A study on simultaneous determination of 15 trace elements in tap, river and

waste water by ICP-MS

Takashi1 Nishimura

Summary
A method was described for the simultaneous determination of 15 trace elements such as

B,Al,Cr,Mn,Fe,Ni,Cu,Zn,As,Se,M0,Cd,Sb,Pb and U in water samples by inductively coupled plasma-mass spectrometry
(ICP-MS). A 30mL volume of a filtered sample was adjusted to 1.0% of HNO:s, heated in an oven a 80  for 2 hours,
cooled a room temperature, and then injected to ICP-MS. Be,Co,Y,Te Tl were used as the internal standards for the
determination. The determination limits were a ng/L(U) | g/lL(Fe)levels. The determined values were influenced by
the concentration of HNO: . The recoveries of 15 elements from tap, river and waste water, adso from filtered rain and
well water were above 90% with low R.S.D.,except for B and Zn in some cases. The results of applications to river water
and waste water indicated that dilution of samples could be effective for decreasing the effects of matrix.

Water Analysis Section, Environmental Pollution Control Center, Osaka Prefecture
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XSTC-538 1 Be Table 2 Operational conditions for ICP-MS
Te 10mglL Co In TI Y 0.5mgL ICP-MS Agilent 7500(YOKOGAWA)
MILLIPORE MILLI-Q RF power 1400W
RF matching 1.75V
Carrier gas flow 1.18L/min(Ar)
Ultrapur Sampling depth 8.2mm
Table 1 Time for integral calculus | 0.1-4.0s/point

TOYO ADVANTEC DISMIC-25 (0.45) m)

Table 1 Internal standards and determined € ements

determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sh Pb U
(mass number) 11 27 52 55 56 60 65 66 75 82 95 111 121 | 208 238
internal standards Be Co Co Co Co Co Co Y Y Y Y Te Te Tl Tl
(mass number) 9 59 59 59 59 59 59 89 89 89 89 125 125 | 205 205




Cl B Fe As S
Na Ca Cl B Fe Sb
Table 5
standard-2 Na Ca 0 200mg/L ClI 300mg/L B
As
Table31 3-3 ° cl
Na B Al “AsCl
Al 200mg/ cl
B U
U 13) Na Na Ca Cl U
Na
As
EPA 'EPA Method 200.8' Cl
As Na Ca Cl 0
100mg/L
Table 4 ArCl 77
Ca B Al Fe Ni zn Table 3-3  As
ArCl  “As*Cl
Ca 10mg/L Table 4 Na Ca CI 300mg/L
13)
Fe Ni
Ca 30mg/L
Table 3-1 Effect of Na concentration on relative concentration of determined el ements*
Na concentration(mg/L) B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U
Omg/L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10mg/L 1.0 1.0 0.97 ] 0.97 0.88 1.0 098 | 10 0.95 0.98 0.98 097 | 091 | 096 | 0.99
30mg/L 1.0 1.1 0.99 1.0 1.1 11 0.99 1.1 1.0 0.95 0.99 0.99 0.97 | 0.99 1.0
80mg/L 14 1.1 0.98 1.0 0.87 1.0 0.97 1.0 0.98 0.89 0.96 0.96 094 | 0.98 0.99
200mg/L 2.0 1.4 0.98 | 0.96 12 0.94 094 | 094 | 094 0.87 0.97 1.0 1.0 0.98 1.0
*concentration without Na was regarded '1'
Table 3-2 Effect of Ca concentration on relative concentration of determined € ements*
Ca concentration(mg/L) B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U
Omg/L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10mg/L 1.0 1.1 0.97 1 0.98 1.0 1.0 0.97 1.0 0.97 0.89 0.94 0.94 0.98 | 0.96 0.94
30mg/L 1.0 1.2 0.96 | 0.96 1.0 1.1 0.95 12 1.0 0.90 0.95 0.94 0.87 | 0.97 0.96
80mg/L 1.2 1.2 0.95 ] 0.96 17 1.2 0.95 1.3 0.98 0.89 0.94 0.94 0.88 | 0.97 0.96
200mg/L 1.2 1.6 0.97 | 0.94 1.8 15 0.92 1.9 1.0 0.88 0.93 0.97 | 0.92 0.96 0.97
*concentration without Ca was regarded '1'
Table 3-3 Effect of Cl concentration on relative concentration of determined elements*
Cl concentration(mg/L) B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U
Omag/L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10mg/L 1.0 1.0 0.97 0.95 1.0 1.0 0.98 1.0 1.0 0.96 0.96 0.93 0.87 | 0.94 0.94
50mg/L 1.1 1.0 0.98 0.98 1.0 1.1 0.96 11 15 1.0 0.95 0.96 1.0 0.97 0.97
120mg/L 1.3 1.0 0.96 0.97 1.2 1.0 0.97 1.0 2.3 0.83 0.94 0.95 1.3 0.95 0.95
300mg/L 2.0 0.98 1.0 1.0 1.2 1.2 0.96 1.1 4.5 0.90 0.96 1.0 2.0 0.97 1.0

