BO15W3 spike 92-02743" 2204912 49.8 853
BO1BVE Rep 1_ 9202744 220495 5.92.4 150140
B8016VE Rep 2 92-02744 2204q39 73 120130
B01BV9 92-02745 2204044 5.312.8 140240
Bo1BwW2 92-02748 2204932 7.1 121
BO1BWS 92.02747 2204933 8.1 104
BO1BWS epike 92-02747" 2204920 55.417.1 1120+ 1%
18w 92-02748 lz?o-tgzu 58207 99112 |
Bo18X1 92-027489 2204936 5.011.4 86124
BO1C11 82-02751 2204942 1.0+1.8%* 17t31**
BO1C28 82-02752 2204943 1.2 20
BO1C38 92-02750 12204937 5.010.5 8629
*gpike **Because ASD > 50%, resuit
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QUALITY CONTROL DATA REVIEW

Project/Work Package: 19432/M82776

Project/WP Title: 1100-EM-1 Groundwater Characterization
Requested Analysis: ICP-MS for Tc-99

ALO Sample Numbers: 92-02724 - 92-02752

I have reviewed the data specified above for completeness and compliance with
project requirements.

X Mot 5 fore
eland Danje vate
Data Quality Officer .

Analytical Chemistry Laboratory
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DON'T SAY IT --- Write It!

DATE: February 19, 1892
TO: Bruce Prantice
FROM: Eric Wyse

SUBJECT: ' Approval of Pracedurs Modifications for 1100-EM-1

bl : Pursuant 10 our conversations at yesterday's 1100-EM-1 mesting, | would like

P ' your written approval (per MCS-033) on the following medifications to PNL-ALO-

P 280 and 281 that were incorporated in the 1100-EM-1 analysis to meet program
requirements:

1) A1 ppb Mg, In, and Pb tune solution was used instead of the 100 ppb solution
typically used. PNL-ALO-280 suggests that any solution containing 50-500
S ppb of a iow, medium and high mass element can be used as a tune solution.
S The 1 ppb soclution was best suited for the dynamic range of the ICP/MS using
R the ultrasonic nebuiizer, and it was more representative of the technetium
concentration than tha 100 ppb solution.

2) Acceptance criteria for tune solution precision wera extended to £15% to
account far the fewer total counts obtained using the 1 ppb solution. PNL-
ALO-281 requires that the precision be <7% for isotope counts and isotope
ratios of Mg, in, and Pb. As stated literally in the procedure, this criteria was
met; however, the statement could be interpreted as meaning for all isotopes
of Mg, In and Pb (one isotope of Mg was 9%), and for all possible isctope
ratio combinations (including inter-alement combinations). intra-slement
isotope ratios came out <7%, but ratios between Mg/In and Pb/In came out
9% and 12% respectively. The procedure was naever intended to include
intra-glement isotope ratios, even though we print these out for our
information regarding relative mass response. Two out of three Mg isotopes
with RSD's <7% was considered acceptable, especially because there wouid
ba no scanning below mass 80.

| would appreciate a memo from you indicating that you undeérstand and approve -
these modifications before we submit the final report/data package. If you have
any questions, please feel free to call me at 6-3074.

C02-00<




i% Ba"elle Project Number 19432

Paciflic Northwest Laboratories internal Distribution

Project File 19432

Date February 26, 1992 g?]:?Egenaal

Teo EJ Wyse .
From BA Prentice"'A

subjec  Procedure Modifications for 1100-EM-1.

It is clear from our earlier discussions, and as detailed in your memo of
February 19, 1992, that the temporary modifications you proposed to procedures
PNL-ALO-280 and PNL-AL0-281 are entirely appropriate to meeting programmatic
needs on Project 19432. Please praceed accordingly.

E84-1900-001 (10v89)
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ICP/MS Data Report Cover Sheet DATE: A/ 7/72
QA IL:@li [ Default QA Plan: MCS-033 Default Tech. Procedure: PNL-ALO-280
Additional QAP's or TP's:_TNL - ALO-281 )  |100-EM-| T‘d....:q,!;\’r-?es..l Qo/‘h>

ALO Sample Numbers: 92 -0232Y thuw 02152

COl'y ' ?M.'
PM (or Requestor), Company: _Lofh STREAILN PNL; Bruete Prealia  PNL
Project #: 194 32 ' wp#_ MRTTFTED

Laboratory Record Book(s) (inciude page #): _5 /524 pp. 1-13 ) SY32/ 24 01 u‘-l

Group Laader: D.W. Koppaenaal, Siaff Scientist SIGNATURES: Analyst
Cog Scientist: E.J. Wyse, Scientist _uE / /
Analysi(s): J.P. Bramson, St. Technician Preparer _mﬂ-— 2, }" 97

Revlow:(Referﬁrechnial

(mﬁehf):amplmnm@'[ézuﬁa%'_]—-_/;
M&TE Used (Check all that apply) 2/25]12-

\{ 3708 Bidg
item Room # ID # c:l_lb. Fro‘iuoncy LAG
VG ICPMS Pl 115 WB36913 By User| _ Belore Use
¥ | VG ICPMS PQIl+ 108 _WB82779 By User Befora Use
Maeattier AJ100 111 512-068-01-014 HEDL I mos
v | Balange _ _
Troemner Class S 111 1199 HEDL 12 mos
V" | Weights
Rainin Elec Pipet m 812205 By User 6 mos/| 54526
v {0-10mi . Beforg Use | p5 #/
V2 Rainin Elec Pipet 111 E18077 By User 6 mos/| 54526
0-10 mi_ — Belore Use ! p4 ¢
Rainin Elec Pipet AR A022998 By User 6 mos/i 54526
V" 10-1000 10 Before Use | pp 1!, 14
Rainin Ele¢ Pipet 111 H920180 By User 6 mos/| 54526
0-100 i n _ _Betore Use
Ralnin Elec Pipet 115 Dg13511 By User 6 mos/| 54526
0-1000 i Betorg Use 1

Standards Used (See LRB #54526 pp //,/3, 5-7 )

Retersence Material Conc. | Stock Soln {Callb Stds}

gh&ﬁﬁLﬂﬁqyﬂ@%i—ﬁﬁwhﬂkt4iﬁﬁ$ﬂiﬂﬁﬂﬁmwﬁ
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Filename: 1100EM1 Stats

1100-EM-1: Tc-99 by ICP/MS

Accuracy and Precision Estimate Information

Table 2. Accuracy Estimate

*Results reported in ppt

C02—-005

Sample (Te-99]1° [Te-991" [Tc-99]* Recovery
measured |samp meas.| spiked (%)
Blank (DI water) Spike #1 51.1 . - 49.0 104
_ Blank (DI water) Spike #2 52.0 - 49.0 106
Sample (B01575) Spike 61.7 741 49.0 111
Sample (BO15W3) Spike 49.8 <0.6 49.0 102
Sample (B01BWS) Spike 65.4 6.1 49.0 121
mean 10918
Table 3. Precision Estimate
Sample [Tc-99]" | Average* [Overall Prec.
8D RSD (%)
Blank {DI water) Spike #1 51.1 :
Blank (DI water) Spike #2 52.0f 51.610.6 1.2
B015Vv8 Rep 1 9.8
B0O15V8 Rep 2 . 8.1 9.0+1.2 13
BO1BV6 Rep 1 8.9
BO1BVE Rep 2 7.0 8.0+1.3 17
mean 10.4
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Standard Reference Material 4288

Radioactivity Standard

Radionuclide
Source identification

Source description

Solution camposition

Mags

Radiocactivity concentration
Reference time

Measuring instrument
Randon uncertainty
Systematic uncertainty

Total uncertainty
(Randcm plus systematic)

Photon-emitting impurities
Half life

This Standard Reference Material was prepared in the Centar for Radiation Research,
Nuclear Radiation Division, Radicactivity Group, Dale D. Boppes, Group Leader.

