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The introduction of Thermo Scientific ICAP Q ICP-MS and
1CAP 7000 ICP-OES with ESI prepFAST Autodilution system
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The introduction of Thermo Scientific iICAP Q ICP-MS and
1CAP 7000 ICP-OES with ESI prepFAST Autodilution system
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Conventional Calibration prepFAST Autocalibration
(seven points) (seven points)
Offline Prep: 1 Blank + 7 Standards Inline Prep: 1 Blank + 1 Standard
Inline Dilution Rate
STD STD |Dilution
Position | Concentration Factor | Std |Diluent| Total | Concentration
10 0 10 200x | 50 | 9350 | 10000 0
1 0.05 2 200x | S0 | 9350 | 10000 0.05
2 0.1 2 | 100x | 100 | 9900 [1o000] 0.1
3 0.2 2 50x | 250 | 9750 | 10000 0.2
2 | tox [1000] so00 [1o000[ 1
prepFAST Calibration: Blank can be analyzed diluted o¢ undiluted.
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Saabilization Blank UNIMOWN ] 1 1
Cal Blark 3ELK [] 1 1
0.05 pob 3jso 10 pebs Enviro 0 2 20
0lpck 3]st 10 pob Ervire 0 2 100
D2pch 3fsto 10 ppb Enviro 0 2 |
[ QSTD 10 pobs Ervire [] 2 Nl
Teb 1T 3so | 10pcb Ervare L .
Zopb 3}sto 10peb Enviro 0 2 $
Seeb 2sT0 10 peb Envine (1] 2 2
10peb 3|s0 10 ppb Enviro 0 2 1
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Manual Dilution In-valve Autodilution
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Status:  Sucoess

Creation:  With expesiment
Description:

Comment:

Stat time:  67242015221.22PM
Stop time:  6/24/201522251 FM
User name: CPCPO\CPC

Analyte concentration out of rangs for: 7L (STDS) I

Status Success

Crestion:  Added by Inteligent Diution
Description:

Comment:

St time:  6/24/2015 22251 PM
Stoptime:  6/24/2015 224:02 PM
User name: CPC-PC\CPC

Al analyte concentrations in range.

Measured weh comected dison factorof 1684
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Thermo Scientific iICAP 7000 Series ICP-OES
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R R ERAHENE - AHERE AHTE AHRE - ABKR kg B BFBE
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Instrument
Nebulizer Aerosalt Nebulizer
2Bk
Spray Chamber Quartz ARERSH AER T EZRRIEZFe ~ Cr»
Centre Tube Ceramic 2mm ID In=Av k5 > hmArAg~ Al~As ~Bi~Cd -
Cu ~ Hg ~ Mo ~ Ni » Pb ~ SbfeSn#a & + # {8 T &
Torch Duo Torch © AR R EHIEE A0~ 50 ~ 100 ~ 200
Parameter 500 ~ 1000422000 ppb(zx: R A 48,%]2000 ppb) > 5
ShAs ~ Hgth M E 438 A1 A0 ~ 5~ 10 ~ 20 ~ 50
Expasure Tima(s) W VIS 100 ppb - prafth BB Y > FEUYEE EAL
R ppmY » 1E A5 A6 A E o) AR E S -
View Modes Axial
AT AT R
RF Power(W) 1150 Hhow AR I

AERUAGFEHATEF Hksn EAEA
Nebulizer Gas Flow(L/min) 0.5 Eal13EB) s oA EE25%EB2) - AT &4
Y4~ eRAEESHENS) - 2R E6ikR6)~ A

Auxiliary Gas Flow(L/min) 0.5 4 & TIE(RT) B AR 4 6,403 (R40) £ £ 14 3 -
Coolant Gas Flow(L/min) 12 FEFE 0.5 g & F AR HALHR P LAAB 4 KB RIS T
Pump Speed(RPM) 50 F225mL ; BERIHALHR © v A25 mLAB &b KAF

7
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o 1M 8 42 40 M 4 0 T A8 AR TR

o= REBRMRZTHRGEMRYE S AN0.999 » BF RAFEEGME o 1Kk 514 R4&FR(IDL) Fk £ # F4% %(504%) Bp

= B F AR FR(MDL) » Rk 248 HaE ~ FikaBaERMDL) « ¥ %4 (BEC)4w #BAi T« °

T BB~ B A A B

Element H®HEEF(RY) BEC(ppb) MDL(ppb)

