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SHEREHNEE LTHASKHESFRE L ARE
IR A

USP 7y ik +F 3 & 12 A & 3% 547 4k S ICP-MS >
Thermo Scientific iCAP Q ICP-MS % % 7t % 5 #71&
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Fish oil in HNO3/HC1

MTAX in DMSO

Component STD-1 STD-2 STD-3 Component STD-1 STD-2 STD-3

Element Limits ©0.53) 1)) (e2)] Limits 053 1) [e2)]
(ng/g)  (ng/mL) (ng/mL) (ng/mL)  (ng/g)  (ng/mL) (ng/mL) (ng/mL)
Arsenic 0.1 0.2 0.4 0.8 0.75 0.15 0.3 0.6
Cadmium 0.1 0.2 0.4 0.8 12.5 2.5 5 10
Lead 0.1 0.2 0.4 0.8 2.5 0.5 1 2
Mercury 0.1 0.2 0.4 0.8 7.5 1.5 3 6
Vanadium 1 2 4 8 50 10 20 40
Molybdenum 1 2 4 8 50 10 20 40
Ruthenium 1 2 4 8 50 10 20 40
Rhodium 1 2 4 8 50 10 20 40
Palladium 1 2 4 8 50 10 20 40
Osmium 1 2 4 8 50 10 20 40
Iridium 1 2 4 8 50 10 20 40
Platinum 1 2 4 8 50 10 20 40
Nickel 5 10 20 40 250 50 100 200
Chromium 10 20 40 80 125 25 50 100
Copper 10 20 40 80 500 100 200 400
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mEETH > BRESHEHFERASEER
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Operating Conditions Water phase Organic Phase
HNOs/HCI1 DMSO
Sample Introduction System
Nebulizer Quartz PFA
Injector Quartz 2.5mm ID Quartz 1.0mm ID
Spray Chamber Quartz, cyclonic Quartz, cyclonic
Interface Pt cone Pt cone
Parameter
Plasma mode KED KED
RF forward power (w) 1550 1350
Sampling depth (mm) 5 7.5
Nebulizer gas Flow (L/min) 1.03 0.688
Spray Chamber Temperature(°C) 2.73 20
He cell gas flow (mL/min) 4.2 4
Addition gas flow (mL/min) none 0,, 30




FRBIFERLE R 3. & %18 #% B3 (Drift )

1. A8 4% PR B AL IR BAR S o AR R B2 Tey
iCAP Q ICP-MS KED# X & A 2 #b 18 8 BR RE o DT EARSESWATR IR B RBNEE

AEPE R EE 2T Bla @ CArClER ﬁ%%éﬁﬁd%m%’k'%ﬁ&%u il AR

PAs FuPCI0 $7'VE A G T8 FRTHRAER A6 REVBBREREFINEKE -

B MEIME S R70.998 0 3 B B A K 18 B AR

F&.(Limit of detection, LOD)#1 % & {&(BEC) - % = KA~ AR B RAL R

BE~ M AE R B 4 AL 7 & 89 LODABEC - Day 1 Day2
2J 2J 2J 2J
Before After . Before After . .
%‘ =~ E ;]l-;i?. 775 '/% j/:\ Z: ra] 5)5 /f b 7]‘ ;‘% 'F _;E‘ /[é\ fﬁl] *"ﬁ Fﬁ Mass samples  samples Drift (%) samples  samples Drift () Limit
;lb _/% {E_(ppb) (ng/mL)  (ng/mL) (ng/mL)  (ng/mL)