*concentration without Cl was regarded '1'




Table 4 Effect of correcting the determined value of As with 'EPA

Method 200.8'
Na,Ca,Cl conc.(mg/L) intensity of m/z'77' [relative determined value*
Omg/L 14 1
10mg/L 139 0.98
30mg/L 662 0.93
50mg/L 1290 1.14
100mg/L 1830 1.18

*concentration without Na,Ca,Cl was regarded 'l'
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Table 5 Standards for calibration

I gL

determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sh Pb u
standard-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
standard-2 10 10 5 5 30 1 10 10 1 1 7 1 0.2 5 0.2
standard-3 50 50 25 25 150 5 50 50 5 5 35 5 1 25 1
standard-4 100 | 100 50 50 300 10 100 100 10 10 70 10 2 50 2
standard-5 150 | 150 70 75 450 15 150 150 15 15 105 15 3 75 3
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Table 6 Determination limits (DL)
determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sp Pb U
DL(u a/L) 021 ] 20 ]10.037 ] 0.019 5.1 0.07210.090 ] 0.27 ] 0.15 0.14 | 0.011 [ 0.0090 ] 0.015/ 0.016]0.0023
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Table 7-6

B 200%
30mL 50y L Fig.1 Table 7-7
RSD
Table 7-1 Ni Zn RSD
RSD B Zn
Fe
Fe
Table
7-2,7-3 Zn Fig.1
80
Zn
B 250y gL 80
Table 8
Table 7-4,7-5 B
Zn Cd Cu Pb Cr Mn
Mn Fe N
Table 7-6,7-7

Table 7-1 Recovery test of determined elements from tap water
determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U
sample(u g/L) 26 10 1.0 2.8 19 5.3 12 39 0.16 | <0.14 | 0.70 0.063 | 0.29 2.4 0.0098
amount added(p g) 0.5 0.5 0.251 0.25 15 0.05 0.5 0.5 0.05 0.05 0.35 0.05 001 | 0.25 0.01
Recovery(%)* 91 101 101 104 99 107 99 98 105 101 95 101 105 99 103
RSD(%)* 50 | 61 [ 20 | 21 [ 20 26 | 35 | 19 |24 | 19 089 [ 23 [ 29 095 | 21
*on 4 runs
Table 7-2 Recovery test of determined elements from river water sample-A
determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U
sample(u g/L) 50 6.4 1.3 1.2 3.7 0.66 2.9 8.3 1.9 <0.14 1.8 0.072 | 0.31 1.1 0.34
amount added(p g) 0.5 0.5 0.25 ] 0.25 15 0.05 0.5 0.5 0.05 0.05 0.35 0.05 001 ] 0.25 0.01
Recovery(%)* 120 101 106 106 109 109 101 122 102 101 107 104 105 100 103
RSD(%)* 19 | 58 [ 37 | 42 | 60 11 | 40 | 26 [ 39 | 38 4.2 35 | 43 | 33 | 32 |
*on 4 runs
Table 7-3 Recovery test of determined elements from river water sample-B
determined elements Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U
sample(u g/L) 6.0 1.3 1.3 <5.1 0.64 3.1 6.9 1.8 | <0.14 1.8 0.074 0.3 1.0 0.35
amount added(u q) 05 | 0.25 ] 0.25 15 0.05 0.5 0.5 0.05 | 0.05 0.35 0.05 0.01 0.25] 0.01
Recovery(%)* 105 105 108 107 102 110 145 101 [ 102 107 103 110 103 104
RSD(%)* 2.4 2.9 2.6 6.4 2.3 9.9 45 35 4.0 3.0 4.7 3.0 2.1 2.8