Ag 0.9991 3.378 75.90
Al 1.0000 5.646 100.7
As 0.9996 -1.291 134.2
Bi 0.9999 0.430 260.1
Cd 0.9999 0.042 13.70
Cr 1.0000 0.153 41.55
Cu 1.0000 -0.0003 53.25
Fe 1.0000 0.933 38.70
Hg 1.0000 0.557 32.75
Mo 1.0000 0.220 35.25
Ni 0.9999 -0.400 36.00
Pb 0.9999 3.520 148.8
Sb 1.0000 1.466 146.3
Sn 1.0000 0.565 34.45
Zn 1.0000 0.141 35.15

QAR S AT IR

AEBR 7 HAZ Al~As ~Bi~Cd~Cr~Cu~Fe~Hg Mo Ni~Pb~Sb~Sn~ZnE+ L ETH
» B TAl~As~Cr~Cu~Fe~Ni~Sn~Zn&nIDLS » R #2705 A£IDLIATF o ICP-OES B 4 48 % 1
BARERIR » RUMARI kb P £ B RE oM IREFRLEC -

£C~ BB MIRE

Element IDL S'I?DC— 3 MBK B1 B2 Y4 Y5 R6 R7 R40
Unit : ppb
Ag 1.518 216.9 <DL <DL <DL <DL <DL <DL <DL <DL
Al 2.014  197.7 <DL 21.77 140.1 13.98 8.833 56.57 <DL 222.1
As 2.684  20.26 <DL 6.204 2.934 3.256 3.148 5.251 3.595 <DL
Bi 5.202 202.7 <DL <DL <DL <DL <DL <DL <DL <DL
Cd 0.274  202.0 <DL <DL <DL <DL <DL <DL <DL <DL
Cr 0.831 201.9 <DL <DL 164.1 2.396 7.645 3.599 <DL <DL
Cu 1.065 201.7 <DL 1.313 3.377 <DL 2.000 6.086 <DL 2.937

Fe 0.774  201.7 <DL 89.33 763.3 139.7 144.5 187.2 19.13 33.29

Hg 0.655 19.49 <DL <DL <DL <DL <DL <DL <DL <DL
Mo 0.705 199.8 <DL <DL <DL <DL <DL <DL <DL <DL
Ni 0.720 202.3 <DL <DL 7.717 1.397 8.689 5.738 <DL 2.603
Pb 2.975 205.1 <DL <DL <DL <DL <DL <DL <DL <DL
Sb 2.925 199.1 <DL <DL <DL <DL <DL <DL <DL <DL

Sn 0.689  200.1 <DL 6.189 4.224 3.464 4.507 3.529 3.220 4.277

8 Zn 0.703 202.0 <DL 0.794 12.27 6.658 2.653 4.091 4.615 17.25




3 ﬁ{un ,a T/}E—‘}#
EZDAK L EREEUR L ERMRE - Ag~Bi~Cd~Hg Mo - Pb - Sb% x% %/ \#MDL » 5 #+Al
~As~Cr~Cu -~ Fe ~ N1 ~Sn~Zn#EF L LREAERMEN -
AD BB ERERE

. [EeswmTEESRT xeww  kexwm
oment | TER R RE R KR BR KR BR KR BR KRR BR KR BAR
48 ®m¥ 48 RE 4% mE 4% RE 4% RE 48 RE 4¥ RE
Unit : ppm
Ag <MDL - <MDL - <MDL - <MDL - <MDL - <MDL - <MDL -
Al 1.084 - 6.974 - 0.693 - 0.437 - 2.757 - <MDL - 11.01 -
As 0.309 2 0.146 2 0.161 2 0.156 2 0.256 2 0.178 2 <MDL 3
Bi <MDL - <MDL - <MDL - <MDL - <MDL - <MDL - <MDL -
Cd <MDL - <MDL - <MDL - <MDL = <MDL - <MDL - <MDL -
Cr <MDL 50 8.169 25 0.119 25 0.378 - 0.175 25 <MDL 25 <MDL -
Cu 0.065 - 0.168 - <MDL = 0.099 - 0.297 - <MDL = 0.146 -
Fe 4.449 500 37.99 1000 6.927 500 7.140 - 9.125 500 0.950 500 1.650 -
Hg <MDL - <MDL - <MDL - <MDL - <MDL - <MDL - <MDL -
Mo <MDL - <MDL - <MDL - <MDL - <MDL - <MDL - <MDL -
Ni <MDL = 0.384 - 0.069 - 0.429 - 0.280 - <MDL = 0.129 -
Pb <MDL - <MDL - <MDL - <MDL 2 <MDL - <MDL - <MDL 2
Sb <MDL - <MDL - <MDL - <MDL - <MDL - <MDL - <MDL -
Sn 0.308 - 0.210 - 0.172 - 0.223 - 0.172 - 0.160 - 0.212 -
Zn 0.040 200 0.611 200 0.330 200 0.131 - 0.199 200 0.229 200 0.855 =
*Total 0.683 20 0.524 20 0.333 20 0.477 - 0.724 20 0.338 20 0.358 -
*3% @ Total(tb &, 7% 24 453F)Ag ~ Pb ~ As ~ Cu ~ Cd ~ Hg ~ Mo ~ Bi ~ Sn#fuSb 4 1048 7T & Au 48 {4