51V 8.02 742 7.4 7.99 7.39 7.5 <20%

Fish Oil in HNOy/HC1 MTAX in DMSO 52Cr 79.74 76.31 43 79.83 75.03 6 <20%

60Ni 39.80 37.97 4.6 39.75 38.63 2.8 <20%

Mass Lo BEC Lop BEC 63Cu 79.96 76.35 45 79.62 76.36 4.1 <20%

51V 0.81 0.089 0.372 0.122 T5As 0.80 0.80 0.7 0.80 0.78 34 <20%

s2Cr 1702 0.177 0.04 0.152 98Mo 7.97 7.61 4.6 8.01 7.55 57 <20%

SONi 0.044 0011 0.020 o132 101Ru 8.02 7.46 6.9 7.97 7.64 4.2 <20%

103Rh 8.03 7.45 7.2 7.96 7.67 3.7 <20%

63Cu 0.026 0.005 0.018 0.086 105Pd 7.88 8.33 5.8 8.13 9.10 11.9 <20%

T5As 0.015 0.012 0.028 0.005 114Cd 0.81 0.84 31 0.80 0.79 15 <20%

98Mo 0.01 0.003 0.02 0.023 1880s 7.96 8.14 2.3 8.02 7.86 2 <20%

101Ru 0.002 0.001 0.005 0.005 1931 7.89 7.41 6.1 8.00 7.61 4.8 <20%

103Rh 0.001 <0.001 0.002 0.008 195Pt 8.00 7.39 7.6 7.99 7.75 3 <20%

106Pd 0.042 0.008 0.004 0.009 202Hg 0.81 0.79 22 0.79 0.75 6 <20%

L1acd 0.001 0.002 ool 0.003 208Pb 0.79 0.81 1.8 0.80 0.76 5.1 <20%

TR Ay T

195Prt 0:001 <(;.001 0:011 0:028 34@5& i*’%&%*i% /}% 4bﬁﬂ§511 AuAN0.5F91.5
202Hg 0.022 0.002 0.033 0.013 JEBAZRE » NEAB ARG A Al JEAZRE &

208Pb 0.007 0.001 0.002 0.017 Ja g l{i$ B BT0~150% o Eobtk st Aw0.5 ~

1Ful STy R & RBETNE —~= °
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Fish Oil in HNO:/HCI MTAX in DMSO
Component Sample Comp t Sampl
Mass
Limits Concentration Limits Concentration BN M G Thla Ris A R 1IN LHE B INR TR R
51V 1 <MDL 10 0.032 — ~ BB A AH00.5 TR AR
52Cr 10 0.460 25 0.027 =
60Ni 5 0.017 250 0.048 -
63Cu 10 0.028 100 0.099 -
EC
75As 0.1 <MDL 0.75 0.005
98Mo 1 0.006 10 0.005
101Ru 1 <MDL 10 0.010 "'
-
103Rh 1 <MDL 10 0.013 -
105Pd 1 <MDL 10 0.012 "
#
114Cd 1 0.002 12.5 0.004 SN S e P SO W AV 1S A4 WSO TR 1P e
1880s 1 0.017 10 0.023 =~ Gtk Sl JERE R
1931r 1 <MDL 10 0.012
195Pt 1 0.001 10 0.058 :
202Hg 0.1 0.001 75 0.011 -
208Pb 0.1 0.031 25 <MDL "
(" ]
-
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-
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5.%F 7& M 73K (Repeatability)
NABE L e BIRAR S 0 A Al I BARRE > BB B E 4B TERSDAR TA4218H20%
v KRR EAMEE R TR LERSD PN12%ILT > du kN8 &dfml ] &kt AMTAX

Jml] e
% 780 ,i‘f\ ::] 7’%& RIS ayd| Jé % ,"i /E' uik‘ (ng/mL)
Sample Sample Sample Sample Sample Sample RSD Recovery
Mass B B B . i R Average Std
Spike 1 J-1 Spike 1J-2 Spike 1J-3 Spike 1 J-4 Spike 1J-5 Spike 1 J-6 (%) (%)

51V 3.70 3.84 3.56 3.64 3.65 3.73 3.69 0.09 2.56 98.91
52Cr 41.23 45.77 41.20 40.90 41.46 41.19 41.96 1.88 4.48 100.20
60Ni 19.00 19.66 18.96 18.65 19.17 18.97 19.07 0.33 1.75 94.99
63Cu 38.83 40.11 38.48 38.24 38.80 38.72 38.86 0.65 1.67 96.87
75As 0.32 0.42 0.33 0.39 0.39 0.40 0.38 0.04 11.10 93.79
98Mo 3.82 4.10 3.80 3.85 3.93 3.93 3.90 0.11 2.79 96.95
101Ru 391 3.95 3.86 3.77 3.85 3.88 3.87 0.06 1.61 96.69
103Rh 3.97 4.02 3.89 3.83 3.90 3.95 3.93 0.07 1.68 98.17
105Pd 4.17 4.24 4.10 4.01 4.07 4.20 4.13 0.09 2.10 103.90
114Cd 0.39 0.41 0.38 0.38 0.38 0.39 0.39 0.01 2.94 95.68
1880s 3.85 3.92 4.00 3.62 3.77 3.82 3.83 0.13 3.44 93.98
193Ir 3.80 3.89 3.83 3.69 3.79 3.80 3.80 0.07 1.76 95.14
195Pt 3.86 3.97 3.89 3.81 3.85 3.89 3.88 0.05 1.35 96.88
202Hg 0.41 0.43 0.42 0.42 0.42 0.41 0.42 0.01 1.51 103.00
208Pb 0.53 0.60 0.52 0.53 0.52 0.53 0.54 0.03 5.91 103.00

%4~ MTAX#: &5 hol JE B4 AR (ng/mL)