*on 4 runs



Table 7-4 Recovery test of determined elements from waste water sample-A

determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U

sample(u g/L) 130 | <20 | 0.94 5.3 9.6 1.0 3.3 6.0 0.64 0.33 0.28 [<0.0090| 0.17 1.2 0.0

amount added(u g) 05 0.5 0.25 ]| 0.25 15 0.05 05 05 | 0.05 0.05 0.35 0.05 0.01 | 0.25 0.01
Recovery(%)* 147 102 100 100 107 98 100 93 100 95 104 104 111 91 103
RSD(%)* 11 1.6 1.4 2.5 3.4 2.4 1.7 086 | 1.1 1.7 0.91 1.6 2.1 0.20 0.8

*on 4 runs

Table 7-5 Recovery test of determined elements from waste water sample-B

determined elements B Al Cr Ni Cu Zn As Se Mo Cd Sb Pb U
sample(y g/L) 110 | 2.0 059 | 047 | <0090 <027] 15 0.12 | 0.20 |<0.0090] 0.1 11 10.084
amount added(u q) 0.5 0.5 0.25 | 0.05 0.5 0.5 0.05 | 0.05 | 0.35 0.05 0.01 0.25 | 0.01
Recovery(%)* 123 | 109 102 95 101 95 102 96 104 104 114 91 103
RSD(%)* 8.2 7.2 2.1 2.1 1.5 1.8 2.6 3.0 2.3 2.1 25 2.0 25
*on 4 runs

Table 7-6 Recovery test of determined elements from filtered rain water

determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sh Pb u
sample(u g/L) 6.4 3.3 1.3 2.8 <51 0.47 2.7 230 | 0.10 <0.14 0.43 0.079 1 0.078f 15 [1<0.0023
amount added(p g) 0.5 0.5 0.25 ] 0.25 1.5 0.05 0.5 0.5 | 0.05 0.05 0.35 0.05 001 | 0.25 0.01
Recovery(%)* 110 95 101 100 102 99 99 126 | 100 100 103 100 99 100 101
RSD(%)* 0.86 | 6.6 11 0.77 1.7 0.73 | 0.80 6.9 | 0.59 2.1 14 0.70 ] 0.49 | 0.70 1.0
*on 4 runs

Table 7-7 Recovery test of determined elements from filtered well water

determined elements Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sh Pb U
sample(uy ag/L) 4.9 1.0 220 380 [<0.072{ 0.87 10 11 <0.14 2.6 0.039 [<0.015] 1.1 | 0.0078
amount added(u q) 0.5 0.25 ] 0.25 15 0.05 0.5 0.5 [ 0.05 0.05 0.35 0.05 0.01 | 025 0.01 |
Recovery(%)* 103 109 101 102 101 97 91 100 95 102 105 106 99 104
RSD(%)* 3.1 12 17 5.6 6.0 2.2 3.5 3.3 2.5 2.7 2.7 4.8 3.3 4.1
*on 4 runs

Table 8 Effect of heating on the determination of tap water sample

u g/l
determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U
treatment -A * 21 83 | 019 ] 30 25 0.32 3.7 7.3 |1 025] <0.14 | 0.57 |<0.0090] 0.21 | 0.90 ]<0.0023
treatment -B ** 22 95 | 0251 29 24 0.34 3.7 78 | 025 ] <0.14 | 0.53 1<0.0090] 0.21 | 0.93 ]<0.0023
*** average on 2 runs
*samples were stayed in an oven at 80 for 2 hours,then at room temperature
**samples were stayed at room temperature before analysis
Cu
Table9-2 Al Mn
Fe Zn As Pb
Cr Ni
Table 9-3 B Mn
Ni As Sb 10
10 Cu
300 Table 9-4 B Mn Fe
As U
10
Tabled-1  9-4 Fe
Tabled-1 B Mn Fe N Zn Cr