Washington, D.C. 20234
November, 1982

Zede 1/
i

Technetiup—39
4288- 77

Liquid in N8S borosmcate-glass
ampoule

59.31 ug of Tc(VII) as potassium

ﬁm%; :Lgran o{ aEprox-
A4.9/0 grams

3.759 x 104 Bg g~1

November, 1982

Liquid-scineillation counter (2
0.27 percent (3!

1.35 percent (4}

1.62 percent

None obgerved (5
{2,112 # 0.036) x 105 years (6)

Gaorge A. Uriano, Chief

Office of Standard Referance Materials
*Notes on back
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The KTcO, was prepared by M.W. Heitzmann of the U.S. Food and Drug Administration i

fram NHg T, ogtained from Qak Ridge Naticnal Laboratory. The solution density

is D.998 g cm™> at 21.8°C, and the KTeQ4 concentration is 0.00060 molar. The WV

spactrum m?f this material exhibited only the characteristic doublets at 243 and
287 ™ .

{1)

(2) mwe liquid-sc}ntillar.ion counters were calibrated using the method of J.A.B.
Gibsan (B/C/,D), Three different radionuclides were used as the standard: 3H,
lic, and 60co. The results obtained using the three radionuclides agreed to
within 0.32 percent. The +3C result was used for confirmation only. The
value given here is the unweighted mean of the B and results.

T (3} Half the 99~percent confidence interval for the average of 38 result and

Vo the 60Co result. The standard deviation of the mean of the JH result is 0.15

TN percent based on 6 degrees of freedam, and the standard deviation of the mean

A of the 80co result is 0.09 percent based on 9 degrees of freedam.

R ' (4) The systematic uncertainty is the average of that for the 3H result, 1.20

percent, and that for the ®9Co result, 1.49 percent. These values are linear.
sums of estimated upper limits of uncertainties due to the following;

- 8%

2) reference material for

R ‘standard radionuclide 0.63 - 0.68
" b) source preparation 0.07 0.17
c) theoretical model 0.30 | ‘ 0.20
d) gamma-ray contributicn to
beta-particle detector ) 0.24
e} quenching 0.lo 0.10
f) interpolation from
calibration curve ~0.JA0 S % 1/
1.20 1.49

(5)  The master solution from which these standards were prepared was examined with

. germanium gamma-ray spectrometers and no impurity was found. Limits of detec-
tion as a ratio of gamma-ray-emission rate to technetium99 activity are

1 x 10 between 90 and 300 keV
1 x 107 between 300 and 1900 KkeV.

(6) wBs-measured half life based on the formula T, ™ N In(2)/A, where N is the

wmber of atams, computed using an atomic pmss for tachnetium—99 of
98.906254 & 0.000002 grams and the gravimetrically datermined mass of
technetium-99, and A is the activity determined by liquid~scintillation

counting. The value recommended by the Oak Ri Ruclear Data Project is
(2.13 4 0.05) x 105 years. (E) ue ?

¥ References on last page

4288 @7@ n/m/m
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The following individuals and organizaticns contributed to the characterization
of this Standard Reference Material.

JoA.

B. Gibson

Aromic Energy Research Establishment
Envirommental and Medical Sciences Division
Barwelrl

United Kingdom

M.W.
u. s-

J.C.
U.S.

For

A.
B.

C.

D.

4288

Heltzmann
PFood and Drug Administration

Division of Drug Chemistry
mmmn D-CO

Laak
Food and Drug Administration

Division of Oncology and
Radiopharmaceutical Drug Froducts
Rockville, MD

further information please contact Dr. Bert M. Coursey at (301) 92)-2383.

REFERENCES

Boyd, G.E., L. Chem. Fd.. 36, 3 (1959).

Gale, H.J. and Gibson, J.A.B., Atomic Energy Research Establishment Report
AERE=RS0€7 (1965), Harwell, United Kingdcm.

Gibson, J.A.B. and Marshall, M., Int. 1. Appl. Radiat, Isotopes, 21,
321 (1972).

Gibson, J.A.B., Computed counting efficiencies as a functiczii of merit -

figure for 14 beta-particle-emitting radicruclides (July, 1980). Un—
published data.

¥ocher, D.C., Radicactive Decay Data Tables DOC/TIC-11026, p. 108 (1981).
Available from NTIS, Springfield, VA.

BN“‘J_ CALS IJ'-54526 F?&?

Dhife 1/%2

C02-014

s




cT0—20)

sieg 2

areq 't peubrg
‘g Dommnun bue o] pesosig
IE? 5 l seq : _.—,.,ﬂ Ag pasnuy
WIOM O BlRQ ﬂW ON eloig
T5i20-26 31210@
16420-26 V19108
eStzo -2} g€ 9104
bz o ~2p (X9 109
3hiro- ¢ gma log
Ma-24 Smgieg
Ihizo-z6 zmMgiod
- shito-26 bagd log
phizo-16 arglod
€4420-2h gMslog
Thizo-T4 ZMSied
1#t20-24 I mg1oegd
0hizo-26 oMslog
b&tzo- 16 tA G 08
3¢ £2Q- 26 a4 slegd
tetzo-2b ZAstog
9eiz0-z6 SAsled
Selto-24 gasled
pedzo-T6 IAglod
€£420-26 6Lsled
Z€420-26 tisieg
1€zo-28 glgleg
P ezl ogizo-24 glsleg
92508 = &A1 Mg sTtzo- 24 ILglog
824z0-24 tg5lof
tztzo-7¢ st&log
2tz0-26 htsi08
Y120 azt20-24 glsrod
Yorep #zdzo-24 Zhsieg
4 pore ,
dxia e TR
7Y o -W3-09]
(Z b azgps "’97 )4 wrwo -zb/gl/n

"Ef'a:"'s ~W3- ot f :}dm?a Zé/”/ \ﬂ’@




£/ PREPARATION BNW LRB #5552 g7

/r‘ 32

W'/’#92 Staadands prefancd s deseribved on Page I ( 59524 pa 1 Y.
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Dater & Fooruary 1%%2 Tima: Lozivriy
Concentrations are in ppl (pg.wl)

X1 KXE means no calibratior availacie
Internal Standards usaed are: In

2254q%
Numbar of fuas: I
Element Tecnneltium
Hass Tc . 9%
Run i 7.2103
Run 2 10,6580
Mean 8.9342
Std Dev 2.4370
- Est Err 1.7223
"s.rf
¥
]
S



T

FLASHABUAD pRALYSIS RIFURD
STATISTICHL AnMaLYSLE FOR: 2Z2G4q

Dater & February 192 Times 103ld:dy
Concentrations are in pp* {py-mi)