Sample Sample Sample Sample Sample Sample Recovery
Mass 3 X A A i A Average Std RSD (%)
Spike 1 J-1 Spike 1J-2 Spike 1 J-3 Spike 1 J-4 Spike 1 J-5 Spike 1 J-6 (%)
51V 19.21 20.27 19.30 18.62 19.51 19.56 19.41 0.54 2.79 97.18
53Cr 51.07 50.91 51.34 50.74 49.83 50.39 50.71 0.54 1.07 101.40
58Ni 101.80 102.10 104.40 101.40 102.70 102.30 102.50 1.06 1.04 102.40
63Cu 205.10 205.30 208.10 202.70 206.60 205.20 205.50 1.81 0.88 102.70
75As 0.34 0.33 0.30 0.32 0.31 0.31 0.32 0.02 4.93 106.50
98Mo 19.97 20.41 20.29 19.65 20.23 20.08 20.10 0.27 1.34 100.50
101Ru 20.60 20.73 20.91 20.39 20.57 20.84 20.67 0.19 0.92 103.30
103Rh 18.82 18.91 19.01 18.51 18.87 18.91 18.84 0.17 0.92 94.14
106Pd 20.34 20.53 20.72 20.11 20.52 20.42 20.44 0.21 1.01 102.10
111Cd 5.09 5.05 5.12 4.99 4.97 5.00 5.04 0.06 1.20 100.70
1920s 20.82 20.78 20.61 20.73 20.82 20.50 20.71 0.13 0.62 103.40
193Ir 20.35 20.37 20.51 20.25 20.56 20.24 20.38 0.13 0.63 101.90
195Pt 20.20 19.99 20.10 19.72 20.22 20.11 20.06 0.18 0.92 100.00
202Hg 3.06 3.09 3.06 2.74 3.01 2.90 2.98 0.13 4.50 98.96
208Pb 1.03 1.01 1.02 1.02 1.03 1.03 1.02 0.01 0.70 102.70
FON -~ EBMREK 6. = HL MR (Ruggedness)
Mass Actual Day 1 Mean Day 2 Mean RSD (%) x %‘ ﬁ] /?'J _é‘ik‘ l'] 7]‘73& nu7y\7’: l'] R ‘S(‘ 7F F] \*ﬁ‘ A
(ngml)  (gml)  (gml)  (n=12) BRARERENERMLER > HARSDE/\A25%
v 4 36 s 29 c KR KW \#ﬁ/\ﬁ J R F) R AR B
52Cr 40 41.96 43.11 4.0 & u%:ﬁﬁ ~RSD - 10% LA TF » #QE&#E@J
60Ni 20 19.07 19.56 2.3 75/‘\%‘/\ °
63Cu 40 38.86 39.54 1.8
75As 0.4 0.38 0.39 7.9 3w
98Mo 4 3.90 3.97 25 #]FiCAP Q ICP-MS » &3 & &btk o
101Ru 4 3.87 3.91 1.8 (HNO3/HCl) 2, & tADMSO A #iahg ey % 5% » 4
103Rh 4 3.93 3.99 1.7 ICP-MS 45 #7 T B A KG9 A AR IR F FE > Hkon
P4 4B a6l 89 P8 4B R SR A T i S USP 232> AR A
114Cd 0.4 0.39 0.39 2.5 » 3 B &8 :BUSP <233>/\*ﬁ' %i)%ﬁﬁ }E 2] ,1%‘
BOs 4 as @8 6#5 ~ R~ BAPLREAMAN > BT
193l N >80 >80 '8 iCAP Q ICP-MS{USP <232>#42<233>% » B4 4
195Pt 4 3.88 3.94 1.5 N
EEyE A -
202Hg 0.4 0.42 0.38 4.7

208Pb 0.4 0.54 0.53 5.7
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J& # (Liquid Chromatography » LC) # 5 Bk JE 48 4
Spectroscopy » ICP-MS){® i 2 st FE K - Bk
LC stk st in 78 4 B 1% B 35 G ICP-MS 447 » 1A
HREHES  ARABRRIK ~ F#HE LR
WREZWERANTLEMAER E M E -

DHTIR 5 LA

KNE Br{# A Thermo Scientific Dionex
Ultimate-3000 & 2K e 7R 48 & #7 iR EAT AR o0 8k -
BRENETRBETZEELEME > BILIEFAE
SRANMEL B MAE - EREES
Thermo Scientific Dionex AG-7 (28 F X # % 4% »
BEARILAMRE T B EA SRR EET
mEERE 1 0 B SbAE 9 48 = 5048 9 Cr(IIDFu Cr(VI)
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Thermo Scientific iCAP Q ICP-MS #4 2 & 4t
HERE KRRl hTasBEEAFI/ILREE
% BB, 3 AR B Fo] $h 3 1785 89 /047 © Thermo Scientific
iCAP Q ICP-MS BA & -F k4 TiEH H1L T &R
B -20 ~20°C 2R 0 "TARR B K E a4k S 34
EARRE > A RIFENERAR  EIFFR
HREEAHRR > MRS EHaERBOER > T
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Parameter Value
ICP-MS
Forward power 1550 W
Nebulizer gas 1.03 L/min
Injector 2.5mm LD.
Cell gas flow 4.1 mL/min
Dwell time 200 ms
LC
Column Dionex AG-7 (4x50 mm)
Mobile phase 0.6 mmol EDTA(2Na) ~ 0.07 mol NH,;NO; , use DIW set the
volume to 1000 mL, adjusted to pH 7.1 with ammonia
Elution Isocratic
Flow rate 1 mL/min
Injection volume 250 uL  (EEh#ERE)
Duration 150s