FE ~ AR b E i AR

Element Y4 *Y4 Recovery
(ppb) +200ppb/20ppb (%)
Ag <DL 187.0 94
Al 13.98 210.2 928
As 3.256 23.66 102
Bi 2.522 183.4 90
Cd 0.109 185.9 93
Cr 2.396 203.4 101
Cu 0.628 211.5 105
Fe 139.7 337.9 99
Hg <DL 17.84 92
Mo <DL 197.1 99
Ni 1.397 185.2 92
Pb <DL 182.1 91
Sb <DL 193.3 98
Sn 3.464 186.0 91
Zn 6.658 196.7 95
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Introduction Components

Spray Chamber PFA Cyclonic Spray Chamber
Injector 2.0 mm Sapphire Injector
Sample Cone Platinum (Pt)
Skimmer Cone Platinum (Pt)

PFA-ST-400 Micro-flow
Nebulizer
Nebulizer

Instrumental Parameters

Operation Mode KED
RF Power 1550W
Nebulizer Flow (L/min) 0.88
CCT Gas Flow (He) (mL/min) 4.721
Spray Chamber Temperature (‘C) 2.7

2. 4% oL AT R ¥ Ty ik

AEEEANISTHE § ZSRMAZ &8 > o 5]
#ASRMI1515 Apple Leaves & SRM 1568b Rice
Flour o #% ##0.2 gkt s SRMAZ £ 4§ 458 » 5 4]
A6 mL 70% HNOs & 1 mL 49% HF > it B fuA40
uL 100 ppm Au > 45 £HEE » RABURHIEE T
b BHIbR ML A EER > HUDIWE &
F40mL > E BB AHRE2SERAT oM 0 BRE L
AR FEAE R A 50048 o

- I
!.' i -
et =
ks p

B— SRR HILE X ERTIRE

3EhE Y
WMESEHEFARGEL EAAYT TE > BILATRX
6% HNO: R 1% HF A 24 A Y > Bo R Bwk
= i % /wl ppb Rh & Big ¥ NAZ 14 E -
#%=-Cu~As~Cd~Hg-PbirE44HE

Elements Unit STD1 STD2 STD3 STD4  STDS

As/Cd/Pb ppb  0.05 0.1 0.5 1 2
Cu ppb 05 1.0 5.0 10 20
Hg ppb 00125 0025 0.125 025 0.5
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0.999 » A& RAF&94 % > Cu~ As > Pb~ CdfvHgix &4 Bl #am B — 2 B X ©

= 63Cu (KED) - 15:103Rh (KED) |

250

g

g

Intensity [eps] (10°3]

8

T 75As (KED) - IS:103Rh (KED) |

Intensity [cps]

SHEw  Rel SHEx clfa
s 5335 +H0.000 0,000,
R4 1000 1] 1000
BEC 0020 ppb BEC| 0,004 ppb
IDLLOD)  0.003 ppb [OLEOD)| 0001 ppb

= ~ Cu Calibration (R2>0.999)

= - As Calibration (R2>0.999)

MMl 111Cd (KED) -Is:103Rh (<eD) | | M (5 202Hg (KED) -1S:103Rh (KED) | [} P [ | 208Pb (KED) -15:2098i (KED) |
T T T T T T H 1w T BTN T T
15 4 ° 100 4
Tl 3 T
g, L £
2 20
0 s ; ; } ; ; 0 L i ; ; i
0.0 a1 0.2 03 04 05 06 00 05 1.0 15 20
Concentration [ppb] Concentraiion [ppb]