As Se Sb U
Cr



Table 9-1 Effect of dilution on the determination of a river water sample

ya/L
Dilution B Cr Mn Fe Ni Cu Zn As Se Sh U
300 times 44 1<0.037| 0.23 ] <5.1 | <0.072]<0.090] <0.27 | 0.05 | <0.14| <0.015 |<0.0023
100 times 19 1<0.037] 052 | <51 ] 0.057 | 0.57 ] <0.27 | 0.14 | <0.14] 0.0047 | 0.015 |
50 times 41 10011 11 <51 0.12 038 | 0.26 | 0.31] 052 | 0.011 | 0.029 |
10 times 290 | 0.10 5.8 9.9 0.61 2.2 2.9 1.3 2.7 0.11 0.12
sample itself 2600] 0.50 53 60 6.8 7.0 24 6.3 24 0.95 1.2
Table 9-2 Effect of dilution on the determination of a waste water sample-1
u /L
Dilution Al Cr Mn Fe Ni Zn As Pb
300 times <2.0 1<0.037] 1.1 6.2 0.027 | <0.27 | <0.15 ]<0.016
100 times 56 ] 0.025] 3.6 15 0.38 <0.27 | <0.15 |<0.016
50 times 9.9 15 6.6 38 1.0 0.97 | <0.15 |<0.016
10 times 48 | 0.11 32 140 0.33 39 | 0.052] 0.083
sample itself 490 | 1.8 350 | 1300 3.2 30 0.83 | 0.75
Table 9-3 Effect of dilution on the determination of a waste water sample-2
y o/l
Dilution B Mn Ni Cu As Sh
10 times 65 | 055 10092 1.1 0.063 | 0.019]
sample itself 120 4.9 1.1 4.1 0.72 0.17
Table 9-4 Effect of dilution on the determination of a waste water sample-3
u g/L
Dilution B Mn Fe As U
50 times <0.21] 10 36 <0.15 ] <0.0023]
10 times 5 57 180 | 0.16 | 0.011
sample itself 82 570 | 1800) 1.6 0.089
Table 10 B
Fe 10 Pb
Te
Te 6
Te 10
Co 10
Sb

10

Cr

Cu Zn Mo Cd

Table 11

Cr Mo Cd
Mo Cd
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Fig.7 Change ofrelative intensity of internal standards after a long time operation
Table 10 Blank levels in this study
determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U
Blank(u g/L) min 0.6 | <2.0 [<0.037]<0.019 <0.090] <0.27 <0.011{<0.0090]1<0.015| <0.016]<0.0023
max 8 3 1 08 | <51 [<0072[ 1 2 _|<0a5] <024 [ 1 007 Jo002] 1 0.01 |
Table 11 Stability of a sample (The samples were polluted river water samples)
pg/L
determined elements B Al Cr Mn Fe Ni Cu Zn As Se Mo Cd Sb Pb U
Sample 1 - | 450 29 170 2900 14 11 280 | 2.0 0.70 3.1 0.089 | 0.35 15 0.18
Sample 1 /10 days later - 510 3.2 170 3100 15 13 270 1.8 0.90 |<0.011]<0.0090] 0.21 17 0.18
Sample 2 310 | 290 2.6 130 | 1800 34 6.0 68 2.8 6.0 4.3 0.034 | 038 | 45 0.49
Sample 2 /10 days later| 440 | 320 17 130 | 1800 4.5 4.2 67 24 52 1<0.011(<0.0090] 0.25 | 35 0.47
Sample 3 1000] 190 3.7 120 1300 7.7 54 30 4.2 16 7.0 0.023 | 0.46 34 1.0
Sample 3 /10 days later| 1100] 150 1.1 120 1300 8.4 5.6 29 3.8 16 <0.011]<0.0090| 0.24 2.3 1.0
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