WERIRE

4 %1 81000 mg/L &4 Cr(IINFu Cr(V]) #4942 & &
Bt B ax | mg/Ley et iaik > Cr(ID) ey 8k v %
A A38 mg EDTA(2Na) » 3 2450°C 7K 55 a2k = /]
B o B B AR F SRR R A5 B AR A ARE > Jw ACr(IID)
FaCr(VI) 1 mg/Le4y i #787% £0.05~0.1 ~ 0.5~ 1
~S5Fel0 pg/L > mRB| E G AL EAE o

i ot AT e 32

F#80.5 gtk &b v A0.07 mol HC1 25 ml 74 & 4
KSBEHB L UITCHERLSE—NEFEBHE
— /B 2R R KAE pH=T.1 - B HELT E
Z50ml E#% -

o AR
1. R EHGEMN
Cr(I)#uCr(VD)iR A4 I E R oY & R4 B
— 1@ = BERCr(IDAuCr(V) i & 4 4t B 4F
(?>0.999) B B A 1K #BEC (< 0.001 pg/L) »
Cr(Ill) 1 pg/LE A 4x10°cps > Cr(VI) 1 ng/LEH
4.5%10%cps » BATLF EBA S EHRELKY &
,fé‘_ °
B = B8~ R ] JR AR 2 56 Cr(ID) o Cr(VI) a4 45
BERR > ARBEHCrERGaARTIE > B o4eF
B2 E 1505 o
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4 6
Concentration [ppb]

100 =30x4n
Coatidasce D nt 508
T
Vo000
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T
Funswns Valm Coatibence i 0 306 SMEm . Roel DnfEm (9]
L) 6557 48 ol 19 o 188 aos
. 0 +H0 000 0000 0000
L3 100
BEC G000 758
B =~ Cr(VD) 7 #ig o9 4n B 4%

§ =0
a 0 &0 &0 m[‘jﬂ 100 120 140
B =~ & FREARELC(D)F Cr(VI) 5

Traces of selected compounds

Intensity [zps]

Time [s]

Bl w -~ #5855 w0.1 pg/L Cr(D Ao Cr(VI) 5 gk B 3%

2. 1B RIAR R

TBRFRIRAZE QIR ER DI TRE
Cr(11)Fo Cr(VI) 8 34 [ %

BTy R B A RAFAAERITEAE o

F— > fARIFERR

CRERY

oA 1 ng/L #85w sb5

Label Cr (IIT) (cps) Cr (VD) (cps)
BK-1 166 322
BK-2 227 138
BK-3 107 38
BK-4 36 301
BK-5 223 348
BK-6 139 153
BK-7 239 11
Average 162 187
SD 74 138
Slope 398954 448466
IDL (ng/L) 0.0006 0.0009

R A SR H0.1 pg/L Cr(ID)FeCr(VD) =
W R T
Label Cr (111 Cr (VI)
Sample 0.0004 0.0007
Sample Spike 0.1 pg/L 0.0968 0.1027
Recovery (%) 96.4 102.0
Bk &R

FRAASRMO0.1 ng/Lit i R 9nk =
» Cr(I)Fo Cr(VI) & Y A #95%~105%2 [ » B8~
:lbﬁé’:%‘ ?ﬁﬁ%éﬁﬁﬂﬁkréﬁ .w%*in%;ﬁ%*fiunﬁﬁu

0.1 pg/Ley 583 » BAR i ho 7o 5 A RAFE) 5
BEME o
&3

AERAIRA S RADE W R LA RIEFRE

HEHEAR O T 150 £ A ey g Cr(llD) $2
Cr(VI) TEDEE > M ESG A AR tb{ﬁ*ﬁ’\
0.999 » A Cr(Ill) #1 Cr(VI) 8418 AR % T3] 1
ng/L °
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FRAGHERBT AL —BEARGHME  E
ZRERE -RAXMB AT ERAARLE
CH e A A KRR E R o 8K 2 (Uncertain-
ty of Measurement);& — &3t &R » AA &R TR
REEOTHERE  ERXNEZT ERIERGME
FEE - #HRNERTHERENFL  FRE R
¥R B BB AT » FRI R T Rt
B — AR KAy TR o K& LLICP-OES 8 & #
S PPba g RIEETRIARELENIFLERF K E
B R#E T F Eibimdl > 55 &R RE T RIS
Z HEA o