K3¥KE neans no calibraticn svaitadle
Internal &Standards uzed cre: in

2204q¢
Number ot Rune: 2

Eigment Technetium

Mass Tc 97

Run 1 2278
Run < 5.0204
Flean 5.12491
S1d Dev G.1484
Ezt1 Erp 0.1037

CO<Z-0438



s

FLASHAGUAL AbALYSIS REFD

Date:

Zanzentrat

TEIRT

e}

BNz

Interrnal

270dg7

Mumbser o7

lemant
Hass
Rua 1
Ri.n 2
i 2an
Sty bay
Est Err

Hunzs

Feuruacy 1Y
ions sre 4n
T G Caklbra

;

Srtanjards

ta

Techretins

Tc

L:J g
2.6589
1.216¢
0.9414
0.3897

0.275%

F.f:

tion

kD

=T

HEEe

Figue Loisd
prt CRadael
avaslanle

alad 3.0

C02-039



FLAaSHALUAD AdaLYSIE REFCRTY

STATISTICAL AMALYSIS Fuliz 22404g
Dater 5 Februszry 1991 Timgs 1C216:223
Concentraticns are in pgt opgsmi)

E¥XXE moans no calibratics availablo
Irternsl Ztandards wsed ars: 1o

230499

Mumber of Huns: 2
Eiagent Technetlun
s T 49
Rl 1 1.3B8E
Run P 1,378
AL L. 2835

Std bDev 0.0¢75
Est Err G, 00585

C0<-040




]

FLASMARUAL

i

Duata:

LR Y S

fIMRLYSIS REFPURT

S Fobruary 199Z
Concent; ations arn 1o ppl spgemly

g

ELE)

no Calibralion

TATISTICRL AMALYEIT FUR: 2204y

Times 1isl&a5

avalianle

Interncl Standards uwsed ares in

2204g%

Munber of

Elemaen.
Mass
Fun b

“Run 2

Mean
Std Dev
Est &rr

i

<

ra

Techretliam

ic

99
$.0310
8.2325
s T
L] -t
L.5545

1.0992

C02-041

o



STATISTION. S hELYDLE Tl Jilng

Rate: 0 rebeuary 199 IRTE-E
Concentrotilions are in gpt (pigs
FRREE neons no calibration

Internar Steondard:

2204319

i oy

MHumber of fanas 2

Element
Mass
flun H
mun
e an
Std pev
Est Err

Technetiun
Tc L
Gu.FLYE
53.30%Y
Sillig7
3.1044
2.1947

i



FLASMAGUSD ApidlYSIS REFOX
STATISTICHL AhrLYSIS FdRe 280dg

fates % fezruary 1997 Timor 102175228
Concentrations are in ppt {pgsal)

¥XKtE meane: oo colibration avuilabie
Internal Stendards used ares In

2204dgil

Humbar of & 2
tlement Technetium
Hass Tc “e
Run 1 &a 1944
Run 2 £.323546

fiman 72804
Std Dewv 1.514¢
Ect Err 1.07Cs

i

12



Py

FLABHARUAD AW&ALYZIS REFORS

BTATISTICkL AMALYSIS FOR: uR0qyg

Date:

3 February 1992

fime:

19:17:408

Concentrutions are in ppt (py/nl)

XXXK¥K meas noc calibratiorn

Irternal Stancards

2204q12

Humber of =uns: P
Element Teohnetium
Mass Te 9%
Run i G8.5102
fun = 51,0153
Mzan s9.81286
Std Dev 1.7G¢07
Est Err 1,202

used ares

in

avallable

C0<—-044

[C———




.y

o s

FLASHARUAD nlALYSIS HEFCORT

STATISTICAL ANALYSIO FIR: Z004dg
dater O Ceeiuary 179% Tiway loslezeR
Concentrations are iv pat (pys/oi)

EREEK weans no zalibration oveilaole
Internal Standards used ar2: in

2204913

Nuber ot Tk oz 2
Eiement Teoanetiun
Mass fc w7
Run 1 &,85839
Ran ¥ d.1a21
Fizan FLA280

Sid bev G.9010
Est Err 0.4371

C0Z-045

14



FLASMAIUAL AROGLYSTE RCROnT

BTATISTICAL AMALYELS FORk: 2224y

Date:

FEKER ppane no calibration
Internal Stzndards used

i Fabruary 1992
Concentrations are in ppt (py/ml)

2204414

Number of Runs: 2
Eleaent Technotium
Mass Te G
fun 1 2.0145
Run 2 2.,44493
maan B.72%4
5td Dev D.4G353
Est Evr 0.2882

fime: 102lGozE

avatlabla

Are:r In

C0<2-046

15



-

FLASMARUADL ARALYSIS

STATISTIUAL ARALYSLS FUR: 2204y

Date: T Felbruary 190
Concerntrotions are in ppt (nass
ansg N9 calibration

EXKER

Internal Standards

2204y 15

Masb=r of fAuns: 2
Element Technetivem
fMass T TG
Run L 606217
Run 2 F.1680
Mzarn &. 8943
Std Dew 0.3343
Est Err 00,2732

RE&Qf

1Uz1d:ag

C0<-047

2



FLASHAQUAD nAnalYSIS REFORS
STATISTICAL fMALYSIE FOfl: 2204

Date: 35 February 1992 Tiaes Losigzul
Concentraticns are in ppt {pysal;
¥XEEY avars no calibraticn owailuabple

e T

Interpal Zlanmdards wzgd ares In

2204qié
Nusber of.suns: 2
Element Technetiwn
Mass ic 4G9
Run i 3.2060
Run Z F.8998
Mcan 8.0344
Sid Iev 0.2188
— L=t €rr 0,156
—~
™

{1l



FLASHAGBUAD 43 YSIS REFGRT
STATISIICAL ANALYSES FOR: 22044

Date: 5 February 1952 Times: 10:219:29
Concentratiocns are in ppt (pg/ml)

*KEKE mpeans ne calibration available
Internal Standards used are: In

2204917

Mumber of Runs 2
Element Technetium
Hass Te 99
Run i 10,3237
Run 2 10,0358
Hean 10,2798
Std Dev 0.3450

3%

Est Err J.24

C02-049

1y



FLASMARUAD AnNALYSIS REFCRT
STATISTICAL ANALTSIS Fiii: 2204y

Pate: § February 1992 Timw: 10:1vys43
Concentrations are in ppt (pg/ul) .
ke means no calibration available
Internal Standards used are: In

2204q18

Number of Runs: 2
Element Technatiun
Mass T ¢
Kun 1 4.4525
Fun z J.1B884
Hean 4L P208
Std bev 0.3791
Ezt Err G.2481

C02—050

i



FLASMAOUAD AMSLYZSIC REFDRT
STATVISTICAL AhrLYSIv Fofs 0204y

Date: & Februarsy 1792

Concentraiions are in ppi
PEIRE aoan: 60 calibration
Internal Standards Lsed wre: In

1204919

thamber of junss: 2
Elem@nt Techretiung
Fagg Tz 4G
Rur 1 G.86L47
R z &.7712
Pran £.7188
Exd Fewv 0.0741

- ot Err 0.95244

o

C02-051

#20



FLASMAEUAD ARGALYSIS REFLR:

STATISTICAL alNALYSIS FOi: 2204y
Date: & February 1992 Times 15:20:28
Concentraticns are in ppt (pgral)