Confidence Delts  StdEmr Rel. StdExr

Parameter

b

f(x)=b*x+a

fidence Delta

Value StiExr  Rel StEm

Parameter

bl S

) 430 o HE o S0 000
R*2 1.000 R*2 1.000 RAZ 1.000
BEC| 0.001 ppb BEC| 0002 ppb BEC| 0.009 ppb
IDLELOD)| 0001 ppb IDLLOD)| 0.001 pyb IDLQOD)| 0000 ppb
B ~ Cd Calibration (R2>0.999) [& Z - Hg Calibration (R2>0.999) 7% ~ Pb Calibration (R2>0.999)

2 AR RIAR IR

A8 R4 PR A %2 & 750 (6% HNOs + 1% HF) E4 247 7R @ st E 3B 2 A2 815 £ > 1550 & B850
1% [R(IDL) & /> £ 5020 ppt » & RAFOGMA AR - R EMHRAEBS00454% » BP T 43 7 7% 14 B4% FR(MDL)
' {8 L& 69 IDLELMDL 4w %k = Ao ©

K=~ BAFREE FAMERMA
Elements Unit BEC IDL MDL
Cu ppb 0.020 0.003 1.312
As ppb 0.004 0.001 0.650
Cd ppb 0.001 0.001 0.315
Hg ppb 0.002 0.001 0.628
Pb ppb 0.009 0.000 0.154




3ARGERIRE
F 09 A KRR ERIT M Z KR EYESRMIS68b2 4 % » R A 0 3 R EZEHESRMIS152
R KRlECu-~ AsfCd=M % > ARER ECu~ Cd~ HghPbmiE Lk - HER %A % A£SRM
REALE N > BT AERIEE AT EEN -
# m ~ NIST 1568b-Rice Flour F &4 #7 & &

Element 1568b-1 1568b-2 1568b-3 1568b-4 Average RSD (%) Measured Certified
———————————————— Unit © ppb---------------- ----—-=Unit : ppm------
Cu 2283.32  2281.23  2262.50 2247.30 2268.59 0.75 2.269 2.35%0.16
As 278.97 279.75 272.84 283.96 278.88 1.64 0.279 0.285+0.014
Cd 21.84 21.21 22.31 22.17 21.88 2.24 0.022 0.0224+0.0013

# Z ~ NIST 1515-Apple Leaves &[5 m 47 4 £

Element 1515-1 1515-2 1515-3 1515-4 Average RSD(%) Measured Certified
———————————————— Unit * ppb-—--—----—--—--- -------Unit : ppm------
Cu 5694.99 5760.88 5543.73 5704.29 5675.97 1.64 5.676 5.64+0.24
Cd 12.86 13.19 14.18 14.05 13.57 4.77 0.014 0.013+0.002
Hg 42.09 41.08 43.97 45.35 43.12 4.43 0.043 0.044+0.004
Pb 485.81 457.83 467.21 458.66 467.38 2.78 0.467 0.470£0.024
44 S Ao W F

ENB RS EYYE AmSTDAM B F B » Rt AR REZEWE HmSTDAE) & Y 83K > A
A UFZ B FE G NR0~110% F - B8R e #7 ik G A RAF 8 Aot

% 75 ~ NIST 1568b-Rice Flouris Ao &) fi % 83X

Elements Unit STD4 SRM1568b SRM1568b+spike  Recovery(%)

Cu ppb 5 4.585 9.360 95.5
As ppb 0.5 0.560 1.047 97.4
Cd ppb 0.5 0.044 0.530 97.3

% £ ~ NIST 1515-Apple Leaves s An = i & 783X

Elements Unit STD4 SRM1515 SRM1515+spike = Recovery(%)
Cu ppb 5 11.568 16.621 101.1
Cd ppb 0.5 0.026 0.541 103.0
Hg ppb 0.125 0.082 0.219 109.1
Pb ppb 0.5 0.919 1.463 108.8
& W

#] A Thermo Scientific iCAP Q ICP-MS2L 8 — 5 #7 8L X (KED) » 124 R4F £ TR E 0k > i
BT HRBREREOOHERELBOGE > "W ARARRERENEFEAREL BN G2  BRE %A
BN 0 B FER4£90-110% @ BB KRBT ERIV AR THELE S EA RIFEEME
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Auto-Dilution, EPA 200.8, ICP-MS, USP <233>

To demonstrate the increase in and reduce manual tasks through
automation of the analytical workflow. Through an integrated combination
of intelligent software and hardware, demonstrate how auto-calibration and
auto-dilution can simplify routine elemental analysis.