B RAE TG A

BATEMREBER Y ERAECITEN L &
RAEBR AR ek (ISO) 1995 Fhr | R Rk
EEFTFH AT ) PRABGIMERLF o B
RBRFPEHE—EZAME - A LA MEEL
B BITARA T ANBRFFEEZ

— B HEHRX

AERSZBOHFEAT  BERZMEYREBREE
FAATE 0 MAF B FRA VRN ZXIZ R4 H
BRMh o RY =X, Xo,.., X)F R ET o

BT ERARLTHORELR T

TR T AR TERERE (&LFE
)  BEAETRASEL IO RETRE T - 22
FHETEHUN—EARELERTERLE RN RET

©

A LA

Tk X E T

= BREREEE  ARBEIS X

A $842 # Rk & F (Tpye A Standard Uncertain-
ty) - B2 B BB I AT oA H AT E R
R » LBARTRERZRURMSE - &
RERBETUAER TS RZFHMEAT Bk
HRABRERERTFHBIRELZ(MIFERBRELER
ZARREEVRETARRERELHE -

sx) = 'ﬁZ(n -7
i=1

34 42 # ¥ (Standard Error » XAZAZ E3%) » BpX,
# 42 & R 5k & JE (Standard Uncertaninty)

s(%) =

s
v

R—BABRERE LN FR-ERT O K
050 pg/L Py 42 5 o FAE 547 15K o B4R
gl k¥ o db et AR L F 3 45037 pg/L o
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Online Multi-elemental Monitoring of
Environmental Atmospheric Gases with a Gas
Exchange Device Coupled to the High Sensitivity
Thermo Scientific iCAP Qs ICP-MS
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Goal

To demonstrate real time multi-elemental analysis of environmental
contaminants in air in using a gas exchange device coupled to the
Thermo Scientific™ iCAP™ Qs ICP-MS.

Introduction

Environmental pollution is an immediate and growing
concern. Environmental monitoring has become a key
mechanism in determining how industrial activities and
accidental contamination impact our water supplies,
ecosystems and the air that we breathe. Strategic policies
such as Clean Air for Europe (CAFE) and the United States
Clean Air Act (CAA) for example, provide a framework of
standards and objectives for the control of persistent
pollutants that can damage health and the environment.
Daughter directives within the CAFE program call for
monitoring of nickel, arsenic, cadmium, mercury and lead.
Of particular concern are fine particles with a diameter of
less than 2.5 pm (PM2.5), which can penetrate deep into
human bronchial tubes causing asthma and bronchitis. In
China, where coal burning is still the biggest energy source
and private car use is rapidly increasing, an estimated 70%
of cities have PM2.5 levels above! the daily 75 pg PM2.5/m?
Chinese National Air Quality Standard limit?.

The Fukushima Daiichi nuclear power plant incident in
2011 demonstrated an immediate need for the monitoring
of specific analytes in ambient air® in order to determine the
distribution of radioactive materials in the environment,
support remediation strategies and assess any possible
subsequent threat to human health.

Current approaches for measuring radioactive
contamination in the environment require the collection and
preparation of soil and water samples and impingers or
filtering for air sampling. These methods, however, cannot
provide the real time results necessary for a meaningful
assessment of current environmental conditions.

This application note evaluates the use of a gas exchange
device (GED) coupled to the iCAP Qs ICP-MS for the direct
analysis of atmospheric air (Figure 1). The GED overcomes

problems in the direct analysis of air by ICP based
techniques by exchanging atmospheric gases with argon
which is compatible with the ICP ion source. Direct air
sampling using the GED and on-line elemental analysis by
high sensitivity ICP-MS therefore provides immediate
information on airborne contamination.

The fast elemental scan speeds afforded by ICP-MS allow
for the measurement of single particle events (SPE) that are
seen as pulses in the signal intensity as they are processed by
the ICP ion source. As air entrained elements are in
particulate form, the ICP-MS based analysis of SPE can
determine the number and even size of particles, therefore
providing valuable information on elemental transport in
the environment.



Gas Exchange Device

Figure 1. Gas Exchange Device coupled to the Thermo Scientific
iCAP Qs

The GED (J-SCIENCE LAB Co. Ltd., Kyoto Japan)
consists of 2 inner tubes of 0.07 pm porous glass that act
as a membrane and an outer body made of (PYREX™)
glass (Figure 2). The gas sample is introduced into the
central inner tube of the GED device and argon is
introduced into the outer tube at 2 L/min using the GED
internal mass flow controller.