KEEEX mcans no calibration availasle
Internal Standards used are: in

£204q20
Number of Ruas:

b

Element Technetium

Mass Tc 99
Run 1 40.4037
Run z 20,4479
rean 63,4358
. Std Dawv ) 7.1144
- Est Err 5,032t
-
f‘-‘
¥
-

C0Z-052

A



FLASAANUAD ANALYSLS REFONT

STATISTICAL abiLYSIS FOR: 2204q
Date: S Fesoraary 1992 Times 10320048
Concentrations are in ppt (pg/mi)

¥Akxi means no calibraticn avallable
Interral Standards used arces In

2204q21
Number of Xune: 2

Elewent Teachnetivm

Mass Te k4
fiun 1 F.21583
Run 2 PL2E5E
Hean 3.2334
gtd Dev 1.4524
-~ Ext Err 1.027]1

o C02-053

A2



[N Y

PLASHARUAD AMALYSIE REFORT

STATISTICAL AMSALYSIS FOA: 24y

Date: & Fepruary 1997 Tiwe: 10:21:0%

Concentrotizns are in ppt (zg/mi)
¥EAKXK peons o calibraticn available
[nterna: Stardards used arce: Is

1204322

Number of Funs:

X

Element

Mass
Run 1
Aun 2
[BERTS)

31d Dewv
Est Err

Tesnnetium
Tc 77
-0.41%93
G.1488
=y, 1382
CLA0L7
J.2841

~—

C0Z—-054

:Lb



FLASPMAGRUAL SalYSIS REFORT
STATISTICAL ANALYSEIS FOR:

Date: % February 1992

2204q

Tiwer l0sdlzzy

Concentratiionz arsg in ppt {(pg/xl)
¥EXEK means no calivration avarlabls
Internal Standards used are: In

2204q23 .
Nuinbier ot Runs: 2

Element Technetium

Mass Tc 99

Run 1 : 49,3411
Run 2 43,9281
MHaan G44.8331
$1d Dav 1.,2841
Est Err 0.7080

RY



am,

)

FLASMARUAD &NALYSIS REFORT

STATISTICAL AMALYALS FOR: 2004g

Date: 5 rFebruary 1992 Time: 10:21:4d¢

Concentrations are in ppt (sg/ml)
FXXEX means no calibration available
Internal Standaras wsed are: In

2204524
Humber of Ruans: Z

Elemant Technetium

Masa Tc 4%

Run 1 D084
Aun 2 U514
M@ an O.25%%4
Std Dew 0.3578
Lot E£rr Q2830

- C0LZ~-05b



FLASHARUAL aNALYSIS REFORT
STATISTICAL ANALYSIS FOR: 226y

Date: 4§ February 1992 Tima: 10:2Z:08
Concentrations are in ppt (py/ul;

FALKX pears no calibration availeble
Internal Standards used ars:; In

2204q235
KNuinber of Runs: 2
Element Technetiwa
Mass Tc ge
Run 1 10,9503
Run z g.46143
faan ?.7828
St Dev 1.58513
™ Est Err 1.1680
..\_ a
S
o ]

C02-057

26



FLASHAQUAD AiALYES FEFORT

STATISTICAL AMALYEZIS FOR: 2504g

Date:

S February 1992 Time: 10:8%:2b

Concentrations are in ppt {pgiml)
XEEER means ng calicration zva.llable
Interna. Standarcs used ares 1o 7

2204q26
Number

Elament
flass

Run 1
Run 2
vlean

Std Dev
£st Err

atf Runs: ¢

Technetium
Tc 79
0.14380
=0.0144
0.2118
0.319%9

Q. 2262

C0Z—058

27



FLASHARUAD ahALYELIS REFORT
STATISTICAL ANGLYSLS FOR: 2204q

Date: 5 February 1992 Time: 10:kZ2:48
Concentirations are ian ppt (pysml}

EXREX means no calibration available
Internal Stendards used are: In

2204g27

Nuwabar of Rurs: 2
Element Technetium
Mass Tc 79
Run 1 0.2938
Run 2z =0. 3754
Fiezan -0.1490
Etd Lev 0. 614¢
fst Err 0.4344

2%



PLASHAOUAD AlnRLYSIZ REFORT

STATISTICAL ARALYSIS FOk: 22044
Date: 0 TFeuruary 1972 Times 10323:07
Concentraticns are in ppt (pgAnl)

¥KkHK means no calibraticn available
Intarpal Standards used are: In

2204428
Number of Runs: el

Element Technetium

Hass Tc g9
Fan 1 0.2887
Ruan 2 09,2955
Mean 0.2911
Std Dewv 0.00s2
i Est Crr Q.004:
"\,.l
B
L]
~~

C02-060
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e

FLASMARUAD aMaLYSIS REFURT

STATISTICAL nWNALYSIS Flw: 22044

Date:

3 February 1992
Concentrations are in ppt (pg/fml)

X¥RX¥ means no calibration available
Standards used are: In

Internal

2204929

Number of Runs:

Element
Mass

Run 1
Rurn 2
Mean

,8td Dev
Est Err

Technetium

Te

7Y

Timasz

10:23:28

30



PLASHAGUAD AnaLrSIS REPORT

STATISTICAL MWALYSIS FOR: 2204g

Date:

S Feuruary 1992

Time:

1033548

Concentraticns are in ppt {pgsul)
RERKY weans no calibration aveilabls
Internal Stanpards used are: In

2204430

Mumber cf

Element
Mass

Ran 1
Run - 2
Mean

Std Dev
Est Err

nLns: s

Technetium

Tc

99
57,6717
85,7061
£1.4889
5.6817
4.0172

 C02—-06<

2



FLASHAGUAD GNALYSIS REFORT

STATISTICAL AMALYSIS FOR: 22045

Date: 5 Fabruary 1995 Time: 10539309

Concentrations are in ppt (pg/ui)
FEXKKR means no calibraticn available
Internal dtandards used are. In

2294q31
Number of Runs: 2
Element Technwtiug
Mass Tc 7?9
fan 1 Bo, 4413
Ruin 2 97,3423
Mean F1.3%i8
S1d Dav 7.7082
W E=t Err 35,4505
"'-\,‘ .
o
L 2
|
e

COX—-069

32
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FLASPMARUAD ANALYSIS REFORT

STATISTICAL ANALYBIS FOR:

Date:

2204432

Numsber cf Runs:

Element
Mass

Run i
Run 2
Mean

S5td Dev
Est Err

5 February 1992
Concentratigns are in ppt (pg/al)

KEX¥E peganz no calibration avallanle
Internal Standards uszad

[

Technetium

Tec

99
7.1349
7.0544
7.09566
0.0570
0.0403

2204y

Time:s

ares

In

10:24: 30

CO2—06+4

33



FLASMARUAD #iL1SIS REFURT

STATISTICAL ANALYELIS FOR: 2204y

Data: 8

Conceny

Fetruary 1792

]
tions are in ppt

Kik%% means no calibration
tandards used are; la

Intarnal

2209933

Number of Ruans: 2

Element Technetiun

Mass Te
Run i

i by

Mzan

Sid bev

Est Evrr

¥9
5.1132
& 150%
b.1320
0.,0256
0.0138

Tuwtrs 10wdd:%0Q
(pgrml:
availabla

C02—-065

39



Lo

FLASMARUAD ANALYSIS REFPORT

STATISTICAL AMALYSIS FOR:

Date:

Concenirations are in ppt {(pgral
meang no calipratior
Interpnal

REREX

2004934

Humber ot Runs:

Element
Mags

flun 1
fiun 2
Fiean

Ste Deyv
Est Ervr

S February 1¥72

Standargs used

Techietlug

fc

29

w
9.3134

2204

Time:

arcs

v
an

182510
3

avialialLie

C02~-066



FLASHAQUAL AHGLTEIS
STATISTICAL nHA_YSIS

Pate: I vabroary
concentra NS are

YA¥ER means no calibration aw

Intornal Stongards

£204q3%
Huinbar ot Auns: z

tlement Techaetium

Mass Te wQ

Run i 43.4383
Run 2 L8.4045
Ma2an S2.0214

€+d Der 23099
Eet Err : 4.5831

1992 Times: 1%

REFORT

FOR: 2204y

in oapt (pgsnl)
ilable

uzed are: [

C0<Z—-067

30



FLASHARUAD AMALYEIS REFORT

STATISTICHL. sl ¥3IR TOR: 22044
Date: 9 Fetruary 1792 Timoes 10:206:01
Concentratiorns are in ppt (pgiad)

XXKE%¥ means no calibratior available
Internal Standards used are: In

220438
Humber of Rurns: z

Element Technetium

Mass Tc 25
wun 1 3.9850
Jun z 8.921%
Mean 4.9333
Sid Dewv 1,36593
Est Err G487

W\.‘?

:ﬁlh

-

f'\,"

C0<-065

37



FLASHARUAD AWNALTE1IS REFCRT

STATISTICAL ANRLYSIS FOR: Z2I04g
Pater § February 1990 Time: LG:Ze
Concentrations are in ppt (pgs/al;

KAKEY uweans Lo calibratiorn availaule
Internal 3tandards uwsed are: In

2204937
Nusber of Runs: i

Element Technetiwm

Mass Tc gy

Run 1 4,63&7
fun 2 5.3872
mean 3.9970
Std Devy V. AUFS
Ezt Evrr $.3603

i1

C02-069

38



N

FLASMARUADL aNSLYSIS REFORT

STATISTICAL ~nfiYSI® For: 20

Dates

FEREE

v Fzoiwary 1992
Concenirations are i ppt (pgsall

QITCRIT

L Calibration

Oy

Ting: llisig:3e

avallallae

Internal Standards used are: Ia

220438

Mutmber of Runss Z
Element Technutiwn
Mass Tc b4
Fun i J3.1790
Ran z U.1939
Mean 0.19&4

Std Dav
Eazt Err

S.010%
0. 0074

C0<-070

37
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FLASMAOUAD ANALYSIS REFMQRT

STATISTICAL ARALYSIS FOR: 22044

Date:

S Feoraary 1992

Tives

105ke:ls

Concentrations are in ppt (pg/mi}
AXAKK means no catioration aveilable
Internal Standards used are: In

2204939
Mumber of

unge

t

Element Twehnetium

Mazs T g
Run 1 4
Run 2 G
Flean &
Std bev 3
Exzt Err 2

L APE2
L3214
L7599
L3559
. 3817

CO2~071



PLASHARUAD ANRLYSIS RCPORT

STATISTICAL ANBLYSIS FORrR: 2204q

Date; 5 February 1992 Tl 1052711z
Concentraticns are :n ppt (rgral)
¥EREY meanc no calibration availabic '

Interngl 3tandards used are: In

2204640
Number o7 Runs: Z

Element Tecnuetium

flass Tc EL

fiun i F.7222
Run z 8.361s
" Mean 5.001%
Std ey J.48%3
Est Err 0.3297

‘COR

-07<

4



e -

-

c

Bl

Internal

2ZGAgh

Mumber of

lament
ABS

Ztandards usen

il Pl

Tacanetiam

Te

[ i)
0,059
0. 0528
0,064
G.0050
9.0035

are 10 ol | py.

are

In

C0<-073

gL



cani

FEEA

entraticas e

WMEaL tie Coilovatbion

Internad Landards

2204442,

Aumper

AT L
un o
Mean

Sta Dev

st Ery

i

CT oan s =!

Tecnnetium
Te Ed
Z.2543
~uLEdls
1.0115
1.7728

1.2533

COZ-0'74

43



FLAGHAGUGD Al TEIE

STATIBTICRL a

Date:

Cancentraticns are 1in ppt [N

ArE3F mzans no calibralion svaiid

Internal

L204q43
Mumbur

E:ement
Mass
P i
aon 2
moan

Sig Low

Eut Erp

54

FORs: 2209

i
by

Yeoriary 19¥T Tigpe: 10!y

Jtenoards

1

o

nnehium
w7
L ..2.".&":3-
PRSI I
12850
J.o1Lt
0.0474

i
=
8oa
or

e

m

used wrcs In

T——TS gL 7 TS ——T———" - = * |

94



EEN

FLASHARUAD AHALYSIS 4

PLiT

STATISTICAL pbALTSIS FORT Z220dq

Date:

Concentrations are in ppt (py
ER¥EE medas no calibratinm avuilablo

3 Febyuary 154 Tima:

internal Stardards uwsed are: In

L204y44

Number of nuns: pl
Element Technetium
Mass T 77
Run i 5.4921
fun 2 16,1775
faan 8,3348

£1d Dev
Est Err

Z.6060
1.8427

Sk}

C0Z~070



FLASHAOUAL

ALYSIE REFORT

STATISTICAL ANRLYSIS FGR: 2204

Date: I February 970 Tinws
Concentraticns are in ppt ipg/ml)
THELR means ro calibration avaliablp
Internal Standards used are: In

22049445
Humber of Runs: 2

Element Technetium

mags Tc 99
Run 1 A0H.08B1E
fun 2 317.8913
Mean SiZ.788%
— Std Dev 5.935%
: Est Erer 4,9048
e
)
oy 1
-
.

COZ—-077

46



FLASMAGUAD SALTYSIE REFDRY

RUN PROCEDURE SURMARY FOR: Z20uq
Date: 5 February (998 [ S R AR
Concentrations are in ppt (pg/si:

EEREK meane no calibration avaisanle
Internal Standarde uvsed are: In

SAFLES ' ELESENTS 5 Gl

2804gi Te: -3.03 In: KEb ke
~ 22243 Tc: 0.56% In: LT 23 &3
Ty

v 220494 Te: .97 In: LR &

CE204q3 T 3.93 In: E¥SY ¥4

. 220407 Te: ¢.94 In: LSS
2204638 Tc: 1.38 In: Tiaadk
. ‘

22C4q% Te: Z.13 In: RN
2204010 Te: 21011 In: FERALN
2204gil Te: 7.27 Inz LSS F ]

2204912 Tux 99,81 In: LEHEY §

CO0<-078

47



Gavtyid FLi el oz A T

20414 Yo .73 In: PEER R
LI0EcIn Tos £.87 Ing L ES A F
Z204q1s Tes 3.08 In: LR £ 41

2204qlB Tc: 4,92 Ing EETEE &
2204g15 fco G072 Gn: o Rk
2204420 T 69,43 In: REE R A
22044921 Te: 3.24 Ia:z Krdiax
2204922 Tc: -0.14 in: FEEAR
2204gz24 Te: 0.2 Ine LY % F)
2204925 Te: ?.73 In: KEEEX
2204@2& Tex 0.21 Inm: b
2204q27 Ta: -G.14 In: EEREE
2204928 Tc: 0.;9 In: L$ 3%+
2204g2$ Tes 0.05 In: R R
ZE04qQ30 Tes 41448 In: FEKLE