Similar to most solution based techniques, elemental
quantification by inductively coupled plasma mass
spectrometry (ICP-MS) involves numerous dilution
steps before the analytical run can commence.

A series of calibration standards have to be supplied at
concentration levels designed to span the expected content
in the unknowns. These standards are usually prepared by
serial dilution from one or more stock standard solutions.
Depending on the required calibration range, several
dilutions between 10 to 200-fold are usually required.
The majority of samples for elemental analysis by ICP-MS
are supplied as solids that have to be first brought

into solution, for example, by mineral acid digestion.
Depending on the sample and digestion procedure
required, the samples would then have to be diluted
before analysis — usually between 10 to 100-fold.

During the analytical run however, samples that do not
meet the requirements defined by laboratory standard
operating procedures (SOPs) may have to be removed
from the autosampler rack for additional dilution and
subsequent repeat analysis. For example to:

¢ Confine measured concentrations to within the
calibrated concentration range.

¢ Eliminate the effect of variable, sample dependent
matrix suppression of the analytical signal.

While these dilution steps can be manually performed
by a skilled laboratory technician it is both tedious and
time consuming.

Figure 1. The Thermo Scientific iCAP Q ICP-MS with integrated
ESI prepFAST Auto-dilution System.

The ESI prepFAST™ Auto-dilution System in combination
with the Thermo Scientific™ Qtegra™ Intelligent Scientific
Data Solution™ (ISDS) Software offers the following
capabilities for routine trace elemental analysis by the
Thermo Scientific™ iCAP™ Q ICP-MS:

e Prescriptive dilution of a single stock standard to
generate multiple standards for calibration curves
directly from the autosampler rack.

e Der analysis prescriptive dilution of samples directly
from the autosampler rack.

e Over calibration range results for samples or QC
analyses trigger intelligent, automated dilution
to restrict measured concentrations to within a
defined range.

e Internal standard recoveries outside of defined limits
trigger intelligent, automated dilution to eliminate
manual reruns of unexpectedly high matrix samples.

These features allow for fully automated sample
preparation and per-analysis data review. Large analysis
batches can now be confidently processed without any
supervision, freeing up laboratory personnel for other tasks.

Thermo
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The prepFAST Auto-dilution System is based on dual
FAST valves operated in combination with a bank of four
syringe pumps (S1-S4) that provide improved precision
and accuracy over peristaltic pumps. With flow rates of
between 1 to 20,000 pL-min™ the S2 (carrier) and S3
(diluent) syringes can perform dilutions in seconds while
the S4 syringe adds internal standard at a constant

rate. Speed of dilution is independent of dilution factor
(1 to 400) ensuring exact injection timing for all solution
regardless of dilution. The operation of the prepFAST is
summarised in the 4 steps shown in Figure 2: 1) Vacuum
loading of the loop, 2) syringe dilution (S2 & S3) and
addition of internal standard (S4), 3) sample injection
and 4) loop rinsing (S4).

1. Vaccum load sample into loop

Sample

ToiCAPQ

Vacuum

2. Syringes add internal standard and
dilute sample into second loop

<
54: Internal
Standard

-}

Rinse

Vacuum

\

/ ToiCAPQ

Figure 2. The 4 main steps of prepfFAST operation, showing the
combination of the 7 and 6-port FAST valves. The prepFAST
Auto-dilution System is installed directly beneath the iCAP Q
ICP-MS sample introduction system (Figure 1) to provide the
shortest sample transfer distance reducing uptake delays to
just a few seconds, thereby improving sample throughput.

Since the sample pathway is completely inert problems
of cross sample contamination due to the use of
peripump tubing are avoided. In the same way prepFAST
applications are not limited to aqueous samples but

can be applied to organic solvent based samples.