As the particulate supporting gas travels along the inner
tube, atmospheric gases diffuse out of the inner tube
(indicated by the blue arrows in Figure 2) and argon
diffuses from the outer tube into the inner tube (indicated
by the yellow arrows). Ultimately, before the sample
enters the plasma, the atmospheric gases have been
replaced by argon while particulate matter from the
sample remains.

Ar

=

Sample Gas

Particle

Sample Gas / Ar

Figure 2. Principle of Gas Exchange Device

Instrument Configuration

A Thermo Scientific iCAP Qs ICP-MS was used for all
measurements. The sample introduction kit consisted of a
demountable quartz torch with a 2.0 mm ID sapphire
injector. The spray chamber was removed and the exit line
from the GED was attached directly to the injector using a
PFA adapter. The instrument was operated in a single
QCell mode, using kinetic energy discrimination (KED)
with pure He as the collision gas. The use of pure He
KED eliminates interferences, ensuring low backgrounds
and maintains high sensitivity for the analytes measured.

Table 1. Instrument operating parameters

Parameter Value

Sample gas 0.68 L/min

Air sampling rate 0.235 L/min
Auxiliary gas 0.8 L/min

Cool gas 14 L/min
Forward power 1550 W

Collision cell gas He at 4.5 mL/min
KED barrier 3V

Tuning, Sampling and Data Acquisition

The combined GED-ICP-MS system was optimized using
a gas mixture of volatile **Cr, Mo, and '**W species
generated by an Element Standards Gas Generator
(ESGG) (J-SCIENCE LAB). The ESGG produces a
continuous stream of elemental vapor in an argon gas
flow that is introduced into the GED.

Ambient air was sampled via a TYGON® R3603 tube
(i.d. 3.2mm, o.d. 6.4mm), approximately 15 m long.
One end of the tube was connected directly to the GED;
the other end was fed through an outside window, 10 m
above ground. The argon sample gas flow of 0.68 L/min
entrained the outside air through the tube and into the
GED at a flow rate of 0.235 L/min. Sampling conditions
are shown in Table 2.

Table 2. Sampling Conditions

Parameter Value

Location Bremen, Germany

Date, Time 18 Dec 2012, 9:30 am
t0 13:30 pm

Weather Conditions Overcast, 6 °C,

Wind: ENE 14 km/h

To determine optimal dwell times for the analysis of
atmospheric particles, time resolved analyses of the target
isotopes (6¢Zn, 18§n, 121§, 141Py, 205T], 206,207, 205pp, 209B;
and 23%U) were made using dwell times of 0.5, 1, 10 and
100 ms over a period of 300 s. In a subsequent 4 hour
measurement of the outside air, a 10 ms dwell time was
used for all isotopes.



Result and discussion

Ambient air was self-aspirated into the GED-ICP-MS and
the target isotopes were analyzed at different dwell times
as described. For analyses that intend to evaluate particle
information, dwell times should be carefully optimized to
favor the analysis of full SPEs. Dwell times that are too
short, will measure sections of the SPE and dwell times
that are too long will tend to measure multiple particle
events in one scan.

Figure 3 (100 ms dwell) and Figure 4 (10 ms dwell) show
time resolved scans for both an N, gas blank and an air
sample. When comparing Figures 3 and 4, it is clear that

10 ms dwell time (higher scan frequency) provides
improved discrimination between particle events and that
individual events have a higher signal to noise ratio. At
100 ms dwell time, multiple events are captured together
and averaged so that particle event information such as the
number and intensity of events is lost.

Even shorter dwell times should further improve time
resolution and dwell times of 0.5 and 1 ms were also
evaluated. It was observed however, that shorter dwell
times captured partial particle events and did not provide
additional information compared to the 10 ms dwell time
scans.
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Figure 3. Time resolved scans forambient airand an N, gas blank using a 100 ms dwell time.

Please note the different (vertical) intensity scales on the two scans
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Figure 4. Time resolved scans for outside airand an N, gas blank using a 10 ms dwell time.

Please note the different (vertical) intensity scales on the two scans



A 10 ms dwell time was chosen for a longer term
measurement of over 4 hours. Figure 5 shows a 30 minute
section of the 4 hour monitoring period. Particle events
for Zn, Pb and Bi are clearly shown.
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Figure 5. 30 minute section of the 4 hour air monitoring period

The environmental source of the particles observed in these
analyses is practically impossible to determine as the particle
trajectory travel distance is unknown. In this application,
lead particles can be seen at regular intervals throughout
the 4 hour period. The cycling and transport of lead in
particulate matter is well documented, therefore lead
particles are likely to occur in industrial and urban areas.
For a more accurate evaluation of particle sources in air,
further sampling points and baseline data regarding the
geochemical cycling, potential sources and detailed
environmental conditions at the time of sampling are
required.