2204q32 Tcs 7.10 In: EXREK

C0<-073



oy~

2204934 Tc:

2204935 Tc

22904936 Tc:

2204q37 Tc

2204g38 Tc

2204939 Tc:

A

ZetigiQ Ta:

2204441 Ty

904443 Te:

2204q44 T

"

C.19

5.9¢

0.19

1.0:0

In:

In:

s In:

In:

In:

In:

In:

In:s

In:

ThEI G

ARF %

AXE1x

BEX £ 2

EESS $ 3

YEEAR

*Xr A

L £ L4

rEE LA

EXE ¢ 53

FREAK

eSS

CO0<-080

41



Dl ofifn

Chutitetive (ke [ Ru.

feak integrals (ACPS) for ~ 221141 dun

Te 99 5 Ry 101

feak inteorals
Te 99 7 Fu 101
reak integrals
fe 9% 5 Ru 101
Faal
fc 99 24 Ru 101
Feak inteqrais
fc ¥ 28 Fu 101
reak integralg
fc 99 8 Ru 101‘
Feak integrals {AUFS)

o 99 9 Ru 101

i
(ACFE) for -~

(ACFE) for -

integrais (ALCPS) for -

(ALFS) for -

{(ACF2Y for =

for -

Foak, integrals (ACFS) for -

To 9v 19 Ru 108
Feak intearals
Te ¥9 20 Ru 101
Fear integrals (ACFS)
Te 9% 17 Ry 10l
fear intearais
To 9% & Ru LOL
Pear 1pteocrals (HCFS)
e 9% 17 Pu 101

Peak inteorals (aOFY) for

(aCPY) for -

Tor -

(ACF3) for -

for -

—

102
1
AV

3 Ru 1a2
2211q5 R 1
7R LOZ
DTiigs Ran 1
4 Fu 192

221167 nun
S Ry
£21lgd Kun
M
ZdlIQQ Rt
5 Ru
2211010 Run
4 Ru
221311 mun
4 Ru

2411918 Kun

162

152

1

10E

102

tug

L

3 ORu 102

2EIlgle Ean

—— rJo Tzu. d*ﬁsﬁrv‘d

o o Sempe.

(2

[

o

(A}

o



e 29 ?‘ﬁu 101 4 fo 0 ' 3
Fear integrals (NCFBY for - 2211474 Kun 1
fc F? & Ru LG1 Zoftw LG <
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1 DEAD TIME CORRECTION :

Deadtime is the time taken by the multiplier to detect an incoming ion and
process the resultant pulse. During this interval the system cannot respond
to another incoming ion, and is therefore effectively "dead*. It is obvious
that this effect will become significant at high counting rates.

1.1 Contributions To Deadtime :

When an fon enters the electron multiplier a cascade of secondary electrons
create a measurable pulse of around 10 nanoseconds duration. The multiplier
takes a finite time to regenerate in preparation for the next ion event.

Each pulse is fed into a pre-amplifier which lifies and discriminates
the signal to give a 5volit TTL logic pulse of nanoseconds duration.
it follows that if two input pulses are separated by less than 50
na?oseconds it is unlikely that they will produce two distinct logic
pulses,

The pre-amplifier output is feed into a multi-channel analyser in which
the counting electrons have a pulse pair resolution of around 50
nanoseconds.

The combination of the above factors gives an overall pulse counting
deadtime of arcund 100 to 150 nanoseconds in the V& PlasmaQuad.

1.2 Deadtime Correction Equation :
The software applies the following first order deadtime correction :
MD

True Counts = D-Mi {1]

Where : _
M = Measured count.
D = Dwell time.

t = Dead time defined in the configuration file.

The correction is applied to each channel, not to the total intagrated
peak intensity. The integrated data files have this correction applied
to them but the raw data files remain uncorrected. .
From equation [1] it can be seen that an {nputted deadtime of zero will
result in no correction being applied to the measured count. If a deadtime
of 100 nanoseconds is assumed, then the measured intensity of a true
count rate of one million will be degraded by 10 percent.
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2 INTEGRATION ROUTINES :

In scanning mode on the VG PlasmaQuad the raw spectral data is acquired into
the memory of a multi-channe)] analyser (MCA). Spectra can comprise either
512, 1024, 2048, 4096 (VG MCA only)y channels and are stored by the computer
as *.RAW files. The integration routines de-convolute this raw data, storing
the integrated counts for each integral mass number as *,INT files. Two
different approaches are employed, fixed range integration and valley
integration, which can be selectad in the System Configuration Utility.

The raw data is integrated using the following method : :

For a given peak at mass Ml (see Fig.l below) the channe]l associated with
that mass is calculated from the mass calibration. The channels associated
with the masses (M1-0.35) and (M1+0.35) are also calculated. When using
\(r'a*l:}ey integration the peak maximum is then searched for between these limits

If no maximus is found above the background defined in the configuration
record then the peak limits are set to the integration range defined in the
configuration record, with the peak centre being defined as that calculated
from the mass calibration.

necon —=

Chanrals / Mass ~p

_.u..‘g.l.lﬂ

i

”'luh..m. .
!

A
(Intagration linit for fixed renoe)

Fig. 1 To show integration ranges.

For fixed range integration the'linits of the inte?ration are determined by )
the number of channels occurring in the integration range {as set in the
COI;‘:;@.I{:’HOH record) centred around the channel calculated from the mass
calibration, '

Low channral=Channel for thae mass(M 1 - Integration runge)

2
High channel=Channel for the mass(M 1 *Iutegrauzon @5_'?.)
PQ Software Manual fii
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(DAC step per channel)

ACPS Factor = (Dwell time per channelXDAC step per AMU)

where

(End DAC - Start DAC)

DAC st
step per channel = o ber of Channels —~ 1)

65535
DAC Step per AMU 300
Note : This is set by the PQ controller electronics.

Thus :

ACPS factor = {End DAC - Start DAC)

((No Channels~1)xDwell Time XDAC Step Per AMU)
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For valley integration the 1imits of the integration are determined by searching
from the peak maximum down and up to the first minima. If no minimum is found
then the limits are defined by the integration range set in the configuration
record. In the case above the lower mass limit would be set to MV and the
high mass limit would be the same as that set by the fixed range limit,

Hig

Peak Integral = (Dead time corrected counts)
i=Lawchaa

It is these values that are stored in the integrated data files.
2.1 Fixed Range integration :

Using the mass calibration to def ine the centre of the peak, this routine
sums al] the channels over the peak width which has been selected in the
System Configuration Utility. For example if the default peak width of
0.8 atomic mass units (amu) has been selected then the routine will sum

the channels corresponding to m - 0.4 and m - 0.4, where m is the mass
of interest.