The ESI prepFAST Auto-dilution System provides

important advantages for routine analysis with the

iCAP Q ICP-MS:

e High throughput: Samples are vacuum loaded (~4s)
into the prepFAST loop that is mounted directly
beneath the sample introduction system. Sample uptake
and washout delays are therefore significantly reduced,
leading to tangible reductions in complete, sample to
sample analysis times.

e High purity: Vacuum loading of samples through a
fluoropolymer flow path onto the FAST loop is much
cleaner than traditional transfer by peristaltic pump
tubing, minimizing cross contamination and carry-over.

e Inline sample preparation: Internal standard addition
and any subsequent dilution is performed inside the
valve reducing contamination, enabling high linearity
calibration curves for even the lowest concentrations.

e Automation: All dilutions are automated, eliminating
any errors introduced by manual dilution.

¢ Auto-dilution: Dilution factors of up to 400-fold are
reliably and accurately performed with all flows
controlled by high precision syringe pumps.

e Auto-calibration: Calibration curves with high accuracy
and linearity are effortlessly generated direct from a
stock standard solution in the autosampler rack.

¢ Auto-quality control (QC): Samples can be individually
diluted in position on the autosampler rack without
being removed and re-added to/from the rack or
analysis queue, eliminating any errors from manual
sample handling or data entry.

All aspects of prepFAST Auto-dilution System operation
are controlled by a dedicated Qtegra ISDS Software
plug-in without having to use any external, secondary
software. A series of FAST methods to address common
sample handling applications are supplied; all are
selectable and editable from within the Qtegra ISDS
interface. By fully integrating prepFAST Auto-dilution
System into the standard workflow, auto-dilution becomes
as easy and routine to use as a standard autosampler.



Automated Calibration

The flexible prescriptive dilution capabilities of the
prepFAST Auto-dilution System allow the analyst to
choose the appropriate calibration strategy for each
application.

e In the simplest approach a single stock standard can be
used to create a complete multi-point calibration line
(Figure 4).

e For methods that require sample specific calibration
ranges (e.g. USP <233>), appropriate standard curves
can be generated from a single stock.

e Multiple stocks can be used to create combined
calibration curves over extended concentration ranges.

e Separate calibration curves for incompatible elements
can be easily created from separate stock solutions.

e Since multiple standard vials are not required,
contamination via atmospheric deposition (e.g.
B from filters) is minimized.

All of these approaches are possible through the flexible
definition of analysis specific prescriptive dilution factors
in the Qtegra ISDS Software sample list.

In Figure 3, for example, a 10-point calibration requires a
single autosampler rack and vial position, freeing up rack
space for additional samples and QC analyses. Note the
use of prescriptive dilution factors (prepFAST DF column
entries) to define the calibration range.

o Label w® Sample Type ¥R Standard ¥H Rack 8 Vial ¥+ prepFAST DF ¥R
1 Elank AVERAGE BLK 3 1 1
2 Elank AVERAGE BLK 3 1 1
Blank AVERAGE BLK 3 1 1
4 0010ppb |STD 4 ppb Stock 3 2 400
5 0.013ppb |STD 4 ppb Stock 3 2 300
5 0.020ppb | STD 4 ppb Stock 3 2 200
7 0040 ppb | STD 4 ppb Stock 3 2 100
0.080ppb |STD 4 ppb Stock 3 2 B0
9 0160 ppb | STD 4 ppb Stock 3 2 25
10 0.4 ppb STD 4 ppb Stock 3 2 10|
11 0.2 ppb sTD 4 ppb Stock 3 2 5
12 2 ppb STD 4 ppb Stock 3 2 2
13 4 ppb §TD 4 ppb Stock 3 7

Figure 3. Generation of a 10-point calibration through the use of
prescriptive dilution factors (prepFAST DF column entries) in the
Qtegra ISDS Software Sample List.

Figure 4 illustrates the basic approach of generating a
10-point calibration curve. A correlation coefficient of
0.99996 illustrates the dilution accuracy of prepFAST
Auto-dilution System at low ng-mL" concentrations.

Bl

200 F — — ‘ :

150 +

100 +

Intensity [cps] (1073)

fix)=b"x+a
Parameter Confidence Delta at 90% StdErr Rel. StdErr [%]
b 41,540.313] +-1035 75.423] 0.182
a| 141.089 +-0.0 0.000 0.000]
R™2 0.99936
BEC 0.0024 ppb|
IDL(LOD) 0.0001 pph

Figure 4. A 10-point calibration generated from a single stock
solution using prescriptive dilution.