Conclusion

The Thermo Scientific iICAP Qs ICP-MS has demonstrated
the high sensitivity and freedom from background
interferences required for the measurement of particles in
ambient air. The iCAP Qs ICP-MS has flexible scan times
with a data buffer system capable of handling the large
amounts of data acquired during long term #n-situ analyses.
QCell technology eliminates interferences whilst ensuring
high sensitivity even for the lower mass isotopes thanks to
its high transmission efficiency. A single mode KED
approach could thus be employed for a number of isotopes
across the mass range.

www.thermoscientific.com

The use of a Gas Exchange Device coupled to the iCAP Qs
ICP-MS is not limited to monitoring environmental air.
Additional applications include monitoring a large range of
gas samples such as specialty gases, semiconductor gases in
the workplace, tobacco smoke and the presence of
radionuclides.
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Analysis of plating baths using the
Thermo Scientific iCAP 7400 ICP-OES

Patricia Coelho, Applications Chemist, Thermo Fisher Scientific, Cambridge, UK
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Goal

This application note describes the performance of the Thermo Scientific™
iCAP™ 7400 ICP-OES Duo analysing different elements in different types

of plating baths. The duo viewing offers optimal method conditions using
axial view for traces and radial view for major elements, and the pre-loaded
template allows for rapid and simple method development.

Introduction

The plating of metal is an ancient technique, used for
hundreds of years. It can be defined as the act of covering  Table 1. Plating solutions commonly used and their main applications
the surface of objects by depositing a metal on a conductive

surface. This is typically carried out by immersing the object

. . . . Plating Baths Main applications
in a solution in which the metal ions are moved by an i i
electric field. The applications are rather vast, ranging Alloy Hardness improvement
from. the merely ‘decoratlve, to tbe enhancement of.the Cadmium Corrosion Resistance
physical properties of the material being covered (i.e. to : : :
. . . Chrome Decorative and industrial
prevent corrosion, reduce friction, alter conductivity, or to
improve characteristics such as hardness or durability). It Composite Physical properties improvement
is widely used in the production of jewellery pieces to Golden Jewellery manufacturing and electronics
achieve a silver or gold finish. Due to the ability to cover Nickel Decorative and corrosion resistance
objects as small as an atom this technique has a high Rhodium Jewellery manufacturing
potential to be used in the nanotechnology area. - . -
Silver Jewellery manufacturing and electronics
Manufactures frequently establish optimum specifications Tin Food processing and electronics
in order to guarantee maximum solution efficiency and X ; .
. . . . . . Zinc Corrosion resistance
uniformity of the plating solution. Plating solutions should

be analysed regularly in order to maintain the recommended
formulations and to prevent problems related to improper
levels of bath constituents and contaminants. A current
problem faced by the plating industry are gradual and
continuous changes in pH and metal or cyanide content,
leading to a significant decrease in efficiency. Some of the
most common plating solutions and their main
applications are presented in table 1.



There are several different methods that can be employed
for the quantitative analysis of plating solutions; these are
classified as volumetric, gravimetric or instrumental. Both
volumetric and gravimetric methods are simple, accurate,
and rapid and can be performed with common laboratory
equipment. Nevertheless they only rely on chemical
reactions instead of measuring the physical properties
associated with the composition of the substance.
Additionally, instrumental methods are far quicker and
allow for the automatization of the analysis, leading to less
mathematical errors and higher reproducibility.

A common instrumental technique is spectroscopic
analysis, in particular inductively coupled plasma-optical
emission spectroscopy (ICP-OES), which is used in the
analysis of major components and trace contaminants in
plating solutions. When using this technique there are
some aspects that need to be taken into consideration,
such as physical interferences (such as viscosity or surface
tension) and chemical interferences. They can be overcome
easily by sample dilution and accurate matrix matching.

The analysis of sulphuric acid (H,SO,) levels in plating
baths is commonly performed by electroanalytical methods,
specifically potentiometry. This is a simple and relatively
low cost method but the sensitivity is limited at low
concentrations, not allowing for accurate measurements
in highly dilute solutions and it can also encounter a
number of interferences. Maufacturers that use plating in
their processes, are increasingly using ICP-OES
instrumentation to quantify H SO, levels. This method
allows for a rapid, sensitive and interference free
measurement of sulphur, directly proportional to H,SO,,
resulting in high accuracy even at low levels.