This approach has been found useful when the doing the background

subtraction of very small peaks near the ultimate detection limit for

peaks of irregular sha{w as may occasionally be obtained using laser
is

ablation or slurry nebulisation because of the particulate nature of the
sample introduction,

Please note that an accurate mass calibration is imperative.
2.2 Valley Integration :

Using the mass calibration as a starting point, this routine searches
over a range of +/- 0.35 amu for the peak maximum. The routine moves
out on either side of this maximum, searching for a valley by looking
for an increase in the counts. For this gurpose a three point rolling
average is used for peaks under 50 channeis per amu wide { for example
a full mass range scan) and a 5 point relling avcra?o for paaks greater
than 50 channels wide (for example a scan over a single element). The
routine continues out to 0.5 amu either side of the peak maximum and
ignores any false minima in this range. If no valley is detected then

the integration is limited to this range of +/- 0.5 amu from the peak
max imum.

If during the initial peak maximum a peak is not discovered higher than

the background count rate, as specified in the System Configuration-

Utility, then the integration will be over a range of +/- 0.5 amy from
the mass calibration peak centre. The background count rate should be

set slightly higher than the random background noise of the instrument
and is defaulted to 30 counts per second.

2.3 Area Counts Per Second :

In order that spectra acquired under different conditions of dwell time,

number of channels and mass range may be directly compared the integrated
data is calculated in Area Counts Per Second.

The ACPS factor for a given raw data file is defined as being :

iy PQ Software Manual
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3 MULTI-ELEMENT CALCULATIONS :

The fully quantitative multi-element calculations use a standard or a series
of standard solution(s) to create response curves for each element defined.
These response curves are then used to calculate the concentrations of the
samples from the {ntegrated data,

3.1 Sample Counts :

For each isotope in the element menu the counts given are obtained from
the integrated raw counts for that isotope. These counts are corrected
for Area Counts Per Second (ACP's) and for any internal standards used.

Sample Counts = Counlsx ACPSF aclaranal Int Std Counts

Sample Int Std Counls

Where more than one internal standard is used then a linear interpolation
is performed between the two masses to obtain the correction factor for
the mass of interest.

For a blank subtracted samples:
Sample Counts = Samplis Counts-Blank Counts (for sach isotope)

For multiple runs on a sample the mean and standard deviatfon are calculated
for each isotope.

r

:Sample Counts

Mean Counts =

Runs
" - F
Std Dev - (Sample Counts- Mean Counts)
i= (Runs-1)
The estimate of error for a given standard is given as :

- Std Dev
JRuns

For a blank subtracted standard:

Error

Error = y(Blank Error)®+(Sample Error)?

The response counts for each of the standard samples, calculated as above,
and the concentrations as defined by the relevant concentration file,
are used to calculate the response curves for each isotope defined in
the element menu using a Least Squares fit weighted to m.(d)z where
only one run is used, then the standard deviation is approximated to the
squars root of the counts for all points.

3.2 Response Graph Fitting :

This routine fits a polynomial to determine the calibration curve for
counts to concentration. This can be chosen as a first or second order
polynomial fit (m =1, 2). ’
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y(x) = Sext

i=1
where,

c, are the polynomial coefficients to be determined,
X is the concentration,

¥(x) is the expected count rate for concentration X.
A set of points are measured using solutions of known concentration :
N = number of points measured,

X. =~ concentration (known) for solution k,

Y, - measured count rate for concentrationX,,
1

W, ~ =3 weighting factor;
T

a measure of accuracy of each calibration point

The mi?hted least squares calibration is determined by a calculation
which minimises the square of the differences between the fitted model
y{x) and the actual measured values Y.
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The misfit, x*, is defined as :

t}:V.(Y,-y(X,))z
2
- .iw,(yt-icixi“)
ke i=
' 2
iw (r, 2y, 2c.xi"+(2ctxi") )
&=} i»

This expression takes the form :

Ay = 23 wortiap
A=}
The minimum of x? may be calculated by solving the matrix problem :
Ac = 8

formal solution _
c = A8

which 1s done numerically using a Gauss-Jordan method for matrix inversion
with part‘lal pivoting (Ref. MUMERICAL RECIPES (The Art of Scientitic

?t;ggn g«:tfon .1; Publisher : Cambridge University Press; ISBN :
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Hlilere : single internal standard is used the normalisation factor applied is
given by :

i
Normalisation factor= :,—°

whare

1,= integral counts for the first sampls at the mass of the lntarnal standard.

I,= integral counts for sampla n at the mass of the Internal standard.

Where multiple internal standards are used, the normalisation factor is given
by :

1 : For masses less than the mass of the first internal standard

1
Normalisation factor = ;—'

where
l4= intagral counts for the first sample al the mass of the first internal standard.
1,= integral counts for sample n at tha mass of tha first internal standard.

2 : For masses greater than the mass of the last internal standard

I
Normalisation factor = l_.
a

where
14~ integral counts for the first sample al the mass of the last internal standard.
I, = integral counts for sample n at the mass of the last internal standard.

3 : For masses between two internal standards a 1inear interpolation is made
between the two factors. Thus for mass x between two internal standards (at
masses ml and m2), the normalisation factor {s given by :

1
Factor g, = ——

Factor ., = ;-?Lz

am2
(Factor w2— Factor ,,;)

Normalisation factor,, = Factor,,+{(m_~m,)*

5 AUTOMATIC RECALIBRATION

Where recalibration standards are included in an analysis procedure the full
ml*sis programs check for any drift in the instrument and perform a
reca

ibration when the drift is greater (positive or negative) than the drift
limit set by the user,

The integral counts for each recalibratfon standard are compared to thase of .
the first recalibration standard, and if the absolute difference is greater

PQ Software Manual xi
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{ A matrix is defined as

FOR i = 1 TO NumberOf Points ,
Matrix[i,Cols] = Matrix[1,Cols] + (Counts * (Conc)i * {1/2Sigma))
FOR j=1to i
END Matrix[i,j] = Matrix[1,j] + (2Sigma * {Conc)i * (Conc)j

END

and then solved.)

Having calculated the response curves for each isotope from the standards

defined in the analysis procedure the sample concentrations are then
calculated.

For each run of each sample and blank the sampTe counts are calculated
as ahove and used to calculate the concentration from the response curve
coeffictents, using the Newton-Raphson method (Ref. NUMERICAL RECIPES
(The Art of Scientific Computing), Section 9.4; Publisher : Cambridge
University Press; ISBN : 0-521-30811-9). ‘here a sample is defined as
a blank subtracted sample the mean blank concentration is then subtracted.

The mean concentration, standard deviation and estimate of error are then
calculated for each sample.

Where statistics have been selected the concentration results for each
run for each sample are printed for all the isotopes selected.

Summary results are always iprintccl for each sample in the run procedure.
The mean for each element is calculated and for elements with more than
one {sotope a weighted mean is calculated. The means are weighted according
to the error for each isotope as described below:

c
Weighted Cone - Maan fso Cone
is Iso Error

“X" 1
Error St Iso Error

Weighted Elemental Concentration= M
Error

4 INTERNAL STANDARD CORRECTION :

The fully quantitative multi-element calculations may use one or more internal
standards to correct for instrument drift and / or matrix surpression. Where
this is to be used, ALL samples (including standards and blanks) defined in
the analysis procedure MUST have the internal standard(s) present at the same
concentration. The actual concentration is not important ver fdeally the
internal standard should be in the mid range of the concentrations expected.
Internal standard correction is done by normalising the integral counts to
the first sample defined in the procedure.

x PQ Software Manual

C0<—099

ot ioi s B & R o/ T, T L L1 B
ntasnsf

r

1]
i N e i LA St 35 RS 1 et S Syt 4 A

-
—

[ | | oS |

® I I



than the %drift limit set by the user the standards and standard blanks defined
in the procedure are rerun, When the mylti-element calculations are performed

the samples after this new set of standards will use the calibration curves
calculated from the new standards.