Automated Sample Dilution

As defined in USP <233> Elemental Impurities —
Procedures,! all samples have to be diluted “with an
appropriate solvent to obtain a final concentration of
the Target elements of not more than 2 J” where ] is
defined by the daily dose of a drug and 2 J is the highest
calibration point. To support this sample specific
prescriptive dilution factors (prepFAST DF column
entries, Figure 3) can be entered in the Qtegra ISDS
Sample List (from a text file or LIMS import) and are
seamlessly implemented by the prepFAST Auto-dilution
System to eliminate manual sample preparation.

Automated Intelligent Dilution

The Thermo Scientific Qtegra ISDS Software supports
thirteen separate QC analysis types in addition to any
user defined tests. Depending on the protocol defined
criteria, Qtegra ISDS can trigger a series of actions in
order to address the observed data quality issue. If the
QC test requires a new dilution Qtegra automatically
inserts a new analysis to the acquisition queue and
instructs the prepFAST Auto-dilution System to dilute
the sample by an intelligently determined factor.



While it is generally considered good laboratory practice
to bracket measured concentrations within the calibrated
concentration range, this is specifically mandated in some
protocols. For example the US EPA states: “Samples with
analyte concentrations above the calibration range should
have been diluted and reanalyzed.?” While this could be
achieved by manual dilution it is often impractical
without prior knowledge of the sample and over-range
samples have to be manually removed from the
autosampler rack, diluted off-line, given a new position in
the rack and added again to the analysis queue. Each step
in the process is prone to error and potentially costly in
terms of materials and time. With Qtegra ISDS Software
support of the prepFAST Auto-dilution System however,
measured concentrations can be restricted to within

the calibration range with intelligent auto-dilution
eliminating “reruns.”

Calibration Range

Enable
Limit [%] 10 £
Target [%] 80 5
Action on Failure Abaort LabBook v]

Figure 5. Calibration Range auto-dilution in the Qtegra ISDS
Software prepFAST plug-in.

For example, Figure 5 shows how auto-dilution for over
calibration range analyses are defined in Qtegra ISDS
Software. With the Calibration Range Limit set to 110%
(10% above the top standard concentration), any sample
or QC analysis with at least one readback value over this
limit will be automatically diluted by the prepFAST
Auto-dilution System (to give a Target concentration

of 60% of the top standard) and reanalyzed.

All ICP-MS based instruments suffer from signal
suppression when high levels of dissolved solids enter
the plasma. Internal standards (IS) are employed in most
methods to track signal response. For the analysis of
drinking and waste waters, EPA Method 200.82 defines
an acceptable IS recovery range of 60-125%.
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Internal Standard

Enable
Upper Limit 125 = [%] of Internal Standard Recovery
Lower Limit 60 5| [%] of Internal Standard Recovery

Autodilution Factor 5 £

Max. # of Autodiutions |2 |5

Action on Failurs Wash and Continue -

Figure 6. Internal Standard auto-dilution in the Qtegra ISDS
Software prepFAST Auto-dilution System plug-in.

Figure 6, for example, shows how auto-dilution for
internal standard recoveries are defined in the Thermo
Scientific Qtegra ISDS Software. Samples with recoveries
outside of the defined range would initially be 5-fold
diluted followed by a new 10-fold dilution if required.
With routine laboratories facing large numbers of often
widely differing samples for 200.8 based analyses,
intelligent auto-dilution offers significant throughput
improvements.

Automation of the lab workflow has taken a step forward
with the integration of auto-dilution. The ESI prepFAST
Auto-dilution system has been demonstrated to be a
powerful, flexible and robust tool in routine trace
elemental analyses by the iCAP Q ICP-MS. The Thermo
Scientific Qtegra ISDS based control of the complete
system provides a single, simple integrated workflow,
eliminating manual dilution in both prescriptive and
intelligent, fully automated, analyses. Eliminating manual
intervention increases productivity, prevents re-runs and
reduces cost of ownership.

1. United States Pharmacopeia General Chapter <233>
Elemental Impurities — Procedures: Second Supplement
to USP 35-NF 30.

2.US EPA - Solutions to Analytical Chemistry Problems
with Clean Water Act Methods (EPA-821-R-07-002,
March 2007).

3.US EPA Method 200.8 — Determination of Trace
Elements in Waters and Wastes by Inductively Coupled
Plasma Mass Spectrometry (ICP-MS).
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