Instrumentation

The Thermo Scientific iCAP 7400 ICP-OES Duo was used
for the analysis of a range of plating baths. This is a
compact duo view ICP-OES instrument based on the
innovative technologies of the iCAP 7000 Series ICP-OES
spectrometers. The instrument achieves powerful analyte
detection and provides a highly cost effective solution for
routine analysis of liquids in laboratories with standard
sample throughput requirements. The Thermo Scientific™
Qtegra™ Intelligent Scientific Data Solution™ (ISDS)
incorporates several pre-loaded templates (see Figure 1)
for common methods, simplifying normal method
development and providing an option of immediate
analysis.
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Figure 1. Plating Baths template selection

Sample and standard preparation

Elements analysed in each plating bath are presented in
table 2. For the Chromium and Chromium & Aluminium
baths the quantification of sulphur was performed in
order to quantify the amount of H,5S0, in the samples.

Table 2. Elements analysed in each plating bath

Type of plating bath ‘ Er;';s'::
Chromium and ammonium fluoride (Cr & NH,F) Al, Cr, Zr
Nickel (Ni) B, Ni
Chromium (Cr) Fe, S
Chromium (Cr) S
Chromium and aluminium (Cr & Al) S

Quantification of the samples was made by Method of
Standard Addition (MSA) to avoid any possible matrix
effect. Standard addition calibration was prepared by
spiking samples with traceable 1000mg/L aqueous, single
element standards, to the concentrations listed in table 3.
All solutions were made to 50 mL with ultra pure
de-ionized water.



Table 3. Standard addition concentrations (mg/L)

Type of
Plating Bath Standard 1 Standard 2 Standard 3
Al 0 1 2
Cr &NH,F Cr 0 20 40
Zr 0 50 100
" B 0 5 10
i
Ni 0 50 100
c Fe 0 50 100
r
0 50 100
Cr 0 50 100 150
Cr&Al 0 25 50 75

Method Development

A LabBook was created in Qtegra ISDS which contained
the method parameters and standard concentrations as

listed in this note. A standard sample introduction kit was

used for the analysis. The instrument was calibrated and

the samples analyzed in a single run. The method

parameters are shown below in table 4.

Table 4. Method parameters

Parameter ‘ Setting
Pump tubing Sggﬁ:erggﬂﬁ ?f;gllemnr]nm
Pump speed 50 rpm
Nebulizer Glass concentric
Nebulizer gas flow 0.5 L/min
Spray chamber Glass cyclonic
Center tube 2mm
RF Power 1150 W
Coolant gas flow 12 L/min
Auxiliary gas flow 0.5 L/min
Exposure times LO.W 10sec
High 5 sec
Results

The results obtained in the analysis of the different bath
samples are shown in table S. It is assumed that all of the

sulphur present in the sample is in the form of H,SO,,

therefore the results obtained for sulphur is multiplied by
3.06 [M(H,SO,)\M(S)=3.06], in order to calculate the
concentration of H,SO,. Results obtained for all the

elements were within the expected range.



Table 5. Results of the analysis of the different plating baths. All concentrations are in mg/L.

Type of Elements and Concentration Established Dilution
plating bath wavelengths (nm) found concentration/range factor*
Al167.079 2.2 <10
Cr 205.560 456.0
Cr 206.550 454.9 500
Cr267.716 446.7
Cr&NH,F 100
Zr 274.256 1504
/r 327.305 1486
1700
Zr 339.198 1567
7r 343.823 1689
B 208.959 6380
B 249.678 6270 <7000
Ni B 249.773 6150 1000
Ni 221.647 95470
Ni 231.604 94770 80000
Fe 259.837 2892
Fe 259.940 2907 <5000
o Fe 371.994 2823 100
$180.731 (H,S0,) 10216 (3126)
5 182.034 (1,50, 1035.0 (3167) 25%3 gOB?OO
5182624 (H,50,) 9837 (3010) o
$180.731 (H,S0,) 85.6 (2020.3)
or 5182.034 (1,50, 79.4 (2429.6) 22?3 502?00 10
$182.624 (H,50,) 74.2 (2271.7) e
$180.731 (H,80,) 5.7 (35.1)
CraAl $182.034 (H.0,) 75 (45.9) (H<;S5OO4) 2
$182.624 (H,0,) 75 (45.9)
* All dilutions were prepared using ultra pure water.
Concentration ranges were established by the manufacturers Conclusion
taking into account the concentrations usually found in The analysis of plating baths, specifically those that
these types of plating baths to obtain maximum efficiency. require the analysis of sulphuric acid, is rapid and highly
This gives the plating operators the status of the bath sensitive when using the Thermo Scientific iCAP 7400
simplifying the assessment of how the bath composition ICP-OES in conjunction with the Qtegra ISDS. This
evolves overtime. enables the accurate quantification of metals and sulphuric

acid content, while the powerful, easy to use iCAP 7400
ICP-OES allows both experienced and inexperienced users
alike to vastly reduce the method development time required
for these sample types, resulting in cost effective analyses.
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