The drift is given as :

(w285
Total Drift= ABS({o, =1 )

i=1

Total drift

lo=integral at mass i of the first recalibration standard

% Drift=

whare

I y=integral at mass i of the current recalibration standard

xii PQ Software Manual
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7 Isotope Dilution

On entering the module three tables are displayed . The top left hand side
table show the structure of any analytical procedure , sample name , tyfe.
number of runs and the weight of the sample. This is shown for each sample.
In the table on top right hand side the spikes are shown . A list of spikes
may be present for any SAMPLE, not standards. In the table at the bottom of
the screen the details of an individual spike are shown. The spike highlighted
by the cursor in the second table has its details shown in the bottom table.
The information shown are the isotopes avaflable , abundances of both the
natural sample and the spiked sample, the weight of the spike, ratio of
1sotoﬁcs of interest, Atomic weights of both the natural and spiked samples
and the identification by which the spike is recalled.

Great importance is placed on the preparation for the spikes. You need to
know the concentrations of the spike and the sample you intend to spike. After
preparing the spike and adding it to the sample. The data you need to have
is the weight of the sample ,10 grams average on a PQ for sample uptake, which
you enter in the top table for each sample. Now you need to create the spike
«CREATE SPIKES(F6) then NEW SPIKES(F7) , the ratio of the spiked isotope to
the unspiked isotope ,weight of the spike in nanograms, relative abundance
of the isotopes in the spike, At the present time it is possible to have up
to 8 spikes declared against each sample.
Now after creating each spike you can assign them to particular sample.
All the info for the spikes is already in the integrated data fils of the
spiked sample, and since we have just entered the spike information as described
ve. All the info is ready, you just need to add the spikes references to
the sample which contains the tunknou + spike) and then you have set everything
up. This {s achieved by ALTER SPIKES(F4) and then with the new 11st of options
use NEW SPIKE(F2) then you enter the spike {dentification ,its name.

After adding all the spikes START CALCS (F5). On the print out you will see
that the ratio is a big number ,divide it by the value for the mass discrimination

for the correct value. If you use the Isotope Ratio procedure you can check
the ratio values. '

The mass discrimination is used if you have standard declared in four procedure
for a value to be calculated , else it defaults to 1. Which is good enough
over the mass ranges used in most cases.

Below is a summary of a1l the commands and options available for this progras: -
ADD SAMPLE

Add a sample, of type sample, blank, standard or the usual combinations,
to the procedure.

DELETE SAMPLE
Delete a sample from the list of the procedure.

SELECT FIELD

This is function is used to change the field highlighted by the cursor.
50 the user can alter the sample name, type, r of runs or weight of

the sample . Suftable prompts are used to aliow the user to enter the
correct type of data. : )
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6 MULTI-ELEMENT INTERFERENCE CORRECTION

The following equations are applied ta the integrated data to correct for
interferences when interference correction has been selected ON in any of the
multi-element calculation modes.

Codes used to define the equations are as follows.

182 : the original integrated data value at mass 82.

™ArC177 :7a temporary store for the calculated intensity of ArCl at mass
7

As75 : the new integrat value for As at mass 75 to be used in the
calculations.
ArCl corrections on As75 and Se77
Sa?77=182% 7.5 Se RESULT at mass 77
8.84

PRArCL?7 = |77 -Se77 Intensity of ArC) at mass 77

Intensity of ArCl at mass
2% ArCI7S = 7% ArCI177 % 1022 ntensity of Ar( 75
24.6
As7S=]7S5-7%AsCI7S As RESULT at mass 75
C10 corrections on V51
Crs3=152+ 9.5 Cr RESULT at mass 53
r 83.8
?7%Cl0S53= [S3-CrS3 Intensity of Ci0 at mass 53
2%C 1051 -?Ctosa*;i'z Intensity of C10 af mass 51

VS1=IS1-7%ClO51 V RESULT at mass 51

The e?uations are applied to the raw integrals and the new integral values .

calculated are subsituted into the integrate data structure which is then
treated the same way as uncorrected data.

Interference correction is never applied to standards or to standard blanks.
Where the same blank is used for both standards and blanks the blank is not
corrected for interferences before it is subtracrted from the standards,
however, it IS corrected before it is subtracted from subsequent samples.

Please note that these equations are not editable by users, however, if a
different set of equations are required a file to enable these may be obtained
on request to VG Elemental.
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ALTER SPIKES

This function is basically how the user assigns the spikes to a sample,
or removes them or make changes specifically to a spike for that sample.
This gives the options of :-

CHANGE SPIKES

Allows modifications to the spike for that particular sample . This
has the following function keys options :-

CHANGE ABUND

Alter the abundance highlighted by the cursor, either natural
or spiked.

CHANGE WEIGHT
Alter the weight of the spike used.

CHANGE RATIO

Alter the ratio reference/tracer, by selecting the isotopes
required. .

NAT AT WGT
Alter the atomic weight of the naturally occurring element.

SPIKE AT WGT
Alter the atomic weight of the spike.

CHANGE IDENT
Alter the identification of the spike.

NEW SPIKE
Add a spike reference to be against a sample.

DELETE SPIKE

Delete a spike reference from a sample.

START CALCS
Start the calculations for the samples with spike defined against thea.

CREATE SPIKES

Here is where the info for the spikes is held and added, the following
options are used :-

CHANGE ABUND
A]:zrdthe abundance highlighted by the cursor , either natural or
spiked.
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CHANGE WEIGHT
For weight of the spike.

CHANGE RATIO

Enter the information for the reference and tracer isotopes.
NAT AT WGT

Alter the atomic weight of the naturally occurring element.

SPIKE AT WGT
Alter the atomic weight of the spike.

CHANGE IDENT
Alter the identification of the spike.

NEW SPIKE

Add a new spike to the list of spikes. This will prompt the user
for the element to be spiked , weight of the spike and the ratio to
be used. Then the user can use the function keys to alter the
necessary data,

GET SPIKE
Retrieve a spike which has already be defined to be edited on .

SAVE SPIKE

Save a spike under an identifying name.

DELETE SPIKE
As it says delete a spike from the list of spikes held.

GET PROC
Fetch a procedure from the 1ist of analytical procedures available.

SAVE PROC

Save a procedure, as an isotope dilution procedure. Note this procedure”
cannot then be editted as a multi-element procedure.

LIST PROC
List a procedure, this will show the spikes as defined for each sample,
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The equation used to calculate the results for an isotope dilution experiment

is ¢
isotopdil

(AI’-BIDR)

Concentration= K .V,,m
L » L]

Concentration iz given in nanograms per gram , then aue{nd to appear as PPB or PPT

K = ratio of the natural atomic weight to the atomic weight of the spiks
W~ waight of spiks in nanogramas

A, B,,~ abundance of isotopes A and B found in tha spike

R~ measured alitered ratio of isotopas A and 8

W~ weight of sampls in grams

A 8,~ abundanca of isotopes A and B found in the sampls
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